
 

 

 

 

A guide to developing technical 
requirements 
SR207 

December 2023                                                     openair.org.au 



 

 

1 

Table of contents 

Overview ......................................................................................................................................... 3

How to use this template .............................................................................................................. 3

Section 1: Sensing device requirements ................................................................................... 3

1. Air quality concerns ............................................................................................................................4

2. Data application area ........................................................................................................................ 17

The OPENAIR Framework for Categorising Air Quality Sensing Devices ......................................................... 17

3. Sensor and sensing device performance and technical requirements ..................................... 20

Understanding data quality parameters ............................................................................................................. 20

4. Communications technology .......................................................................................................... 22

Choosing an appropriate communications technology option............................................................................ 23

5. Proprietary technology vs open technology ................................................................................. 27

6. Environmental factors and robustness .......................................................................................... 33

IP rating............................................................................................................................................................... 33

Solar radiation shield .......................................................................................................................................... 34

Materials to resist corrosion by salt aerosols ..................................................................................................... 35

Quality of build .................................................................................................................................................... 36

7. Device lifetime ................................................................................................................................... 37

Understand a device’s functional lifetime, and how to procure the right device to meet your project’s needs . 37

8. Power supply: battery, solar, or mains power .............................................................................. 42

8.1. The implications of fixed device attributes for power demand .................................................................... 42

8.2. Deployment and operational factors that might impact your preferred power supply option ...................... 43

9. Size, form, and aesthetic .................................................................................................................. 50

10. Modularity ........................................................................................................................................ 53

Section 2: Data architecture, platforms, and services requirements ................................... 55

1. Define your needs for each component of the data architecture ............................................... 57

Automated data quality control ........................................................................................................................... 69

Heterogenous data modelling............................................................................................................................. 69

Environmental modelling .................................................................................................................................... 69

Machine learning ................................................................................................................................................ 69

Custom/complex graphing .................................................................................................................................. 70

Heat maps........................................................................................................................................................... 70

GIS integration .................................................................................................................................................... 70

Digital twin integration......................................................................................................................................... 70

2. Platform quality requirements ......................................................................................................... 73

Platform quality criteria reference table .............................................................................................................. 74

3. Platform hosting considerations .................................................................................................... 82

On-premises hosting........................................................................................................................................... 83



 

 

2 

Cloud-based hosting ........................................................................................................................................... 83

4. Data architecture modularity ........................................................................................................... 85

Modular data architecture decision-making tool ................................................................................................. 85

References.................................................................................................................................... 90

Associated OPENAIR resources ............................................................................................... 90

Further information ..................................................................................................................... 90

 

 

  



 

 

3 

Overview 

This Guide to developing technical requirements has been developed as a companion to OPENAIR 
Technical Requirements Template. It will help you to complete the template and develop a detailed 
technical requirements plan for your smart air quality sensing project. 

How to use this template 

This Guide has two main sections that correspond to sections of the Technical Requirements Template:
1. Sensing device requirements 

2. Data architecture, platforms, and services requirements 

Section 1: Sensing device requirements 

The sensing device that is best for your program will depend on several factors. This section of the guide 

provides the relevant details to aid your thinking, and help you understand key components that will 

affect the device choice. 

The factors include: 

1.   air quality concerns 

2. data application area 

3. sensor performance and technical requirements

4. communications technology 

5. proprietary technology vs open technology 

6. environmental factors and robustness 

7. device lifetime 

8. power supply: battery, solar, or mains power 

9. size, form, and aesthetic 

10. modularity. 
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1. Air quality concerns 

The following section will help you to identify pollution sources and pollutants of concern. A well-focused 

and effective project should aim to focus on just two or three main pollutants associated with one or two 

pollution sources.  

 

TIP: Key air pollutants 

Remember, all emissions to air can be of concern if their associated pollutant 

concentrations exceed guideline values. The Australian National Environment Protection 

(Ambient Air Quality) Measure (Air NEPM) sets standards for six key air pollutants: carbon 

monoxide (CO), nitrogen dioxide (NO2), sulphur dioxide (SO2), lead (Pb), ozone (O3), and 

particulate matter (PM)1. 

The pollutant sources and pollutants of concern covered in this section are: 

• urban heat 

• road traffic emissions 

• diesel emissions associated with non-traffic sources 

• aviation emissions near airports 

• woodsmoke from wood burning heaters, stoves, and fireplaces 

• smoke from bushfires or controlled landscape burning

• dust from construction, mining, and quarries 

• coal dust from trains and mines 

• industrial air pollution sources 

• natural air pollution sources. 

 

 

CO2 EMISSION INDEX 

Carbon dioxide (CO2) is not usually considered to be a primary air pollutant, but measuring it 

alongside other pollution sources can significantly improve the ability to interpret data. 

The ratio of CO2 to a pollutant associated with vehicle emissions (nitric oxide [NO], NO2, and 

particulates) can be used to estimate the ‘CO2 emission index,’ and thus roughly characterise the

types of vehicles causing emissions in a particular location. For example, a diesel truck will emit 

considerably more particulates and NO2 relative to the CO2 it produces, when compared to a car 

running off standard petroleum.  

This approach has been used by the Breathe London program to analyse the impact of the new Ultra 

Low-Emission Zone (ULEZ) in Central London. An added benefit is the ability to map CO2 emissions 

at high spatial resolution, with the potential to influence transport and planning policy based on 

carbon reduction commitments. 

 

1 PM (particulate matter) refers to airborne solids or liquids. Its size is measured in micrometres and is indicated by 
the subscript. E.g. PM10 has a diameter of 10 micrometres or less. (NSW Health, 2020) 
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W

h
e

re
 

d
ir
e
c
t 

ju
ri
s
d
ic

ti
o
n
 e

x
is

ts
, 

d
ir
e
c
t 

in
te

rv
e

n
ti
o
n
s
 c

a
n
 b

e
 m

a
d

e
. 

F
o
r 

is
s
u

e
s
 u

n
d

e
r 

s
ta

te
 

g
o
v
e
rn

m
e
n
t 

m
a
n
a

g
e
m

e
n
t,
 l
o
c
a
l 
g
o
v
e
rn

m
e

n
t 

c
a
n
 t

a
k
e
 a

n
 a

d
v
o
c
a
c
y
 r

o
le

. 

E
ff
o
rt

s
 t
o
 r

e
d
u
c
e

 t
h
e
 i
m

p
a
c
t 

o
f 
a
ir
 p

o
llu

ti
o
n
 a

s
s
o
c
ia

te
d

w
it
h
 r

o
a
d

 t
ra

ff
ic

 m
a
y
 b

e
 

d
iv

id
e
d
 i
n
to

 t
w

o
 b

ro
a
d
 s

tr
a
te

g
ie

s
: 

1
. 

R
e
d
u
c
ti
o

n
 o

f 
ro

a
d
 t
ra

ff
ic

 e
m

is
s
io

n
s
 a

t 
s
o

u
rc

e
, 

e
it
h
e

r 
th

ro
u

g
h
 a

 r
e
d
u
c
ti
o

n
 

o
f 
p
o
llu

ti
n

g
 v

e
h
ic

le
s
 i
n

th
e
 a

re
a
 o

f 
fo

c
u
s
, 
o
r 

b
y
 r

e
d
u
c
in

g
 t

h
e
 e

m
is

s
io

n
s
 

a
s
s
o
c
ia

te
d
 w

it
h

 e
a
c
h
 v

e
h
ic

le
 b

y
 c

h
a
n
g
in

g
 t
h

e
 w

a
y
 t

h
a

t 
it
 m

o
v
e

s
 t
h

ro
u
g

h
 

a
n
 a

re
a
 (

e
.g

. 
s
p
e

e
d
, 
a
c
c
e
le

ra
ti
o
n
, 
b

ra
k
in

g
, 
id

lin
g
).

 

2
. 

R
e
d
u
c
in

g
 t
h

e
 i
m

p
a
c
t 

o
f 
tr

a
ff
ic

 e
m

is
s
io

n
s
 o

n
 p

e
o

p
le

, 
e
it
h
e
r 

th
ro

u
g
h
 t
h
e

 

m
it
ig

a
ti
o
n
 o

f 
e
m

is
s
io

n
s
 a

ft
e

r 
th

e
y
 o

c
c
u
r 

(e
.g

. 
w

it
h

 g
re

e
n
 i
n

fr
a
s
tr

u
c
tu

re
),

 o
r 

th
ro

u
g

h
 r

e
d
e
s
ig

n
 o

f 
th

e
 b

u
ilt

 e
n
v
ir
o
n

m
e
n
t 
to

 s
e
p
a

ra
te

 p
e
o

p
le

 f
ro

m
 h

ig
h

-
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R
o

a
d

 t
ra

ff
ic

 e
m

is
s
io

n
s

 

P
o

ll
u

ta
n

t 
s

o
u

rc
e
 /

 p
o

ll
u

ta
n

t 
o

f 
c
o

n
c
e
rn

 
A

c
ti

v
it

ie
s
 f

o
r 

im
p

a
c
t 

In
 a

d
d
it
io

n
 t
o
 e

x
h
a
u
s
t 

fu
m

e
s
 f

ro
m

 f
u
e
l 
c
o

m
b
u
s
ti
o

n
, 
a
 s

ig
n
if
ic

a
n
t 
a
n
d

 o
ft
e

n
 

o
v
e
rl
o

o
k
e

d
 s

o
u

rc
e
 o

f 
p
a
rt

ic
u
la

te
 p

o
llu

ti
o

n
 f

ro
m

 v
e
h
ic

le
s
 i
s
 a

b
ra

s
iv

e
 a

c
ti
o

n
 f

ro
m

 

b
ra

k
in

g
 a

n
d
 t
y
re

s
, 

w
h

ic
h
 g

e
n
e

ra
te

s
 P

M
1
0
 a

n
d
 P

M
2
.5

 p
o
llu

ti
o
n
. 
T

h
is

 t
y
p
e
 o

f 

e
m

is
s
io

n
is

a
ls

o
s
tr

o
n

g
ly

a
s
s
o
c
ia

te
d

w
it
h

e
le

c
tr

ic
v
e

h
ic

le
s
,

h
ig

h
lig

h
ti
n
g

th
a
t

a
s
h
if
t

a
w

a
y
 f

ro
m

 i
n
te

rn
a
l 
c
o
m

b
u
s
ti
o

n
 t
o
w

a
rd

s
 e

le
c
tr

ic
 t
ra

n
s
p
o
rt

a
ti
o
n
 i
n

 t
h
e

 c
o
m

in
g
 

y
e
a
rs

 i
s
 n

o
t 
a
 c

o
m

p
le

te
 a

n
s
w

e
r 

to
 r

o
a
d
 t

ra
ff
ic

 e
m

is
s
io

n
s
. 

•
 

P
ri
m

a
ry

 p
o
llu

ta
n
ts

 o
f 
in

te
re

s
t:

 P
M

2
.5
, 
N

O
2
 

•
 

A
d
d
it
io

n
a
l 
p
o
llu

ta
n
ts

 t
o
 c

o
n
s
id

e
r:

 P
M

1
0
, 
O

3
, 
C

O
, 
C

O
2

 

e
m

is
s
io

n
 h

o
ts

p
o
ts

 (
e
.g

. 
p
h
y
s
ic

a
l 
b

a
rr

ie
rs

 t
o
 d

is
p
e
rs

io
n

, 
m

o
v
in

g
 s

e
rv

ic
e

 

a
c
c
e
s
s
 l
o

c
a
ti
o
n
s
).

 

S
tr

a
te

g
ie

s
 f

o
r 

d
ir

e
c
tl
y
 r

e
d
u
c
in

g
 r

o
a
d

 t
ra

ff
ic

 e
m

is
s
io

n
s
 a

t 
s
o
u
rc

e
: 

•
 

L
o
c
a
lis

e
d
 p

h
y
s
ic

a
l 
c
h
a
n

g
e
s
 t

o
 t
h
e
 s

tr
e
e
ts

c
a
p
e
, 

d
e
s
ig

n
e

d
 t

o
 a

lt
e
r 

th
e
 f
lo

w
, 

s
p
e
e
d

, 
o

r 
q
u

a
n
ti
ty

 o
f 

v
e
h
ic

le
s
 p

a
s
s
in

g
 t

h
ro

u
g
h
 a

 p
a
rt

ic
u
la

r 
lo

c
a

ti
o
n

. 

•
 
L
o
c
a
lis
e
d
c
h
a
n
g
e
s
to
ro
a
d
ru
le
s
o
r
‘s
e
tt
in
g
s
’
(e

.g
. 

a
lt
e
re

d
 s

p
e
e
d
 l
im

it
s
, 

o
p
ti
m
is
e
d
tr
a
ff
ic
lig
h
t
s
e
tt
in
g
s
,
‘n
o
id
lin
g
’
ru
le
s
).
T
h
e
s
e
‘s
o
ft
’
in
te
rv
e
n
ti
o
n
s

a
re

 a
ls

o
 d

e
s
ig

n
e
d
 t
o
 a

lt
e

r 
th

e
 f
lo

w
, 
s
p
e
e
d

, 
o
r 

q
u
a
n
ti
ty

 o
f 
v
e
h
ic

le
s
 p

a
s
s
in

g
 

th
ro

u
g

h
 a

 p
a
rt

ic
u
la

r 
lo

c
a
ti
o

n
. 

•
 

W
id

e
s
p

re
a
d

 t
ra

ff
ic

 p
o
lic

y
 t

h
a

t 
im

p
a
c
ts

 a
 m

u
c
h

 l
a
rg

e
r 

d
e
fi
n

e
d
 a

re
a

, 
s
u

c
h
 a

s
 

a
 w

h
o
le

 c
it
y
 c

e
n
tr

e
 (

e
.g

. 
c
a
r-

fr
e
e
 p

e
d
e
s
tr

ia
n
 z

o
n
e
s
, 
lo

w
 e

m
is

s
io

n
 z

o
n
e
s
, 
o
r 

c
o
n
g
e
s
ti
o

n
 c

h
a
rg

in
g

).
 

•
In

v
e
s
tm

e
n
t
in

p
u

b
lic

o
r

a
c
ti
v
e

tr
a
n
s
p
o

rt
in

fr
a
s
tr

u
c
tu

re
a
n
d

s
e

rv
ic

e
s
,

to

p
ro

v
id

e
 m

o
re

 a
c
c
e
s
s
ib

le
 a

n
d
 c

o
n
v
e
n
ie

n
t 
a
lt
e

rn
a
ti
v
e
s
 t
o
 p

ri
v
a
te

 c
a
r 

u
s
e

. 

•
 

Im
p
ro

v
e

d
 a

c
c
e
s
s
 t

o
 e

n
d

-o
f-
tr
ip
o
r
‘la
s
t 
m
ile
’
tr
a
n
s
p
o
rt
o
p
ti
o
n
s
. 

•
 

C
h
a
n
g
e
s
 t

o
 f
re

ig
h
t 
d
e
liv

e
ry

 t
im

e
s
 o

r 
ru

le
s
. 

•
 

Z
o
n
in

g
 c

h
a
n
g

e
s
 t

o
 r

e
d
u
c
e
 d

e
n
s
it
y
 a

llo
w

a
n
c
e

s
 i
n
 a

re
a
s
 w

it
h
 h

ig
h
  

tr
a
ff
ic

 c
o
n

g
e
s
ti
o

n
. 

•
 

E
le

c
tr

if
ic

a
ti
o
n
 o

f 
p
u
b
lic

 t
ra

n
s
p

o
rt

(e
.g

. 
b

u
s
e
s
).

 

•
 

R
e
d
u
c
ti
o

n
 o

f 
U

H
I 

(e
.g

. 
w

a
te

r-
s
e

n
s
it
iv

e
 u

rb
a
n
 d

e
s
ig

n
; 
lig

h
te

r-
c
o
lo

u
re

d
 

c
o
n
c
re

te
) 

to
 l
o
w

e
r 

o
z
o
n
e
 c

re
a
ti
o
n

 a
ro

u
n
d
 r

o
a
d
 s

u
rf

a
c
e
s
 d

u
ri
n

g
  

h
o
t 
w

e
a
th

e
r.

 

S
tr

a
te

g
ie

s
 f

o
r 

re
d
u
c
in

g
 t
h
e
 i
m

p
a
c
t 

o
f 
tr

a
ff

ic
 e

m
is

s
io

n
s
 o

n
 p

e
o
p
le

: 
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R
o

a
d

 t
ra

ff
ic

 e
m

is
s
io

n
s

 

P
o

ll
u

ta
n

t 
s

o
u

rc
e
 /

 p
o

ll
u

ta
n

t 
o

f 
c
o

n
c
e
rn

 
A

c
ti

v
it

ie
s
 f

o
r 

im
p

a
c
t 

•
 

P
la

n
ti
n

g
 g

re
e
n
e

r 
in

fr
a
s
tr

u
c
tu

re
 (

tr
e
e
s
, 
g
re

e
n
 w

a
lls

, 
a

n
d
 r

o
o
fs

),
 w

it
h
 

a
tt
e
n
ti
o
n

 p
a
id

 t
o
 p

la
n

t 
s
p
e
c
ie

s
, 
w

a
te

r 
m

a
n
a

g
e
m

e
n
t,

 h
e
a
lt
h
 o

f 
p
la

n
ts

, 
a
n

d
 

a
s
s
o
c
ia

te
d
 o

p
e
ra

ti
o
n
a
l 
re

s
p
o

n
s
ib

ili
ti
e
s
. 

•
 

P
h
y
s
ic

a
l 
b
a
rr

ie
rs

 a
lo

n
g
 r

o
a
d
s
id

e
s
 (

e
.g

. 
fe

n
c
e
s
, 

e
m

b
a
n
k
m

e
n
ts

) 

•
 

D
e
s
ig

n
 o

f 
s
tr

e
e
ts

c
a

p
e
s
, 

w
it
h
 a

tt
e
n
ti
o
n
 t
o
 t

h
e
 s

tr
e
e
t 
c
a
n
y
o

n
 e

ff
e
c
t,

 a
n
d
 

p
o
s
it
io

n
 o

f 
p
e
d
e
s
tr

ia
n
 a

n
d
 c

y
c
le

 p
a
th

s
 r

e
la

ti
v
e

 t
o
 h

ig
h

-t
ra

ff
ic

 z
o
n
e
s
. 

•
 

D
e
v
e
lo

p
m

e
n
t 
a
p

p
ro

v
a

ls
 t

h
a
t 
s
e

p
a
ra

te
 v

u
ln

e
ra

b
le

re
c
e

p
to

r 
s
it
e
s
 (

e
.g

. 

s
c
h
o
o
ls

, 
a
g

e
d
 c

a
re

, 
o

r 
h
o
s
p
it
a
ls

) 
fr

o
m

 r
o
a
d
s
 w

it
h

 h
ig

h
 e

m
is

s
io

n
s
. 

 

D
ie

s
e
l 
e
m

is
s
io

n
s
 a

s
s

o
c
ia

te
d

 w
it

h
 n

o
n

-t
ra

ff
ic

 s
o

u
rc

e
s

 

P
o

ll
u

ta
n

t 
s

o
u

rc
e
 /

 p
o

ll
u

ta
n

t 
o

f 
c
o

n
c
e
rn

 
A

c
ti

v
it

ie
s
 f

o
r 

im
p

a
c
t 

D
ie

s
e
l 
e
n
g
in

e
s
 a

re
 u

s
e
d
 i
n

 m
a
n
y
 a

p
p
lic

a
ti
o

n
s
 a

n
d
 i
n
 a

 r
a

n
g
e
 o

f 
s
e
c
to

rs
, 

in
c
lu

d
in

g
 

p
o
rt

s
 a

n
d
 s

h
ip

p
in

g
 t
e

rm
in

a
ls

, 
c
o
n
s
tr

u
c
ti
o

n
, 

g
e
n
e

ra
to

rs
, 

m
in

in
g

, 
fo

re
s
tr

y
, 

a
n
d
 r

a
il 

lo
c
o
m

o
ti
v
e
s
.

N
o
n

-r
o
a
d

d
ie

s
e
l
e
n

g
in

e
s

a
re

a
s
u
b
s
ta

n
ti
a

l
s
o
u
rc

e
o

f
e
m

is
s
io

n
s

in
 A

u
s
tr

a
lia

. 
 

D
e
p
e
n
d
in

g
 o

n
 w

h
ic

h
 s

e
c
to

r 
th

e
 d

ie
s
e
l 
e

m
is

s
io

n
s
 a

re
 a

s
s
o

c
ia

te
d
 w

it
h
, 
lo

c
a
l 

g
o
v
e
rn

m
e
n
ts

 p
la

y
 a

 c
ru

c
ia

l 
ro

le
 i
n

 e
it
h

e
r:

 a
) 

d
e
v
e
lo

p
in

g
 r

o
b
u
s
t 

s
tr

a
te

g
ie

s
 t

h
a
t 
c
a

n
 

m
it
ig

a
te

e
m

is
s
io

n
s

in
th

e
ir

ju
ri
s
d
ic

ti
o
n

,
o
r;

b
)

w
o
rk

in
g

in
c
o

n
ju

n
c
ti
o

n
w

it
h

s
ta

te

g
o
v
e
rn

m
e
n
t 

o
r 

s
ta

te
 g

o
v
e
rn

m
e
n
t 
a

g
e
n
c
ie

s
 i
n
 a

n
 a

d
v
o
c
a

c
y
 r

o
le

. 
F

o
r 

e
x
a
m

p
le

, 
th

e
 

A
u
s
tr

a
lia

n
 G

o
v
e
rn

m
e
n
t 
is

 r
e
s
p
o

n
s
ib

le
 f
o

r 
re

g
u
la

ti
n
g
 f

u
e
l 
u

s
e
d
 b

y
 c

ru
is

e
 s

h
ip

s
, 

b
u
t 

lo
c
a
l 
g
o
v
e
rn

m
e
n

ts
 c

a
n
 p

la
y
 a

n
 a

d
v
o
c
a
c
y
 r

o
le

 r
e
la

ti
n

g
 t
o
 s

p
e
c
if
ic

 a
c
ti
v
it
ie

s
. 

S
tr

a
te

g
ie

s
 t

o
 m

it
ig

a
te

 e
m

is
s
io

n
s
 f

ro
m

 n
o

n
-r

o
a
d
 d

ie
s
e
l 
s
o
u

rc
e
s
 f

it
 i
n
to

  

tw
o
 c

a
te

g
o

ri
e

s
: 
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P
o
llu

ta
n
ts

 o
f 
c
o

n
c
e
rn

  

D
ie

s
e
l 
e
n
g
in

e
s
 e

m
it
 p

a
rt

ic
u
la

te
 m

a
tt
e
r 

(m
a
in

ly
 P

M
2
.5
),

 o
x
id

e
s
 o

f 
n
it
ro

g
e

n
, 
v
o
la

ti
le

 

o
rg

a
n
ic

 c
o
m

p
o

u
n
d
s
, 

a
n
d
 a

 r
a
n

g
e
 o

f 
a
ir
 t
o
x
in

s
. 
T

h
e
y
 c

o
n
ti
n
u
e
 t
o
 b

e
 a

 m
a
jo

r 
th

re
a
t 

to
 h

u
m

a
n
 h

e
a
lt
h

. 
 

F
o
r 

e
x
a
m

p
le

, 
e
m

is
s
io

n
s
 f

ro
m

 s
h
ip

s
 i
n

 p
o
rt

 a
re

 a
n
 e

m
e
rg

in
g
 a

re
a

 o
f 
c
o
n
c
e
rn

, 

n
e
g
a
ti
v
e
ly

 i
m

p
a
c
ti
n

g
 a

m
b
ie

n
t 
a
ir

 q
u
a
lit

y
 l
o
c
a
lly

, 
a
s
 w

e
ll 

a
s

w
it
h
in

 t
h
e
 a

ir
s
h

e
d

. 

H
ig

h
e
r 

s
u
lp

h
u
r 

c
o

n
te

n
t 

in
 t

h
e

 m
a
ri

n
e

 f
u

e
l 
u
s
e
d
 i
n
 s

h
ip

s
 r

e
s
u
lt
s
 i
n

 h
ig

h
e

r 

e
m

is
s
io

n
s
 o

f 
fi
n
e
 p

a
rt

ic
le

s
 a

n
d
 s

u
lp

h
u
r 

d
io

x
id

e
.
S

im
ila

rl
y
, 

d
ie

s
e
l 
b

a
c
k
u

p
 

g
e
n
e
ra

to
rs

 e
m

it
 p

o
llu

ta
n
t 

g
a
s
e
s
 l
ik

e
 C

O
2
, 
N

O
, 
N

O
2
, 
a
n

d
 P

M
. 
D

ie
s
e
l 
e
m

is
s
io

n
s
 

fr
o
m

 m
a
c
h

in
e

ry
 a

n
d
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c
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c
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p
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ra
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 t
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 e

n
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u
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t 
e
x
c
e
s
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e
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e
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c
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n
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h
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c
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1
 d
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 c
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c
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 d
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c
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 c
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•
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u
ild

in
g
 b

y
-l
a

w
s
 t

o
 

e
n
c
o
u
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e
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v
e
 d
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e
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w
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m
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e
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n
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 d
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•
 

P
a
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o
n
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n
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o
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d
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e
a
te
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b
a
te
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n
d
 r

e
p
la

c
e

m
e
n
t 
c
a
m

p
a
ig

n
s
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w

h
e

n
 r

u
n
 

b
y
 s

ta
te
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o
v
e
rn

m
e
n
t 

o
r 

o
th

e
r 

o
rg

a
n
is

a
ti
o

n
s
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c
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c
a
p

e
 b

u
rn

in
g
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ll
u
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e
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 p
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n
c
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A

c
ti

v
it

ie
s
 f

o
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im
p

a
c
t 

S
m

o
k
e
 f
ro

m
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u
s
h

fi
re

s
 a

n
d
 c

o
n

tr
o
lle

d
 b

u
rn

in
g

/h
a
z
a
rd

-r
e

d
u

c
ti
o

n
 b

u
rn

in
g

 (
a
ls

o
 

c
a
lle

d
 l
a
n
d
s
c
a

p
e
 f
ir

e
s
) 

c
a

u
s
e

s
 a

 r
a
n
g

e
 o

f 
h

e
a
lt
h
 i
m

p
a
c
ts

 t
h
a
t 
c
a
n
 p

a
rt

ic
u
la

rl
y
 

a
ff
e
c
t 

v
u
ln

e
ra

b
le

 p
e
o

p
le

, 
a
n

d
 t
h
o
s
e
 w

it
h
 p

re
-e

x
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ti
n
g
 i
lln

e
s
s
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S
m

o
k
e
 f
ro

m
 

la
n
d
s
c
a
p
e
 f

ir
e
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 c

o
n
ta

in
s
 l
a

rg
e
 n

u
m

b
e
rs

 o
f 

c
o
n
ta

m
in

a
n
ts

(i
n
c
lu

d
in

g
 P

M
2
.5

 a
n
d
 

P
M

1
0
, 
a

n
d
 t
o
x
ic

 g
a
s
e

s
 l
ik

e
 c

a
rb

o
n
 m

o
n
o
x
id

e
 a

n
d
 o

x
id

e
s
 o

f 
n
it
ro

g
e
n

).
 T

h
e
s
e

 

p
o
llu

ta
n
ts

 h
a
v
e
 l
a
s
ti
n
g
 h

e
a
lt
h
 i
m

p
a
c
ts

, 
in

c
lu

d
in

g
 r

e
s
p
ir
a
to

ry
 c

o
m

p
lic

a
ti
o
n
s
, 

ir
ri
ta

ti
o
n
 o

f 
e
y
e
s
, 

a
n
d
 l
o
n
g
-t

e
rm

 o
r 

c
o

n
c
e
n
tr

a
te

d
 e

x
p
o
s
u
re

s
 m

a
y
 a

ls
o
 r

e
s
u
lt
 i
n

 

a
s
th

m
a
 a

n
d
 s

e
v
e
re

 h
e
a
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 c
o
n
d
it
io

n
s
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lt
h
o
u
g
h
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o
n
tr
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lle

d
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 c
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n
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n
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e
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e
s
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o

n
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e
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u
s
h
fi
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 c
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n
 r

e
s
u
lt
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n
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 l
e
v
e
l 
o

f 
c
ri
ti
c
is

m
fr

o
m

 l
o
c
a
l 
c
o

m
m

u
n
it
ie

s
 d

u
e
 t

o
 p

o
o

r 

c
o
m

m
u
n
ic

a
ti
o
n
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ro
u
n

d
 c

o
n
tr
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lle

d
b
u
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in
g
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v
e
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a
n

d
 l
a

c
k
 o

f 
u
n
d

e
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ta
n

d
in

g
 o
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e
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s
s
u
e
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c
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 p
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 c

o
n
s
id

e
r:

 C
O

, 
C

O
2
 

P
la
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it
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 c
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c
a
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o
v
e
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e
n
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o
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d

u
c
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h
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n
 c
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m
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u
n
it
ie
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f 
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m
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k
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u
s
h
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r 
c
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 c
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 d
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 c
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u
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e
s
p
o
n
s
e
s
 t

o
 s

m
o
k
e
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a
z
a
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s
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o
c
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te
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 w

it
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e
a
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 b
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 m
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g
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c
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 c
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 d
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 c
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 c
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c
e
 s

m
o
k
e
 i
m

p
a
c
ts

 o
n
 v

u
ln

e
ra

b
le

 p
o
p

u
la

ti
o
n
s
 a

n
d
 c

o
m

m
u
n
it
ie

s
. 

 



  

1
3

 

D
u

s
t 

fr
o

m
 c

o
n

s
tr

u
c
ti

o
n

, 
m

in
in

g
, 
a
n

d
 q

u
a
rr

ie
s

 

P
o

ll
u

ta
n

t 
s

o
u

rc
e
 /

 p
o

ll
u

ta
n

t 
o

f 
c
o

n
c
e
rn

 
A

c
ti

v
it

ie
s
 f

o
r 

im
p

a
c
t 

C
o
n
s
tr

u
c
ti
o

n
 s

it
e
 d
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 d
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c
ti
v
it
y
, 

e
a

rt
h
 m

o
v
in

g
, 
h
e
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y
 

v
e
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e
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n
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e
a
le
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 s

it
e
 r

o
a
d
s
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a
n
d
 c

u
tt

in
g
 o

f 
c
o
n
c
re

te
) 

c
a
n
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e
s
u
lt
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n
 

w
id

e
 d

is
p
e
rs
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n
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d
u
s
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 s
ig

n
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a
n
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y
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e
c
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n
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 c
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u
n
it
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p
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s
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e
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 d

e
p
e
n
d
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n
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o
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 c

o
m

b
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a
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f 
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c
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c
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d
in

g
 w

e
a
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e
r 

c
o
n
d
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n
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o
n
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c
ti
v
it
ie
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n
d
 m
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ig
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n

m
e
a
s
u
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s
. 

 

In
 a

d
d
it
io

n
 t
o
 c

o
n
s
tr

u
c
ti
o
n
 s

it
e
s
, 

a
c
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 m
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e
s
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n
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u
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c
ti
v
it
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a

rt
h
 m

o
v
in
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o
r 
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c
k
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la
s
ti
n

g
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 c
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te

 s
ig

n
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n
t 
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d
d
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n
a
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d
u
s
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ff
e
c
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n
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 n

e
a
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y
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e
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n
s
. 

W
h
ile

 w
e
a
th

e
r 
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n
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e
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n
d
 d
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 w

e
a
th

e
r 

tr
ig

g
e

r 
th

e
 d

is
p
e
rs

io
n
 o

f 
d
u
s
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 r
a
in

 c
a
n
 h

a
v
e
 a

 c
le

a
n
s
in

g
 

e
ff
e
c
t,

 a
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w
in

g
 d

u
s
t 

to
 s

e
tt
le

 o
n
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it
e
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n

d
 p

re
v
e
n
ti
n
g

 d
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p
e
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io

n
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u
c
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e

n
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m

e
a
s
u
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y
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g
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 c
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s
e

c
o
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o
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ti
o
n
 w

it
h
 d

e
v
e
lo

p
e
rs

 a
n

d
 c

o
n
s
tr

u
c
ti
o

n
 s

it
e
 w

o
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to

 r
e
d
u
c
e
 d

is
p
e
rs

io
n
 

o
f 
d
u
s
t 

a
ri
s
in

g
 f

ro
m

 c
o

n
s
tr

u
c
ti
o
n
 a

c
ti
v
it
ie

s
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n
 m
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e
s
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n
d
 d

e
v
e
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p
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e
n
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s
it
e
s
. 

S
tr

a
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g
ie
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o
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e
d

u
c
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 d

u
s
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d
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p
e
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 c
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n
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a
n
d
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n
g
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m
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n
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n
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 d
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n
g
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h

e
 l
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e
ti
m

e
 o

f 
th

e
 c

o
n
s
tr

u
c
ti
o

n
 

p
h
a
s
e
, 

in
c
lu

d
in

g
 s

p
ra

y
in

g
 u

n
s
e

a
le

d
 r

o
a
d
s
 w

it
h
 w

a
te
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to

 r
e

d
u
c
e

 t
h
e

a
m

o
u
n
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o
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d
u
s
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b
e
c
o
m

in
g
 a

ir
b

o
rn

e
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n
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in

g
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ti
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h
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e
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n
c
e
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e
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n
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n
s
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F

o
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e
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p
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in
fo
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e

d
 p

la
n

n
in

g
 o

f 
a
c
ti
v
it
ie

s
 t

h
a
t 
a
re

 k
n
o
w

n
 t
o
 g

e
n
e
ra

te
 d

u
s
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 t
o
 a

v
o
id

 

th
e
m

 c
o
in

c
id

in
g
 w

it
h
 w

e
a
th

e
r 

c
o
n
d
it
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n
s
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o
s
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o
n
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n
d
 d
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ti
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 l
ik

e
 r

o
c
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 b
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c
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o
v
e
m

e
n
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o
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v
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le
s
 

T
h
e
 N

S
W

 E
n
v
ir
o
n
m

e
n
t 
P

ro
te

c
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n
 A

u
th

o
ri
ty

 i
s
 r

e
s
p
o

n
s
ib

le
 f
o
r 

m
a
n
a
g
in

g
 a

ir
 

q
u
a
lit

y
 (

P
M

 l
e
v
e
ls

) 
a
ro

u
n
d

 m
in

in
g
 s

it
e
s
. 

C
o
a
l 
d
u
s
t 

fr
o
m

 r
a
il
 i
s
 p

ri
m

a
ri
ly
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o
n
-s

it
e
. 
W

e
a
th

e
r 

c
o
n
d
it
io

n
s
 l
ik

e
 w

in
d
s
 a

n
d
 d

ry
 w

e
a
th

e
r 

a
ls

o
 t
ri
g

g
e

r 
d
is

p
e

rs
io

n
 o

f 

d
u
s
t 

a
ro

u
n
d
 t

h
e
 s

it
e
. 

T
h

e
 c

o
n
tr

ib
u
ti
o
n

 o
f 
fi
n
e

 p
a
rt

ic
le

s
 f

ro
m

 v
e
h
ic

le
 e

x
h
a
u
s
t 

a
n
d
 

m
o
b
ile

 e
q

u
ip

m
e

n
t 
o
n
 m

in
e
 s

it
e
s
 i
s
 a

ls
o
 a

n
 i
s
s
u

e
. 

F
u
rt

h
e
rm

o
re

, 
th

e
re

 a
re

 g
ro

w
in

g
 c

o
n
c
e

rn
s
 i
n

 t
h
e
 c

o
m

m
u
n
it
y
 r

e
g
a
rd

in
g
 f

u
g
it
iv

e
 

e
m

is
s
io

n
s
 a

ri
s
in

g
 f
ro

m
 c

o
a
l 
d
u
s
t 

(d
u
ri
n

g
 c

o
a
l 
lo

a
d
in

g
, 

u
n
lo

a
d
in

g
, 

a
n
d
 t

ra
n
s
p

o
rt

 

b
y
 t

ra
in

).
  

P
o
llu

ta
n
ts

 o
f 
c
o

n
c
e
rn

 

•
 

P
ri
m

a
ry

 p
o
llu

ta
n
ts

 o
f 
in

te
re

s
t:

 P
M

1
0
, 
P

M
2
.5
 

•
 

A
d
d
it
io

n
a
l 
p
o
llu

ta
n
ts

 t
o
 c

o
n
s
id

e
r:

 P
M

1
 

 

a
d
m

in
is

te
re

d
 u

n
d
e
r 

th
e
 P

ro
te

c
ti
o

n
 o

f 
th

e
 E

n
v
ir
o
n

m
e
n
t 

(O
p
e
ra

ti
o

n
s
) 

A
c
t 

1
9

9
7
 

(P
O

E
O

 A
c
t)

. 
H

o
w

e
v
e
r,

 t
h
e
re

 a
re

 n
o
 r

e
g
u
la

to
ry

 r
e
q
u
ir

e
m

e
n
ts

 i
n
 N

S
W

 f
o
r 

th
e
 

m
a
n
a
g

e
m

e
n
t 

o
f 
c
o

a
l 
d
u
s
t 

fr
o
m

 r
a
il 

a
c
ti
v
it
ie

s
. 

T
h
e
 P

O
E

O
 A

c
t 

a
n
d
 i
ts

 s
u
b

o
rd

in
a
te

 

le
g
is

la
ti
o
n
 c

le
a

rl
y
 a

rt
ic

u
la

te
 t
h

e
 o

b
lig

a
ti
o
n
s
 o

f 
th

o
s
e
 w

h
o
 o

c
c
u
p
y
 p

re
m

is
e
s
, 
a

n
d
 

e
n
c
o
u
ra

g
e
 t

h
e
m

 t
o
 m

a
n

a
g
e
 a

c
ti
v
it
ie

s
 i
n

 a
 m

a
n
n

e
r 

th
a
t 
e
it
h
e
r 

p
re

v
e
n
ts

 o
r 

m
in

im
is

e
s
 a

ir
 p

o
llu

ti
o
n

. 
L
o
c
a
l 
g
o
v
e

rn
m

e
n
ts

 c
a
n

p
la

y
 a

n
 a

d
v
o
c
a
c
y
 r

o
le

 i
n
 t
h

e
 

d
e
v
e
lo

p
m

e
n
t 
o

f 
p
o
lic

ie
s
, 

o
r 

c
o
n

tr
ib

u
te

 t
o
/c

ir
c
u
la

te
 d

is
c
u
s
s
io

n
 p

a
p

e
rs

 r
e
le

a
s
e
d

 b
y
 

th
e
 E

P
A

. 

S
tr

a
te

g
ie

s
 w

h
e
re

 l
o
c
a
l 
g
o
v
e

rn
m

e
n
ts

 c
a
n

 p
la

y
 a

n
 a

d
v
o
c
a
c
y
 r

o
le

, 
a

n
d
 a

s
s
is

t 
in

 c
o

-

d
e
v
e
lo

p
m

e
n
t 
o

f 
a
c
ti
v
it
ie

s
 o

r 
p
o
lic

ie
s
: 

•
 

E
n
c
o

u
ra

g
in

g
 p

la
n

n
e
d
 d

u
s
t 

c
o
n

tr
o
l 
a
c
ti
v
it
ie

s
 a

ro
u
n
d
 m

in
in

g
 s

it
e
s
. 

 

•
 

C
o
n
d
u
c
ti
n

g
re

g
u
la

r 
s
u

rv
e

y
s
 w

it
h
 t

h
e
 c

o
m

m
u
n
it
ie

s
 a

ro
u
n
d
 t

h
e
s
e

 s
it
e
s
 t

o
 

m
o
n
it
o
r 

h
e
a
lt
h

im
p
a
c
ts

. 

•
 

P
ro

v
id

in
g
 h

e
a
lt
h
 a

d
v
ic

e
 o

r 
a
le

rt
s
 i
n

 a
d
v
a

n
c
e

 t
o
 c

o
m

m
u
n
it
ie

s
 w

h
e
n
 t
h

e
 d

u
s
t 

fr
o
m

 a
c
ti
v
it
ie

s
 i
n
 a

 m
in

e
 o

r 
q
u
a

rr
y
 s

it
e

 i
s
 e

x
p
e
c
te

d
to

 b
e
 h

ig
h
e
r 

th
a
n
 n

o
rm

a
l 

(d
u
e
 t

o
 p

la
n

n
e
d
 a

c
ti
v
it
ie

s
 o

r 
w

e
a
th

e
r 

c
o
n
d
it
io

n
s
).

 

•
 

W
o
rk

in
g
 w

it
h
 t
h

e
 E

P
A

 a
n
d
 l
o
c
a

l 
la

n
d
o
w

n
e

rs
 (

o
w

n
in

g
 r

a
il 

c
o
rr

id
o

rs
 i
n

 a
 l
o
c
a
l 

g
o
v
e
rn

m
e
n
t 

a
re

a
) 

to
 d

e
v
e

lo
p

 p
o
lic

ie
s
 o

r 
a
c
ti
v
it
ie

s
 t

a
rg

e
te

d
 t
o
w

a
rd

s
 

m
it
ig

a
ti
n
g
 t

h
e
 i
m

p
a
c
t 

o
f 
c
o
a
l 
d
u
s
t.

 

 

In
d

u
s
tr

ia
l 
a
ir

 p
o

ll
u

ti
o

n
 s

o
u

rc
e

s
 

P
o

ll
u

ta
n

t 
s

o
u

rc
e
 /

 p
o

ll
u

ta
n

t 
o

f 
c
o

n
c
e
rn

 
A

c
ti

v
it

ie
s
 f

o
r 

im
p

a
c
t 

In
d
u
s
tr

ia
l 
p
ro

c
e
s
s
e
s
 c

a
n
 e

m
it
 p

o
llu

ta
n
ts

 i
n
to

 t
h

e
 a

ir
, 

in
c
lu

d
in

g
 C

O
, 
S

O
2
, 
S

O
3
, 

h
y
d
ro

c
a

rb
o
n
s
, 

a
n
d
 p

a
rt

ic
u
la

te
s
. 
D

ir
e
c
t 

e
m

is
s
io

n
s
 p

ro
d
u
c
e

d
 i
n
s
id

e
 i
n

d
u
s
tr

ia
l 

M
o
n
it
o
ri

n
g
 a

n
d
 r

e
g
u
la

ti
n
g

 e
m

is
s
io

n
s
 f

ro
m

 i
n
d
u
s
tr

ia
l 
s
o
u

rc
e
s
 i
s
 t
h
e
 r

e
s
p
o
n
s
ib

ili
ty

 

o
f 
s
ta

te
 a

n
d
 f

e
d
e
ra

l 
a
u
th

o
ri
ti
e
s
. 

H
o
w

e
v
e

r,
m

o
n
it
o

ri
n

g
 d

a
ta

 a
t 

a
 l
o

c
a
l 
le

v
e
l 
(i
n

 a
n
d
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fa
c
ili

ti
e

s
, 
a
s
 w

e
ll 

a
s
 i
n

d
ir
e
c
t 

e
m

is
s
io

n
s
 p

ro
d

u
c
e
d
 o

ff
-s

it
e
, 
c
a
n
 e

m
it
 p

o
llu

ta
n

ts
 a

t 

v
a
ri
o

u
s
 s

ta
g
e
s
 o

f 
p
ro

d
u
c
ti
o

n
. 

B
u
rn

in
g

 f
u
e
ls

 f
o

r 
p
o
w

e
r 

o
r 

h
e
a
t,
 l
e

a
k
s
, 

a
n
d
 u

s
e

 o
f 

fu
e
ls

 i
n
 p

ro
d
u
c
ti
o

n
 p

ro
c
e

s
s
e
s
 a

re
a

m
o
n
g

 t
h
e
 s

o
u
rc

e
s
 o

f 
p

o
llu

ti
o
n
. 

 

S
im

ila
rl
y
, 
c
o
a
l-

fi
re

d
 p

o
w

e
r 

s
ta

ti
o
n
s
 c

a
n

 e
m

it
 s

u
lp

h
u
r 

d
io

x
id

e
, 
o
x
id

e
s
 o

f 
n
it
ro

g
e
n

, 

a
n
d
 p

a
rt

ic
u
la

te
 m

a
tt

e
r 

(P
M

2
.5
 )

. 
M

e
a
s
u
re

m
e

n
t 
o
f 

in
d
u
s
tr

ia
l 
p
o
llu

ta
n
ts

 i
s
 g

e
n
e

ra
lly

 

re
q
u
ir

e
d
 a

n
d
 u

n
d

e
rt

a
k
e
n
 u

n
d
e
r 

s
ta

te
 a

n
d
 f

e
d
e
ra

l 
le

g
is

la
ti
o
n

, 
to

 e
n
s
u

re
 

c
o
m

p
lia

n
c
e
 w

it
h

 r
e
g

u
la

to
ry

 b
e
n
c
h
m

a
rk

s
. 

M
o

n
it
o
ri
n

g
 t
h
e
s
e

 p
o
llu

ta
n
ts

 c
a
n
 a

ls
o

 

im
p
ro

v
e
 t

h
e
 a

b
ili

ty
 o

f 
s
ta

te
 a

u
th

o
ri
ti
e
s
 t

o
 d

e
s
ig

n
 m

e
a
s
u
re

s
 t
o
 m

it
ig

a
te

 h
e
a
lt
h

-

re
la

te
d
 i
m

p
a
c
ts

 (
b
o
th

 f
o
r 

in
d
u
s
tr

y
 w

o
rk

e
rs

, 
a
s
 w

e
ll 

a
s
 p

e
o

p
le

 l
iv

in
g
 i
n
 

n
e
ig

h
b
o

u
ri
n

g
 r

e
g
io

n
s
).

 

P
o
llu

ta
n
ts

 o
f 
c
o

n
c
e
rn

 

•
 

P
ri
m

a
ry

 p
o
llu

ta
n
ts

 o
f 
in

te
re

s
t:

 P
M

2
.5
, 
N

O
2
 

•
 

A
d
d
it
io

n
a
l 
p
o
llu

ta
n
ts

 t
o
 c

o
n
s
id

e
r:

 P
M

1
0
, 
S

O
2
, 
V

O
C

 

a
ro

u
n

d
 t
h
e
s
e
 f
a
c
ili

ti
e
s
) 

c
a
n
 a

s
s
is

t 
lo

c
a
l 
g
o
v
e

rn
m

e
n
ts

 i
n
 i
s
s
u
in

g
 h

e
a
lt
h
 a

le
rt

s
to

 

in
d
iv

id
u
a
ls

 o
r 

s
u
b
u

rb
s
. 
L

o
c
a
l-

le
v
e
l 
m

o
n
it
o

ri
n

g
 a

c
ti
v
it
ie

s
 m

a
y
 i
n

c
lu

d
e
: 

•
 

S
e
tt
in

g
 u

p
 l
o
c
a
l 
w

e
a
th

e
r 

o
r 

s
m

a
rt

 l
o

w
-c

o
s
t 
m

o
n
it
o
ri
n

g
 n

e
tw

o
rk

s
 t

o
 c

a
p
tu

re
 

g
ra

n
u
la

r-
le

v
e
l 
s
e
n
s
in

g
 d

a
ta

. 
T

h
e
s
e
 n

e
tw

o
rk

s
 c

a
n

 b
e
 m

a
n

a
g
e
d
 a

n
d
/o

r 

o
w

n
e
d
 b

y
 l
o

c
a
l 
g
o
v
e

rn
m

e
n
t.

 

•
 

W
o
rk

in
g
 c

lo
s
e
ly

 w
it
h
 s

ta
te

 h
e
a
lt
h
 a

u
th

o
ri
ti
e
s
 a

n
d
 i
n
d

u
s
tr

y
 o

w
n
e
rs

 t
o

 

g
e
n
e
ra

te
 h

e
a
lt
h

 a
d
v
ic

e
, 
a
n

d
 i
s
s
u
e
 s

p
a
ti
a
lly

 a
c
c
u

ra
te

 a
le

rt
s
 t

o
 c

o
m

m
u
n
it
ie

s
. 

•
 

M
a
n
a
g
in

g
 h

e
a
lt
h
 i
m

p
a
c
ts

 o
f 

d
ir
e
c
t 

e
m

is
s
io

n
s
 o

n
 w

o
rk

e
rs

 i
n
s
id

e
 f

a
c
ili

ti
e
s
, 
b
y
 

e
s
ta

b
lis

h
in

g
 o

n
-s

it
e

 m
o
n
it
o
ri
n

g
 n

e
tw

o
rk

s
 n

e
a

r 
h
ig

h
-i
m

p
a
c
t 

a
c
ti
v
it
ie

s
. 

T
h
is

 

m
a
y
 l
e

a
d
 t

o
 d

a
ta

-i
n

fo
rm

e
d
 s

it
e
 a

c
ti
v
it
y
 p

la
n
n
in

g
,
to

 a
v
o
id

 p
o
te

n
ti
a
lly

 

p
o
llu

ti
n
g
 a

c
ti
v
it
ie

s
 c

o
in

c
id

in
g
 w

it
h
 w

in
d
ie

r 
o
r 

d
ry

 w
e
a

th
e
r 

c
o
n
d
it
io

n
s
 (

a
n
d
 t

o
 

re
d
u
c
e
 n

e
g
a

ti
v
e
 h

e
a
lt
h
 i
m

p
a
c
ts

 o
n
 w

o
rk

e
rs

).
  

 

•
 

U
s
in

g
 a

ir
 q

u
a
lit

y
 d

a
ta

 c
o

lle
c
te

d
 n

e
a

r 
to

 v
u
ln

e
ra

b
le

 c
o

m
m

u
n
it
y
 r

e
c
e
p

to
rs

 l
ik

e
 

h
o
s
p
it
a
ls

 o
r 

c
h
ild

c
a
re

 c
e
n
tr

e
s
 t

o
 d

e
v
e
lo

p
 n

e
w

 p
o
lic

ie
s
 o

r 
p

ro
to

c
o
ls

 t
o
 

im
p
ro

v
e
 a

ir
 q

u
a
lit

y
 i
n

 a
n

d
 a

ro
u
n
d
 t

h
e
s
e

 p
la

c
e
s
. 

 

N
a
tu

ra
l 
a
ir

 p
o

ll
u

ti
o

n
 s

o
u

rc
e
s

 

P
o

ll
u

ta
n

t 
s

o
u

rc
e
 /

 p
o

ll
u

ta
n

t 
o

f 
c
o

n
c
e
rn

 
A

c
ti

v
it

ie
s
 f

o
r 

im
p

a
c
t 

In
 a

d
d
it
io

n
 t
o
 h

u
m

a
n

-m
a

d
e
 s

o
u

rc
e
s
 o

f 
p
o
llu

ti
o

n
, 
n
a
tu

ra
l 
s
o
u
rc

e
s
 c

a
n
 a

ls
o
 

c
o
n
tr

ib
u
te

 t
o
 r

e
g
io

n
a
l 
a
n
d

 l
o
c
a
lis

e
d
 a

ir
 p

o
llu

ti
o
n
. 
W

in
d
b
lo

w
n
 d

u
s
t 

(o
r 

d
u
s
t 
a
ri
s
in

g
 

fr
o
m

 d
u
s
t 

s
to

rm
s
) 

c
a
n
 c

o
n
tr

ib
u
te

 t
o
 t
h

e
 i
n
c
re

a
s
e
d
 c

o
n
c
e

n
tr

a
ti
o
n
 o

f 
p
a
rt

ic
u
la

te
 

m
a
tt
e
r

in
th

e
a
ir

(P
M

1
0

a
n
d

P
M

2
.5
).

P
a
rt

ic
le

s
c
a
n

s
e
tt
le

d
o

w
n

a
t
th

e
s
o
u
rc

e
o
f

w
in

d
, 
o
r 

c
a

n
 t
ra

v
e
l 
a
c
ro

s
s
 a

re
a
s
 f

a
r 

fr
o

m
 t
h
e
 o

ri
g

in
a
l 
s
o
u
rc

e
.
D

u
s
t 

c
a
n
 b

e
 a

 m
a
jo

r 

s
o
u
rc

e
 o

f 
a
m

b
ie

n
t 
a
ir

 p
o
llu

ti
o

n
, 
a
n

d
 i
ts

 i
m

p
a
c
t 

o
n
 h

u
m

a
n
 h

e
a
lt
h
 a

n
d
 r

e
s
p
ir
a
to

ry
 

A
ir
 p

o
llu

ti
o

n
 c

o
n
tr

o
l 
is

 r
e
g
u
la

te
d
 b

y
 s

ta
te

 a
u
th

o
ri
ti
e
s
. 
H

o
w

e
v
e
r,

 l
o

c
a
l 
g
o
v
e
rn

m
e

n
ts

 

c
a
n
 a

s
s
is

t 
w

it
h
 r

e
s
e
a

rc
h
 b

y
 u

n
d
e

rt
a
k
in

g
 l
o
c
a
l 
s
tu

d
ie

s
 t

o
 d

e
te

rm
in

e
 c

h
a
n

g
e
s
 i
n

 

lo
c
a
l 
a
ir
 p

o
llu

ti
o
n
 l
e
v
e
ls

. 
In

c
re

a
s
e

d
 l
e
v
e
ls

 o
f 
n

a
tu

ra
l 
a
ir
 p

o
ll
u

ta
n
ts

 c
a
n

 r
e
s
u
lt
 i
n
 

in
c
re

a
s
e

s
in

p
a
rt

ic
u
la

te
m

a
tt
e

r
a
n
d

g
a
s
e
s

(e
.g

.
a

d
u
s
t
e
v
e

n
t,

o
r

a
s
e
a

s
p

ra
y

e
v
e
n
t,
 c

a
n
 c

o
n
tr

ib
u
te

 t
o
 l
o
c
a
l 
a
ir
 p

o
llu

ti
o
n

).
 S

im
ila

rl
y
, 

s
o
m

e
ty

p
e
s
 o

f 
n
a
ti
v
e
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N
a
tu

ra
l 
a
ir

 p
o

ll
u

ti
o

n
 s

o
u

rc
e
s

 

P
o

ll
u

ta
n

t 
s

o
u

rc
e
 /

 p
o

ll
u

ta
n

t 
o

f 
c
o

n
c
e
rn

 
A

c
ti

v
it

ie
s
 f

o
r 

im
p

a
c
t 

fu
n
c
ti
o

n
in

g
 d

e
s
e

rv
e
s
 m

o
re

 a
tt
e
n
ti
o

n
. 

D
u
s
t 

c
a
n
 a

ls
o

b
e
 a

n
 i
m

p
e
d
im

e
n
t 
to

 t
h
e
 

p
ro

c
e
s
s
 o

f 
a
ir
 q

u
a
lit

y
 m

o
n
it
o
ri
n

g
, 
a
s
 i
t 

in
te

rf
e
re

s
 w

it
h

 s
e
n
s
in

g
 d

a
ta

. 

A
n
o
th

e
r 

s
o

u
rc

e
 o

f 
p
o
llu

ti
o
n
 t
h

a
t 
c
a
n
 a

ff
e
c
t 

a
ir
 q

u
a
lit

y
 a

re
b

io
g
e
n
ic

 e
m

is
s
io

n
s
, 

o
ft
e
n
 o

ri
g

in
a
ti
n

g
 f
ro

m
 v

e
g

e
ta

ti
o
n

 a
n
d
 s

o
ils

. 
O

th
e

r 
re

le
v
a

n
t 

g
e
o
g
e

n
ic

 a
n
d
 b

io
g
e

n
ic

 

s
o
u
rc

e
s
 i
n

c
lu

d
e
 v

o
lc

a
n
ic

 e
m

is
s
io

n
s
, 

lig
h
tn

in
g
, 
s
e

a
 s

a
lt
, 

a
n

d
 v

o
la

ti
le

 o
rg

a
n
ic

 

c
o
m

p
o
u

n
d
s
 (

V
O

C
) 

re
le

a
s
e
d
 b

y
 v

e
g
e
ta

ti
o
n
 a

n
d
 p

o
lle

n
. 

 

W
h
ile

 o
f 
le

s
s
e

r 
c
o
n
c
e
rn

, 
s
e
a

 s
a
lt
 (

fr
o
m

 p
a
rt

ic
le

s
 b

lo
w

n
 i
n

to
 t
h
e
 a

ir
 f
ro

m
 t

h
e
 

b
re

a
k
in

g
 o

f 
o
c
e
a
n
 w

a
v
e
s
) 

o
ft

e
n
 r

e
a
c
ts

 w
it
h
 e

x
is

ti
n

g
 p

o
llu

ta
n
ts

 i
n
 t
h

e
 a

ir
, 

c
o
n
tr

ib
u
ti
n
g
 t
o
 l
o
c
a
l 
a
ir
 p

o
llu

ti
o
n
. 

In
 t
h
is

 w
a
y
, 

s
e
a
 s

a
lt
 c

a
n
 c

o
n
tr

ib
u
te

 t
o
 t

h
e
 

e
x
c
e
e
d
a
n
c
e
 o

f 
a
lr
e
a

d
y
 e

x
is

ti
n

g
 P

M
1
0
 l
e
v
e
ls

, 
a
n

d
 m

a
y
 t

ri
g

g
e
r 

a
n

 i
n

c
re

a
s
e
 i
n
 l
o
c
a
l 

a
ir
 p

o
llu

ti
o

n
 l
e
v
e
ls

. 
 

P
o
llu

ta
n
ts

 o
f 
c
o

n
c
e
rn

 

•
 

P
ri
m

a
ry

 p
o
llu

ta
n
ts

 o
f 
in

te
re

s
t:

 P
M

1
0
, 
O

3
, 
V

O
C

s
 

•
A

d
d
it
io

n
a
l
p
o
llu

ta
n
ts

to
c
o
n
s
id

e
r:

P
M

2
.5

v
e
g
e
ta

ti
o

n
, 
in

c
lu

d
in

g
 e

u
c
a
ly

p
ts

, 
c
a

n
 r

e
le

a
s
e
 v

o
la

ti
le

 o
rg

a
n

ic
 c

o
m

p
o
u

n
d
s
 i
n

to
 t
h
e
 

a
tm

o
s
p
h

e
re

, 
w

h
ic

h
 c

a
n
 c

o
n
tr

ib
u
te

 t
o
 g

ro
u
n
d

-l
e

v
e
l 
o
z
o

n
e
 f

o
rm

a
ti
o

n
 o

n
 h

o
t 
d

a
y
s
. 

 

S
tr

a
te

g
ie

s
 t

o
 m

it
ig

a
te

 t
h
e

a
ir
 p

o
llu

ti
o
n
 i
m

p
a
c
ts

 f
ro

m
 n

a
tu

ra
l 
s
o
u
rc

e
s
 c

a
n
 b

e
 

c
a
te

g
o
ri
s
e
d
 i
n

 t
w

o
 w

a
y
s
: 

A
c
ti
o

n
-b

a
s
e
d

: 

•
 

S
h
a
ri
n

g
 i
m

p
ro

v
e
d

 h
e
a
lt
h
 a

le
rt

s
 (

b
a
s
e
d
 o

n
 s

p
a
ti
a
l 
m

o
d
e
lli

n
g
 a

n
d
 n

a
tu

ra
l 

e
v
e
n
ts

) 
to

 p
ro

te
c
t 

lo
c
a
l 
c
o
m

m
u
n
it
ie

s
 a

n
d
 v

u
ln

e
ra

b
le

 g
ro

u
p
s
 f

ro
m

 p
o
te

n
ti
a
l 

h
e
a
lt
h
 i
m

p
a
c
ts

 l
ik

e
ly

 t
o

 a
ri
s
e
 f

ro
m

 n
a
tu

ra
l 
e
v
e

n
ts

. 

•
 

S
e
le

c
ti
n

g
 t

re
e
s
 w

it
h
 a

ir
 q

u
a
lit

y
 e

n
h
a
n
c
e
m

e
n
t 
c
h
a

ra
c
te

ri
s
ti
c
s
, 
a
n
d
 r

e
d
u
c
e

d
 

p
o
lle

n
-r

e
le

a
s
in

g
 c

h
a
ra

c
te

ri
s
ti
c
s
. 

 R
e
s
e
a
rc

h
 a

n
d
 m

o
n
it
o

ri
n

g
:

 

•
 

U
s
in

g
 s

p
a
ti
a
l 
a

n
a
ly

s
is

 t
o
 d

e
te

rm
in

e
 a

re
a
s
 o

f 
im

p
a
c
t 

(e
.g

. 
m

e
te

o
ro

lo
g
ic

a
l 

s
a
te

lli
te

 m
e

a
s
u
re

m
e
n
ts

 a
n
d
 m

o
d
e
lli

n
g

).
  

•
 

Im
p
ro

v
e

d
 f
re

q
u
e

n
c
y
 o

f 
m

o
n
it
o
ri

n
g

/r
e
p
o
rt

in
g
 o

f 
lo

c
a
l 
n

a
tu

ra
l 
e

v
e
n
ts

 (
lik

e
 

d
u
s
t 

s
to

rm
s
 o

r 
s
e
a
 s

p
ra

y
 e

v
e
n
ts

).
 T

h
is

 i
s
 e

s
p
e
c
ia

lly
 r

e
le

v
a
n
t 
fo

r 
c
o
a
s
ta

l

lo
c
a
l 
g
o
v
e
rn

m
e
n

t 
a
re

a
s
, 
to

 a
llo

w
 i
m

p
ro

v
e

d
 u

n
d
e

rs
ta

n
d
in

g
 o

f 
th

e
 c

o
rr

e
la

ti
o
n
 

b
e
tw

e
e
n
 i
n
c
re

a
s
e
d
 p

a
rt

ic
u
la

te
 m

a
tt

e
r 

le
v
e
ls

, 
a
n
d
 l
o
c
a
l 
n
a
tu

ra
l 
e
v
e

n
ts

. 

•
M

o
n
it
o
ri

n
g
 p

a
rt

ic
u
la

te
 m

a
tt

e
r 

le
v
e

ls
 i
n
 a

re
a
s
 c

lo
s
e
 t

o
 b

e
a
c
h
e
s
, 

a
re

a
s
 w

it
h

 

fr
e
q
u
e

n
t 
d
u
s
t 

s
to

rm
s
, 
o
r 

n
e
a

r 
th

ic
k
 v

e
g
e
ta

ti
o

n
 p

a
tc

h
e
s
, 
to

 i
m

p
ro

v
e
 h

e
a
lt
h
 

a
le

rt
s
 f

o
r 

th
e
 c

o
m

m
u
n
it
y
 (

in
c
lu

d
in

g
fo

r 
s
c
h

o
o
ls

, 
c
h
ild

c
a

re
 c

e
n
tr

e
s
, 

a
n
d
 

o
th

e
r 

lo
c
a
l 
b
u
s
in

e
s
s
e
s
).
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2
.

D
a

ta
a

p
p

lic
a

ti
o

n
a

re
a

S
m

a
rt

 l
o

w
-c

o
s
t 
a
ir

 q
u

a
lit

y
 s

e
n

s
in

g
 d

e
v
ic

e
s
 r

a
n

g
e

 i
n

 p
ri

c
e

 f
ro

m
 a

 c
o
u

p
le

 o
f 
h
u

n
d

re
d

 d
o

lla
rs

 t
o

 s
e

v
e
ra

l 
th

o
u

s
a
n

d
 d

o
lla

rs
. 
E

v
e
n

 t
h

e
 m

o
s
t 
e

x
p
e

n
s
iv

e
 o

f 
th

e
s
e

 

d
e

v
ic

e
s
 a

re
 s

ti
ll 

c
la

s
s
e
d

 a
s
 ‘
lo

w
-c

o
s
t’
 r

e
la

ti
v
e

 t
o

 r
e

g
u
la

to
ry

 a
ir

 q
u
a

lit
y
 m

o
n

it
o

ri
n

g
 e

q
u

ip
m

e
n

t,
 w

h
ic

h
 c

a
n

 c
o
s
t 
te

n
s
 o

r 
e

v
e

n
 h

u
n

d
re

d
s
 o

f 
th

o
u

s
a
n
d

s
 o

f 
d

o
lla

rs
. 

 

T
IP

: 
F

in
d

 a
 b

a
la

n
c

e
 b

e
tw

e
e

n
 d

e
v

ic
e

 p
e

rf
o

rm
a

n
c
e
 a

n
d

 c
o

s
t 

 In
 g

e
n

e
ra

l,
 m

o
re

 c
o

s
tl
y
 d

e
v
ic

e
s
 w

ill
 p

ro
d

u
c
e

 h
ig

h
e

r-
q
u

a
lit

y
 d

a
ta

 t
h
a

n
 l
o

w
e
r-

c
o

s
t 
d

e
v
ic

e
s
. 
H

o
w

e
v
e

r,
 o

b
ta

in
in

g
 t
h

e
 h

ig
h
e

s
t-

q
u

a
lit

y
 d

a
ta

 i
s
 n

o
t 

a
lw

a
y
s
 t
h

e
 a

im
, 
d
e

p
e

n
d

in
g
 o

n
 y

o
u

r 
p
ro

je
c
t.

 Y
o

u
 s

h
o
u

ld
 c

le
a
rl

y
 d

e
fi
n
e

 t
h

e
 m

in
im

u
m

 d
a

ta
 q

u
a

lit
y
 t
h

a
t 
w

ill
 s

u
p
p

o
rt

 y
o

u
r 

c
h

o
s
e

n
 a

p
p

lic
a

ti
o
n

 

a
re

a
, 
a
n

d
 s

e
e

k
 a

 b
a

la
n

c
e

 b
e

tw
e
e

n
 d

e
v
ic

e
 p

e
rf

o
rm

a
n

c
e

 a
n

d
 c

o
s
t.
 S

p
e

n
d

 w
h
a

t 
y
o

u
 n

e
e

d
 t
o

 g
e

t 
th

e
 j
o
b

 d
o

n
e

 w
e

ll,
 b

u
t 
a

v
o

id
 o

v
e
ri

n
v
e

s
ti
n

g
 

to
 a

c
h

ie
v
e

 a
 d

a
ta

 q
u

a
lit

y
 t
h

a
t 
e

x
c
e

e
d

s
 y

o
u

r 
re

q
u

ir
e

m
e

n
ts

. 

 T
h

e
 O

P
E

N
A

IR
 F

ra
m

e
w

o
rk

 f
o

r 
C

a
te

g
o

ri
s
in

g
 A

ir
 Q

u
a

lit
y
 S

e
n

s
in

g
 D

e
v
ic

e
s
 

T
h

e
 O

P
E

N
A

IR
 F

ra
m

e
w

o
rk

 f
o

r 
C

a
te

g
o

ri
s
in

g
 A

ir
 Q

u
a
lit

y
 S

e
n

s
in

g
 D

e
v
ic

e
s
 c

o
n

s
is

ts
 o

f 
fo

u
r 

ti
e

rs
 t
h
a

t 
c
h
a

ra
c
te

ri
s
e

 d
if
fe

re
n

t 
a

ir
 q

u
a

lit
y
 s

e
n

s
in

g
 d

e
v
ic

e
s
 a

n
d

 

a
s
s
o

c
ia

te
d

 d
a

ta
 a

p
p

lic
a

ti
o

n
s
 a

c
c
o

rd
in

g
 t
o

 t
h

e
 d

a
ta

 a
c
c
u

ra
c
y
 t
h
e

y
 p

ro
v
id

e
 o

r 
re

q
u

ir
e

. 
T

h
is

 h
a

s
 b

e
e

n
 a

d
a
p
te

d
 f
ro

m
 t
h

e
 U

S
 E

n
v
ir
o

n
m

e
n

ta
l 
P

ro
te

c
ti
o

n
 A

g
e

n
c
y
 

(U
S

 E
P

A
)’
s
 f
iv

e
-t

ie
r 

fr
a
m

e
w

o
rk

2
. 
T

h
e

 f
o
llo

w
in

g
 s

e
c
ti
o
n

 o
f 
th

is
 O

P
E

N
A

IR
 s

u
p

p
le

m
e

n
ta

ry
 r

e
s
o
u

rc
e

 p
ro

v
id

e
s
 a

n
 o

v
e

rv
ie

w
 o

f 
th

e
s
e

 t
ie

rs
. 
It
 w

ill
 b

e
 h

e
lp

fu
l 
fo

r 

y
o

u
 t
o

 d
e

te
rm

in
e

 w
h

ic
h

 t
ie

r 
b
e

s
t 
d
e

s
c
ri
b

e
s
 y

o
u

r 
o

w
n
 m

o
n

it
o

ri
n

g
 p

ro
je

c
t.

 F
o
r 

m
o
re

 i
n

fo
rm

a
ti
o

n
 o

n
 t
h

is
, 
p
le

a
s
e

 s
e
e

 t
h
e

 O
P

E
N

A
IR

 s
u

p
p

le
m

e
n

ta
ry

 r
e

s
o

u
rc

e
 A

 

fr
a

m
e

w
o
rk

 f
o

r 
c
a

te
g
o

ri
s
in

g
 a

ir
 q

u
a

lit
y
 s

e
n

s
in

g
 d

e
v
ic

e
s
. 

N
o

te
: 
L
o

c
a

l
g

o
v
e

rn
m

e
n

t 
a

ir
 q

u
a

lit
y
 m

o
n
it
o

ri
n
g

 p
ro

je
c
ts

 s
h

o
u

ld
 a

lig
n

 w
it
h

 T
ie

r 
1

, 
2

 o
r 

3
. 
T

ie
r 

4
 s

it
s
 b

e
y
o

n
d

 t
h

e
 t
e

c
h
n

ic
a

l 
e

x
p

e
rt

is
e

, 
c
a
p

a
c
it
y
, 
a

n
d

 d
a

ta
 u

s
e

 

re
q
u

ir
e

m
e

n
ts

 o
f 
m

o
s
t 
lo

c
a

l 
a
u

th
o

ri
ti
e

s
, 
a

n
d

 t
e
n

d
s
 t
o

 b
e

 t
h
e

 d
o

m
a
in

 o
f 
c
e

n
tr

a
l 
g
o

v
e
rn

m
e
n

t 
a

g
e

n
c
ie

s
. 

 

 

 

3
 S

a
m

p
lin

g
 r

a
te

 r
e
fe

rs
 t

o
 t
h
e

 f
re

q
u
e
n
c
y
 t

h
a
t 
a

 d
e
v
ic

e
 t

a
k
e

s
 a

 m
e
a
s
u
re

m
e
n
t 
o
f 

a
 g

iv
e

n
 p

a
ra

m
e
te

r.
 F

o
r 

e
x
a
m

p
le

, 
a
 g

a
s
 s

e
n
s
o
r 

re
a
d
in

g
 m

ig
h
t 
b
e
 t

a
k
e
n

e
v
e
ry

 t
w

o
 s

e
c
o
n

d
s
 f

o
r 

a
 6

0
-s

e
c
o
n
d
 p

e
ri
o

d
, 
p
ro

d
u
c
in

g
 3

0
 r

e
a
d
in

g
s
 t

h
a
t 

a
re

 c
o
m

b
in

e
d
 t
o
 p

ro
d

u
c
e
 a

n
 o

u
tp

u
t 
e
x
p

re
s
s
e
d
 a

s
 a

 m
e
a
n
 o

r 
m

e
d
ia

n
. 
H

ig
h
 s

a
m

p
lin

g
 r

a
te

 c
a
n
b
e
u
s
e
fu
l
fo
r
‘s
m
o
o
th
in
g
o
u
t’

h
ig

h
ly

 l
o
c
a

lis
e
d
 a

n
d
 t
im

e
-b

o
u
n
d
 p

o
llu

ti
o

n
 c

o
n
c
e

n
tr

a
ti
o

n
s
 i
n
 l
o
c
a
ti
o
n
s
 s

u
c
h
 a

s
 b

u
s
y
 r

o
a
d
s
id

e
s
, 

p
ro

v
id

in
g
 a

 m
o
re

 r
e
p

re
s
e
n
ta

ti
v
e
 f

ig
u
re

 f
o
r 

th
a
t 
lo

c
a
ti
o
n
 o

v
e
r 

a
 p

e
ri
o

d
. 
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T
ie

r 
1

: 
E

d
u

c
a

ti
o

n
 a

n
d

 e
n

g
a

g
e

m
e

n
t 

T
ie

r 
2

: 
H

o
ts

p
o

t 
id

e
n

ti
fi

c
a
ti

o
n

 a
n

d
 c

h
a

ra
c

te
ri

s
a

ti
o
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L
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w
-a
c
c
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c
y
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o

w
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o
s
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d
e
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s

c
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n
 b
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e
d
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o

r 

e
d

u
c
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ti
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n

a
l 
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n
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 e

n
g
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g
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m

e
n

t 
p
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c
h
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o
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, 

o
r 

a
s
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rt
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f 

p
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rt
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a
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ry
 c

o
m

m
u

n
it

y
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ro
g
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m
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y
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s
a
b
ili
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, 
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b
u
s
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e
s
s
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n

d
 e

a
s
e
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f 
s
e

t-
u
p
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re
 c

ri
ti
c
a
l 
a
tt
ri
b

u
te

s
 f

o
r 
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ie

r 

1
 d

e
v
ic

e
s
. 
D

a
ta
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c
c
u

ra
c
y
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s
 l
e

s
s
 i
m

p
o
rt

a
n
t,
 s

o
 l
o
n
g
 a

s
 a

 d
e
v
ic

e
 r

e
s
p

o
n
d
s
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n
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p
re

d
ic
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le
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n

d
 e

x
p
e
c
te

d
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a
y
 t

o
 c

h
a

n
g
in

g
 c
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n
d
it
io

n
s
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ta
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e

c
ti

o
n

 c
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•
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n
g
a
g
e
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 p
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o
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t 
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u
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n
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ta
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s
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n
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ild

 c
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m

m
u
n
it
y
 u

n
d
e
rs

ta
n
d
in

g
 o

f 
te

c
h
n
o
lo

g
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e
.g

. 
s
e
n
s
in

g
, 

c
o
m

m
u
n
ic

a
ti
o
n
s
, 

th
e
 I
n
te

rn
e

t 
o
f 

T
h
in

g
s
, 

d
a
ta

 m
a
n
a

g
e
m

e
n

t 
a
n
d
 

in
te

rp
re

ta
ti
o
n

) 

•
 

e
m

p
o
w

e
r 

g
ra

s
s
ro

o
ts

 a
d
v
o
c
a
c
y
 f

o
r 

im
p
a
c
t 

c
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ti
o

n
 

•
 

le
v
e
ra

g
e
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u
p
p

o
rt
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n

it
ia

ti
v
e
s
 t

h
a
t 

a
im

 f
o

r 
b
e

h
a
v
io

u
r 

c
h
a
n

g
e
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e
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. 
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d
u
c
in

g
 c

a
r 

u
s
a
g
e
 f
o

r 
lo

c
a
l 
tr

ip
s
, 

o
r 

re
d
u
c
in

g
/e

lim
in

a
ti
n

g
 w

o
o
d
 b

u
rn

in
g

 f
o
r 

h
o

m
e
 h

e
a
ti
n
g
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- 
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 m
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d
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m

-a
c

c
u

ra
c
y

 d
a

ta
 f

ro
m

 l
o

w
-c

o
s
t 

d
e
v
ic

e
s

 c
a
n

 b
e
 u

s
e
d

 t
o

 

id
e
n
ti
fy
‘h
o
ts
p
o
t’
lo
c
a
ti
o
n
s
w
it
h
a
ir
p
o
ll
u
ti
o
n
c
o
n
c
e
n
tr
a
ti
o
n
s
s
ig
n
if
ic
a
n
tl
y

h
ig

h
e
r 

th
a

n
 t

h
e
 a

m
b

ie
n

t 
b

a
c

k
g

ro
u

n
d
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T
ie

r 
2
 d

e
v
ic

e
s
 a

re
u
s
e
d
 t
o
 i
n
v
e
s
ti
g

a
te

 t
h
e

c
o
n
c
e
n

tr
a
ti
o

n
s
, 

te
m

p
o
ra

l 
tr

e
n
d
s
, 

a
n
d
 

d
is

p
e
rs

a
l 
p

a
tt
e
rn

s
 o

f 
a
ir
 p

o
llu

ti
o

n
 f

ro
m

 k
n

o
w

n
 s

o
u

rc
e
s
. 

D
e

v
ic

e
 d

e
p
lo

y
m

e
n
ts

 

g
e
n
e
ra

lly
 t

a
rg

e
t 
‘h
o
ts
p
o
ts
’
(w
h
e
re
p
o
llu
ti
o
n
le
v
e
ls
a
re
s
u
s
p
e
c
te
d
to
b
e
h
ig
h
e
r
th
a
n

th
e
 s

u
rr

o
u
n

d
in

g
 a

re
a
),

 t
h
o

u
g
h
 m

a
y
 a

ls
o
 i
n

c
lu

d
e
 v

u
ln

e
ra

b
le

 r
e
c
e
p

to
r 

s
it
e
s
 s

u
c
h
 a

s
 

s
c
h
o
o
ls

a
n
d

a
g
e

d
c
a
re

fa
c
ili

ti
e
s

(w
h

e
re

p
o
llu

ti
o
n

le
v
e
ls

m
a
y

o
r

m
a
y

n
o
t

b
e

e
le

v
a
te

d
 t

o
 l
e
v
e
ls

 o
f 
c
o
n
c
e

rn
).

  

D
e
v
ic

e
s
 t

e
n
d
 t

o
 b

e
 d

e
p
lo

y
e
d
 f
o

r 
a
 l
im

it
e

d
 p

e
ri
o

d
 i
n
 a

 s
p
e
c
if
ic

 t
a
rg

e
t 
lo

c
a

ti
o
n
 (

e
.g

. 

n
e
a
r 

k
n

o
w

n
 p

o
llu

ti
o
n
 s

o
u
rc

e
s
, 

s
u
c
h
 a

s
 h

ig
h
w

a
y
s
, 

c
o
n
s
tr

u
c
ti
o

n
 s

it
e
s
, 

o
r 

in
d
u
s
tr

ia
l 

fa
c
ili

ti
e
s
).

 A
 d

e
g

re
e
 o

f 
d
a
ta

 i
n
a
c
c
u

ra
c
y
 i
s
 a

llo
w

a
b
le

 f
o

r 
h
o
ts

p
o
t 
id

e
n
ti
fi
c
a
ti
o
n
. 

W
h
a
t 
m

a
tt

e
rs

 i
s
 t
h

a
t 
th

e
 e

rr
o
r/

a
c
c
u
ra

c
y
 o

f 
d
a
ta

 p
ro

d
u
c
e
d

 b
y
 t

h
e
 d

e
v
ic

e
 i
s
 l
e

s
s
 

th
a
n

th
e
 s

iz
e
 o

f 
th

e
 p

o
llu

ti
o
n
 e

le
v
a

ti
o
n
 t

h
a
t 
is

 b
e
in

g
 i
n
v
e
s
ti
g
a
te

d
. 

 

H
o
ts
p
o
t
m
o
n
it
o
ri
n
g
s
h
o
u
ld
b
e
c
o
n
s
id
e
re
d
‘in
d
ic
a
ti
v
e
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It
c
a
n
in
it
ia
lly
c
o
n
fi
rm
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r

d
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p
ro

v
e

) 
a
 h

y
p

o
th

e
s
is

 a
n
d

 m
a
y
 b

e
 u

s
e

fu
l 
fo

r
s
e
c
u
ri
n

g
 f

u
n
d
in

g
 a

n
d
 r

e
s
o
u
rc

e
s
 t
o
 

e
x
p
lo

re
 a

 l
o
c
a
lis

e
d
 a

ir
 q

u
a
lit

y
 i
s
s
u
e
 m

o
re

 d
e
e
p
ly

. 
D

e
p
e
n

d
in

g
 o

n
 t

h
e
 a

im
 o

f 
th

e
 

p
ro

je
c
t,

 i
t 

m
a
y
 b

e
 n

e
c
e
s
s
a
ry

 t
o

 v
a
lid

a
te

 t
h
e

 f
in

d
in

g
s
 f

ro
m

 h
o
ts

p
o
t 

m
o
n
it
o

ri
n

g
 

u
s
in

g
 h

ig
h

e
r-

ti
e

r 
s
e
n
s
in

g
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q
u
ip

m
e

n
t.
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p
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v
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n
d
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ta
n
d
in
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f 
a
ir
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o
llu

ti
o
n
 h

o
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p
o
ts
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n
d
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o

c
a
l 

m
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ro
c
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a
te

s
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c
lu

d
in

g
h
o
w

a
n
d

w
h

y
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e
y
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rm

•
h
e
lp

 t
o
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n
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rm
 p

o
lit

ic
a
l,
 p

la
n
n
in

g
, 

o
r 

u
rb

a
n
 d

e
s
ig

n
d
e
c
is

io
n

s
 



  

1
9

 

T
ie

r 
3

: 
S

u
p
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n
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 m
o

n
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n
g

 
T

ie
r 

4
: 

R
e
g

u
la

to
ry

 m
o

n
it

o
ri

n
g

 

M
e
d

iu
m

- 
to

 h
ig

h
-a

c
c
u

ra
c

y
 d

a
ta

 f
ro

m
 l

o
w

-c
o

s
t 

d
e
v
ic

e
s

 c
a
n

 b
e
 u

s
e
d

 t
o

 

s
u

p
p

le
m

e
n

t 
d

a
ta

 f
ro

m
 r

e
g

u
la

to
ry

 m
o

n
it

o
ri

n
g

 n
e
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o
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s
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T

ie
r 

4
).

 

S
u
p
p
le

m
e
n
ta

l 
m

o
n
it
o
ri
n

g
 i
n

v
o
lv

e
s
 t

h
e
 u

s
e

 o
f 
h
ig

h
e
r-

p
e
rf

o
rm

a
n
c
e
 l
o
w

-c
o
s
t 

a
ir
 

q
u
a
lit

y
 s

e
n
s
in

g
 d

e
v
ic

e
s
 t

o
 p

ro
v
id

e
 d

a
ta

 o
f 
a
n
 a

p
p
ro

p
ri
a

te
 q

u
a
lit

y
 f
o
r 

s
u
p
p
le

m
e

n
ti
n
g
 d

a
ta

 f
ro

m
 a

 r
e

g
u
la

to
ry

 a
ir
 q

u
a
lit

y
 m

o
n
it
o

ri
n

g
 n

e
tw

o
rk

. 
D

e
v
ic

e
s
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d
e
p
lo

y
e
d
 o

v
e
r 

a
 l
o
n
g

 p
e
ri
o

d
 o

f 
ti
m

e
 t
o
 e

s
ta

b
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h
 l
o
c
a
l 
p

o
ll
u
ti
o
n
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a
s
e
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e
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n
d
 

p
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v
id

e
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e
n
e

ra
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m

o
n
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o
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n

g
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n
d
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o
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e
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n
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 d

e
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 c
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c
a
ti
o
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d
 b
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e
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n

 r
e
g

u
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 s
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o

n
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,
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u
p
p
o
rt
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g
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c
c
u
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p
a
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a
l 
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o
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o
n
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f 
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g
u
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 d
a
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r 
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p
o
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a

l 
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 o
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e
n

 

a
v
a
ila

b
le

 f
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m
 l
o
w

-c
o
s
t 

s
e
n
s
in

g
 d

e
v
ic

e
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v
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g
 h
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h
e
r 
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m

p
o
ra
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d
e
fi
n
it
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n
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u

n
d
 s

h
o
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e
rm

 p
o
llu

ti
o
n
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v
e
n
ts
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e
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a

n
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s
u
p
p
o
rt

 t
h
e
 d

e
v
e
lo

p
m

e
n
t 

o
f 
in

s
ig

h
ts
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h
a
t 

a
ff
e
c
t 

p
o
lic

y
 a

n
d
 p
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n
n
in

g
 

d
e
c
is

io
n
s
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t 
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 s

y
s
te
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 l
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v
e
l 
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lo

c
a
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o
v
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m
e
n
t 
s
c
a
le

 o
r 

h
ig

h
e
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h
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a
v
e
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m
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a
ti
o
n
s
 f
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r 

a
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a
s
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p
a
c
t 

a
s
 d
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e
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e
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s
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u
b
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e
a
lt
h
, 

p
u
b
lic

 i
n

fr
a
s
tr

u
c
tu
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n
d
 s

e
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ic
e

s
, 
u
ti
lit

ie
s
, 

c
o
m

m
u
n
it
y
 s

e
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e
s
, 

u
rb

a
n
 

d
e
v
e
lo

p
m

e
n
t 
a

n
d
 d

e
s
ig

n
, 
in

d
u
s
tr

ia
l 
d
e
v
e
lo

p
m

e
n
t,

 a
n
d
 c

li
m

a
te

 m
it
ig

a
ti
o
n
 

a
n
d
 r

e
s
ili

e
n
c
e
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u
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m

e
n
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a
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n
. 
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u
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g
u
la

to
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o
n
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o
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n
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e
fe
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o
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h
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 a

c
c
u
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te
 m

o
n
it
o
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n

g
 s

y
s
te

m
s
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a
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 c
o
m
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n
t
w

it
h
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h
e
 N

a
ti
o

n
a
l 
A

m
b
ie

n
t 
A

ir
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u
a
lit

y
 (

N
A

A
Q

) 
s
ta

n
d
a
rd

s
 a

n
d
 

a
re

 o
p

e
ra

te
d
 b

y
 s

ta
te

 a
n
d
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e
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it
o

ry
 g

o
v
e
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m

e
n
ts
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S

e
n
s
in

g
 d

e
v
ic

e
s
 a

re
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a
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te
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 a

 r
e
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n
c
e
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n

s
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u
m

e
n
t 

o
n
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e

g
u
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b
a
s
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N

e
c
e
s
s
a
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e
c
u
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p

o
w

e
r,
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n
d
 I

T
 

in
fr

a
s
tr

u
c
tu

re
 a
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n

p
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c
e
 t

o
 e

n
s
u
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 c
o
n
ti
n

u
o
u
s
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p
e
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o

n
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n
d
 m
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a
l 
lo

s
s
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d
a
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o
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x
a
m
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le

 s
c
e

n
a
ri
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A
 r

e
g
io

n
a
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n

e
tw

o
rk

 o
f 
h
ig

h
-p

e
rf

o
rm

a
n
c
e

a
m

b
ie

n
t 
a
ir
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u
a
lit

y
 m

o
n
it
o

ri
n
g

s
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ti
o
n
s
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s
 

m
a
n
a
g

e
d
 b

y
 a

 r
e
g

u
la

to
ry

 a
u
th

o
ri
ty

. 
D

a
ta
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c
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o
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n
s
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h
 e

s
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b
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h
e
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n
a
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o
n
a
l 
s
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n
d
a
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D
a

ta
 i
s
 u

s
e
d

 t
o
 s

u
p
p
o
rt

 s
ta

te
 a

n
d
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a
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o
n
a
l 
p
o
lic

y
, 

a
n
d
 i
s
 a

ls
o

 

th
e
 p

ri
m

a
ry

 s
o

u
rc

e
 o

f 
tr

u
s
te

d
 r

e
a
l-

ti
m

e
 i
n
fo

rm
a
ti
o
n
 f
o

r 
p
u
b

lic
 a

u
th

o
ri
ti
e
s
 (

e
.g

. 

h
e
a
lt
h
, 
tr

a
n
s
p

o
rt

, 
a
n
d
 e

m
e
rg

e
n
c
y

s
e

rv
ic

e
s
),

 a
s
 w

e
ll 

a
s
 f

o
r 

th
e
 g

e
n
e
ra

l 
p
u
b
lic

. 
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T
h

e
 p

e
rf

o
rm

a
n

c
e

 o
f 
a

 s
e

n
s
o

r 
o
r 

s
e
n

s
in

g
 d

e
v
ic

e
 r

e
la

te
s
 t
o

 t
h

e
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u
a

lit
y
 a

n
d

 a
tt
ri
b
u

te
s
 o

f 
th

e
 d

a
ta
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t 
p

ro
d
u

c
e
s
. 
T

h
e

re
 a

re
 s

ta
n
d

a
rd

is
e
d

 k
e

y
 p

e
rf

o
rm

a
n

c
e

 

in
d
ic

a
to

rs
 o

r 
‘d

a
ta

 q
u

a
lit

y
 p

a
ra

m
e

te
rs
’ 
th

a
t 
p
ro

v
id

e
 a

 u
n

iv
e

rs
a

l 
re

fe
re

n
c
e

. 
T

h
e

s
e

 c
a
n

 b
e

 f
o

u
n

d
 o

n
 s

e
n

s
o

r/
s
e

n
s
in

g
 d

e
v
ic

e
 s

p
e

c
if
ic

a
ti
o
n

 s
h

e
e

ts
. 

 

D
E

F
IN

IT
IO

N
S

 

S
e

n
s

o
r:

 A
 s

p
e

c
ia

lis
t 
c
o

m
p

o
n

e
n

t,
 d

e
s
ig

n
e

d
 t
o

 c
a

p
tu

re
 e

m
p

ir
ic

a
l 
d

a
ta

 a
b
o

u
t 
a

 d
ir
e

c
tl
y
 o

b
s
e

rv
e
d

 p
h
e

n
o

m
e
n

o
n

. 
A

 s
e

n
s
o
r 

is
 a

 c
o

m
p
o

n
e

n
t 

w
it
h

in
 a

 d
e

v
ic

e
 t
h
a

t 
is

 g
e

n
e

ra
lly

 s
o
ld

 t
o

 d
e

v
ic

e
 m

a
n

u
fa

c
tu

re
rs

. 
A

 s
e

n
s
o
r 

c
a
n

n
o

t 
fu

n
c
ti
o

n
 s

e
p

a
ra

te
ly

 t
o

 a
 s

u
p
p

o
rt

in
g
 d

e
v
ic

e
. 

S
e

n
s

in
g

 d
e
v

ic
e

: 
A

 c
o

m
p

le
te

 d
e

v
ic

e
, 
s
o
ld

 a
s
 a

 c
o

m
m

e
rc

ia
l 
p

ro
d

u
c
t 
to

 e
n
d

 u
s
e
rs

. 
A

 s
e

n
s
in

g
 d

e
v
ic

e
 w

ill
 t
y
p

ic
a
lly

 c
o
n

s
is

t 
o

f 
th

e
 f
o
llo

w
in

g
 

c
o

m
p
o

n
e
n

ts
: 
d

e
v
ic

e
 h

o
u

s
in

g
; 
a

 m
ic

ro
p

ro
c
e

s
s
o

r;
 a

 s
e

n
s
o

r 
b
o

a
rd

; 
o
n

e
 o

r 
m

o
re

 s
e

n
s
o

rs
; 
a

 p
o

w
e

r 
s
u

p
p

ly
; 
a

 c
o

m
m

u
n

ic
a

ti
o

n
s
 m

o
d

u
le

; 
a

n
d

 

d
a

ta
 s

to
ra

g
e

. 

 T
h

is
 n

e
x
t 
s
e

c
ti
o
n

 w
ill

 e
x
p
lo

re
 t
h
e

 m
o

s
t 
im

p
o
rt

a
n

t 
d

a
ta

 q
u

a
lit

y
 p

a
ra

m
e

te
rs

, 
a
n

d
 h

e
lp

 y
o
u

 t
o

 r
a

n
k
/p

ri
o

ri
ti
s
e

 t
h

e
m

 a
c
c
o

rd
in

g
 t
o

 y
o

u
r 

p
la

n
n

e
d

 d
a

ta
  

a
p
p

lic
a

ti
o
n

 a
re

a
. 

U
n

d
e

rs
ta

n
d

in
g

 d
a

ta
 q

u
a

lit
y
 p

a
ra

m
e

te
rs

 

D
a
ta

 q
u

a
li
ty

 

p
a
ra

m
e
te

rs
 

D
e
s
c
ri

p
ti

o
n

 
E

ff
e
c
t 

o
n

 p
ro

je
c

t 
o

u
tc

o
m

e
 

W
h

e
re

 t
o

 f
in

d
 t

h
is

 i
n

fo
rm

a
ti

o
n

 

1
. 

P
re

c
is

io
n

, 

b
ia

s
, 

a
n

d
 

a
c
c
u

ra
c
y

 

A
c
c
u

ra
c
y
 i
s
 a

 p
e
rc

e
n
ta

g
e
 v

a
lu

e
 o

f 
h

o
w

 m
u
c
h
 t

h
e
 

d
e
v
ic
e
’s
v
a
lu
e
a
lig
n
s
w
it
h
th
e
re
fe
re
n
c
e
v
a
lu
e
,
o
r
th
e

a
c
tu

a
l 
a
m

o
u
n
t 

o
f 
th

e
 p

o
llu

ta
n
t 
p
re

s
e
n
t.

  

B
ia

s
 i
s
 t
h
e
 p

o
s
it
iv

e
 o

r 
n
e
g

a
ti
v
e
 o

ff
s
e
t 
o
f 

th
e
 m

e
a
s
u

re
d
 

v
a
lu

e
, 
c
o
m

p
a
re

d
 t
o
 t

h
e
 r

e
fe

re
n
c
e

. 
It

 i
s
 s

y
s
te

m
ic

 i
n

 n
a
tu

re
 

(i
n

h
e
re

n
t 
to

 t
h
e
 d

e
s
ig

n
 o

f
th

e
 s

e
n
s
o

r)
 a

n
d
 r

e
p
e
a
ta

b
le

. 

U
s
u
a
lly

 q
u
o
te

d
 a

s
 a

 v
a
lu

e
 w

it
h
 t

h
e
 r

e
le

v
a
n
t 

u
n
it
s
  

E
.g

. 
p
a
rt

s
 p

e
r 

m
ill

io
n

 (
p

p
m

) 
fo

r 
a
 g

a
s
 s

e
n
s
o
r.

 

A
c
c
u
ra

c
y
, 

b
ia

s
, 

a
n
d
 p

re
c
is

io
n
 w

ill
 

d
e
te

rm
in

e
 w

h
ic

h
 s

e
n
s
in

g
 d

e
v
ic

e
s
 a

re
 

a
p
p
ro

p
ri
a

te
 f

o
r 

y
o
u
r 

a
p
p
lic

a
ti
o
n

. 
 

If
 y

o
u
r 

p
la

n
n
e

d
 d

a
ta

 a
p
p
lic

a
ti
o
n
 a

re
a
 

re
q
u
ir

e
s
 h

ig
h
 p

e
rf

o
rm

a
n
c
e
 i
n
 t

h
e
s
e
 

a
re

a
s
, 
th

e
n
 b

e
s
t 

p
ra

c
ti
c
e
 i
s
 t

o
 

c
h
a
ra

c
te

ri
s
e
 a

n
d
 u

n
d
e
rs

ta
n
d
 t
h

e
s
e
 

fa
c
to

rs
 i
n

 e
a
c
h
 p

u
rc

h
a
s
e
d
 d

e
v
ic

e
 p

ri
o
r 

to
 f
ie

ld
 d

e
p
lo

y
m

e
n
t 

(a
s
 t
h
e
y
 a

re
 l
ik

e
ly

 

B
ia

s
 a

n
d
 p

re
c
is

io
n
 a

re
 c

o
m

m
o
n
ly

 f
o
u
n
d
 i
n
 

s
e
n
s
o
r 

d
a
ta

 s
h

e
e
ts

(b
e
s
t 

c
a
s
e
 s

c
e
n
a

ri
o

),
 

a
s
 w

e
ll 

a
s
 t

h
e
 a

ir
 q

u
a
lit

y
 s

e
n
s
in

g
 d

e
v
ic

e
  

d
a
ta

 s
h
e

e
t.

 

A
c
c
u
ra

c
y
 o

f 
a
 s

e
n
s
o
r 

c
h
a
n

g
e
s
 w

it
h
 

h
u
m

id
it
y
 a

n
d
 t
e

m
p
e
ra

tu
re

, 
a
n

d
 w

ill
 b

e
 

s
p
e
c
if
ie

d
 i
n
 m

o
re

 d
e
ta

il 
in

 a
p
p
lic

a
ti
o

n
 

n
o
te

s
 f

o
r 

s
e
n
s
o

rs
, 

a
n
d
 i
n

 t
h
ir
d
-p

a
rt

y
 

e
v
a
lu

a
ti
o

n
 t

e
s
t 

re
p
o
rt

s
. 

 



  

2
1

 

D
a
ta

 q
u

a
li
ty

 

p
a
ra

m
e
te

rs
 

D
e
s
c
ri

p
ti

o
n

 
E

ff
e
c
t 

o
n

 p
ro

je
c

t 
o

u
tc

o
m

e
 

W
h

e
re

 t
o

 f
in

d
 t

h
is

 i
n

fo
rm

a
ti

o
n

 

P
re

c
is

io
n

 i
s
 t

h
e
 a

b
ili

ty
 t

o
o
u
tp

u
t 
th

e
 s

a
m

e
 m

e
a
s
u
re

m
e
n
t 

w
it
h
 t
h
e
 s

a
m

e
 p

o
llu

ta
n
t 
v
a
lu

e
 p

re
s
e
n
t.

 H
ig

h
 p

re
c
is

io
n
 

m
e
a
n
s
 t

h
e
 r

a
n
g
e
 o

f
e
rr

o
r 

a
b
o
u
t 

th
e
 m

e
a
s
u

re
m

e
n
t 
p
o
in

t 
is

 

s
m

a
ll;

lo
w

 p
re

c
is

io
n
 m

e
a
n
s
 t

h
e
re

 i
s
 h

ig
h
 r

a
n
g
e

 o
f 
e

rr
o
r 

a
b
o
u
t 
th

e
 m

e
a
s
u

re
m

e
n
t 

p
o
in

t.
  

U
s
u
a
lly

 q
u
o
te

d
 a

s
 a

 p
e
rc

e
n
ta

g
e
 o

f 
a

 r
e
a

d
in

g
,
o

r 
th

e
 s

p
a
n
 

o
f 
th

e
 r

a
n
g
e

. 
 

to
 v

a
ry

 b
e
tw

e
e
n
 d

e
v
ic

e
s
, 

a
n
d
 w

ill
 

d
e
te

rm
in

e
 y

o
u

r 
d
a

ta
 p

ro
c
e
s
s
in

g
 

a
c
ti
v
it
ie

s
 d

u
ri
n

g
 t
h
e
ir

 u
s
e

).
 

S
e
e
 t
h
e
 c

o
rr

e
la

ti
o
n
 s

e
c
ti
o

n
 f
o
r 

 

m
o
re

 d
e
ta

il.
 

2
. 

R
a
n

g
e
 a

n
d

 

e
rr

o
r 

T
h
e
 c

o
n
c
e
n
tr

a
ti
o

n
 r

a
n
g

e
 t
h
a
t 

a
 d

e
v
ic

e
 c

a
n
 m

e
a
s
u

re
. 

T
h
e
 e

rr
o
r 

is
 o

ft
e

n
 q

u
o

te
d
 a

s
 a

 p
e

rc
e
n
ta

g
e
 o

f 
th

e
 e

n
ti
re

 

ra
n
g
e
, 

o
r 

o
f 
th

e
 m

e
a
s
u

re
m

e
n
t 
m

a
d
e
. 

 

E
n
s
u
re

 t
h
a

t 
y
o
u
r

ta
rg

e
t 
p

o
llu

ti
o
n
 

c
o
n
c
e
n
tr

a
ti
o
n
 a

n
d
 e

rr
o

r 
re

q
u
ir
e

m
e
n
ts

 

a
re
w
it
h
in
th
e
d
e
v
ic
e
’s
c
a
p
a
b
ili
ty
,
o
r

y
o
u
r 

re
s
u
lt
s
 m

a
y
 n

o
t 
b

e
 v

a
lid

. 
 

C
o
m

m
o
n
ly

 s
ta

te
d
 i
n

 a
ir
 q

u
a
lit

y
 d

e
v
ic

e
 d

a
ta

 

s
h
e
e
ts

, 
a

n
d
 s

e
n
s
o
r 

d
a
ta

 s
h

e
e
ts

. 
 

A
c
tu

a
l 
re

p
o

rt
a
b
le

 r
a
n

g
e
 m

a
y
 b

e
 l
e
s
s
 t

h
a
n
 

th
a
t 
s
ta

te
d

, 
a

n
d
 c

a
n
 b

e
 i
n
v
e
s
ti
g

a
te

d
 

th
ro

u
g

h
la

b
te

s
t

re
s
u
lt
s

b
y

th
ir
d

p
a
rt

ie
s
.

3
. 

C
o

rr
e
la

ti
o

n
 

(R
2
) 

T
h
e
 c

o
rr

e
la

ti
o
n
 c

o
e

ff
ic

ie
n
t 
(R

2
 v

a
lu

e
) 

is
 a

 m
e
a
s
u

re
 o

f 
th

e
 

re
la
ti
o
n
s
h
ip
b
e
tw
e
e
n
th
e
d
e
v
ic
e
’s
re
a
d
in
g
s
, 
c
o

m
p
a
re

d
 t
o
 

a
re
fe
re
n
c
e
in
s
tr
u
m
e
n
t’
s
re
a
d
in
g
s
.

A
 s

e
n
s
o

r 
o
r 

d
e
v
ic

e
 

m
a
y
 o

v
e
r-

re
p
o
rt

 o
r 

u
n
d
e
r-

re
p
o
rt

 v
a
lu

e
s
, 

c
o

m
p
a

re
d
 t

o
 a

 

tr
u
s
te

d
 r

e
fe

re
n
c
e
. 

A
 v

a
lu

e
 o

f 
1
 i
n

d
ic

a
te

s
 a

 p
e
rf

e
c
t 
lin

e
a

r 

s
c
a
lin

g
 o

f 
v
a
lu

e
s
 b

e
tw

e
e
n
 t

h
e
 r

e
fe

re
n
c
e
 i
n
s
tr

u
m

e
n
t 
a
n

d
 

th
e
 s

e
n
s
o

r 
(i
.e

. 
th

e
y
 m

a
tc

h
).

 A
n
 R

2
 v

a
lu

e
 l
e
s
s
 t

h
a
n
 1

 

in
d
ic

a
te

s
 a

 d
e
v
ia

ti
o
n

 f
ro

m
 t
h
e
 r

e
fe

re
n
c
e

. 
T

h
e
 l
o

w
e
r 

th
e
 

v
a
lu

e
 (

i.
e
. 

th
e
 c

lo
s
e
r 

it
 i
s
 t

o
 0

),
 t

h
e
 g

re
a
te

r 
th

e
 d

e
v
ia

ti
o
n
. 

A
 h

ig
h
 R

2
 v

a
lu

e
 (

e
.g

. 
0
.9

) 
in

d
ic

a
te

s
 a

 m
o
re

 a
c
c
u
ra

te
 

s
e
n
s
o
r 

th
a
n
 a

 l
o
w

 R
2
 v

a
lu

e
 (

e
.g

. 
0
.4

).
  

C
o
rr

e
la

ti
o

n
 i
s
 a

s
ig

n
if
ic

a
n
t 
m

e
tr

ic
 

d
e
te

rm
in

e
d
 t

h
ro

u
g
h
 c

o
-l
o
c
a
ti
o
n

 o
f 
a
 

s
e
n
s
o
r/

d
e
v
ic

e
 w

it
h
 t

ru
s
te

d
 r

e
fe

re
n
c
e
 

e
q
u
ip

m
e

n
t.

 I
t 
w

ill
 d

e
te

rm
in

e
 i
f 

y
o

u
r 

s
e
n
s
o
r/

d
e
v
ic

e
 i
s
 a

p
p
ro

p
ri
a

te
 f

o
r 

y
o

u
r 

p
ro

je
c
t,

 w
h
ile

 p
ro

v
id

in
g
 c

a
lib

ra
ti
o

n
 

c
o
e
ff
ic

ie
n
ts

 t
o
 b

e
 a

p
p
lie

d
 t

o
 e

a
c
h
 

s
e
n
s
o
r’
s
d
a
ta
s
e
t,

 o
n
c
e
 d

e
p
lo

y
e

d
 t
o
 

th
e
 f
ie

ld
. 

 

R
-s

q
u
a
re

d
 (

R
2
) 

v
a
lu

e
s
 c

a
n
 b

e
 f
o

u
n
d

 o
n
 

d
e
v
ic

e
 s

p
e
c
if
ic

a
ti
o
n
 s

h
e

e
ts

, 
in

 t
h
ir
d
-p

a
rt

y
 

e
v
a
lu

a
ti
o

n
 r

e
p

o
rt

s
 (

s
u
c
h
 a

s
 f

ro
m

 t
h
e
 U

S
A

 

b
a
s
e
d
 A

Q
-S

P
E

C
),

 o
r 

in
 r

e
s
e

a
rc

h
 

lit
e
ra

tu
re

. 
H

o
w

e
v
e

r,
 m

a
n
y
 o

f 
th

e
 l
e

s
s
e

r-

k
n
o
w

n
 s

e
n
s
o

rs
 d

o
 n

o
t 
h

a
v
e
 R

2
  

v
a
lu

e
s
 c

a
lc

u
la

te
d
. 

T
h
e
 U

S
 E

P
A

 r
e
c
o

m
m

e
n
d
s
 c

o
-l
o

c
a
ti
o

n
 

te
s
ti
n

g
 a

s
 a

 m
in

im
u
m

 r
e
q
u
ir

e
m

e
n
t,

 s
o
 t
h

a
t 

y
o
u
 c

a
n
 d

e
te

rm
in

e
 t

h
e
s
e
 v

a
lu

e
s
 y

o
u

rs
e

lf
. 

 



  

2
2

 

D
a
ta

 q
u

a
li
ty

 

p
a
ra

m
e
te

rs
 

D
e
s
c
ri

p
ti

o
n

 
E

ff
e
c
t 

o
n

 p
ro

je
c

t 
o

u
tc

o
m

e
 

W
h

e
re

 t
o

 f
in

d
 t

h
is

 i
n

fo
rm

a
ti

o
n

 

4
. 

S
e
n

s
it

iv
it

y
 

a
n

d
 a

g
e
in

g
  

A
 m

e
tr

ic
 m

o
s
tl
y
 a

p
p
lie

d
 t
o
 g

a
s
 s

e
n
s
in

g
 d

e
v
ic

e
s
, 

in
d
ic

a
ti
n

g
 

h
o
w

 m
u
c
h

 t
h
e
 r

e
a
d
in

g
 i
s
 s

u
b
je

c
t 

to
 c

h
a
n
g
e
 w

h
e
n
 a

n
o
th

e
r 

v
a
ri
a

b
le

 c
h

a
n
g
e
s
 (

s
u
c
h
 a

s
 t

e
m

p
e
ra

tu
re

, 
h

u
m

id
it
y
, 

a
n

d
 

o
th

e
r 

in
te

rf
e

ri
n

g
 g

a
s
e
s
).

 S
e
n
s
it
iv

it
y
 d

ri
ft

 i
s
 a

ls
o
 q

u
o
te

d
 a

s
 

a
 p

e
rc

e
n
ta

g
e
 o

f 
c
h

a
n
g
e

p
e
r 

y
e
a
r 

fo
r 

a
 s

p
e
c
if
ic

  

o
p
e
ra

ti
n
g
 e

n
v
ir

o
n
m

e
n
t.
  

  

U
s
e
fu

l 
w

h
e
n
 d

e
p
lo

y
in

g
 d

e
v
ic

e
s
 i
n

 

e
n
v
ir
o
n

m
e
n
ts

 w
h

e
re

 h
ig

h
 o

r 
lo

w
 

h
u
m

id
it
y
 o

r
te

m
p
e
ra

tu
re

 v
a
lu

e
s
 w

ill
 

h
a
v
e
 a

 s
ig

n
if
ic

a
n
t 
e

ff
e
c
t 

o
n
  

th
e
 r

e
a
d
in

g
s
. 

 

T
h
e
s
e
 m

e
tr

ic
s
 s

h
o
u
ld

 b
e
 s

c
ru

ti
n
is

e
d
 i
f 

h
ig

h
 a

c
c
u

ra
c
y
 i
s
 r

e
q
u
ir
e

d
 f
o
r 

g
a
s
 

s
e
n
s
in

g
, 
o

r 
if
 h

ig
h
 h

u
m

id
it
y
 i
s
 

s
u
s
p
e
c
te

d
 t

o
 i
m

p
a
c
t 

p
a

rt
ic

u
la

te
  

v
a
lu

e
 r

e
a
d
in

g
s
. 

T
h
e
s
e
 m

e
tr

ic
s
 a

p
p
ly

 t
o
 p

a
rt

ic
u
la

te
 s

e
n
s
o

rs
 

a
s
 w

e
ll,

 b
u
t 
a

re
 n

o
t 
q
u

o
te

d
, 

a
n
d
 n

e
e
d
 t

o
 

b
e
 d

e
te

rm
in

e
d
 e

x
p

e
ri
m

e
n
ta

lly
 (

if
 r

e
q
u
ir

e
d
).

 

G
a
s
 s

e
n
s
o

rs
 w

ill
 h

a
v
e
 t

h
e
s
e
 m

e
tr

ic
s
 o

n
 

th
e
ir
 d

a
ta

 s
h
e

e
ts

, 
a
n

d
 d

e
s
c
ri
b

e
d
 i
n
 m

o
re

 

d
e
ta

il 
in

 a
p

p
lic

a
ti
o
n
 n

o
te

s
. 

 

D
ri
ft

 o
v
e
r 

ti
m

e
 c

a
n
 a

ls
o
 b

e
 e

x
p
e

ri
m

e
n
ta

lly
 

m
e
a
s
u
re

d
, 
h

o
w

e
v
e
r 

th
is

 w
ill

 r
e
q
u
ir

e
 t
w

o
 

in
s
ta

n
c
e
s
 o

f 
c
o

-l
o

c
a
ti
o
n
 f
o

r 
a
 t

o
ta

l 
p
e

ri
o

d
 

o
f 
6
0
 d

a
y
s
,

a
s
 w

e
ll 

a
s
 l
a
b
 t
e
s
ti
n
g

 (
a
s
 p

e
r 

U
S

 E
P

A
 p

ro
to

c
o

l)
. 

 

 

 

IS
 I
T

 B
E

N
C

H
M

A
R

K
E

D
?

 

A
n

 a
d
d

it
io

n
a
l 
c
o

n
s
id

e
ra

ti
o
n

 r
e
la

ti
n

g
 t
o

 d
a

ta
 q

u
a

lit
y
 i
s
 w

h
e

th
e

r 
y
o

u
 c

a
n

 v
e
ri

fy
 t
h

e
 p

e
rf

o
rm

a
n

c
e

 c
la

im
s
 o

f 
th

e
 d

e
v
ic

e
 o

r 
s
e
n

s
o

r 
m

a
n

u
fa

c
tu

re
r 

th
ro

u
g
h

 i
n
d

e
p

e
n

d
e
n

t 
e

v
a

lu
a

ti
o

n
. 
M

o
s
t 
d
a

ta
 s

h
e

e
ts

 r
e

p
o

rt
 p

e
rf

o
rm

a
n

c
e

 m
e

tr
ic

s
 t
h

a
t 
a
re

 c
o
rr

e
c
t 
u

n
d

e
r 

id
e
a

l 
c
o
n

d
it
io

n
s
. 
A

c
tu

a
l 
p

e
rf

o
rm

a
n

c
e

 

in
 t
h

e
 f
ie

ld
 m

a
y
 d

if
fe

r.
 S

o
m

e
 d

e
v
ic

e
s
 a

re
 i
n

d
e
p

e
n

d
e
n

tl
y
 b

e
n

c
h
m

a
rk

e
d

 a
g
a

in
s
t 
re

fe
re

n
c
e

 e
q
u

ip
m

e
n

t,
 e

it
h
e

r 
in

 a
 l
a
b

, 
o

r 
in

 a
n

 o
u

td
o
o

r 
c
o

-

lo
c
a

ti
o

n
 w

it
h

 r
e

g
u

la
to

ry
 s

e
n

s
o
rs

. 
F

o
r 

th
e

s
e

 d
e

v
ic

e
s
, 
a

 m
u

c
h

 c
le

a
re

r 
u
n

d
e

rs
ta

n
d

in
g
 o

f 
th

e
ir

 d
a

ta
 q

u
a

lit
y

 o
u
tp
u
t
d
u
ri
n
g
‘n
o
rm
a
l’
o
p
e
ra
ti
o
n
is

a
v
a

ila
b

le
, 
a
llo

w
in

g
 y

o
u

 t
o

 f
u

rt
h

e
r 

a
s
s
e

s
s
 t
h
e

ir
 s

u
it
a
b

ili
ty

 f
o

r 
y
o

u
r 

u
s
e

 c
a

s
e

. 
N

o
te

 t
h
a

t 
m

a
n

y
 c

o
m

m
e
rc

ia
lly

 a
v
a

ila
b

le
 d

e
v
ic

e
s
 h

a
v
e

 n
o

t 
b
e

e
n

 

in
d
e

p
e

n
d

e
n

tl
y
 b

e
n

c
h

m
a

rk
e

d
, 
o
r 

th
e
re

 i
s
 n

o
 i
n
d

e
p
e

n
d

e
n

t 
in

fo
rm

a
ti
o

n
 a

v
a
ila

b
le

 a
b
o

u
t 
b

e
n

c
h

m
a

rk
in

g
 t
h

a
t 
m

a
y
 h

a
v
e

 b
e
e

n
 d

o
n
e

. 
T

h
e

 d
a

ta
 

q
u

a
lit

y
 f
ro

m
 t
h

e
s
e

 d
e

v
ic

e
s
 i
s
 t

h
e

re
fo

re
 m

o
re

 u
n

c
e

rt
a

in
. 

4
. 

C
o

m
m

u
n

ic
a

ti
o

n
s
 t

e
c
h
n

o
lo

g
y
 

A
n

y
 s

e
n

s
in

g
 d

e
v
ic

e
 w

it
h

 l
iv

e
 d

a
ta

 c
o

n
n

e
c
ti
v
it
y
 m

u
s
t 
h

a
v
e

 i
n
b

u
ilt

 c
o

m
m

u
n
ic

a
ti
o

n
s
 t
e

c
h

n
o

lo
g
y
. 
T

h
e

re
 a

re
 s

e
v
e

ra
l 
c
o
m

m
o

n
 c

o
m

m
u

n
ic

a
ti
o

n
s
 o

p
ti
o
n

s
 i
n

 

c
o

m
m

e
rc

ia
l 
d
e

v
ic

e
s
, 
a

n
d

 t
h

e
 f
o
llo

w
in

g
 s

e
c
ti
o

n
 w

ill
 h

e
lp

 y
o

u
 t
o

 d
e

te
rm

in
e

 w
h

ic
h

 o
p

ti
o

n
 i
s
 b

e
s
t 
fo

r 
y
o

u
r 

p
ro

je
c
t.
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C
h

o
o

s
in

g
 a

n
 a

p
p

ro
p

ri
a

te
 c

o
m

m
u

n
ic

a
ti
o

n
s
 t
e

c
h

n
o

lo
g

y
 o

p
ti
o

n
 

O
p

ti
o

n
 

L
o

c
a

ti
o

n
 o

f 
d

e
v
ic

e
s

 
N

u
m

b
e
r

o
f

d
e
v
ic

e
s

 
C

o
s
t 

a
n

d
 p

ri
c
in

g
 

m
o

d
e
l 

C
o

m
m

u
n

it
y
 

p
a
rt

ic
ip

a
ti

o
n

 
R

e
li
a
b

il
it

y
 

D
e
v
ic

e
 f

u
n

c
ti

o
n

a
li

ty
 

c
o

n
s

tr
a
in

ts
 

W
i-

F
i 

G
e
n
e
ra

lly
 r

e
q
u
ir

e
s
 

d
e
v
ic

e
s
 t

o
 b

e
 

d
e
p
lo

y
e
d
 o

n
 

p
ro

p
e

rt
ie

s
 w

it
h
 

re
lia

b
le

 W
i-

F
i 
(e

.g
. 

s
c
h
o
o
ls

),
ru

lin
g

o
u
t

p
u
b
lic

 s
p
a
c
e
. 

L
o
c
a
l 
g
o
v
e

rn
m

e
n
t-

m
a
n
a
g

e
d
 p

u
b
lic

  

W
i-
F

i 
m

a
y
 e

x
p
a
n
d
 

y
o
u
r 

o
p

ti
o
n
s
. 

T
h
e
 n

u
m

b
e

r 
o
f 

d
e
v
ic

e
s
 y

o
u

d
e
p
lo

y
 i
s
 

lim
it
e
d
 b

y
 t

h
e

n
u

m
b
e
r 

o
f 
lo

c
a
ti
o
n
s
 y

o
u
 c

a
n
 

s
e
c
u
re

 a
c
c
e
s
s
 t

o
, 

th
a
t
h
a
v
e

re
lia

b
le

W
i-
F

i
c
o
v
e
ra

g
e
. 

E
s
s
e
n
ti
a

lly
 f

re
e
, 

fr
o
m

 

th
e
 p

e
rs

p
e
c
ti
v
e
 o

f 

y
o
u
r

p
ro

je
c
t,

a
s
 y

o
u
 

w
ill

 b
e
 r

e
lia

n
t 

u
p
o
n
 

e
x
is

ti
n

g
 W

i-
F

i 

n
e
tw

o
rk

s
.

W
i-
F

i 
c
a
n
 b

e
 a

 g
o

o
d
 

o
p
ti
o
n
 t
o

 s
u
p
p

o
rt

 

c
o
m

m
u
n
it
y
-h

o
s
te

d
 

d
e
v
ic

e
s
. 

H
o
w

e
v
e

r,
 

y
o
u
 a

re
 a

d
v
is

e
d

 t
o
 

c
o
n
s
id

e
r

th
e

p
ra

c
ti
c
a
lit

ie
s
 a

n
d
 

e
th

ic
s
 o

f 
re

ly
in

g
 u

p
o
n
 

p
ri
v
a
te

 i
n
te

rn
e

t 

c
o
n
n
e
c
ti
o

n
s
 t
o
 r

u
n
 

y
o
u
r 

p
ro

je
c
t.

 I
n
 

p
a
rt

ic
u
la

r,
 n

o
te

 t
h
a
t 

lo
w

e
r 

s
o
c
io

-

e
c
o
n
o
m

ic
 g

ro
u

p
s
 

m
a
y
 h

a
v
e

 d
if
fi
c
u
lt
y
 

m
a
in

ta
in

in
g
 

c
o
n
ti
n
u
o
u
s
 

c
o
n
n
e
c
ti
v
it
y

th
ro

u
g

h
o
u
t 
th

e
 w

h
o
le

 

p
e
ri
o

d
 o

f 
y
o
u

r 

p
ro

je
c
t,

 a
n
d

th
a
t 
th

is
 

m
ig

h
t 
c
a
u
s
e
 

d
is

ru
p
ti
o
n

 t
o
 y

o
u
r

d
a
ta

 c
o
lle

c
ti
o

n
. 
F

o
r 

th
is

 r
e
a
s
o

n
,
lo

c
a
l 

g
o
v
e
rn

m
e
n
t-

ru
n
 

R
e
ly

in
g
 o

n
 p

ri
v
a
te

 

W
i-
F

i 
(o

r 
e
v
e
n
 p

u
b
lic

-

a
c
c
e
s
s
 W

i-
F

i 
th

ro
u
g

h
 

to
w

n
 c

e
n
tr

e
s
) 

c
a

n
 b

e
 

h
ig

h
 r

is
k
, 

b
e
c
a
u
s
e

 

n
e
tw

o
rk

s
c
a

n
s
h
u
t

d
o
w

n
 u

n
e
x
p
e
c
te

d
ly

, 

a
n
d
 y

o
u
 w

ill
 h

a
v
e

 n
o

 

c
o
n
tr

o
l 
o
v
e
r 

th
is

. 
If
 i
t 

is
 i
m

p
o
rt

a
n
t 
to

 y
o
u
 

th
a
t 
y
o
u

r 
d
a
ta

s
e
ts

 

a
re

 l
a
rg

e
ly

 

c
o
n
ti
n
u
o
u
s
 a

n
d
 

u
n
in

te
rr

u
p
te

d
, 
th

e
n
 i
t 

m
a
y
 b

e
 b

e
s
t 

to
  

a
v
o
id

 W
i-

F
i.
 

M
a
in

s
 p

o
w

e
r 

is
 

re
q
u
ir

e
d
 (

d
u
e
 t
o

 h
ig

h
 

p
o
w

e
r 

d
e
m

a
n

d
  

o
f 
W

i-
F

i)
. 

W
i-

F
i 
s
u
p
p
o

rt
s
 h

ig
h
 

b
a
n
d
w

id
th

 d
a
ta

 

tr
a
n
s
fe

r,
 m

e
a
n
in

g
 i
t 

w
ill

 s
u
p
p
o
rt

 v
e

ry
 h

ig
h

 

re
p
o
rt

in
g
 r

a
te

s
 (

e
.g

. 

e
v
e
ry

 3
0

 s
e
c
o
n

d
s
),

 

a
s
 w

e
ll 

a
s
 m

o
re

 

s
o
p
h
is

ti
c
a
te

d
e
d
g

e
 

c
o
m

p
u
ti
n

g
 

a
s
s
o
c
ia

te
d
 w

it
h

 

c
e
rt

a
in

 h
ig

h
-

p
e
rf

o
rm

a
n
c
e
 d

e
v
ic

e
 

o
p
ti
o
n
s
 (

g
e
n
e

ra
lly

 

o
u
ts
id
e
o
f
th
e
‘lo
w

-

c
o
s
t’
d
e
fi
n
it
io
n
).
M
o
s
t

n
o
n

-t
e
c
h
n
ic

a
l 
u
s
e
 

c
a
s
e
s
 w

ill
 n

o
t 
re

q
u
ir
e

 

th
e
s
e
 f
u

n
c
ti
o

n
s
. 
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O
p

ti
o

n
 

L
o

c
a

ti
o

n
 o

f 
d

e
v
ic

e
s

 
N

u
m

b
e
r

o
f

d
e
v
ic

e
s

 
C

o
s
t 

a
n

d
 p

ri
c
in

g
 

m
o

d
e
l 

C
o

m
m

u
n

it
y
 

p
a
rt

ic
ip

a
ti

o
n

 
R

e
li
a
b

il
it

y
 

D
e
v
ic

e
 f

u
n

c
ti

o
n

a
li

ty
 

c
o

n
s

tr
a
in

ts
 

p
u
b
lic

 W
i-
F

i 
m

a
y
 b

e
 

a
 b

e
tt
e

r 
s
o
lu

ti
o

n
. 

 

O
p

e
n

 L
o

R
a
W

A
N

 

(T
h

e
 T

h
in

g
s
 

N
e
tw

o
rk

) 

C
o
v
e
ra

g
e

 i
n
 a

 1
-5

k
m

 

ra
d
iu

s
 o

f 
a
 g

a
te

w
a
y
 

(d
e
p
e

n
d
e
n
t 

u
p
o

n
 

to
p
o
lo

g
y
 a

n
d
 b

u
ilt

 

e
n
v
ir
o
n

m
e
n
t)

. 
It
 

te
n
d
s
 t

o
 b

e
 b

e
s
t 

fo
r 

o
n
e
 o

r 
tw

o
 f
o
c
u
s
e
d
 

a
re

a
s
 (

e
.g

. 
a
 s

u
b
u

rb
 

o
r 

to
w

n
 c

e
n
tr

e
) 

th
a

t 

c
a
n
 b

e
 s

e
rv

ic
e
d
 b

y
 

o
n
e
 o

r 
tw

o
 g

a
te

w
a
y
s
. 

In
v
e
s
tm

e
n
t 
is

 m
o
s
t 

c
o
s
t-

e
ff
e
c
ti
v
e
 w

h
e
n
 i
t 

s
u
p
p
o
rt

s
 m

u
lt
ip

le
 

a
c
ti
v
it
ie

s
 a

n
d
 

b
u
s
in

e
s
s
 m

o
d
e
ls

(n
o
t 

ju
s
t 

e
n
v
ir
o

n
m

e
n
ta

l

s
e
n
s
in

g
).

 I
n
 t
h
is

 

s
c
e
n
a
ri
o

, 
y
o
u
 m

a
y
 

fi
n
d
 t
h
a
t 
y
o
u
r 

o
rg

a
n
is

a
ti
o
n
 h

a
s
 

in
v
e
s
te

d
 i
n
 a

 b
ro

a
d
e

r 

T
h
e
re

 i
s
 n

o
 

m
e
a
n
in

g
fu

l 
lim

it
 o

n
 

d
e
v
ic

e
 n

u
m

b
e
rs

 

w
h
e
n
 y

o
u
 u

s
e
 T

h
e
 

T
h
in

g
s
 N

e
tw

o
rk

 

(T
T

N
).

 A
 b

a
s
ic

 

s
e
rv

ic
e
 p

a
c
k
a
g
e
 c

a
n
 

a
c
c
o
m

m
o

d
a
te

 

th
o
u
s
a
n

d
s
 o

f 

d
e
v
ic

e
s
, 

a
n

d
 t
h
e

re
 i
s
 

z
e
ro

 m
a

rg
in

a
l 
c
o
s
t 

p
e
r 

d
e
v
ic

e
. 

T
h
e
re

 i
s
 n

o
 l
im

it
 t

o
 

d
e
v
ic

e
 t
y
p

e
s
, 

p
ro

v
id

in
g
 t

h
e
y
 c

a
n
 b

e
 

c
o
n
fi
g
u
re

d
 f
o

r 
T

T
N

. 

T
h
e
re

 i
s
 a

n
 u

p
fr

o
n
t 

c
o
s
t 

fo
r 

g
a
te

w
a
y
s
 

a
n
d
 t
h
e
ir

 i
n
s
ta

lla
ti
o
n
, 

p
lu

s
 r

e
c
u

rr
in

g
 

o
p
e
ra

ti
o
n
s
 c

o
s
ts

 

p
a
y
a
b
le

 t
o
 a

 s
e

rv
ic

e
 

p
ro

v
id

e
r.

 T
h

e
re

 a
re

 

n
o
‘p
e
r
d
e
v
ic
e
’
c
o
s
ts
.

A
s
 s

u
c
h
, 
th

e
 m

a
jo

ri
ty

 

o
f
c
o
s
ts
a
re
‘c
a
p
e
x
’,

w
it
h
 m

o
re

 

s
e
t/
p
re

d
ic

ta
b
le

 

‘o
p
e
x
’.
 

C
o
s
t-

e
ff
e
c
ti
v
e
n
e
s
s
 i
s
 

re
lia

n
t 
u

p
o
n
 a

 c
ri
ti
c
a
l 

m
a
s
s
 o

f 
d

e
v
ic

e
s
 

(g
e
n
e

ra
lly

2
0

+
 a

t 
a

 

m
in

im
u
m

).
 

E
x
c
e
lle

n
t 
fo

r 

c
o
m

m
u
n
it
y
 

p
a
rt

ic
ip

a
ti
o

n
. 
T

h
e

T
h
in

g
s
 N

e
tw

o
rk

 

(T
T

N
) 

is
 a

n
 o

p
e
n

-

a
c
c
e
s
s
,
g
lo

b
a
l 

g
ra

s
s
ro

o
ts

 

c
o
m

m
u
n
it
y
 t

h
a
t 

h
a
s
 

b
e
e
n
 d

e
v
e
lo

p
e

d
 

s
p
e
c
if
ic

a
lly

 t
o
 

e
m

p
o
w

e
r 

c
o
m

m
u
n
it
y
 

e
n
g
a
g
e

m
e
n
t 

w
it
h
 

Io
T

. 
A

n
y
o

n
e
 c

a
n
 

c
re

a
te

 a
 T

T
N

 

a
c
c
o
u
n
t,
 a

n
d
 s

ta
rt

 

a
d
d
in

g
 a

n
d
 

m
a
n
a
g
in

g
 t
h
e
ir

  

o
w

n
 d

e
v
ic

e
s
. 

 

N
o
 S

e
rv

ic
e
 L

e
v
e
l 

A
g
re

e
m

e
n
t 
(S

L
A

) 

a
v
a
ila

b
le

. 
  

S
ig

n
a
l 
is

 o
ft
e
n
 

a
tt
e
n
u
a

te
d
 b

y
 p

o
o

r 

w
e
a
th

e
r,

 a
n
d
 p

e
ri
o

d
ic

 

d
e
v
ic

e
 d

ro
p
o
u
ts

 a
re

 

n
o
t 
u
n
c
o

m
m

o
n
. 

H
o
w

e
v
e
r,

 b
e
in

g
 

o
p
e
n
-a

c
c
e
s
s
, 

o
th

e
r 

g
a
te

w
a
y
s
 i
n
 t

h
e
 

v
ic

in
it
y
 (

o
w

n
e
d
 b

y
 

o
th

e
r 

p
e
o
p
le

) 
c
a

n
 

p
ro

v
id

e
 b

a
c
k
u
p
 

c
o
n
n
e
c
ti
v
it
y
, 

a
n
d
 

h
e
lp

 t
o
 r

e
d
u
c
e
 t
h
e
 

ri
s
k
 o

f 
d
ro

p
o
u
ts

 f
o
r 

a
n
y
 g

iv
e
n
 d

e
v
ic

e
. 

L
o
R

a
W

A
N

 (
o
f 
a
n
y
 

v
a
ri
e

ty
) 

a
ll
o
w

s
 f

o
r 

tw
o

-w
a
y
 

c
o
m

m
u
n
ic

a
ti
o
n
s
, 
a

n
d
 

m
o
re

 c
o

m
p
le

x
 

fu
n
c
ti
o

n
a
lit

y
. 

P
ri

v
a
te

 

p
ro

p
ri

e
ta

ry
 

L
o

R
a
W

A
N

 

P
ri
v
a
te

 c
o
m

m
e
rc

ia
l 

L
o
R

a
W

A
N

a
n
d
 

S
ig

fo
x
 b

o
th

 t
e
n
d
 t

o
 

A
 p

e
r-

d
e
v
ic

e
 

s
u
b
s
c
ri
p

ti
o
n

 m
o
d

e
l 

te
n
d
s
 t

o
 r

e
p
la

c
e
 

N
e
it
h
e
r 

o
p
ti
o
n
 i
s
 

c
o
n
d
u
c
iv

e
 t

o
 

c
o
m

m
u
n
it
y
 

N
o
 S

e
rv

ic
e
 L

e
v
e
l 

A
g
re

e
m

e
n
ts

 (
S

L
A

s
) 

p
o
s
s
ib

le
. 
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O
p

ti
o

n
 

L
o

c
a

ti
o

n
 o

f 
d

e
v
ic

e
s

 
N

u
m

b
e
r

o
f

d
e
v
ic

e
s

 
C

o
s
t 

a
n

d
 p

ri
c
in

g
 

m
o

d
e
l 

C
o

m
m

u
n

it
y
 

p
a
rt

ic
ip

a
ti

o
n

 
R

e
li
a
b

il
it

y
 

D
e
v
ic

e
 f

u
n

c
ti

o
n

a
li

ty
 

c
o

n
s

tr
a
in

ts
 

S
ig

fo
x

 
n
e
tw

o
rk

, 
g
iv

in
g
 y

o
u

 

m
o
re

 w
id

e
s
p
re

a
d
 

c
o
v
e
ra

g
e
, 
a
n

d
 m

o
re

 

o
p
ti
o
n
s
 f

o
r 

d
e

p
lo

y
in

g
 

d
e
v
ic

e
s
 i
n

 m
u
lt
ip

le
 

lo
c
a
ti
o
n
s
. 

c
h
a
rg

e
 f

o
r 

e
a
c
h
 

d
e
v
ic

e
 c

o
n
n

e
c
te

d
, 

w
h
ic

h
 m

a
y
 p

la
c
e
 a

 

b
u
d
g
e
ta

ry
 l
im

it
 o

n
 t
h
e

 

n
u
m

b
e

r 
y
o
u

c
h
o
o
s
e
 

to
 d

e
p
lo

y
. 

O
th

e
rw

is
e
, 

th
e
re

 a
re

 n
o
 

te
c
h
n
ic

a
l 
c
o
n
s
tr

a
in

ts
 

o
n
 d

e
v
ic

e
 n

u
m

b
e
rs

 

o
r 

ty
p
e
s
. 

g
a
te

w
a
y
 

p
ro

c
u
re

m
e
n

t 
a
n
d

 

o
p
e
ra

ti
o
n
 c

h
a

rg
e
s
. 

C
o
m

m
e
rc

ia
l 

p
a
c
k
a
g
e
s
 v

a
ry

. 
Y

o
u

r 

u
p
fr
o
n
t
‘c
a
p
e
x
’
m
a
y

b
e
 l
o
w

e
r,

 h
o
w

e
v
e

r 

o
n
g
o
in

g
 o

p
e

ra
ti
o

n
a
l 

c
o
s
ts

 f
o
r 

p
ro

p
ri
e

ta
ry

 

L
P

W
A

N
 m

a
y
 

in
c
re

a
s
e
 a

s
 y

o
u
 

e
x
p
a
n
d
 y

o
u
r 

u
s
e
 o

f 

th
e
 s

e
rv

ic
e

. 

p
a
rt

ic
ip

a
ti
o

n
. 
T

h
e

p
e
r-

d
e
v
ic

e
 

c
o
n
n
e
c
ti
o

n
 f
e
e
 i
s
 a

 

b
a
rr

ie
r 

to
 D

IY
 

c
o
m

m
u
n
it
y
 

in
v
o
lv

e
m

e
n
t.

 

F
u
rt

h
e
rm

o
re

, 
a
c
c
e
s
s
 

to
 t
h
e
 s

e
rv

ic
e
s
 i
s
 n

o
t 

g
e
n
e
ra

lly
 d

e
s
ig

n
e
d
 

fo
r 

o
p

e
n
 p

u
b
lic

 

a
c
c
e
s
s
. 

S
ig

fo
x
 o

n
ly

 a
llo

w
s
 

o
n
e

-w
a
y
 

c
o
m

m
u
n
ic

a
ti
o
n
s
, 

m
e
a
n
in

g
 t
h
a
t 
it
 i
s
 n

o
t 

p
o
s
s
ib

le
 t
o
 c

o
n
tr

o
l 

d
e
v
ic

e
s
 o

v
e

r 
th

e
 a

ir
. 

3
G

/4
G

 (
L

T
E

) 
H

ig
h
e
s
t 

fl
e

x
ib

ili
ty

w
it
h
 

lo
c
a
ti
o
n
, 
a
s
 t

h
e
 

s
ig

n
a
l 
is

 c
a
rr

ie
d
 

th
ro

u
g

h
 e

x
is

ti
n

g
 

c
e
llu

la
r 

in
fr

a
s
tr

u
c
tu

re
. 

G
o
o
d
 o

p
ti
o
n
 f
o

r 

c
o
v
e
ri
n

g
 l
a

rg
e
 a

re
a
s
, 

s
u
c
h
 a

s
 d

is
tr

ib
u
ti
o
n

 

o
f 
a
 s

m
a
lle

r 
n
u

m
b
e
r 

o
f 
d
e
v
ic

e
s
 a

c
ro

s
s
 a

 

w
h
o
le

 L
G

A
. 

T
h
e
 m

a
in

 r
e
s
tr

ic
ti
o
n
 

o
n
 t
h
e
 n

u
m

b
e
r 

o
f 

3
G

/4
G

 o
r 

N
B

Io
T

 

d
e
v
ic

e
s
 i
s
 a

 p
e
r-

d
e
v
ic

e
 c

o
s
t.

 T
h
e

re
 

a
re

 n
o

 t
e
c
h
n
ic

a
l 

lim
it
s
 t

o
 t
h
e
 n

u
m

b
e
r 

o
f 
d
e
v
ic

e
s
 y

o
u
 r

u
n
. 

A
 p

e
r-

d
e
v
ic

e
, 
fi
x
e
d
, 

re
c
u
rr

in
g
 f
e

e
 i
s
 

c
a
lc

u
la

te
d
 a

c
c
o
rd

in
g
 

to
 d

a
ta

 u
s
e
. 
N

o
 

in
v
e
s
tm

e
n
t 

re
q

u
ir
e
d
 

in
 a

d
d
it
io

n
a
l 

in
fr

a
s
tr

u
c
tu

re
  

(e
.g

. 
g

a
te

w
a
y
s
).

 

N
o
t 
c
o
n
d
u
c
iv

e
 t
o
 D

IY
 

p
a
rt

ic
ip

a
ti
o

n
, 
d
u

e
to

 

th
e
 f
e
e
s
 a

s
s
o
c
ia

te
d
 

w
it
h
 c

o
n
n
e
c
ti
o

n
. 

H
o
w

e
v
e
r,

 d
u
e
 t
o
 t

h
e
 

w
id

e
s
p
re

a
d
 a

n
d

 

re
lia

b
le

 c
o
v
e
ra

g
e
, 
it
 

c
a
n
 b

e
 a

 g
o
o

d
 o

p
ti
o

n
 

w
h
e
re

 a
 c

o
m

m
u
n
it
y
 

s
ta

k
e
h
o
ld

e
r 

is
 

h
o
s
ti
n

g
 a

 d
e
v
ic

e
, 

a
n
d
 

lo
c
a
l 
g
o
v
e
rn

m
e
n

t 

V
e
ry

 r
e
lia

b
le

. 
M

u
lt
ip

le
 

S
L
A

s
 p

o
s
s
ib

le
, 
o
f 

in
c
re

a
s
in

g
 s

tr
e
n

g
th

. 

3
G

 d
e
v
ic

e
s
 a

re
 s

ti
ll 

o
n
 t
h
e
 m

a
rk

e
t,
 

h
o
w

e
v
e
r 

3
G

 

te
c
h
n
o
lo

g
y
 i
s
 d

u
e
 t

o
 

b
e
 c

o
m

p
le

te
ly

 

d
e
c
o
m

m
is

s
io

n
e
d
 

s
o
o
n
, 
w

h
ic

h
 w

ill
 

re
n
d
e

r 
3
G

 d
e
v
ic

e
s
 

o
b
s
o
le

te
. 

N
B

Io
T

 
N

B
Io

T
 w

ill
 h

a
v
e
 a

 

u
s
e
fu

l 
lif

e
 o

f 
a
b
o

u
t 
1
0
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O
p

ti
o

n
 

L
o

c
a

ti
o

n
 o

f 
d

e
v
ic

e
s

 
N

u
m

b
e
r

o
f

d
e
v
ic

e
s

 
C

o
s
t 

a
n

d
 p

ri
c
in

g
 

m
o

d
e
l 

C
o

m
m

u
n

it
y
 

p
a
rt

ic
ip

a
ti

o
n

 
R

e
li
a
b

il
it

y
 

D
e
v
ic

e
 f

u
n

c
ti

o
n

a
li

ty
 

c
o

n
s

tr
a
in

ts
 

re
ta

in
s
 m

a
n
a
g

e
m

e
n
t 

re
s
p
o
n
s
ib

ili
ty

. 
 

y
e
a
rs

. 
T

o
d
a
y
, 

th
e
 

s
e
rv

ic
e
s
 o

ff
e
re

d
b
y
 

th
e
 m

a
jo

r 
te

lc
o
s

c
a
n
 

b
e
 e

x
p
e

n
s
iv

e
 p

e
r 

d
e
v
ic

e
, 
b
u
t 

p
ri
c
e
s
 w

ill
 

p
ro

b
a

b
ly

 c
o
m

e
 d

o
w

n
 

o
v
e
r 

ti
m

e
. 

N
e
g
o
ti
a
ti
o
n
 m

a
y
 b

e
 

p
o
s
s
ib

le
 i
f 

th
e
re

 i
s
 a

 

p
ro

m
is

e
 o

f 
fu

tu
re

 

s
e
rv

ic
e
 u

s
a

g
e
 

g
ro

w
th

. 
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5
.

P
ro

p
ri
e

ta
ry

te
c
h
n

o
lo

g
y

v
s

o
p

e
n

te
c
h
n

o
lo

g
y

S
e

n
s

in
g

 s
tr

a
te

g
y
 r

e
fe

re
n

c
e

 t
o

o
l:

 p
ro

p
ri

e
ta

ry
 v

s
 o

p
e

n
 d

e
v

ic
e

 t
e
c

h
n

o
lo

g
y
 o

p
ti

o
n

s
 

H
o

w
 t

o
 u

s
e

 t
h

is
 t

a
b

le
: 

C
o

n
s
id

e
r 

e
a

c
h

 f
a

c
to

r 
in

 t
h

e
 f
o

llo
w

in
g
 t
a
b

le
 a

n
d

 c
h
e

c
k
 t
h

e
 ‘
y
o
u
r
p
o
s
it
io
n
’
b
o

x
 t
h

a
t 
b

e
s
t 
a

lig
n

s
 w

it
h

 y
o
u

r 
s
it
u

a
ti
o

n
. 
T

h
e

 r
ig

h
t-

h
a

n
d

 

c
o

lu
m

n
 s

h
o
u

ld
 h

e
lp

 y
o
u

 t
o

 m
a

k
e

 t
h

is
 c

h
o

ic
e

. 
A

ft
e

r 
g
o

in
g
 t
h

ro
u

g
h

 t
h
is

 p
ro

c
e

s
s
 f
o
r 

e
a

c
h

 f
a

c
to

r,
 y

o
u

r 
re

s
p
o
n

s
e

s
 s

h
o

u
ld

 p
ro

v
id

e
 y

o
u

 w
it
h

 a
 b

e
tt
e
r 

id
e

a
 o

f 
w

h
ic

h
 

te
c
h

n
o

lo
g
y
 o

p
ti
o

n
 w

o
u

ld
 b

e
s
t 
s
u

p
p

o
rt

 y
o

u
r 

s
it
u
a

ti
o
n

. 

F
a
c
to

r 
Y

o
u

r 
p

o
s
it

io
n

 
P

ro
p

ri
e
ta

ry
 o

r 
o

p
e
n

 t
e
c

h
n

o
lo

g
y
?

 

T
h

e
 p

la
n

n
e

d
 s

c
a

le
 o

f 

y
o

u
r 

fu
tu

re
 s

e
n

s
in

g
 

d
e
v
ic

e
 n

e
tw

o
rk

 

 Y
o
u
 e

x
p
e
c
t 

to
 g

ro
w

 a
n
 a

ir
 q

u
a
lit

y
 m

o
n
it
o
ri
n

g
 

n
e
tw

o
rk

 o
v
e
r 

th
e
 c

o
m

in
g
 y

e
a

rs
, 

b
o

th
 i
n

 t
e

rm
s
 o

f 

c
o
v
e
ra

g
e
 a

n
d

 s
o
p
h
is

ti
c
a

ti
o
n
. 

  

M
o
re

 o
p
e
n
 t

e
c
h
n
o
lo

g
y
 o

p
ti
o
n
s
 m

a
y
 b

e
 a

d
v
is

a
b
le

, 
a
s
 t

h
e
y
 a

re
 a

 f
le

x
ib

le
 

c
h
o
ic

e
 f
o
r 

e
x
p
a

n
d
in

g
 a

n
d
 e

v
o
lv

in
g
 y

o
u

r 
a
ir
 q

u
a
lit

y
 m

o
n
it
o

ri
n

g
 a

c
ti
v
it
ie

s
 i
n

to
 

th
e
 f
u
tu

re
. 
P

ro
p
ri
e

ta
ry

 o
p

ti
o
n
s
 c

a
n
 r

e
d

u
c
e
 f
u

tu
re

 f
le

x
ib

ili
ty

, 
a
n
d
 m

a
y
 r

e
s
tr

ic
t 

y
o
u
r 

o
p

ti
o
n
s
 i
f 

y
o

u
 p

la
n
 t

o
 e

x
p

a
n
d
 a

n
d
 e

v
o
lv

e
 y

o
u

r 
a
p

p
ro

a
c
h

. 

O
p
e
n
 t
e
c
h
n
o
lo

g
y
 i
n
v
o
lv

e
s
 m

o
re

 u
p
fr

o
n
t 
in

v
e
s
tm

e
n
t 

o
f 
ti
m

e
, 

e
ff
o

rt
, 
a
n

d
 

re
s
o
u
rc

e
s
 b

e
c
a

u
s
e
 y

o
u
 d

o
 m

o
re

 o
f 
th

e
 h

e
a
v
y
 l
if
ti
n

g
 y

o
u
rs

e
lf
. 

 

O
R

  Y
o
u
 a

re
 l
o

o
k
in

g
 t

o
 k

e
e
p

 t
h
in

g
s
 s

im
p
le

 a
n
d
 

c
o
n
ta

in
e
d

, 
a
n
d

 d
o
 n

o
t 
e
x
p

e
c
t 

to
 e

x
p
a
n

d
 m

u
c
h

 b
e
y
o

n
d
 

th
e

s
c
o
p
e

 o
f 
th

e
 c

u
rr

e
n
t 

p
la

n
n
e

d
 i
n

it
ia

ti
v
e

. 

M
o
re

 p
ro

p
ri
e

ta
ry

 t
e
c
h
n

o
lo

g
y
 o

p
ti
o
n
s
 m

a
y
 b

e
 a

 c
o
s
t-

e
ff
e
c
ti
v
e
 a

n
d
 s

im
p
le

 

a
p
p
ro

a
c
h
. 
G

o
o
d
 p

ro
p
ri

e
ta

ry
 o

p
ti
o
n
s
 c

a
n
 r

e
d
u
c
e
 t

h
e
 h

a
rd

 w
o
rk

 r
e
q

u
ir
e
d

u
p
fr

o
n

t,
a
n
d

g
iv

e
y
o

u
q
u
ic

k
w

in
s
.

Y
o

u
m

ig
h

t
fo

rf
e
it

fl
e
x
ib

ili
ty

in
th

e

m
e
d
iu

m
 t

e
rm

. 

S
m

a
rt

 c
it

y
 d

e
v

e
lo

p
m

e
n

t 

a
s
p

ir
a
ti

o
n

s
 

 Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 h

a
s
 a

 w
e
ll-

d
e
v
e
lo

p
e

d
 p

o
s
it
io

n
 o

n
 

s
m

a
rt

 c
it
ie

s
, 

a
n
d
 y

o
u
 a

s
p
ir

e
 t
o
 d

e
v
e
lo

p
 y

o
u

r 
s
m

a
rt

 c
it
y
 

s
tr

a
te

g
y
 a

n
d
 a

c
ti
v
it
ie

s
 f

u
rt

h
e
r 

in
 t
h
e
 c

o
m

in
g
 y

e
a
rs

. 

O
p
e
n
 t
e
c
h
n
o
lo

g
y
 o

p
ti
o

n
s
 a

re
 a

d
v
is

a
b
le

. 
T

h
e
y
 t

e
n

d
 t
o
 a

lig
n
 w

it
h
 e

m
e

rg
in

g
 

s
m

a
rt

 c
it
y
 b

e
s
t 

p
ra

c
ti
c
e

, 
b

e
c
a
u
s
e

 t
h
e
y
 p

ri
o

ri
ti
s
e

 t
ra

n
s
p
a
re

n
c
y
,

a
c
c
e
s
s
ib

ili
ty

, 

a
n
d
 i
n
te

ro
p
e

ra
b
ili

ty
.

O
p
e
n
 t

e
c
h
n
o
lo

g
y
 c

a
n
 e

n
a
b
le

 y
o
u
 t

o
 b

e
tt
e
r 

u
n
d
e
rs

ta
n
d
 

h
o
w

 y
o
u
r 

a
ir
 q

u
a
lit

y
 d

a
ta

 i
s
 b

e
in

g
 i
n
te

rp
re

te
d
 a

n
d
 a

b
s
tr

a
c
te

d
, 
s
u
p
p

o
rt

 m
o
re

 

c
u
s
to

m
is

e
d
 d

a
ta

 m
a
n
a

g
e
m

e
n
t 
a
p

p
ro

a
c
h

e
s
, 

a
n
d
 i
n
te

g
ra

te
 w

it
h

 o
th

e
r 

s
m

a
rt

 

c
it
y
 s

y
s
te

m
s
 a

n
d
 p

la
tf

o
rm

s
 (

e
.g

. 
a
n
 e

m
e
rg

in
g
 e

n
te

rp
ri
s
e
 a

rc
h
it
e
c
tu

re
).

 T
h
is

 i
s
 

g
e
n
e
ra

lly
 t

h
e
 f

o
u
n
d

a
ti
o
n
 r

e
q
u
ir

e
d
 f
o

r 
d
e
v
e
lo

p
in

g
 m

o
re

 s
o

p
h
is

ti
c
a
te

d
 d

a
ta

 u
s
e
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F
a
c
to

r 
Y

o
u

r 
p

o
s
it

io
n

 
P

ro
p

ri
e
ta

ry
 o

r 
o

p
e
n

 t
e
c

h
n

o
lo

g
y
?

 

c
a
s
e
s
 (

e
.g

. 
d
a
ta

-d
ri
v
e
n
 m

o
d
e
ls

, 
s
u
c
h
 a

s
 n

e
a
r-

te
rm

fo
re

c
a

s
ti
n

g
 o

f 
lo

c
a
l 
a
ir
 

q
u
a
lit

y
, 
o
r 

re
a
l-

ti
m

e
 m

u
lt
if
a
c
to

r 
a
n

a
ly

s
is

, 
a
le

rt
s
, 

a
n
d
 a

u
to

m
a
ti
o
n
).

 

O
R

  Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 d

o
e
s
 n

o
t 

h
a
v
e
 a

 s
tr

o
n

g
 p

o
s
it
io

n
 

o
n
 s

m
a
rt

 c
it
ie

s
,

a
n
d
 y

o
u

 d
o
 n

o
t 
e
x
p

e
c
t 

th
is

 t
o
 b

e
 a

 

s
tr

a
te

g
ic

 f
o
c
u
s
 i
n

 t
h
e
 s

h
o

rt
 t
o
 m

e
d
iu

m
 t
e

rm
.

M
o
re

 p
ro

p
ri
e

ta
ry

 t
e
c
h
n

o
lo

g
y
 o

p
ti
o
n
s
 m

a
y
 b

e
 a

 c
o
s
t-

e
ff
e
c
ti
v
e
 a

n
d
 s

im
p
le

 

a
p
p
ro

a
c
h
 i
f 

y
o

u
 a

re
 n

o
t 

o
v
e
rl
y
 c

o
n
c
e
rn

e
d
 w

it
h
 s

m
a
rt

 c
it
y
 s

tr
a
te

g
y
 

d
e
v
e
lo

p
m

e
n
t,

 a
n
d
 y

o
u
 d

o
 n

o
t 
h

a
v
e
 a

m
b
it
io

u
s
 p

la
n
s
 f

o
r 

h
o

w
 y

o
u

w
ill

 u
s
e
 y

o
u

r 

a
ir
 q

u
a
lit

y
 d

a
ta

. 
 

Y
o

u
r 

te
c
h

n
o

lo
g

y
 a

n
d

 

d
a
ta

 i
n

te
g

ra
ti

o
n

 

in
te

n
ti

o
n

s
 

 Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 i
s
 c

o
n
c
e
rn

e
d
 a

b
o

u
t 
a
 

p
ro

lif
e
ra

ti
o

n
 o

f 
p
a
ra

lle
l 
s
m

a
rt

 t
e
c
h

n
o
lo

g
y
 s

y
s
te

m
s
, 

a
n
d
 

th
e

d
e
v
e
lo

p
m

e
n
t 
o
f 

d
a
ta

 s
ilo

e
s
. 

Y
o
u
 a

re
 k

e
e
n
 t
o
 

d
e
v
e
lo

p
 a

 m
o
re

 c
e
n
tr

a
lis

e
d
 a

n
d
 i
n
te

g
ra

te
d
 s

o
lu

ti
o
n
 

th
a
t 
b
ri

n
g
s
 t

o
g

e
th

e
r 

d
a
ta

 s
tr

e
a
m

s
 f

ro
m

 m
u
lt
ip

le
 

a
c
ti
v
it
ie

s
, 
a
n
d
 s

u
p
p
o

rt
s
 m

o
re

 c
o

m
p
le

x
 d

a
ta

 u
s
e

 c
a
s
e
s
. 

O
p
e
n
 t
e
c
h
n
o
lo

g
y
 o

p
ti
o

n
s
 a

re
 a

d
v
is

a
b
le

. 
T

h
e
y
 a

re
 b

u
ilt

 f
o
r 

in
te

ro
p

e
ra

b
ili

ty
, 

a
n
d
 c

a
n
 s

u
p
p
o

rt
 s

o
p

h
is

ti
c
a
te

d
 i
n
te

g
ra

ti
o
n
 w

it
h
 y

o
u

r 
e
x
is

ti
n
g
 i
n
te

rn
a
l 
s
y
s
te

m
s
, 

a
llo

w
in

g
 y

o
u
 t

o
 p

u
ll 

a
ir

 q
u
a
lit

y
d
a
ta

 i
n
to

 a
 m

o
re

 c
e
n
tr

a
lis

e
d
 s

y
s
te

m
 a

n
d
 

e
x
tr

a
c
t 

a
d
d
it
io

n
a
l 
v
a
lu

e
 f

ro
m

 i
t,

 i
n
 t
h
e

 c
o
n
te

x
t 
o
f 
o
th

e
r 

d
a
ta

 s
tr

e
a

m
s
. 

S
u
c
h
 

s
o
p
h
is

ti
c
a
ti
o
n
 m

a
y
 t

a
k
e
 a

 r
e
a
s
o

n
a
b
le

 a
m

o
u

n
t 
o
f 
ti
m

e
 a

n
d
 e

ff
o
rt

 t
o
 e

s
ta

b
lis

h
. 

O
R

  Y
o
u
 a

re
 n

o
t 
in

te
re

s
te

d
 i
n

d
e
v
e
lo

p
in

g
 c

o
m

p
le

x
, 
re

a
l-

ti
m

e
 u

s
e
 c

a
s
e
s
 f

o
r 

y
o
u
r 

a
ir
 q

u
a
lit

y
 d

a
ta

, 
a
n

d
 y

o
u

r 

o
rg

a
n
is

a
ti
o
n
 d

o
e
s
 n

o
t 
h
a
v
e
 a

n
y
 e

x
is

ti
n

g
 c

o
n
c
e
rn

s
 

a
b
o
u
t 
d

a
ta

 s
ilo

e
s
. 

P
ro

p
ri
e

ta
ry

 t
e
c
h

n
o
lo

g
y
 m

a
y
 b

e
s
u
it
a
b
le

. 
It
 c

a
n
 r

e
s
tr

ic
t 
y
o
u

r 
o
p
ti
o
n
s
 f
o
r 

in
te

g
ra

ti
n
g
 t
e
c
h
n
o
lo

g
y
 a

n
d
 d

a
ta

 w
it
h

 o
th

e
r 

p
la

tf
o
rm

s
 a

n
d
 s

y
s
te

m
s
, 
a
n

d
 c

a
n
 

th
e
re

fo
re

 l
im

it
 t

h
e
 w

a
y
s
 i
n
 w

h
ic

h
 y

o
u
 m

a
k
e

 s
e
n
s
e
 o

f 
(a

n
d
 r

e
s
p
o
n

d
 t
o

) 
liv

e
 

d
a
ta

. 
H

o
w

e
v
e
r,

 t
h
is

 m
a
y
 n

o
t 
b
e

 a
 p

ro
b
le

m
 i
f 

y
o
u
 w

a
n
t 
to

 k
e
e
p
 y

o
u

r 
re

s
p
o
n
s
e
 

to
d
a
ta

 q
u
it
e

 s
im

p
le

. 
F

o
r 

e
x
a
m

p
le

, 
if
 y

o
u
 w

is
h
 t

o
 g

a
th

e
r 

s
o

m
e
 b

a
s
ic

 d
a
ta

 f
o

r 

a
 y

e
a
r 

o
r 

tw
o
, 

m
a
n
u

a
lly

 a
n
a
ly

s
e
 i
t,

 a
n

d
 p

ro
d
u
c
e

 a
 r

e
p
o
rt

, 
a
 b

a
s
ic

, 
s
ta

n
d
-

a
lo

n
e
 p

ro
p
ri
e

ta
ry

 s
o
lu

ti
o
n
 m

a
y
 b

e
 t

h
e
 m

o
s
t 

s
e

n
s
ib

le
 a

p
p
ro

a
c
h
. 

T
ra

n
s
p

a
re

n
c
y
 o

f 
d

a
ta

 

p
ro

c
e
s
s

in
g

 

 Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 n

e
e
d
s
 t

o
 u

n
d
e

rs
ta

n
d

 p
re

c
is

e
ly

 

w
h
a
t 
h
a
s
 b

e
e
n
 d

o
n
e
 t

o
 a

ir
 q

u
a
lit

y
 d

a
ta

, 
a
n
d
 w

h
o

 h
a
s
 

a
c
c
e
s
s
e
d
 i
t.

 T
h
is

is
 c

ri
ti
c
a
l 
to

 y
o
u

r 
a
b
ili

ty
 t

o
 i
n
te

rp
re

t 

a
n
d
 s

h
a

re
 d

a
ta

, 
a

n
d
 s

u
p

p
o
rt

 a
 m

a
tu

ri
n

g
 d

a
ta

 p
o
lic

y
. 

O
p
e
n
 t
e
c
h
n
o
lo

g
y
 o

p
ti
o

n
s
 a

re
 a

d
v
is

a
b
le

. 
T

h
e
y
 s

h
o

u
ld

 p
ro

v
id

e
 f
u
ll 

tr
a
n
s
p
a

re
n
c
y
 a

ro
u

n
d
 t
h

e
 w

a
y
 t

h
a
t 
a
ir
 q

u
a
lit

y
 d

a
ta

 i
s
 b

e
in

g
 i
n
te

rp
re

te
d
  

a
n
d
 m

a
n
a
g
e

d
. 
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F
a
c
to

r 
Y

o
u

r 
p

o
s
it

io
n

 
P

ro
p

ri
e
ta

ry
 o

r 
o

p
e
n

 t
e
c

h
n

o
lo

g
y
?

 

O
R

  Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 i
s
 n

o
t 

o
v
e
rl
y
 c

o
n
c
e
rn

e
d
 w

it
h
 t

h
e
 

fi
n
e
 d

e
ta

ils
 o

f 
d
a
ta

 p
ro

c
e
s
s
in

g
, 

a
n
d
 y

o
u
 a

re
 h

a
p
p
y
 t

o
 

p
la

c
e
 f
a
c
e

-v
a
lu

e
 t

ru
s
t 

in
 t
h
e
 o

u
tp

u
ts

 o
f 
y
o

u
r 

c
h
o
s
e
n
 

te
c
h
n
o
lo

g
y
 p

ro
v
id

e
r.

 Y
o

u
 a

ls
o
 l
a

c
k
 a

 w
e
ll-

d
e
v
e
lo

p
e

d
 

d
a
ta

 p
o
lic

y
 t

h
a
t 
m

ig
h
t 
a

p
p
ly

 t
o
 s

m
a
rt

 c
it
y
 d

a
ta

 

m
a
n
a
g

e
m

e
n
t 

a
n
d
 s

h
a
ri
n

g
. 

P
ro

p
ri
e

ta
ry

 t
e
c
h

n
o
lo

g
y
 m

a
y
 b

e
s
u
it
a
b
le

, 
h
o
w

e
v
e
r 

y
o

u
 a

re
 a

d
v
is

e
d
 t
o
 h

a
v
e
 a

 

re
a
lly

 c
le

a
r 

id
e
a
 o

f 
h
o
w

 y
o

u
 i
n
te

n
d
 t
o
 s

h
a
re

 a
n
d
 m

a
k
e
 u

s
e

 o
f 
d
a
ta

, 
o
r 

re
s
p
o
n

d
 t
o
 p

u
b
lic

 q
u

e
s
ti
o

n
s
. 

A
 l
a

c
k
 o

f 
tr

a
n
s
p
a
re

n
c
y
 a

ro
u
n

d
 d

a
ta

 

in
te

rp
re

ta
ti
o
n

m
e
a

n
s

th
a
t

it
m

a
y

n
o
t
s
ta

n
d

u
p

to
d

e
e
p
e

r
s
c
ru

ti
n
y
.

P
o

s
it

io
n

 o
n

 v
e

n
d

o
r 

 

lo
c
k
-i

n
 

 Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 h

a
s
 r

e
c
o
g

n
is

e
d
 a

 p
ro

b
le

m
 

re
la

ti
n
g
 t

o
 t
e
c
h

n
o
lo

g
y
 p

ro
c
u

re
m

e
n
t 
a

n
d
 v

e
n

d
o
r 

lo
c
k
-

in
, 
a
n
d

 m
a
y
 e

v
e

n
 h

a
v
e

 e
s
ta

b
lis

h
e
d
 a

 f
o
rm

a
l 
p
o
s
it
io

n
 

o
n
 t
h
e
 i
s
s
u

e
. 

B
y
 c

h
o
o
s
in

g
 m

o
re

 o
p
e
n
 t

e
c
h
n
o
lo

g
y
, 

y
o

u
 a

re
 c

h
o
o
s
in

g
 m

o
re

 f
le

x
ib

le
 

c
o
m

m
e
rc

ia
l 
o
p
ti
o

n
s
, 
a
n

d
 a

 m
o
re

 m
o
d
u
la

r 
s
y
s
te

m
. 
T

h
is

 g
iv

e
s
 y

o
u
 t
h

e
 

fr
e
e
d
o

m
 t
o
 s

w
a

p
 o

u
t 

s
p
e
c
if
ic

 c
o

m
m

e
rc

ia
l 
p
ro

v
id

e
rs

 o
r 

e
q

u
ip

m
e
n
t 
in

 f
a
v
o

u
r 

o
f 

a
lt
e
rn

a
ti
v
e
s
, 

w
it
h
o
u

t 
s
tr

a
n
d
in

g
 y

o
u
r 

e
n
ti
re

 t
e
c
h
n
o
lo

g
y
 s

ta
c
k
. 

 

O
R

  Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 i
s
 n

o
t 

o
v
e
rl
y
 c

o
n
c
e
rn

e
d
 w

it
h
 

v
e
n
d
o
r 

lo
c
k
-i
n

, 
o

r 
th

e
 i
s
s
u

e
 h

a
s
 o

th
e
rw

is
e
 n

o
t 
b
e
e

n
 

id
e
n
ti
fi
e

d
 o

r 
d
is

c
u
s
s
e
d
. 

P
ro

p
ri
e

ta
ry

 t
e
c
h

n
o
lo

g
y
 p

o
s
e
s

a
n
 u

n
a
v
o
id

a
b
le

 r
is

k
 o

f 
v
e
n
d

o
r

lo
c
k
-i
n

. 
O

n
c
e
 

in
v
e
s
te

d
 i
n
 p

h
y
s
ic

a
l 
d
e
v
ic

e
s
, 

th
e

re
 i
s
 n

o
 o

p
ti
o

n
 t
o
 t

a
k
e

th
o

s
e
 a

s
s
e
ts

 a
n
d
 

c
o
n
n
e
c
t 

th
e
m

 i
n
to

 s
o
m

e
o
n
e

 e
ls

e
’s

 s
y
s
te

m
. 
T

h
e
 h

a
rd

w
a
re

 m
ig

h
t 
b
e

 o
w

n
e
d

 b
y

th
e

c
u
s
to

m
e
r,

b
u
t
it

c
a
n

o
n
ly

e
v
e

r
b
e

m
a

d
e

to
w

o
rk

th
ro

u
g

h
th

e
p

ro
p
ri

e
ta

ry

s
u
p
p
o
rt

 p
la

tf
o

rm
s
 o

f 
th

e
 m

a
n
u

fa
c
tu

re
r.

 T
h
is

 m
a
y
 b

e
 a

g
re

e
a
b
le

, 
a
s
 t

h
e
 t
ra

d
e

-

o
ff
 c

a
n
 b

e
 s

im
p
lic

it
y
, 
a

n
d
 t
o

ta
l 
o
u
ts

o
u
rc

in
g
 o

f 
te

c
h
n
ic

a
l 
m

a
n
a
g
e
m

e
n
t.
 

H
o
w

e
v
e
r,

 i
t 

is
 i
m

p
o
rt

a
n
t 
th

a
t 
a
 c

o
n
tr

a
c
t 
w

it
h
 a

 p
ro

p
ri
e

ta
ry

 v
e
n
d
o
r 

is
 e

n
te

re
d
 

in
to

 w
it
h
 a

n
 a

w
a
re

n
e
s
s
 o

f 
th

e
 l
o
c
k
-i
n

 r
is

k
. 

If
 y

o
u
 b

e
lie

v
e

 t
h

a
t 
y
o
u
r 

n
e
e
d
s
 a

re
 

lik
e
ly

 t
o
 e

v
o
lv

e
 i
n
 t

h
e
 s

h
o
rt

 t
o
 m

e
d
iu

m
 t
e

rm
, 
y
o
u
 a

re
 g

o
in

g
 t
o
 w

a
n
t 
fl
e
x
ib

ili
ty

, 

a
n
d
 t
h
e

 t
e
rm

s
 o

f 
y
o

u
r 

in
it
ia

l 
c
o
n
tr

a
c
t 

(o
r 

w
h
a
t 
th

e
 v

e
n
d
o
r 

c
a
n
 o

ff
e

r 
y
o
u
 i
n

 a
n
 

a
m

e
n
d

e
d
 c

o
n

tr
a
c
t)

 m
a
y
 b

e
 q

u
it
e
 l
im

it
in

g
. 
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P

ro
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r 
o

p
e
n

 t
e
c

h
n

o
lo

g
y
?

 

In
-h

o
u

s
e
 t

e
c
h

n
ic

a
l 

k
n

o
w

le
d

g
e
 a

n
d

 

re
s
o

u
rc

in
g

 c
a

p
a
c
it

y
 

 Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 h

a
s
 s

o
m

e
 i
n

-h
o
u
s
e
 t
e
c
h

n
ic

a
l 

k
n
o
w

le
d
g
e
 a

n
d
 e

x
p
e
rt

is
e
 r

e
la

ti
n
g
 t
o
 I

o
T

 a
n
d
 s

m
a
rt

 

c
it
ie

s
, 
a
n
d
 h

a
s
 t

h
e

 r
e
s
o

u
rc

in
g
 c

a
p
a
c
it
y
 t

o
 s

u
p
p

o
rt

 t
h
e
 

s
e
t-

u
p

a
n
d

o
p
e
ra

ti
o
n

o
f

m
o
re

o
p

e
n

d
e
v
ic

e
 t
e
c
h

n
o
lo

g
ie

s
. 

O
p
e
n
 d

e
v
ic

e
 t
e
c
h

n
o
lo

g
y
 i
d

e
a
lly

 r
e

q
u
ir
e
s
 a

 b
a
s
ic

 i
n

-h
o
u
s
e
 k

n
o
w

le
d
g
e
 o

f 
Io

T

a
n
d
 s

m
a

rt
 c

it
ie

s
, 

to
 s

u
p

p
o
rt

 a
n
 i
n

fo
rm

e
d
 s

e
le

c
ti
o

n
 o

f 
h

a
rd

w
a
re

 a
n

d
 

s
u
p
p
o
rt

in
g
 s

e
rv

ic
e
s
. 

T
h
e
 t
e
c
h

n
ic

a
l 
w

o
rk

 o
f 
s
e
tt
in

g
 u

p
, 

in
te

g
ra

ti
n
g
,

c
o
m

m
is

s
io

n
in

g
,
a
n
d

o
p
e

ra
ti
n
g

d
e
v
ic

e
s

c
a
n

b
e

o
u
ts

o
u
rc

e
d

,
b
u
t
it

is
s
ti
ll

a
d
v
is

a
b
le

 t
h

a
t 
a
t 
le

a
s
t 

o
n
e
 i
n
d
iv

id
u
a
l
w

it
h
in

 y
o

u
r 

o
rg

a
n
is

a
ti
o

n
 i
s
 c

o
m

p
e
te

n
t 

e
n
o
u
g
h

 t
o
 b

e
 a

b
le

 t
o
 n

e
g
o
ti
a
te

 s
tr

o
n
g
ly

 w
it
h
 c

o
n

tr
a
c
to

rs
. 

O
R

  Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 d

o
e
s
 n

o
t 

h
a
v
e
 m

u
c
h

 i
n

-h
o
u
s
e
 

k
n
o
w

le
d
g
e
 o

f 
Io

T
 o

r 
s
m

a
rt

 c
it
y
 t

e
c
h

n
o
lo

g
y
, 

o
r 

e
ls

e
 

la
c
k
s
 c

a
p
a
c
it
y
 t
o

 s
u
p
p

o
rt

 a
d
e
q
u

a
te

 i
n

-h
o
u
s
e

 

re
s
o
u
rc

in
g
 o

f 
te

c
h
n
ic

a
l 
d
e
liv

e
ry

. 
 

P
ro

p
ri
e

ta
ry

 d
e
v
ic

e
s
 t

e
n
d
 t

o
 c

o
m

e
 a

s
 p

a
rt

 o
f 
a
 c

o
m

p
le

te
 s

e
rv

ic
e
 p

a
c
k
a

g
e
, 

w
it
h
 l
it
tl
e

 t
o
 n

o
 e

ff
o

rt
 o

r 
e
x
p
e

rt
is

e
 r

e
q
u
ir
e

d
 o

f 
th

e
 c

u
s
to

m
e
r.

 T
h
is

 m
a
y
 b

e
 t

h
e
 

o
n
ly

 o
p
ti
o

n
 f
o
r 

o
rg

a
n
is

a
ti
o
n
s
 t

h
a
t 
la

c
k
 s

u
ff
ic

ie
n
t 
in

-h
o

u
s
e
 t

e
c
h
n
ic

a
l 

k
n
o
w

le
d
g
e
 o

r 
re

s
o
u
rc

in
g
 c

a
p

a
c
it
y
. 

H
o
w

e
v
e
r,

 i
t 

s
h

o
u
ld

 b
e
 n

o
te

d
 t
h

a
t 
m

a
n
y
 n

o
n

-p
ro

p
ri
e

ta
ry

s
e

rv
ic

e
s
 e

x
is

t 
th

a
t 

c
a
n
 t
a
k
e
 o

n
 t
h

e
 s

e
tt
in

g
 u

p
, 
in

te
g
ra

ti
n
g
, 
c
o
m

m
is

s
io

n
in

g
, 
a

n
d
 o

p
e
ra

ti
n
g
 o

f 

s
e
n
s
in

g
 d

e
v
ic

e
s
. 

Y
o

u
r 

d
ig

it
a
l 
a

s
s
e
t 

m
a
n

a
g

e
m

e
n

t
n

e
e
d

s
 

 Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 i
s
 a

m
a
s
s
in

g
 a

 g
ro

w
in

g
 c

o
lle

c
ti
o

n
 

o
f
d
ig

it
a
l
a
s
s
e
ts

,
a
c
ro

s
s

a
d
iv

e
rs

it
y

o
f

s
m

a
rt

c
it
y

in
it
ia

ti
v
e
s
. 

Y
o
u
 w

is
h
 t

o
 r

e
g
is

te
r 

a
n
d
 m

a
n
a
g

e
 a

ll 
th

e
s
e
 

a
s
s
e
ts

 w
it
h
in

 a
 c

e
n
tr

a
l 
a

s
s
e
t 

m
a
n
a

g
e
m

e
n
t 
p
la

tf
o
rm

. 

O
p
e
n
 d

e
v
ic

e
 o

p
ti
o

n
s
, 

w
o

rk
in

g
 t
h

ro
u
g

h
 o

p
e

n
 I
o

T
 p

la
tf
o

rm
s
, 
c
a
n
 e

a
s
ily

 b
e
 

in
te

g
ra

te
d

w
it
h

a
n

e
x
is

ti
n

g
a
s
s
e
t

m
a
n
a

g
e
m

e
n
t
p
la

tf
o
rm

,
a
lo

n
g
s
id

e
m

u
lt
ip

le

o
th

e
r 

a
s
s
e
ts

. 

O
R

  Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 d

o
e
s
 n

o
t 

h
a
v
e
 m

a
n
y
 d

ig
it
a
l 

a
s
s
e
ts

, 
a
n

d
 y

o
u
 d

o
 n

o
t 
e
x
p
e
c
t 

th
is

 t
o
 c

h
a
n
g

e
 i
n
 t
h

e

s
h
o
rt

 t
o

 m
e
d
iu

m
 t
e

rm
. 
Y

o
u
 a

re
 h

a
p
p
y
 f

o
r 

y
o

u
r 

d
e
v
ic

e
s
 

to
 b

e
 m

a
n
a
g

e
d
 t
h

ro
u
g

h
 a

 t
h
ir

d
-p

a
rt

y
 p

la
tf
o
rm

, 

s
e
p
a
ra

te
 t
o
 a

n
y
 c

e
n
tr

a
l 
a

s
s
e
t 
m

a
n
a
g
e

m
e
n
t 
s
y
s
te

m
. 

It
 i
s
 d

if
fi
c
u
lt
 o

r 
s
o
m

e
ti
m

e
s
 i
m

p
o
s
s
ib

le
 t

o
 i
n

te
g

ra
te

 p
ro

p
ri
e

ta
ry

 d
e
v
ic

e
s
 w

it
h
 a

 

s
e
p
a
ra

te
 a

s
s
e
t 

m
a
n

a
g
e
m

e
n
t 
p
la

tf
o
rm
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 t
e
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o
lo

g
y
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Y
o

u
r 

d
a
ta

 o
w

n
e
rs

h
ip

 a
n

d
 

m
a
n

a
g

e
m

e
n

t 
n

e
e
d

s
 

 Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 r

e
q
u
ir
e
s
 f

u
ll 

o
w

n
e

rs
h

ip
 o

f 
s
e
n
s
o

r 

d
a
ta

, 
a

n
d
 t
h

e
 a

b
ili

ty
 t

o
 m

a
n

a
g
e
 i
t 

in
 a

c
c
o
rd

a
n
c
e

 w
it
h
 a

 

c
le

a
rl
y
 d

e
fi
n

e
d
 d

a
ta

 p
o
lic

y
. 

O
p
e
n
 t
e
c
h
n
o
lo

g
y
 i
s
 a

d
v
is

a
b
le

, 
a
s
 a

ll 
d
a
ta

 c
o
ll
e
c
te

d
 i
s
 o

w
n

e
d
 b

y
 y

o
u

. 
M

a
n
y
 

p
ro

p
ri

e
ta

ry
 s

e
n
s
in

g
 d

e
v
ic

e
 o

p
ti
o
n
s
 o

p
e
ra

te
 o

n
 a

 d
a
ta

-a
s
-a

-s
e
rv

ic
e
 

s
u
b
s
c
ri
p

ti
o
n

 m
o
d

e
l.
 D

e
v
ic

e
s
 r

e
m

a
in

 t
h
e
 p

ro
p

e
rt

y
 o

f 
th

e
 s

u
p
p
lie

r,
 a

n
d
 t
h

e
 

d
a
ta

th
e
y

p
ro

d
u
c
e

is
s
o
ld

to
y
o
u
.
In

s
o
m

e
c
a
s
e
s
,
y
o

u
m

a
y

n
o
t
e
v
e

n
o
w

n
th

e

d
a
ta

, 
b

u
t 
ra

th
e
r 

y
o
u
 p

a
y
 f

o
r 

th
e
 r

ig
h
t 
to

 a
c
c
e
s
s
 a

n
d
 u

s
e

 i
t.

 T
h
is

 c
a
n
 s

e
v
e
re

ly
 

re
s
tr

ic
t 
y
o

u
r 

o
p
ti
o

n
s

fo
r 

m
a

n
a
g
in

g
 a

c
c
e
s
s
, 

p
ri
v
a
c
y
, 

a
n
d
 e

th
ic

a
l 

c
o
n
s
id

e
ra

ti
o
n
s
 a

s
s
o
c
ia

te
d
 w

it
h
 d

a
ta

 s
h
a
ri

n
g
. 

O
R

  Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 i
s
 h

a
p
p
y
 t

o
 r

e
c
e
iv

e
 d

a
ta

-a
s
-a

-

s
e
rv

ic
e

, 
a
n

d
 i
s
 n

o
t 

o
v
e
rl
y

c
o
n
c
e
rn

e
d
 w

it
h
 o

w
n
e
rs

h
ip

 o
r 

m
a
n
a
g

e
m

e
n
t 

d
e
ta

ils
. 

A
 p

ro
p
ri
e

ta
ry

 d
a
ta

-a
s
-a

-s
e
rv

ic
e
 m

o
d
e
l 
m

a
y
 b

e
 s

u
it
a
b
le

 f
o
r 

y
o
u
. 
It
 o

ff
e
rs

 a
 

s
im

p
le

 d
a
ta

 p
ro

v
is

io
n
 o

p
ti
o
n

, 
w

it
h
 n

o
 n

e
e
d
 f
o

r 
in

-h
o
u
s
e

 k
n

o
w

le
d
g
e
 o

r 

o
p
e
ra

ti
o
n
a
l 
re

s
o
u
rc

in
g
. 

S
o
m

e
 o

f 
th

e
 d

a
ta

-a
s
-a

-s
e

rv
ic

e
 m

o
d
e
ls

 c
a
n

 w
o
rk

 o
u
t 

to
 b

e
 m

o
re

 a
ff
o
rd

a
b
le

 

(o
r 

y
o
u

 g
e
t 

m
o
re

 d
e
v
ic

e
s
 a

n
d
 c

o
v
e
ra

g
e
 f
o

r 
y
o
u
r 

e
x
p
e

n
d
it
u
re

) 
th

a
n
 i
f 

y
o
u
 b

u
y
 

d
e
v
ic

e
s
 o

u
tr

ig
h
t.
 T

h
is

 m
ig

h
t 
o
u

tw
e
ig

h
 t

h
e
 b

e
n
e
fi
ts

 o
f 
o
w

n
in

g
 y

o
u
r 

o
w

n
 d

a
ta

. 

Io
T

 t
e
c
h
n
o
lo

g
ie

s
 a

re
 r

a
p
id

ly
 e

v
o

lv
in

g
 a

n
d
 i
m

p
ro

v
in

g
. 
T

h
e
re

 i
s
 a

n
 a

rg
u
m

e
n
t 

th
a
t 
a
 s

e
rv

ic
e

-b
a
s
e
d
 a

g
re

e
m

e
n

t 
d
e
c
o

u
p
le

s
 y

o
u
r 

o
rg

a
n
is

a
ti
o

n
 f
ro

m
 a

 s
p
e
c
if
ic

 

te
c
h
n
o
lo

g
y
, 
a
n
d

 t
h
e
 r

is
k
s

a
s
s
o
c
ia

te
d
 w

it
h
 i
t

b
e
c
o
m

in
g
 o

b
s
o
le

te
 i
n
 t
h

e
 n

e
a
r 

fu
tu
re
.
If
y
o
u
a
re
s
im
p
ly
p
u
rc
h
a
s
in
g
d
a
ta
,
th
e
s
u
p
p
lie
r
ta
k
e
s
o
n
th
e
‘h
o
w
’
o
f

it
s
 c

o
lle

c
ti
o

n
. 
N

e
w

 (
a
n
d
 p

re
s
u

m
a
b
ly

 b
e
tt
e

r-
p
e

rf
o
rm

in
g
) 

h
a

rd
w

a
re

 a
n
d
 

s
o
ft
w

a
re

 c
a
n
 b

e
 s

w
a
p
p
e

d
 i
n
 a

s
 i
t 

e
m

e
rg

e
s
, 

a
t 
n
o
 c

o
s
t 

to
 t

h
e
 c

o
n
s
u

m
e
r.

 

M
e
a
n
w

h
ile

, 
th

e
 c

o
n
s
u
m

e
r 

a
v
o
id

s
 s

tr
a

n
d
e
d
 a

s
s
e
ts

. 

T
h
e
 t
ra

d
e

-o
ff
 h

e
re

 i
s
 t

h
a
t 
y
o

u
 l
o
s
e
 t

h
e
 a

b
ili

ty
 t

o
 m

a
n
a
g
e
 d

a
ta

 o
n
 y

o
u
r 

o
w

n
 

te
rm

s
, 

w
h
ic

h
 m

a
y
 h

a
v
e
 r

e
p
e

rc
u
s
s
io

n
s
 f

o
r 

h
o
w

 y
o
u
 a

re
a

b
le

 t
o
 u

s
e
 o

r 
 

s
h
a
re

 i
t.
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Y
o

u
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d
a
ta
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h

a
ri

n
g

 n
e
e

d
s

 
 Y

o
u
 w

o
u
ld

 l
ik

e
 t

o
 s

h
a
re

 d
a
ta

 w
id

e
ly

, 
b

o
th

 w
it
h
in

 

y
o
u
r 

o
rg

a
n
is

a
ti
o
n
, 
a

n
d

w
it
h
 a

 v
a
ri
e

ty
 o

f 
e
x
te

rn
a
l 

s
ta

k
e
h
o
ld

e
rs

 (
in

c
lu

d
in

g
, 

b
u
t 
n

o
t 
lim

it
e
d
 t

o
, 
th

e
 p

u
b
lic

).
 

O
p
e
n
 t
e
c
h
n
o
lo

g
y
 p

ro
v
id

e
s
 m

o
re

 f
le

x
ib

le
 o

p
ti
o

n
s
 f

o
r 

m
a
n

a
g
in

g
 d

a
ta

 a
c
c
e
s
s
 

a
n
d
 s

h
a

ri
n

g
 d

a
ta

 w
it
h
 a

 v
a
ri
e

ty
o
f 
u
s
e
rs

, 
b

o
th

 w
it
h
in

 y
o
u
r 

o
rg

a
n
is

a
ti
o
n

, 
a

n
d
 

w
it
h
 e

x
te

rn
a
l 
s
ta

k
e

h
o
ld

e
rs

. 
F

o
r 

e
x
a

m
p
le

, 
y
o

u
 w

ill
 g

e
n
e

ra
ll
y
 h

a
v
e
 t
h

e
 o

p
ti
o

n

o
f
a

c
u
s
to

m
is

e
d
‘a

p
p
lic

a
ti
o
n

p
ro

g
ra

m
m

in
g

in
te

rf
a
c
e
’
(A

P
I)

,
w

h
ic

h
p
ro

v
id

e
s

a

re
a
l-

ti
m

e
 d

a
ta

 s
tr

e
a
m

 f
ro

m
 y

o
u
r 

d
e
v
ic

e
s
 t

o
 a

 t
h
ir
d

 p
a
rt

y
. 
S

o
m

e
 p

ro
p
ri
e

ta
ry

 

p
la

tf
o
rm

s
 w

ill
 o

ff
e
r 

a
n
 A

P
I,
 b

u
t 

o
n
ly

 o
p

e
n
 p

la
tf
o
rm

s
 w

ill
 a

llo
w

 y
o
u
 t
o
 

c
u
s
to

m
is

e
 a

n
 A

P
I 
in

 a
c
c
o
rd

a
n
c
e

 w
it
h
 a

 d
e
fi
n
e
d
 d

a
ta

 u
s
e
 c

a
s
e
, 
o
r 

w
it
h
 y

o
u
r 

o
rg
a
n
is
a
ti
o
n
’s
d
a
ta
p
o
lic
y
. 

O
R

  Y
o
u
r 

o
rg

a
n
is

a
ti
o

n
 h

a
s
 m

o
d
e
s
t 
d
a
ta

 s
h
a
ri

n
g
 n

e
e
d
s
. 

Y
o
u
 a

n
ti
c
ip

a
te

 l
it
tl
e

 i
n
te

re
s
t 

in
 t

h
e
 d

a
ta

 b
e
y
o
n
d
 y

o
u
r 

im
m

e
d
ia

te
 t
e
a

m
. 
P

u
b
lic

 a
c
c
e
s
s
 t

o
 d

a
ta

 v
ia

 a
 

d
a
s
h
b
o
a

rd
 m

a
y
 b

e
 o

f 
in

te
re

s
t,

 h
o
w

e
v
e

r 
y
o
u
 d

o
 n

o
t 

in
te

n
d
 t
o

 s
h
a
re

 m
o

re
 b

ro
a
d
ly

 (
e
.g

. 
in

te
r-

o
rg

a
n
is

a
ti
o

n
a
l 

s
h
a
ri
n

g
).

 

M
o
s
t 

p
ro

p
ri
e

ta
ry

 s
e

n
s
in

g
 d

e
v
ic

e
s
 w

ill
 b

e
 t
ie

d
 t
o
 a

 p
la

tf
o

rm
 t
h
a
t 
h
a
s
 t
h
e
 o

p
ti
o
n
 

o
f 
a
 p

u
b
lic

 d
a
s
h
b

o
a
rd

. 
T

h
e
re

 m
a
y
 b

e
 s

o
m

e
 c

u
s
to

m
is

a
ti
o

n
 a

v
a
ila

b
le

, 
b

u
t 
th

is
 

m
a
y
 b

e
 s

o
m

e
w

h
a

t 
lim

it
e
d
. 

W
h
ile

 a
n
 A

P
I 
o
p
ti
o
n
 m

a
y
 e

x
is

t 
fo

r 
s
tr

e
a
m

in
g

 d
a
ta

 

to
a
 t
h
ir

d
 p

a
rt

y
, 
it
 i
s
 u

n
lik

e
ly

 t
o
 b

e
 c

u
s
to

m
is

a
b
le

. 
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6
.

E
n

v
ir
o

n
m

e
n

ta
l
fa

c
to

rs
a

n
d

ro
b

u
s
tn

e
s
s

R
e

g
io

n
a

l 
c
lim

a
te

, 
a

n
d

 t
h

e
 s

p
e

c
if
ic

 m
ic

ro
c
lim

a
te

 o
f 
a

 l
o

c
a

ti
o

n
 w

h
e
re

 y
o
u

 i
n

te
n
d

 t
o

 d
e

p
lo

y
 a

 d
e

v
ic

e
, 

w
ill

 d
e

te
rm

in
e

 t
h

e
 c

o
n

d
it
io

n
s
 t
h

a
t 
th

e
 d

e
v
ic

e
 w

ill
 b

e
 

e
x
p
o

s
e
d

 t
o

, 
s
u

p
p

o
rt

in
g
 a

 r
e

q
u

ir
e

m
e

n
t 
fo

r 
a

 c
e

rt
a

in
 l
e
v
e

l 
o

f 
d
e

v
ic

e
 r

o
b

u
s
tn

e
s
s
 a

n
d

 f
u
n

c
ti
o
n
a

lit
y
. 
E

x
tr

e
m

e
s
 o

f 
te

m
p
e

ra
tu

re
, 
d

ir
e

c
t 
w

e
a

th
e
r 

e
x
p

o
s
u

re
, 
h

ig
h

 

h
u

m
id

it
y
, 
a
n

d
 h

ig
h

 s
a

lt
 a

e
ro

s
o
ls

 c
a

n
 t
a

k
e

 t
h
e

ir
 t
o
ll 

o
n
 d

e
v
ic

e
s
 (

a
n

d
 t
h
e

ir
 m

o
u

n
ti
n

g
s
) 

a
c
ro

s
s
 t
h

e
ir

 f
u
n

c
ti
o
n

a
l 
lif

e
ti
m

e
. 

T
h

e
s
e

 h
ig

h
-l

e
v
e

l 
q
u
e

s
ti
o
n

s
 c

a
n

 h
e

lp
 y

o
u

 t
o

 c
o
n

s
id

e
r 

th
e

 e
n

v
ir
o

n
m

e
n

ta
l 
ro

b
u

s
tn

e
s
s
 r

e
q
u

ir
e
m

e
n

ts
 o

f 
y
o

u
r 

d
e

v
ic

e
s
: 

•
 

A
re

 y
o

u
r 

d
e

v
ic

e
s
 l
ik

e
ly

 t
o

 e
x
p
e

ri
e

n
c
e

 t
e

m
p

e
ra

tu
re

 e
x
tr

e
m

e
s
 (

+
3
5

/-
0

C

)?
 

•
 

A
re

 y
o

u
r 

d
e

v
ic

e
s
 l
ik

e
ly

 t
o

 e
x
p
e

ri
e

n
c
e

 h
ig

h
 s

a
lt
 c

o
n

te
n

t 
in

 t
h

e
 a

ir
?

 

•
 

A
re

 y
o

u
r 

d
e

v
ic

e
s
 l
ik

e
ly

 t
o

 e
x
p
e

ri
e

n
c
e

 h
ig

h
 h

u
m

id
it
y
?

 N
o

te
 t
h
a

t 
m

is
t/
fo

g
/c

lo
u
d

 c
o
u

n
ts

 i
n

 t
h

is
 r

e
g
a
rd

, 
a
n

d
 m

a
y
 b

e
 p

re
s
e
n

t 
a

t 
lo

w
e

r 
te

m
p
e

ra
tu

re
s
. 

H
u

m
id

it
y
 i
n

te
rf

e
re

n
c
e

 c
a

n
 b

e
 c

o
rr

e
c
te

d
 f
o
r,

 b
u

t 
if
 y

o
u
 a

n
ti
c
ip

a
te

 t
h

is
 c

h
a

lle
n

g
e

, 
th

e
n

 y
o
u

 n
e

e
d

 t
o

 c
h
e

c
k
 t
h
a

t 
th

e
 s

e
rv

ic
e

 p
ro

v
id

e
r 

c
a
n

 o
ff
e
r 

th
is

 

c
o

rr
e

c
ti
o
n

 a
s
 p

a
rt

 o
f 
a

 d
a

ta
 p

ro
v
is

io
n

 s
e

rv
ic

e
. 

 

T
h

e
 f
o

llo
w

in
g
 s

e
c
ti
o

n
 o

f 
th

is
 g

u
id

e
 w

ill
 e

x
p

lo
re

 k
e

y
 c

o
n

s
id

e
ra

ti
o

n
s
 r

e
la

te
d

 t
o

 d
e

v
ic

e
 r

o
b
u

s
tn

e
s
s
: 

IP
 r

a
ti

n
g

; 
s

o
la

r 
ra

d
ia

ti
o

n
 s

h
ie

ld
s
; 

a
n

d
 m

a
te

ri
a

ls
 u

s
e

d
. 

IP
 r

a
ti
n

g
 

A
n

 I
P

 (
in

g
re

s
s
 p

ro
te

c
ti
o

n
) 

ra
ti
n

g
 i
s
 a

 s
ta

n
d

a
rd

is
e

d
 r

a
ti
n

g
 s

y
s
te

m
 t
h

a
t 
c
e
rt

if
ie

s
 c

o
m

m
e

rc
ia

l 
p
ro

d
u

c
ts

 f
o

r 
tw

o
 c

o
re

 a
tt
ri
b

u
te

s
: 
th

e
ir

 a
b
ili

ty
 t

o
 w

it
h

s
ta

n
d

 w
a

te
r 

in
g
re

s
s
; 
a
n

d
 t
h
e

ir
 a

b
ili

ty
 t
o

 w
it
h

s
ta

n
d

 d
u

s
t 
in

g
re

s
s
. 
A

n
 I
P

 r
a

ti
n

g
 i
s
 e

x
p
re

s
s
e

d
 a

s
 t
w

o
 n

u
m

b
e

rs
. 
T

h
e

 f
ir

s
t 
c
a

n
 b

e
 0

-6
 a

n
d

 r
e

la
te

s
 t
o

 d
u

s
t 
in

g
re

s
s
, 
w

h
e

re
 6

 i
s
 t
h

e
 

h
ig

h
e

s
t 
p
o

s
s
ib

le
 p

ro
te

c
ti
o
n

. 
T

h
e

 s
e

c
o

n
d

 n
u
m

b
e

r 
c
a

n
 b

e
 0

-9
 a

n
d

 r
e

la
te

s
 t
o

 w
a

te
r 

in
g
re

s
s
, 
w

h
e

re
 9

 i
s
 t
h
e

 h
ig

h
e

s
t 
p
o

s
s
ib

le
 p

ro
te

c
ti
o
n

. 

A
w
a
te
r
in
g
re
s
s
p
ro
te
c
ti
o
n
o
f
7
e
q
u
a
te
s
to
‘p

ro
te

c
ti
o
n

 a
g
a

in
s
t 
fu

ll 
im

m
e
rs

io
n

 f
o

r 
u

p
 t
o

 3
0

 m
in

u
te

s
 a

t 
d
e

p
th

s
 b

e
tw

e
e
n

 1
5

c
m

 a
n

d
 1

m
 (

W
ik

ip
e
d

ia
, 
n

.d
.)

. 
H

ig
h
e

r 

w
a

te
r 

p
ro

te
c
ti
o
n

 r
a

ti
n

g
s
 r

e
la

te
 t
o

 i
n

g
re

s
s
 p

ro
te

c
ti
o
n

 a
t 
d

e
p

th
, 
u
n

d
e

r 
p
re

s
s
u

re
. 

T
h

e
 h

ig
h

e
s
t 
IP

 r
a

ti
n

g
 r

e
le

v
a

n
t 
fo

r 
e

le
c
tr

o
n

ic
 d

e
v
ic

e
s
 d

e
p

lo
y
e

d
 o

u
td

o
o

rs
 i
n

 u
n

s
u

b
m

e
rg

e
d

 c
o
n

te
x
ts

 i
s
 I
P

6
7
, 
w

h
ic

h
 i
s
 t
h
e

 g
o

ld
 s

ta
n

d
a

rd
 f
o

r 
s
m

a
rt

 s
e
n

s
o
rs

. 

H
o

w
e

v
e

r,
 a

n
 I
P

 r
a

ti
n

g
 o

f 
6
4

 i
s
 a

ls
o

 c
o
m

m
o
n

 w
it
h

 l
o

w
-c
o
s
t
d
e
v
ic
e
s
.
A
w
a
te
r
in
g
re
s
s
p
ro
te
c
ti
o
n
o
f
4
e
q
u
a
te
s
to
‘p

ro
te

c
ti
o
n

 a
g
a

in
s
t 
s
p

la
s
h
in

g
 w

a
te

r 
fr

o
m

 a
n

y
 

d
ir
e
c
ti
o
n
,
te
s
te
d
fo
r
a
m
in
im
u
m
o
f
1
0
m
in
u
te
s
w
it
h
a
n
o
s
c
ill
a
ti
n
g
s
p
ra
y
’.
F
o
r
m
a
n
y
d
e
v
ic
e
ty
p
e
s

, 
th

is
 w

ill
 b

e
 a

m
p

le
 p

ro
te

c
ti
o
n

 f
o

r 
th

e
 l
o

c
a

ti
o
n

 w
h
e

re
 y

o
u

 a
re

 

p
la

n
n
in

g
 t
o

 d
e

p
lo

y
, 
a

n
d

 i
n

 t
h

e
o

ry
, 
a
n

 I
P

6
4

 d
e

v
ic

e
 s

h
o

u
ld

 b
e

 f
u

lly
 p

ro
te

c
te

d
 f
ro

m
 e

v
e
n

 t
h

e
 m

o
s
t 
to

rr
e
n

ti
a

l 
a

n
d

 p
ro

lo
n

g
e
d

 r
a
in

. 

A
 h

ig
h

e
r 

IP
 r

a
ti
n

g
 m

a
y
 a

d
d

 t
o

 t
h
e

 o
v
e

ra
ll 

c
o

s
t 
o

f 
a

 d
e

v
ic

e
, 
th

o
u

g
h

 t
h
is

 i
s
 n

o
t 
a
lw

a
y
s
 t
ru

e
. 



  

3
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T
IP

: 
P

a
y
 a

tt
e

n
ti

o
n

 t
o

 t
h

e
 I
P

 r
a

ti
n

g
 w

h
e
n

 p
ro

c
u

ri
n

g
 y

o
u

r 
d

e
v

ic
e
s

  W
h
e

n
 m

a
k
in

g
 a

 p
ro

c
u

re
m

e
n

t 
d
e

c
is

io
n

, 
p
a

y
 a

tt
e
n

ti
o
n
 t
o

 t
h

e
 I
P

 r
a

ti
n

g
. 
F

ir
s
tl
y
, 
a

v
o
id

 a
n

y
 p

ro
d

u
c
ts

 t
h
a

t 
d

o
 n

o
t 
h

a
v
e

 a
n

y
 I
P

 r
a

ti
n

g
 a

t 
a

ll.
 

S
e

c
o

n
d

ly
, 
it
 i
s
 i
n
a

d
v
is

a
b
le

 t
o

 p
ro

c
u

re
 d

e
v
ic

e
s
 i
n

te
n

d
e

d
 f
o

r 
o

u
td

o
o

r 
d
e

p
lo

y
m

e
n

t 
th

a
t 
h
a

v
e

 a
n

 I
P

 r
a

ti
n

g
 o

f 
le

s
s
 t
h

a
n

 6
4

. 
F

in
a
lly

, 
if
 y

o
u

 h
a

v
e

 

tw
o

 s
im

ila
r 

c
h

o
ic

e
s
, 
b

u
t 
o
n
e

 h
a

s
 a

 h
ig

h
e

r 
IP

 r
a

ti
n

g
, 
c
o

n
s
id

e
r 

c
h
o

o
s
in

g
 i
t 
o

v
e

r 
th

e
 o

th
e

r 
o

p
ti
o

n
. 

S
o

la
r 

ra
d
ia

ti
o

n
 s

h
ie

ld
 

A
 s

o
la

r 
ra

d
ia

ti
o

n
 s

h
ie

ld
 (

s
h

o
w

n
 i
n

 t
h
e

 i
m

a
g
e

 t
o

 t
h
e

 l
e
ft

),
 o

r 
S

te
v
e

n
s
o

n
 s

c
re

e
n

, 
is

 a
 s

p
e

c
ia

l 
k
in

d
 o

f 
h
o

u
s
in

g
 

d
e

s
ig

n
e

d
 f
o
r 

m
e

te
o
ro

lo
g
ic

a
l 
s
e

n
s
o

rs
. 
It
 p

re
v
e
n

ts
 d

ir
e
c
t 
th

e
rm

a
l 
ra

d
ia

ti
o
n

 f
ro

m
 t
h

e
 s

u
n

 f
ro

m
 h

e
a

ti
n

g
 u

p
 t
h
e
 

s
e

n
s
o

r 
o
r 

s
u

rr
o
u

n
d

in
g
 c

o
m

p
o

n
e

n
ts

, 
w

h
ile

 e
n
a

b
lin

g
 t
h

e
 h

ig
h

e
s
t 
p
o

s
s
ib

le
 a

ir
fl
o

w
 a

ro
u

n
d

 t
h

e
 s

e
n

s
o

r,
 f
ro

m
 a

ll 

d
ir
e

c
ti
o
n

s
. 
A

 s
h

ie
ld

 s
h
o

u
ld

 b
e

 w
h

it
e

 o
r 

lig
h

t 
in

 c
o

lo
u

r,
 m

a
x
im

is
in

g
 r

e
fl
e

c
ti
v
it
y
 o

f 
in

fr
a
re

d
. 
It
 s

h
o

u
ld

 a
ls

o
 b

e
 

lig
h

tw
e

ig
h

t,
 a

n
d

 d
e

v
o

id
 o

f 
th

e
rm

a
l 
m

a
s
s
. 
T

ra
d

it
io

n
a

l 
s
h

ie
ld

s
 a

re
 r

e
c
ta

n
g
u

la
r 

in
 p

ro
fi
le

, 
b
u

t 
a

 l
o

t 
o

f 
s
m

a
rt

 

s
e

n
s
in

g
 d

e
v
ic

e
s
 e

m
p

lo
y
 a

 c
y
lin

d
ri

c
a

l 
d
e

s
ig

n
. 

A
 r

a
d

ia
ti
o
n

 s
h

ie
ld

 c
a

n
 m

a
k
e

 a
 d

if
fe

re
n

c
e

 o
f 
a

 f
e

w
 d

e
g
re

e
s
 t
o

 a
 t
e
m

p
e

ra
tu

re
 r

e
a
d

in
g
. 
Im

p
o

rt
a
n

tl
y
, 
c
h

e
m

ic
a

l 

g
a

s
 s

e
n

s
o
rs

 a
re

 v
e
ry

 s
u

s
c
e
p

ti
b
le

 t
o

 t
e
m

p
e

ra
tu

re
, 
s
o

 t
h

e
y
 c

a
n

 g
iv

e
 e

rr
o
n

e
o

u
s
 r

e
a

d
in

g
s
 i
f 
th

e
y
 a

re
 n

o
t 
k
e

p
t 
a

t 

th
e

 t
ru

e
 a

m
b

ie
n

t 
te

m
p
e

ra
tu

re
 f
o

r 
th

e
 l
o

c
a

ti
o
n

. 

M
a

n
y
 c

o
m

m
e

rc
ia

l 
s
e

n
s
in

g
 d

e
v
ic

e
s
 c

o
m

e
 w

it
h

 s
o

la
r 

ra
d

ia
ti
o
n

 s
h

ie
ld

s
, 
a

n
d

 m
a
n

y
 o

th
e

rs
 d

o
 n

o
t.
 A

 c
o

m
m

o
n

 

is
s
u

e
 f
o
r 

d
e

v
ic

e
s
 t
h
a

t 
la

c
k
 a

 s
o

la
r 

ra
d

ia
ti
o
n

 s
h

ie
ld

 i
s
 t
o

 b
u

ild
 u

p
 t
h
e

rm
a

l 
e
n

e
rg

y
 i
n

s
id

e
 t
h
e

 h
o

u
s
in

g
, 
d

u
e

 t
o
 

p
o
o

r 
v
e
n

ti
la

ti
o
n

, 
a

n
d

 p
o

o
r 

la
y
o
u

t 
o

f 
c
o
m

p
o

n
e

n
ts

. 
S

o
m

e
ti
m

e
s
,
a

 c
h
o

ic
e

 m
ig

h
t 
b

e
 m

a
d

e
 o

n
 t
h
e

 g
ro

u
n

d
s
 o

f 

a
e

s
th

e
ti
c
s
 o

r 
c
o

m
p

a
c
tn

e
s
s
 t
o

 f
o
re

g
o

 a
 s

h
ie

ld
 (

th
is

 c
a

n
 b

e
 a

 l
e

g
it
im

a
te

 a
p
p

ro
a

c
h

 i
n

 s
o

m
e

 c
o
n

te
x
ts

).
 

S
o

m
e

 r
u

le
s
 o

f 
th

u
m

b
: 

•
 

If
 y

o
u

r 
fo

c
u

s
 i
s
 o

n
 u

rb
a

n
 h

e
a

t 
m

o
n

it
o
ri

n
g

, 
a
n

d
 y

o
u

 c
a

re
 a

b
o

u
t 
te

m
p
e

ra
tu

re
 d

if
fe

re
n

c
e

 o
f 
a

 

d
e

g
re

e
 o

r 
tw

o
 (

a
s
 r

e
q
u
ir

e
d

 f
o

r 
th

e
 s

tu
d

y
 o

f 
th

e
 U

rb
a
n

 H
e
a

t 
Is

la
n
d

 e
ff
e

c
t)

,
th

e
n

 i
t 
is

 a
d

v
is

a
b

le
 t
o

 

u
s
e

 a
 d

e
v
ic

e
 w

it
h

 a
ra

d
ia

ti
o
n

 s
h

ie
ld

. 

•
 

If
 y

o
u

 a
re

 s
tu

d
y
in

g
 n

o
x
io

u
s
 g

a
s
e

s
 (

s
u

c
h

 a
s
 N

O
2
 o

r 
C

O
),

 y
o

u
 a

re
 a

d
v
is

e
d

 t
o

 u
s
e

 a
 d

e
v
ic

e
 w

it
h

 

a
 r

a
d

ia
ti
o
n

 s
h

ie
ld

. 

 

A
 t

e
m

p
e

ra
tu

re
 s

e
n

s
in

g
 d

e
v
ic

e
 f
it
te

d
 w

it
h

 a
 s

o
la

r 
ra

d
ia

ti
o

n
 s

h
ie

ld
. 
Im

a
g

e
 s

o
u

rc
e

: 
U

T
S
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M
a

te
ri

a
ls

 t
o

 r
e

s
is

t 
c
o

rr
o

s
io

n
 b

y
 s

a
lt
 a

e
ro

s
o

ls
 

C
e

rt
a
in

 e
n

v
ir
o
n

m
e

n
ts

 c
a
n

 c
o

rr
o
d

e
 t
h
e

 m
a

te
ri
a

ls
 u

s
e
d

 f
o

r 
fi
x
in

g
 a

 d
e

v
ic

e
 (

a
s
 s

h
o
w

n
 i
n

 t
h

e
 i
m

a
g
e

 t
o

 t
h
e

 

ri
g
h

t)
. 
M

o
s
t 
c
o
m

m
o
n

ly
, 
c
o
a

s
ta

l 
s
e

tt
in

g
s
 c

lo
s
e

 t
o

 t
h

e
 o

c
e
a

n
 t
h
a

t 
a

re
 s

u
b

je
c
t 
to

 s
a
lt
 a

e
ro

s
o

ls
 c

a
n

 c
a
u

s
e

 

th
e

 r
u

s
ti
n

g
 o

f 
s
te

e
l 
c
o

m
p

o
n

e
n

ts
. 
C

e
rt

a
in

 p
la

n
ts

 (
s
u

c
h

 a
s
 m

a
n

g
ro

v
e

s
) 

c
a

n
 a

ls
o

 e
x
c
re

te
 s

a
lt
 i
n

to
 t
h

e
 a

ir
, 

c
re

a
ti
n

g
 h

ig
h

-c
o

rr
o

s
io

n
 m

ic
ro

c
lim

a
te

s
 i
n

 t
h

e
ir

 v
ic

in
it
y
. 
T

h
e

re
 i
s
 e

v
e
n

 a
 r

is
k
 o

f 
s
a

lt
 e

x
p

o
s
u

re
 i
n

 c
o

ld
 o

r 

a
lp

in
e

 c
lim

a
te

s
, 
w

h
e

re
 s

a
lt
 i
s
 u

s
e

d
 t
o

 k
e

e
p

 r
o
a
d

s
 f
re

e
 f
ro

m
 i
c
e

, 
a

n
d

 c
a
n

 b
e

 s
p

la
s
h
e

d
 i
n

to
 t
h
e

 a
ir
 b

y
 

p
a

s
s
in

g
 t
ra

ff
ic

. 

If
 y

o
u

 k
n

o
w

 t
h

a
t 
y
o
u

r 
d
e

v
ic

e
 w

ill
 b

e
 s

u
b

je
c
t 
to

 s
u

c
h

 c
o

n
d

it
io

n
s
, 
c
h

o
o

s
e

 m
a

te
ri
a

ls
 t
h

a
t 
a

re
 r

e
s
is

ta
n

t 
to

 

s
a

lt
 c

o
rr

o
s
io

n
. 
T

h
is

 c
o
n

s
id

e
ra

ti
o
n

 m
u

s
t 
e

x
te

n
t 
to

 a
ll 

m
o

u
n

ti
n

g
 b

ra
c
k
e

ts
, 
c
o

m
p
o

n
e
n

ts
, 

 

a
n
d

 f
ix

in
g
s
. 

  

M
a
ri

n
e
-g

ra
d

e
 

s
ta

in
le

s
s
 s

te
e
l 

S
ta

n
d
a
rd

 s
ta

in
le

s
s
 s

te
e
l 
is

 n
o
t 

re
s
is

ta
n
t 
to

 s
a
lt
 w

a
te

r 
o
r 

s
a

lt
 a

e
ro

s
o
ls

 f
o
r 

a
n
y
 p

ro
lo

n
g

e
d
 p

e
ri
o

d
 o

f 
ti
m

e
. 

M
a
ri
n

e
-g

ra
d
e

 s
ta

in
le

s
s
 s

te
e
l 
(t

y
p
ic

a
lly
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”
g
ra
d
e
)
is
a
p
ro
d
u
c
t
d
e
s
ig
n
e
d
fo
r
m
a
ri
n
e
a
p
p
lic
a
ti
o
n
s
, 
a
n
d
 c

o
n
ta

in
s
 m

o
ly

b
d
e

n
u
m

 (
w

h
ic

h
 a

llo
w

s
 t

h
e
 a

llo
y
 t

o
 r

e
s
is

t 
s
o
d
iu

m
 c

h
lo

ri
d

e
).

 I
t 
is

 

m
o
re

 e
x
p
e
n
s
iv

e
 t

h
a
n
 s

ta
n
d

a
rd

 s
ta

in
le

s
s
 s

te
e
l,
 b

u
t 
s
h
o
u
ld

 b
e
 c

o
n
s
id

e
re

d
 f

o
r 

a
n
y
 d

e
p
lo

y
m

e
n

ts
 t
h
a
t 

a
re

 l
ik

e
ly

 t
o
 s

e
e

 s
a
lt
 e

x
p
o
s
u

re
. 
It
 i
s
 t

h
e
 

h
ig

h
e
s
t-

c
o
s
t 

o
p
ti
o
n

, 
b
u

t 
a
ls

o
 t

h
e
 m

o
s
t 
e
ff
e
c
ti
v
e
.

G
a
lv

a
n

is
e
d

 s
te

e
l 

G
a
lv

a
n
is

e
d
 s

te
e
l 
u
s
e
s
 a

 t
h
in

 l
a
y
e
r 

o
f 
z
in

c
 t

o
 p

ro
te

c
t 

th
e

s
te

e
l 
b
e
n
e

a
th

 f
ro

m
 c

o
rr

o
s
io

n
 b

y
 w

a
te

r.
 I

t 
w

ill
 p

ro
v
id

e
 s

o
m

e
 s

a
lt
 p

ro
te

c
ti
o

n
, 
h

o
w

e
v
e
r 

it
 i
s
 

im
p
o
rt

a
n
t 
to

 n
o
te

 t
h
a
t 
z
in

c
 a

ls
o
 o

x
id

is
e
s
 i
n
 c

o
n
ta

c
t 

w
it
h
 s

a
lt
. 

O
v
e

r 
ti
m

e
, 
o
x
id

is
e

d
 z

in
c
 w

a
s
h

e
s
 a

w
a
y
, 

u
n
ti
l 
th

e
 p

ro
te

c
ti
v
e
 g

a
lv

a
n
ic

 l
a
y
e
r 

is
 b

ro
k
e

n
, 

a
n
d
 t
h
e

 s
te

e
l 
b

e
n
e
a

th
 i
t 

is
 e

x
p

o
s
e
d
. 

G
a
lv

a
n
is

e
d
 s

te
e
l 
c
a
n
 b

e
 l
o
w

e
r-

c
o
s
t 

th
a
n
 m

a
ri
n

e
-g

ra
d
e
 s

ta
in

le
s
s
 s

te
e
l,
 a

n
d
 c

a
n

 b
e
 a

 m
o
re

 c
o

s
t-

e
ff
e
c
ti
v
e

 a
lt
e

rn
a
ti
v
e
 f

o
r

s
a
lt
 e

n
v
ir
o
n

m
e
n
ts

. 
T

h
e
 

th
ic

k
e
r 

th
e
 g

a
lv

a
n
is

in
g
, 
th

e
 l
o
n
g

e
r 

it
 w

ill
 p

ro
v
id

e
 p

ro
te

c
ti
o
n

. 

G
a
lv

a
n
is

e
d
 s

te
e
l,
 c

o
m

b
in

e
d

 w
it
h
 r

u
s
t-

re
s
is

ta
n
t 
p

a
in

t,
 c

a
n

 b
e
 a

n
 e

a
s
ie

r 
o
p
ti
o
n
 t

o
 w

o
rk

w
it
h

, 
if
 y

o
u
 w

a
n
t 
to

 d
e
v
e
lo

p
 c

u
s
to

m
 m

o
u
n
ti
n

g
 s

o
lu

ti
o

n
s
 f

o
r 

y
o
u
r 

d
e
v
ic

e
s
, 

o
r 

w
e
ld

 t
h
e

m
 t
o
 f
ix

e
d
 i
n
fr

a
s
tr

u
c
tu

re
. 

 A
 t
e

m
p

e
ra

tu
re

 a
n

d
 h

u
m

id
it
y
 s

e
n

s
in

g
 d

e
v
ic

e
 d

e
p

lo
y
e

d
  

o
n

 a
n

 o
c
e

a
n

 p
ie

r,
 s

u
ff

e
ri

n
g

 f
ro

m
 r

u
s
t 
c
o

rr
o

s
io

n
. 

 

Im
a

g
e

 s
o

u
rc

e
: 
U

T
S
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U
V

-r
e
s
is

ta
n

t 

p
la

s
ti

c
 

C
e
rt

a
in

 p
la

s
ti
c
s
 p

ro
v
id

e
 a

 c
o

rr
o
s
io

n
-r

e
s
is

ta
n
t 

a
lt
e
rn

a
ti
v
e
 f

o
r 

d
e
v
ic

e
 h

o
u
s
in

g
s
 a

n
d

 m
o
u

n
ti
n
g
 e

q
u
ip

m
e
n
t.
 I
t 

is
 i
m

p
o

rt
a

n
t 
th

a
t 
th

e
 p

la
s
ti
c
 u

s
e
d
 i
s
 

re
s
is

ta
n
t 
to

 d
e
g

ra
d

a
ti
o
n
 b

y
 U

V
 l
ig

h
t.
 I
n
 A

u
s
tr

a
lia

, 
U

V
 l
e
v
e
ls

 a
re

, 
o

n
 a

v
e

ra
g
e

, 
h
ig

h
e

r 
th

a
n
 i
n
 m

a
n
y
 o

th
e
r 

p
a
rt

s
 o

f 
th

e
 w

o
rl
d

. 

 

 

A
 N

O
T

E
 R

E
G

A
R

D
IN

G
 A

L
U

M
IN

IU
M

  

C
o

n
tr

a
ry

 t
o

 w
h

a
t 
y
o

u
 m

a
y
 t
h

in
k
, 
a

lu
m

in
iu

m
 i
s
 n

o
t 
re

s
is

ta
n

t 
to

 s
a

lt
 w

a
te

r.
 A

lt
h
o

u
g
h

 a
lu

m
in

iu
m

 d
o
e

s
 n

o
t 
ru

s
t 
lik

e
 s

te
e

l,
 i
ts

 o
u

te
r 

s
u

rf
a

c
e

 

c
o

rr
o

d
e

s
 i
n

to
 a

 w
h
it
e

, 
c
h
a

lk
y
 a

lu
m

in
iu

m
 o

x
id

e
, 
w

h
ic

h
 c

a
n

 r
u
n

 i
n

 s
tr

e
a

k
s
 f
ro

m
 a

n
y
 m

o
u
n

ti
n

g
 b

ra
c
k
e

ts
 o

r 
fi
tt
in

g
s
, 
c
re

a
ti
n

g
 a

n
 a

e
s
th

e
ti
c
 c

o
n

c
e

rn
. 

It
 i
s
 p

o
s
s
ib

le
 t
o

 c
o
a

t 
a

lu
m

in
iu

m
 t
o

 p
re

v
e

n
t 
th

is
 o

x
id

a
ti
o

n
, 
h
o

w
e

v
e
r 

c
u

s
to

m
 f
it
ti
n

g
s
 f
o

r 
p

ro
d
u

c
ts

 w
it
h

 l
im

it
e
d
 d

is
tr

ib
u

ti
o
n

 m
a

y
 n

o
t 
h

a
v
e

 h
a
d

  

s
u

c
h

 t
re

a
tm

e
n

t.
 

 Q
u

a
lit

y
 o

f 
b

u
ild

 

T
h

e
 q

u
a

lit
y
 o

f 
e
n

g
in

e
e

ri
n

g
 a

n
d

 f
a
b

ri
c
a

ti
o
n

 i
n

 a
 d

e
v
ic

e
 i
s
 s

o
m

e
th

in
g
 t
h

a
t 
is

 v
e

ry
 h

a
rd

 t
o

 d
e

fi
n
e

 o
r 

a
s
s
e

s
s
 p

ri
o

r 
to

 p
ro

c
u

re
m

e
n

t.
 N

e
v
e

rt
h
e

le
s
s
, 
it
 i
s
 a

 f
a

c
to

r 
th

a
t 

c
a

n
 v

a
ry

 g
re

a
tl
y
, 
a

n
d

 i
s
 a

 c
o
n

s
id

e
ra

ti
o
n

 f
o

r 
th

e
 r

o
b
u

s
tn

e
s
s
 a

n
d

 o
v
e

ra
ll 

p
e
rf

o
rm

a
n

c
e

 o
f 
a

 d
e

v
ic

e
 a

s
 a

 p
ie

c
e

 o
f 
p

h
y
s
ic

a
l 
h

a
rd

w
a

re
. 

T
h

e
re

 a
re

 a
 f
e

w
 f
a

c
to

rs
 a

s
s
o

c
ia

te
d

 w
it
h

 h
ig

h
- 

o
r 

lo
w

-q
u

a
lit

y
 o

f 
b
u

ild
 a

n
d

 g
e

n
e

ra
l 
p
e

rf
o

rm
a

n
c
e

 t
h

a
t 
y
o

u
 c

a
n

 b
e
a

r 
in

 m
in

d
 t
o

 a
id

 y
o

u
r 

p
ro

c
u
re

m
e

n
t 

 

d
e

c
is

io
n

-m
a

k
in

g
: 

•
 

T
ra

c
k

 r
e

c
o

rd
 o

f 
th

e
 d

e
v

ic
e

. 
If
 t
h

e
 d

e
v
ic

e
 i
n

 q
u

e
s
ti
o
n

 h
a

s
 b

e
e

n
 u

s
e
d

 s
u

c
c
e

s
s
fu

lly
 i
n

 p
a

s
t 
p

ro
je

c
ts

, 
it
 i
s
 a

 s
tr

o
n

g
 i
n
d

ic
a

ti
o
n

 o
f 
it
s
 q

u
a

lit
y
 (

a
n
d

 e
v
e

n
 

m
o

re
 s

o
 i
f 
it
 w

a
s
 u

s
e
d

 b
y
 y

o
u

r 
o
w

n
 o

rg
a

n
is

a
ti
o

n
).

 

•
 

P
ro

fi
le

 o
f 

th
e

 m
a

n
u

fa
c

tu
re

r.
 A

 n
e

w
 d

e
v
ic

e
 f
ro

m
 a

 w
e

ll-
e

s
ta

b
lis

h
e
d

 a
n

d
 t
ru

s
te

d
 m

a
n

u
fa

c
tu

re
r 

is
 l
ik

e
ly

 t
o
 b

e
 o

f 
h

ig
h

 q
u

a
lit

y
. 

•
 

P
ro

fi
le

 o
f 

th
e

 d
e

v
ic

e
 a

n
d

 w
o

rd
 o

f 
m

o
u

th
. 
S

o
m

e
 d

e
v
ic

e
s
 b

u
ild

 a
 r

e
p

u
ta

ti
o

n
 a

s
 b

e
in

g
 a

 h
ig

h
-q

u
a

lit
y
 o

p
ti
o

n
. 
If
 t
h

e
re

 i
s
 a

 d
e

v
ic

e
 t
h

a
t 
y
o
u

 a
re

 i
n

te
re

s
te

d
 

in
, 
fi
n

d
 o

u
t 
if
 i
t 
h

a
s
 b

e
e

n
 u

s
e
d

 b
y
 o

th
e

r 
o

rg
a
n

is
a

ti
o

n
s
 w

h
o

s
e

 a
s
s
e

s
s
m

e
n

t 
y
o

u
 t
ru

s
t,

 a
n
d

 r
e
a

c
h

 o
u

t 
to

 s
e
e

 w
h

a
t 
th

e
y
 t
h

o
u

g
h

t 
o

f 
it
. 

•
 

In
d

e
p

e
n

d
e

n
t 

b
e

n
c

h
m

a
rk

in
g

. 
M

o
s
t 
in

d
e
p

e
n

d
e

n
t 
b

e
n

c
h

m
a

rk
in

g
 o

f 
c
o

m
m

e
rc

ia
l 
s
e

n
s
in

g
 d

e
v
ic

e
s
 f
o

c
u

s
e

s
 o

n
 d

a
ta

 q
u
a

lit
y

. 
H

o
w

e
v
e
r,

 s
o

m
e

 s
tu

d
ie

s
 t
h
a

t 

in
c
lu

d
e

 o
u

td
o
o

r 
d
e

p
lo

y
m

e
n

t 
a

ls
o

 a
s
s
e

s
s
 r

o
b
u

s
tn

e
s
s
, 
a

n
d

 o
th

e
r 

g
e

n
e

ra
l 
p
e

rf
o
rm

a
n

c
e

 c
o

n
s
id

e
ra

ti
o
n

s
. 
It
 i
s
 a

lw
a

y
s
 w

o
rt

h
 s

e
a

rc
h
in

g
 f
o

r 
s
u

c
h

 r
e

p
o

rt
s
. 
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7
.

D
e

v
ic

e
lif

e
ti
m

e

Y
o

u
r 

c
h
o

s
e
n

 u
s
e

 c
a

s
e

 w
ill

 d
e

te
rm

in
e

 y
o

u
r 

re
q
u
ir

e
m

e
n

ts
 f
o

r 
d

e
v
ic

e
 l
if
e

ti
m

e
. 
D

if
fe

re
n

t 
c
o

m
m

e
rc

ia
l 
d

e
v
ic

e
 o

p
ti
o

n
s
 w

ill
 a

ff
o
rd

 d
if

fe
re

n
t 
fu

n
c
ti
o
n

a
l 
lif

e
ti
m

e
s
. 
T

h
e

 

fu
n

c
ti
o
n

a
l 
lif

e
ti
m

e
 o

f 
a

 s
e

n
s
in

g
 d

e
v
ic

e
 r

e
la

te
s
 t
o

 a
 c

o
m

p
le

x
 m

ix
 o

f 
fa

c
to

rs
. 
S

o
m

e
 o

f 
th

e
s
e

 m
a

y
 b

e
 c

o
n

s
id

e
re

d
 d

u
ri

n
g
 p

ro
c
u

re
m

e
n

t,
 t
o

 h
e
lp

 e
n

s
u
re

 t
h
a

t 
y
o
u

 

c
h

o
o

s
e

 a
n

 o
p

ti
o
n

 t
h

a
t 
m

e
e

ts
 y

o
u

r 
n

e
e

d
s
. 

U
n

d
e

rs
ta

n
d

 a
 d

e
v
ic

e
’s
fu
n
c
ti
o
n
a
l
lif
e
ti
m
e

, 
a

n
d

 h
o

w
 t
o

 p
ro

c
u

re
 t
h

e
 r

ig
h

t 
d

e
v
ic

e
 t
o

 m
e

e
t 
y
o

u
r 
p
ro
je
c
t’
s

n
e

e
d

s
 

A
tt

ri
b

u
te

 o
f 

a
 d

e
v
ic

e
 

th
a
t 

a
ff

e
c
ts

 i
ts

 

fu
n

c
ti

o
n

a
l 
li

fe
ti

m
e

 

E
x
p

la
n

a
ti

o
n

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

T
h

e
 c

o
m

p
le

x
it

y
 o

f 
 

a
 d

e
v
ic

e
 

T
h
e
 m

o
re

 c
o
m

p
le

x
 a

 d
e
v
ic

e
 i
s
, 

th
e
 m

o
re

 t
h
e
re

 i
s

th
a

t 
c
a
n
 g

o
 

w
ro

n
g
. 
M

o
re

 c
o
m

p
le

x
 d

e
v
ic

e
s
 m

ig
h
t 
h

a
v
e

 m
o
re

 m
o
v
in

g
 p

a
rt

s
, 

m
o
re

 i
n

d
iv

id
u
a
l 
c
o

m
p
o
n

e
n
ts

, 
a
n
d
 m

o
re

 p
o
te

n
ti
a
l 
fa

ilu
re

 p
o
in

ts
. 

S
o
m

e
ti
m

e
s
,

m
o
re

s
o
p
h
is

ti
c
a

te
d

fu
n
c
ti
o

n
a
lit

y
c
a
n

tr
a
n
s
la

te
in

to
a
 h

ig
h
e

r 
ri
s
k
 o

f 
fa

ilu
re

. 

A
v
o
id

 u
n
n
e
c
e
s
s
a
ry

 c
o

m
p
le

x
it
y
 

It
 m

a
k
e
s
 s

e
n
s
e
 t
o

 c
h
o
o
s
e
 a

 d
e
v
ic

e
 t
h
a

t 
is

a
s
 s

im
p
le

 a
n
d

 e
le

g
a
n
t 
a
s
 

p
o
s
s
ib

le
 w

h
ile

 s
ti
ll 

m
e
e
ti
n
g
 y

o
u
r 

n
e
e
d
s
. 

In
 o

th
e
r 

w
o

rd
s
, 

k
n

o
w

 
p
re

c
is

e
ly

 w
h
a
t 

y
o
u
 n

e
e
d

, 
a
n
d
 t

a
k
e
 a

 l
e

a
n
 a

p
p
ro

a
c
h
. 

S
o
m

e
 c

o
m

m
o
n
 a

d
d
it
io

n
a
l 
c
o
m

p
le

x
it
ie

s
 t

o
 b

e
 a

w
a
re

 o
f:

 

•
 

H
e
a
te

d
 a

ir
 i
n
ta

k
e

 f
o
r 

p
a
rt

ic
u
la

te
 m

o
n
it
o

rs
. 

U
s
e

fu
l 
in

 h
ig

h
 

h
u
m

id
it
y
 e

n
v
ir
o
n

m
e
n
ts

 i
f 

h
ig

h
 d

a
ta

 q
u
a
lit

y
 i
s
 r

e
q
u
ir
e

d
. 

•
 

A
d
d
it
io

n
a
l 
o
n

b
o
a
rd

 p
ro

c
e
s
s
in

g
. 
C

e
rt

a
in

 u
s
e
 c

a
s
e
s
 m

a
y
 c

a
ll 

fo
r 

th
is

, 
th

o
u

g
h
 a

lw
a
y
s
 c

o
m

p
a

re
 t
h
is

 t
o
 c

lo
u

d
-b

a
s
e
d
 p

ro
c
e
s
s
in

g
 

o
p
ti
o
n
s
. 

M
o
re

 o
n
b
o

a
rd

 p
ro

c
e
s
s
in

g
 m

a
y
 e

q
u

a
te

 t
o

 m
o
re

 
c
o
m

p
le

x
 e

le
c
tr

o
n
ic

 h
a
rd

w
a
re

 a
n
d
 m

o
re

c
o
m

p
le

x
 f

ir
m

w
a
re

, 
e
it
h
e
r 

o
f 
w

h
ic

h
 c

a
n
 g

o
 w

ro
n
g

. 
 

T
h

e
 q

u
a
li

ty
 o

f 
 

a
 d

e
v
ic

e
 

S
o
m

e
 d

e
v
ic

e
s
 a

re
 m

a
d
e
 t

o
 a

 h
ig

h
e
r 

s
ta

n
d

a
rd

 t
h
a
n
 o

th
e
rs

. 
A

 
h
ig

h
-q

u
a
lit

y
, 
w

e
ll-

e
n
g
in

e
e

re
d
 d

e
s
ig

n
 i
s
 m

o
s
t 

lik
e

ly
 t
o

 o
p
e

ra
te

 
re

lia
b
ly

 f
o

r 
it
s
 f

u
ll 

p
ro

je
c
te

d
 f
u
n
c
ti
o
n
a
l 
lif

e
ti
m

e
. 

B
a
la

n
c
e

q
u
a
lit

y
a
g
a
in

s
t

n
e
e
d
s
/b

u
d

g
e
t

P
u
rc

h
a
s
e

 a
s
 h

ig
h
 a

 q
u
a
lit

y
 d

e
v
ic

e
 a

s
 y

o
u
 c

a
n

 m
a
n

a
g
e
 o

r 
ju

s
ti
fy

, 
re

la
ti
v
e
 t
o

 y
o
u
r 
p
ro
je
c
t’
s

s
e
n
s
in

g
 n

e
e
d
s
, 
p
a

rt
ic

u
la

rl
y
 i
f 

a
 l
o

n
g
 l
if
e
ti
m

e
 

is
 a

 p
ri
o

ri
ty

. 
B

e
w

a
re

 o
f 
a
 f

a
ls

e
 e

c
o

n
o
m

y
:

a
 c

h
e
a

p
e
r 

u
p
fr

o
n

t 
o

p
ti
o
n
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A
tt

ri
b

u
te

 o
f 

a
 d

e
v
ic

e
 

th
a
t 

a
ff

e
c
ts

 i
ts

 

fu
n

c
ti

o
n

a
l 
li

fe
ti

m
e

 

E
x
p

la
n

a
ti

o
n

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

m
a
y
 r

e
s
u
lt
 i
n
 m

o
re

 o
v
e
ra

ll 
c
o
s
t 

if
 i
t 

fa
ils

 e
a

rl
y
, 
o
r 

re
q

u
ir
e
s
  

m
o
re

 m
a
in

te
n
a
n
c
e

. 

A
 l
im

it
in

g
 f
a
c
to

r 
is

 t
h
e
 t

o
ta

l 
n
u

m
b
e

r 
o
f 
d

e
v
ic

e
s
 y

o
u

 p
la

n
 t

o
 d

e
p
lo

y
. 

If
 

y
o
u
 w

a
n
t 
a

 l
a
rg

e
 n

e
tw

o
rk

, 
h
ig

h
e
r-

c
o
s
t 

d
e
v
ic

e
 o

p
ti
o

n
s
 m

a
y
 b

e
 o

ff
 t

h
e
 

ta
b
le

.
C

o
n
s
id

e
r 

w
h

a
t 
y
o
u

r 
b
u
d

g
e
t 
c
a

n
 s

tr
e

tc
h
 t
o

, 
in

 l
ig

h
t 
o

f 
y
o
u
r 

p
la

n
n
e
d
 n

e
tw

o
rk

 s
iz

e
. 

T
h

e
 l
if

e
ti

m
e
 o

f 

c
h

e
m

ic
a
l 

s
e
n

s
o

rs
 

T
h
e
 l
if
e
ti
m

e
 o

f 
c
h
e
m

ic
a
l 
s
e
n
s
o
rs

 i
s
 l
a
rg

e
ly

 a
 p

ro
d
u
c
t 

o
f 
th

e
 

le
v
e
ls

o
f 
p
o
llu

ti
o
n
 t

o
 w

h
ic

h
 t

h
a

t 
s
e
n
s
o

r 
is

 e
x
p

o
s
e
d
. 
A

 g
a
s
 

s
e
n
s
o
r 

in
c
o
rp

o
ra

te
s
 a

 c
h
e

m
ic

a
l 
a
g
e

n
t 
th

a
t 
re

a
c
ts

 w
it
h
 a

 t
a

rg
e
t 

g
a
s
 a

n
d
 s

lo
w

ly
 d

e
g

ra
d
e
s
. 

O
v
e
r 

ti
m

e
, 
it
s
 a

c
c
u
ra

c
y
 w

ill
 d

ri
ft

, 
u
n
ti
l 

it
 r

e
a
c
h
e
s
 a

 p
o
in

t 
w

h
e
re

 r
e

a
d
in

g
s
 a

re
 n

o
 l
o
n

g
e
r 

re
lia

b
le

. 
If

 
p
o
llu

ti
o
n
 l
e

v
e
ls

 a
re

 v
e
ry

h
ig

h
, 
th

is
 p

ro
c
e
s
s
 w

ill
 o

c
c
u
r 

fa
s
te

r.
  

C
o
n
s
id

e
r 

d
ri
ft

 c
o

rr
e
c
ti
o

n
 f
u
n
c
ti
o
n
a
lit

y
 

C
o
n
s
id

e
r

th
e

lo
c
a
ti
o
n

w
h

e
re

y
o
u

p
la

n
to

d
e

p
lo

y
y
o
u

r
d
e
v
ic

e
.
D

o
y
o
u

a
n
ti
c
ip

a
te

 v
e
ry

 h
ig

h
 g

a
s
 p

o
llu

ti
o

n
 l
e
v
e
ls

 t
h

ro
u
g

h
o
u
t 
th

e
 o

p
e
ra

ti
o

n
a
l

lif
e
ti
m

e
 o

f
th

e
 d

e
v
ic

e
 (

e
.g

. 
a
n

 i
n
n
e
r-

c
it
y
 s

tr
e
e
t 
c
a

n
y
o
n
; 
a

n
 e

n
c
lo

s
e
d
 

b
u
s
 d

e
p

o
t)

?
 

It
 i
s
 p

o
s
s
ib

le
 t

o
 c

o
rr

e
c
t 

fo
r 

g
a
s
 s

e
n
s
o

r 
c
a
lib

ra
ti
o
n
 d

ri
ft

. 
If
 y

o
u
 e

x
p

e
c
t 

to
 b

e
 d

e
a
lin

g
 w

it
h
 h

ig
h
 l
e

v
e
ls

 o
f 
g

a
s
 p

o
llu

ti
o

n
, 
th

e
n
 y

o
u
 s

h
o
u
ld

 c
h
e
c
k
 

th
a
t 
a
 d

e
v
ic

e
 i
n
c
lu

d
e
s
 d

ri
ft

 c
o
rr

e
c
ti
o

n
 f

u
n
c
ti
o

n
a
lit

y
, 
e
it
h

e
r 

o
n
b
o
a

rd
, 
o

r 
a
s
 c

lo
u
d
-b

a
s
e
d
 p

ro
c
e
s
s
in

g
. 

T
h

e
 l
if

e
ti

m
e
 o

f 

p
a
rt

ic
u

la
te

 s
e
n

s
o

rs
 

T
h
e
 l
if
e
ti
m

e
 o

f 
p
a
rt

ic
u
la

te
 s

e
n
s
o
rs

 i
s
 a

 p
ro

d
u
c
t 

o
f 

m
o
v
in

g
 p

a
rt

s
 

(f
a
n
 f
a
ilu

re
 i
s
 n

o
t 
u
n
c
o
m

m
o

n
),

 a
n
d
 p

a
rt

ic
le

 d
e
p
o
s
it
io

n
 o

n
 

c
o
m

p
o
n

e
n
ts

 a
n
d
 r

e
c
e
p
to

rs
 o

v
e

r 
ti
m

e
. 

T
h
e
 l
a
tt

e
r 

c
o

n
s
tr

a
in

t 
w

a
s
 s

h
o
w

n
 i
n
 a

 s
tu

d
y
 t

o
 b

e
 a

 l
im

it
in

g
 

fa
c
to

r 
fo

r 
s
e
n
s
o
rs

 d
e
p
lo

y
e
d

 d
u
ri

n
g
 a

 s
u
m

m
e

r 
o
f 

e
x
c
e
p
ti
o

n
a
lly

 
h
e
a
v
y
 b

u
s
h
fi
re

 s
m

o
k
e
 (
A
u
s
tr
a
lia
’s

 2
0
1
9
/2

0
2
0

 ‘
B
la
c
k
S
u
m
m
e
r’
).

 

B
e
 a

w
a
re

 o
f 

th
e
 l
im

it
s
 i
m

p
o
s
e

d
 b

y
 h

ig
h

-p
o
llu

ti
o
n
 e

n
v
ir
o
n

m
e
n
ts

 

C
o
n
s
id

e
r 

th
e
 l
o
c
a
ti
o
n
 w

h
e

re
 y

o
u

 p
la

n
 t

o
 d

e
p
lo

y
 y

o
u

r 
d
e
v
ic

e
. 
D

o
 y

o
u
 

a
n
ti
c
ip

a
te

 v
e
ry

 h
ig

h
 p

a
rt

ic
u
la

te
 p

o
llu

ti
o
n

 l
e
v
e
ls

 t
h

ro
u
g

h
o
u
t 

th
e
 

o
p
e
ra

ti
o
n
a
l 
lif

e
ti
m

e
 o

f 
th

e
 d

e
v
ic

e
 (

e
.g

. 
h
ig

h
 d

u
s
t 

a
s
s
o
c
ia

te
d
 w

it
h
 a

 
c
o
n
s
tr

u
c
ti
o

n
 s

it
e
)?

 

L
o
w

-c
o
s
t 

p
a
rt

ic
u
la

te
 s

e
n
s
o
rs

 u
s
e
 a

 l
a
s
e

r 
lig

h
t-

s
c
a
tt
e

ri
n

g
 t

e
c
h
n
o
lo

g
y
 

c
a
lle

d
 a

 n
e

p
h
e
lo

m
e
te

r.
 P

a
rt

ic
le

 d
e
p
o
s
it
io

n
 c

h
a
lle

n
g
e
s
 a

re
 d

if
fi
c
u
lt
 t

o
 

a
d
d
re

s
s
 w

it
h
 t
h
is

 t
e
c
h
n
o
lo

g
y
, 
b
e
c
a

u
s
e

 s
u
c
h
 s

e
n
s
o

rs
 c

a
n

n
o
t 
b
e
 

c
le

a
n
e
d
 a

s
 p

a
rt

 o
f 
a

n
y
 m

a
in

te
n
a

n
c
e
 r

o
u
ti
n
e
. 
H

ig
h

-p
re

c
is

io
n
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A
tt

ri
b

u
te

 o
f 

a
 d

e
v
ic

e
 

th
a
t 

a
ff

e
c
ts

 i
ts

 

fu
n

c
ti

o
n

a
l 
li

fe
ti

m
e

 

E
x
p

la
n

a
ti

o
n

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

p
a
rt

ic
u
la

te
 s

e
n
s
o

rs
 h

a
v
e
 r

e
p
la

c
e
a
b
le

 f
ilt

e
rs

 t
h
a
t 
g

e
t 
a
ro

u
n

d
 t
h
is

 
is

s
u
e
; 
h
o
w

e
v
e

r,
 t
h

e
s
e
 f
a
ll 

w
e
ll 

o
u
ts

id
e
 a

n
y
 r

e
a
s
o

n
a
b
le

 d
e

fi
n

it
io

n
 o

f 
‘lo
w

-c
o
s
t’
, 
a
n
d

 a
re

 n
o
t 
a

 p
ro

c
u
re

m
e
n
t 
c
o

n
s
id

e
ra

ti
o
n
. 

T
h
e

re
fo

re
, 

th
e
 

b
e
s
t 

p
ro

c
u
re

m
e
n
t 

a
d
v
ic

e
 i
s
 t

o
 b

e
 a

w
a
re

 o
f 
th

is
 a

s
 a

 p
o
te

n
ti
a
lly

 
lim

it
in

g
 f
a
c
to

r,
 a

n
d
 t
o
 a

c
c
e
p
t 
it
 a

s
 p

a
rt

 o
f 
y
o

u
r 

b
u
s
in

e
s
s
 m

o
d
e
l.
 I

f 
y
o

u
 

n
e
e
d
 t
o

 u
s
e
 s

e
n
s
o
rs

 i
n

 a
 h

ig
h

-p
a

rt
ic

u
la

te
 e

n
v
ir

o
n
m

e
n
t,
 p

la
n
 f
o
r 

a
 

s
h
o
rt

e
r 

o
p
e

ra
ti
o
n

a
l 
lif

e
ti
m

e
. 

 

 

B
a
tt

e
ry

 l
if

e
 

B
a
tt
e
ry

 l
if
e
 i
s
 a

 p
ro

d
u
c
t 

o
f:

 

B
a
tt

e
ry

 t
y
p

e
 (

g
e
n

e
ra

lly
: 

le
a
d
 a

c
id

, 
a
lk

a
lin

e
, 

L
it
h
iu

m
-I

o
n

).
 L

-I
o
n
 

b
a
tt
e
ri
e

s
 d

e
liv

e
r 

th
e
 h

ig
h
e
s
t 

lo
n
g

-t
e
rm

 p
e
rf

o
rm

a
n
c
e
 a

n
d
 

lif
e
ti
m

e
, 
b
u

t 
a
re

 m
o
re

 e
x
p

e
n
s
iv

e
. 

B
a
tt

e
ry

 s
iz

e
 (

w
h
ic

h
 o

ft
e
n
 e

q
u
a

te
s
 t

o
 t

h
e
 s

iz
e
 o

f 
th

e
 d

e
v
ic

e
 

it
s
e
lf
).

 I
f 
y
o

u
 w

a
n
t 

a
 v

e
ry

 c
o
m

p
a
c
t 
o
p
ti
o

n
, 
th

e
n
 y

o
u
 a

re
 l
ik

e
ly

 
g
o
in

g
 t
o
 h

a
v
e
 a

 s
m

a
lle

r 
b
a
tt

e
ry

, 
a

n
d
 a

 s
h
o
rt

e
r 

b
a
tt
e
ry

 l
if
e

. 

P
o

w
e
r 

c
y
c
li
n

g
 (

th
e
 n

u
m

b
e

r 
o
f 
ti
m

e
s
 a

 b
a
tt
e

ry
 i
s
 d

ra
in

e
d
 o

f 
p
o
w

e
r 

a
n
d
 r

e
c
h
a
rg

e
d
).

 D
e
e
p
e

r 
d
is

c
h

a
rg

e
 c

y
c
le

s
 c

a
n

h
a
v
e
 a

 
g
re

a
te

r 
im

p
a
c
t 

o
n
 b

a
tt
e

ry
 l
if
e
. 

D
is

c
h

a
rg

e
 o

f 
a
 b

a
tt

e
ry

b
e
lo

w
 a

 c
ri

ti
c
a
l 
th

re
s
h

o
ld

, 
w

h
ic

h
 c

a
n
 

a
ri
s
e
 w

h
e

re
 p

o
w

e
r 

d
e

m
a
n
d

 e
x
c
e
e

d
s
 d

a
ily

 s
o
la

r 
re

c
h
a
rg

e
 

c
a
p
a
c
it
y
, 
a
n

d
 c

a
n
 c

a
u
s
e

 p
e
rm

a
n
e
n

t 
d
a
m

a
g
e
. 

F
o
r 

d
e
v
ic

e
s
 r

e
lia

n
t 
u
p

o
n
 a

 s
in

g
le

 b
a

tt
e
ry

 f
o
r 

th
e
ir
 d

e
p
lo

y
e

d
 

lif
e
ti
m

e
 (

w
it
h
 n

o
 m

a
in

s
 o

r 
s
o
la

r 
re

c
h
a

rg
e
 c

a
p
a
c
it
y
),

 s
o
m

e
 

a
d
d
it
io

n
a
l 
fa

c
to

rs
 c

o
m

e
 i
n
to

 p
la

y
: 

L
it
h
iu

m
-I

o
n

w
it
h
 c

h
a
rg

e
 p

ro
te

c
ti
o

n
 

C
h
o
o
s
e
 L

it
h
iu

m
-i
o

n
 b

a
tt

e
ri
e

s
w

h
e
re

 b
u
d
g

e
t 
a
llo

w
s
 (

fo
r 

b
a
tt

e
ry

-o
n
ly

 
a
n
d
 b

a
tt

e
ry

-s
o
la

r 
s
e
t-

u
p
s
).

 

If
 u

s
in

g
 s

o
la

r,
 c

h
e
c
k
 t
h
a
t 

th
e
 d

e
v
ic

e
 h

a
s
 b

u
ilt

-i
n

 p
ro

te
c
ti
o

n
 t
o
 p

re
v
e
n
t 

b
a
tt
e
ry

 c
h
a
rg

e
 r

u
n
n
in

g
 t

o
o
 l
o
w

, 
a
n
d
 d

a
m

a
g
in

g
 r

e
c
h
a
rg

e
 c

a
p
a
c
it
y
. 

A
d
e
q
u
a
te

 s
o
la

r 
p

a
n
e
l 
s
iz

e
 f

o
r 

y
o

u
r 

p
la

n
n
e

d
 l
o
c
a
ti
o
n

 

E
n
s
u
re

 t
h
a

t 
th

e
s
o
la

r 
p

a
n
e
l 
is

 l
a

rg
e
 e

n
o
u
g

h
 t
o
 m

e
e
t 

d
e
m

a
n
d
 i
n
 t
h
e

 
p
la

n
n
e
d
 d

e
p
lo

y
m

e
n
t 
lo

c
a
ti
o
n
, 

b
e
c
a
u
s
e
 c

o
n
s
is

te
n
t 
u

n
d
e
rc

h
a
rg

in
g

 
c
a
n
 d

a
m

a
g
e
 t

h
e
 o

p
e
ra

ti
o
n
a
l 
lif

e
ti
m

e
 o

f 
th

e
 b

a
tt
e
ry

. 
A

ls
o
 c

o
n
s
id

e
r 

th
e
 

n
e
e
d
 t
o

 p
e
ri

o
d
ic

a
lly

 i
n

s
p
e
c
t 
a
n
d
 c

le
a
n
 p

a
n
e
ls

, 
to

 m
a
in

ta
in

  
o
p
ti
m

a
l 
fu

n
c
ti
o

n
a
lit

y
.

U
n
d
e
rs

ta
n
d
 y

o
u

r
s
p
e
c
if
ic

 p
la

c
e

-b
a
s
e
d
 d

a
ta

 r
e
q
u
ir

e
m

e
n
ts

 

If
 y

o
u
 p

la
n
 t
o
 f

o
c
u

s
 a

ir
 q

u
a
lit

y
 m

o
n
it
o

ri
n

g
 i
n
 a

 v
e
ry

 s
p
e
c
if
ic

 a
n
d
 

re
la

ti
v
e
ly

 c
o
n

fi
n
e
d
 l
o

c
a
lit

y
 (

s
u
c
h

 a
s
 a

 s
in

g
le

 t
ra

n
s
p
o

rt
 h

u
b

),
 a

n
d
 y

o
u
r 

a
im

 i
s
 t
o
 u

n
d
e
rs

ta
n
d
 h

ig
h
ly

 l
o
c
a
lis

e
d
 p

o
llu

ti
o

n
 s

o
u

rc
e
s
 a

n
d
 d

is
p
e
rs

a
l 

p
a
tt
e
rn

s
, 

th
e

n
 h

ig
h

e
r 

s
a

m
p
lin

g
ra

te
 a

n
d
 r

e
p
o
rt

in
g
 i
n
te

rv
a
l 
m

a
y
 h

e
lp

. 



  

4
0

 

A
tt

ri
b

u
te

 o
f 

a
 d

e
v
ic

e
 

th
a
t 

a
ff

e
c
ts

 i
ts

 

fu
n

c
ti

o
n

a
l 
li

fe
ti

m
e

 

E
x
p

la
n

a
ti

o
n

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

S
a
m

p
li
n

g
 r

a
te

3
 a

n
d

 r
e
p

o
rt

in
g

 i
n

te
rv

a
l4

. 
If
 y

o
u
 w

a
n
t 

th
e
s
e

 t
o
 

b
e
 h

ig
h
 (

g
e
n

e
ra

lly
 m

o
re

 i
m

p
o
rt

a
n
t 
fo

r 
v
e

ry
 f

o
c
u
s
e
d

, 
p
la

c
e

-
b
a
s
e
d
 i
n
q

u
ir
y
),

 t
h
e
n
 b

a
tt
e

ry
 p

o
w

e
r 

g
e

ts
 u

s
e
d
 u

p
 m

o
re

 q
u
ic

k
ly

. 

C
o

m
m

u
n

ic
a
ti

o
n

s
 c

o
v
e
ra

g
e
 a

n
d

 s
tr

e
n

g
th

. 
F

o
r 

L
P

W
A

N
 

te
c
h
n
o
lo

g
ie

s
 (

w
h
ic

h
 t

e
n
d
 t

o
 b

e
 t

h
e
 o

n
ly

 t
y
p
e
 c

o
m

p
a

ti
b
le

 w
it
h
 

b
a
tt
e
ry

-o
n
ly

 p
o
w

e
r 

s
u

p
p
ly

),
 h

ig
h
e

r 
p
o
w

e
r 

d
e

m
a
n
d
 i
s
 a

s
s
o

c
ia

te
d
 

w
it
h
a
h
ig
h
e
r
‘s
p
re
a
d
in
g
fa
c
to
r’

(w
h
ic

h
 c

a
n
 b

e
 t
h
o
u

g
h
t 
o
f 

a
s
 

‘h
o
w
h
a
rd
th
e
d
e
v
ic
e
tr
ie
s
to
b
e
h
e
a
rd
w
h
e
n
it
tr
a
n
s
m
it
s
it
s

d
a
ta
’)
. 
A

 h
ig

h
e
r 

s
p
re

a
d
in

g
 f

a
c
to

r 
is

 o
ft
e
n
 n

e
c
e
s
s
a

ry
 i
n

 l
o
c
a
ti
o
n
s
 

w
it
h
 w

e
a
k
e
r 

s
ig

n
a
l 
c
o
v
e

ra
g
e

 o
r 

s
tr

e
n
g

th
 (

e
.g

. 
fu

rt
h
e

r 
fr

o
m

 a
 

g
a
te

w
a
y
).

 T
h
e

 r
e
s
u
lt
: 

if
 y

o
u
 a

re
 d

e
p
lo

y
in

g
 s

o
m

e
w

h
e
re

 w
it
h
 

w
e
a
k
 c

o
m

m
u
n
ic

a
ti
o
n
s
 c

o
v
e
ra

g
e
, 
y
o
u
r 

b
a
tt
e

ry
 w

ill
 n

o
t 

la
s
t 

 
a
s
 l
o

n
g
. 

O
n

b
o

a
rd

 p
ro

c
e
s
s
in

g
 c

a
p

a
c
it

y
. 

M
o
re

 s
o
p

h
is

ti
c
a
te

d
 d

e
v
ic

e
s
 

m
ig

h
t 
d
e
liv

e
r 

h
ig

h
e
r 

d
a
ta

 q
u
a
lit

y
 t
h

ro
u
g

h
 m

o
re

 a
d
v
a
n
c
e
d
 

o
n
b
o
a

rd
 p

ro
c
e
s
s
in

g
, 

b
u
t 
y
o
u
 m

a
y
 p

a
y
 f

o
r 

th
is

 w
it
h

 s
h
o
rt

e
r 

b
a
tt
e
ry

 l
if
e
. 
T

h
e
 a

lt
e

rn
a
ti
v
e
 i
s
 g

re
a
te

r 
re

lia
n
c
e

 u
p
o
n

 c
lo

u
d

-
b
a
s
e
d
 p

ro
c
e
s
s
in

g
, 
w

h
ic

h
 i
s
 i
n
c
re

a
s
in

g
ly

 a
 v

ia
b
le

 o
p
ti
o

n
 t
h

a
t 

c
a
n
 s

u
p
p

o
rt

 m
o
re

 p
o
w

e
r-

o
p
ti
m

is
e
d
 d

e
v
ic

e
s
. 

If
 t
h
is

 i
s
 a

 c
o

n
s
id

e
ra

ti
o
n
, 
c
o

n
s
id

e
r 

m
a
in

s
 p

o
w

e
r 

o
r 

s
o
la

r 
if
 t

h
e
 l
if
e
ti
m

e
 

o
f 
th

e
 d

e
v
ic

e
 i
s
 a

ls
o
 a

 c
o
n
c
e
rn

. 

D
y
n
a
m

ic
 s

p
re

a
d
in

g
 f

a
c
to

r 

If
 y

o
u
 a

re
 u

s
in

g
 b

a
tt

e
ry

-o
n
ly

 d
e
v
ic

e
s
 o

n
 a

 L
P

W
A

N
 n

e
tw

o
rk

, 
a
n
d
 y

o
u
 

th
in

k
 y

o
u
 m

a
y
 b

e
 d

e
p
lo

y
in

g
 i
n
 l
o

c
a

ti
o
n
s
 w

it
h

m
o
re

 m
a
rg

in
a
l 
s
ig

n
a
l 

c
o
v
e
ra

g
e
, 
y
o
u
 c

a
n
 d

is
c
u

s
s
 o

p
ti
o
n
s
 f
o
r 

u
s
in

g
 a

 d
y
n
a

m
ic

 s
p

re
a
d
in

g
 

fa
c
to

r 
w

it
h
 t

h
e
 d

e
v
ic

e
 s

u
p

p
lie

r.
 T

h
is

 i
s
 a

 c
o

n
fi
g
u

ra
b
le

 s
e

tt
in

g
 t
h
a
t 

a
llo

w
s
 a

 d
e
v
ic

e
 t

o
 a

d
ju

s
t 
it
s
 s

p
re

a
d
in

g
 f
a
c
to

r 
a
c
c
o

rd
in

g
 t

o
 n

e
e
d
, 

o
p
ti
m

is
in

g
 t

h
e
 u

s
e

 o
f 
p
o
w

e
r 

fo
r 

e
a
c
h
 d

e
v
ic

e
 i
n
 y

o
u
r 

n
e
tw

o
rk

. 
In

 t
u

rn
, 

th
is

 h
e
lp

s
 t

o
 m

a
x
im

is
e

 b
a
tt

e
ry

 l
if
e
 f

o
r 

e
a
c
h
 d

e
v
ic

e
. 

   

 

3
 S

a
m

p
lin

g
 r

a
te

 r
e
fe

rs
 t

o
 t
h
e

 f
re

q
u
e
n
c
y
 t

h
a
t 
a

 d
e
v
ic

e
 t

a
k
e

s
 a

 m
e
a
s
u
re

m
e
n
t 
o
f 

a
 g

iv
e

n
 p

a
ra

m
e
te

r.
 F

o
r 

e
x
a
m

p
le

, 
a
 g

a
s
 s

e
n
s
o
r 

re
a
d
in

g
 m

ig
h
t 
b
e
 t

a
k
e
n

e
v
e
ry

 t
w

o
 s

e
c
o
n

d
s
 f

o
r 

a
 6

0
-s

e
c
o
n
d
 p

e
ri
o

d
, 
p
ro

d
u
c
in

g
 3

0
 r

e
a
d
in

g
s
 t

h
a
t 

a
re

 c
o
m

b
in

e
d
 t
o
 p

ro
d

u
c
e
 a

n
 o

u
tp

u
t 
e
x
p

re
s
s
e
d
 a

s
 a

 m
e
a
n
 o

r 
m

e
d
ia

n
. 
H

ig
h
 s

a
m

p
lin

g
 r

a
te

 c
a
n
b
e
u
s
e
fu
l
fo
r
‘s
m
o
o
th
in
g
o
u
t’

h
ig

h
ly

 l
o
c
a

lis
e
d
 a

n
d
 t
im

e
-b

o
u
n
d
 p

o
llu

ti
o

n
 c

o
n
c
e

n
tr

a
ti
o

n
s
 i
n
 l
o
c
a
ti
o
n
s
 s

u
c
h
 a

s
 b

u
s
y
 r

o
a
d
s
id

e
s
, 

p
ro

v
id

in
g
 a

 m
o
re

 r
e
p

re
s
e
n
ta

ti
v
e
 f

ig
u
re

 f
o
r 

th
a
t 
lo

c
a
ti
o
n
 o

v
e
r 

a
 p

e
ri
o

d
. 

4
 R

e
p
o
rt

in
g
 i
n
te

rv
a
l 
re

fe
rs

 t
o

 t
h
e
 f

re
q
u

e
n
c
y
 t

h
a
t 
a
 d

e
v
ic

e
 s

e
n
d
s
 l
iv

e
 d

a
ta

 p
a
c
k
e
ts

 o
v
e

r 
a
 c

o
m

m
u

n
ic

a
ti
o
n
s
 n

e
tw

o
rk

. 
E

a
c
h
 t
im

e
 a

 p
a
c
k
e
t 

is
 s

e
n
t,
 p

o
w

e
r 

is
 u

s
e
d
. 
A

 d
e
v
ic

e
 t
h

a
t 

re
p
o
rt

s
 o

n
c
e
 a

n
 h

o
u
r 

w
ill

 u
s
e

 a
 q

u
a
rt

e
r 

o
f 
th

e
 p

o
w

e
r 

fo
r 

c
o
m

m
u
n
ic

a
ti
o
n
s
 t

h
a
t 
a
 d

e
v
ic

e
 r

e
p
o
rt

in
g
 o

n
c
e

 e
v
e

ry
 1

5
m

in
u
te

s
 w

o
u
ld

u
s
e
. 



  

4
1

 

A
tt

ri
b

u
te

 o
f 

a
 d

e
v
ic

e
 

th
a
t 

a
ff

e
c
ts

 i
ts

 

fu
n

c
ti

o
n

a
l 
li

fe
ti

m
e

 

E
x
p

la
n

a
ti

o
n

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

M
o

d
u

la
ri

ty
 

A
 m

o
d
u
la

r 
d
e
v
ic

e
 h

a
s
 t

h
e
 p

o
te

n
ti
a
l 
to

 b
e
 r

e
c
o
n
fi
g
u

re
d
 o

r 
u
p
d
a
te

d
 o

v
e

r 
it
s
 f

u
n
c
ti
o
n
a
l 
lif

e
ti
m

e
. 
T

h
is

 c
a
n
 h

e
lp

 t
o

 e
x
te

n
d
 

d
e
v
ic

e
 l
if
e
ti
m

e
 i
n
 t
w

o
 w

a
y
s
: 

C
o
m

p
o
n
e

n
ts

 s
u
c
h

 a
s
 g

a
s
 s

e
n
s
o

rs
 o

r 
b
a
tt
e

ri
e

s
 c

a
n
 s

o
m

e
ti
m

e
s
 

b
e
 r

e
p
la

c
e
d
,
w

h
ic

h
 c

a
n
 s

ig
n
if
ic

a
n
tl
y
 e

x
te

n
d
 t

h
e
 l
if
e
ti
m

e
 o

f 
th

e
 

d
e
v
ic

e
. 

H
o
w

e
v
e

r,
 t
h

e
 c

o
s
t/

b
e
n
e
fi
t 

o
f 
re

c
a
ll,

 r
e
fu

rb
is

h
m

e
n
t,

 a
n
d
 

re
d
e
p
lo

y
m

e
n
t 
is

 a
 f
a
c
to

r 
to

 c
o
n
s
id

e
r.

 

S
o
m

e
 d

e
v
ic

e
s
 r

e
a
c
h

 t
h
e
 e

n
d
 o

f 
th

e
ir
 f

u
n
c
ti
o

n
a
l 
lif

e
ti
m

e
 p

ri
o
r 

to
 

a
n
y
 s

o
rt

 o
f 
c
o
m

p
o
n
e

n
t 
fa

ilu
re

, 
d

u
e
 t
o
 b

e
in

g
 r

e
d
u

n
d
a
n

t 
in

 t
e
rm

s
 

o
f 
th

e
ir
 f

u
n
c
ti
o

n
a
lit

y
, 
re

la
ti
v
e
 t
o
 t

h
e
 a

im
s
 o

f 
th

e
 o

rg
a
n
is

a
ti
o

n
. 
A

 
m

o
re

 m
o
d
u
la

r 
d
e
s
ig

n
 g

iv
e
s
 f

le
x
ib

ili
ty

 t
o
 r

e
p
u
rp

o
s
e

 a
 d

e
v
ic

e
 t
o
 a

 
n
e
w

 p
ro

je
c
t 
o
r 

u
s
e
 c

a
s
e

, 
e
x
te

n
d
in

g
 i
ts

 f
u
n
c
ti
o

n
a
l 
lif

e
ti
m

e
. 

A
 d

e
g
re

e
 o

f 
m

o
d
u
la

ri
ty

 m
ig

h
t 

h
e
lp

 

C
o
n
s
id

e
r 

a
 m

o
d

u
la

r 
d

e
v
ic

e
 i
f 

lif
e
ti
m

e
 i
s
 a

 b
ig

 f
a
c
to

r 
fo

r 
y
o

u
r 

p
ro

je
c
t.

 
A

 r
e
p
la

c
e
a
b
le

 b
a
tt

e
ry

 i
s
 t
h

e
 m

o
s
t 
im

p
o

rt
a
n
t 

fe
a
tu

re
 i
n
 t

h
is

 i
n

s
ta

n
c
e
. 

R
e
p
la

c
e
a
b
le

 g
a
s
 s

e
n
s
o

rs
 a

re
 a

ls
o
 w

o
rt

h
 c

o
n
s
id

e
ri
n

g
. 
C

o
n

fi
rm

 a
ll 

c
o
s
ts

 a
n
d
 t
im

e
fr

a
m

e
s
 a

s
s
o
c
ia

te
d

 w
it
h
 c

o
m

p
o
n
e

n
t
re

p
la

c
e

m
e
n
t 
w

it
h
 

th
e
 d

e
v
ic

e
 s

u
p
p
lie

r,
 a

s
 p

a
rt

 o
f 
in

it
ia

l 
p
ro

c
u
re

m
e
n
t 

n
e
g

o
ti
a
ti
o
n
s
. 

N
o
te

 t
h
a
t 

m
o
d
u
la

r 
d

e
v
ic

e
s
 m

a
y
 c

o
m

p
ro

m
is

e
 o

n
 c

o
m

p
a
c
tn

e
s
s
. 

 
 



  

4
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8
.

P
o

w
e

r
s
u

p
p

ly
:

b
a

tt
e

ry
,

s
o

la
r,

o
r

m
a

in
s

p
o

w
e

r

W
h
e

n
 y

o
u

 p
ro

c
u

re
 a

 s
e
n

s
in

g
 d

e
v
ic

e
, 
y
o

u
 m

u
s
t 
d

e
c
id

e
 o

n
 a

 p
o

w
e
r 

s
u

p
p

ly
 o

p
ti
o

n
 t
h
a

t 
s
u

p
p

o
rt

s
 y

o
u
r 

c
h

o
s
e
n

 u
s
e

 c
a

s
e

, 
a
n

d
 w

o
rk

s
 w

it
h

in
 t
h

e
 p

ra
c
ti
c
a

l 

c
o

n
s
tr

a
in

ts
 o

f 
y
o

u
r 

p
ro

je
c
t.
  

T
h

e
 p

o
w

e
r 

s
u
p

p
ly

 o
p

ti
o
n

 f
o

r 
a

 s
e

n
s
in

g
 d

e
v
ic

e
 c

a
n

 b
e

 e
it
h
e

r 
b

a
tt
e
ry

-o
n

ly
, 
s
o

la
r 

p
lu

s
 b

a
tt
e
ry

, 
o

r 
m

a
in

s
 s

u
p

p
ly

. 
T

h
e

 p
a

rt
ic

u
la

r 
c
o

m
b

in
a

ti
o

n
 o

f 
d

e
v
ic

e
 a

tt
ri
b
u

te
s
 

w
ill

 d
e

te
rm

in
e

 t
h
e

 b
e

s
t 
p

o
w

e
r 

s
u
p
p

ly
 o

p
ti
o
n

, 
a

n
d

 m
a
y
 r

u
le

 o
u

t 
s
o
m

e
 o

p
ti
o

n
s
 e

n
ti
re

ly
. 
A

 g
re

a
t 
d
e

a
l 
o

f 
a

d
d
e

d
 c

o
m

p
le

x
it
y
 c

o
m

e
s
 w

it
h

 a
 c

o
n

s
id

e
ra

ti
o

n
 o

f 

d
e
p

lo
y
m

e
n

t 
c
o

n
te

x
t 
a

n
d

 o
p

e
ra

ti
o

n
s
. 

T
h
is

 n
e

x
t 
s
e

c
ti
o
n

 w
ill

 h
e

lp
 y

o
u

 t
o

 m
a

k
e

 a
n

 i
n

fo
rm

e
d

 p
o

w
e

r 
s
u

p
p

ly
 d

e
c
is

io
n

. 

8
.1

. 
T

h
e

 i
m

p
lic

a
ti
o
n

s
 o

f 
fi
x
e

d
 d

e
v
ic

e
 a

tt
ri

b
u

te
s
 f

o
r 

p
o

w
e

r 
d
e

m
a

n
d
 

D
e
v
ic

e
 a

tt
ri

b
u

te
s

 
B

a
tt

e
ry

-o
n

ly
 

S
o

la
r 

+
 b

a
tt

e
ry

 
M

a
in

s
 

T
y
p

e
 o

f 
s
e
n

s
o

rs
 

T
e
m

p
e

ra
tu

re
 a

n
d
  

H
u
m

id
it
y
 o

n
ly

 

A
d
e
q
u
a
te

 f
o
r 

d
e
v
ic

e
s
 t

h
a
t 
u
s
e
 l
o

w
-p

o
w

e
r 

c
o
m

m
u
n
ic

a
ti
o
n
s
 (

L
o
R

a
W

A
N

, 
S

ig
fo

x
, 

N
B

Io
T

).
 

G
o
o
d
 f
o

r 
a
ll 

o
p
ti
o
n
s
. 

O
n
ly

 n
e
c
e
s
s
a

ry
 f

o
r 

d
e
v
ic

e
s
 t

h
a
t 
u
s
e
 

h
ig

h
-p

o
w

e
r 

c
o

m
m

u
n
ic

a
ti
o

n
s
 (

3
G

/4
G

, 
W

i-
F

i)
, 

o
r 

fo
r

v
e
ry

 

h
ig

h
s
a
m

p
lin

g
ra

te
s

o
r

re
p

o
rt

in
g

in
te

rv
a
ls

(u
n
c
o
m

m
o
n
).

G
a
s
 s

e
n
s
o

rs
 

G
e
n
e
ra

lly
 n

o
t 
s
u
it
a
b
le

. 
O

n
e
 o

f 
th

e
s
e
 p

o
w

e
r 

o
p
ti
o
n
s
 i
s
 r

e
q
u
ir

e
d

, 
in

 m
o
s
t 

c
a
s
e
s
. 

P
a
rt

ic
u
la

te
 s

e
n
s
o
r 

C
o

m
m

u
n

ic
a
ti

o
n

s
 

te
c
h

n
o

lo
g

y
 

W
i-
F

i 
G

e
n
e
ra

lly
 n

o
t 
s
u
it
a
b
le

. 
A

d
e
q
u
a
te

 f
o
r 

a
ll 

c
o
m

m
u
n
ic

a
ti
o
n
s
 o

p
ti
o
n
s
 

(p
ro

v
id

in
g
 o

th
e
r 

p
o
w

e
r 

d
e
m

a
n

d
 i
s
 m

in
im

is
e

d
).

 

A
d
e
q
u
a
te

 f
o
r 

a
ll 

d
e
v
ic

e
 

c
o
m

m
u
n
ic

a
ti
o
n
s
 o

p
ti
o
n
s
. 

 

N
o
 l
im

it
a
ti
o

n
s
. 

3
G

/4
G

 

L
P

W
A

N
 

(L
o
R

a
W

A
N

/S
ig

fo
x
) 

G
e
n
e
ra

lly
 s

u
it
a
b
le

 (
p
ro

v
id

in
g
 o

th
e
r 

p
o
w

e
r 

d
e
m

a
n

d
 i
s
 m

in
im

is
e

d
).

 



  

4
3

 

D
e
v
ic

e
 a

tt
ri

b
u

te
s

 
B

a
tt

e
ry

-o
n

ly
 

S
o

la
r 

+
 b

a
tt

e
ry

 
M

a
in

s
 

N
B

Io
T

 
P

o
s
s
ib

le
 (

p
ro

v
id

in
g
 o

th
e
r 

p
o
w

e
r 

d
e
m

a
n
d
  

is
m

in
im

is
e
d
).

O
n

b
o

a
rd

 

p
ro

c
e
s
s

in
g

 

L
o
w

 o
n
b
o

a
rd

 p
ro

c
e
s
s
in

g
 

(p
o
w

e
r-

o
p
ti
m

is
e
d
) 

A
d
e
q
u
a
te

 f
o
r 

d
e
v
ic

e
s
 t

h
a
t 
ru

n
 

T
e
m

p
e

ra
tu

re
/H

u
m

id
it
y
 s

e
n
s
o
rs

 o
n
ly

. 

A
d
e
q
u
a
te

 f
o
r 

a
ll 

d
e
v
ic

e
s
 

(p
ro

v
id

in
g
 o

th
e
r 

p
o
w

e
r 

d
e
m

a
n

d
is

m
in

im
is

e
d
).

A
d
e
q
u
a
te

 f
o
r 

a
ll 

d
e
v
ic

e
s
. 

N
o
 l
im

it
a
ti
o

n
s
. 

H
ig

h
 o

n
b
o

a
rd

 p
ro

c
e
s
s
in

g
 

N
o
t 
p
o
s
s
ib

le
. 

M
a
y
 b

e
 i
m

p
ra

c
ti
c
a
l,
 a

s
 i
t 

re
q
u
ir

e
s
 a

 v
e

ry
 l
a

rg
e
 p

a
n

e
l 

a
n
d

b
a
tt

e
ry

.

 8
.2

. 
D

e
p

lo
y
m

e
n

t 
a

n
d

 o
p
e

ra
ti
o
n

a
l 
fa

c
to

rs
 t
h

a
t 
m

ig
h

t 
im

p
a

c
t 
y
o

u
r 

p
re

fe
rr

e
d

 p
o

w
e

r 
s
u

p
p
ly

 o
p

ti
o

n
 

D
e
p

lo
y
m

e
n

t 
a

n
d

 
o

p
e
ra

ti
o

n
a

l 
fa

c
to

rs
 t

h
a

t 
m

ig
h

t 
im

p
a

c
t 

y
o

u
r 

p
re

fe
rr

e
d

 p
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
 

P
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
s

 i
m

p
a
c
te

d
 

E
x
p

la
n

a
ti

o
n

 o
f 

th
e
 i
s
s

u
e

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

L
o

c
a
ti

o
n

s
 w

it
h

 

m
a

rg
in

a
l 

c
o

m
m

u
n

ic
a
ti

o
n

s
 

s
ig

n
a

l 
s
tr

e
n

g
th

 

B
a
tt
e
ry

-o
n
ly

 
M

a
rg

in
a

l 
s
ig

n
a

l 
s
tr

e
n

g
th

 m
a

y
 b

e
 a

 p
ro

b
le

m
 f
o

r 

d
e

v
ic

e
s
 t
h

a
t 
re

ly
 u

p
o
n

 L
P

W
A

N
 c

o
m

m
u

n
ic

a
ti
o

n
s
 

te
c
h

n
o

lo
g
ie

s
 (

L
o

R
a

W
A

N
 a

n
d

 S
ig

fo
x
).

 T
h

is
 i
s
 

g
e

n
e

ra
lly

 t
h

e
 r

e
s
u

lt
 o

f:
 

•
 

A
 l
o

n
g
 d

is
ta

n
c
e

 t
o

 g
a

te
w

a
y
s
 

•
 

L
im

it
e

d
 n

u
m

b
e
r 

o
f 
g
a

te
w

a
y
s
 

O
n

e
 a

p
p
ro

a
c
h

 t
o

 d
e
a

lin
g
 w

it
h

 m
a
rg

in
a
l 
s
ig

n
a

l 

s
tr
e
n
g
th
is
to
in
c
re
a
s
e
th
e
‘s
p
re
a
d
in
g
fa
c
to
r’
o
f

a
 d

e
v
ic

e
. 
T

h
is

 m
a

y
 b

e
 t
h
o

u
g
h

t 
o

f 
a

s
 h

o
w

 h
a
rd

 a
 

d
e

v
ic

e
 t
ri

e
s
 t
o

 b
e

 h
e
a

rd
 b

y
 n

e
a
rb

y
 g

a
te

w
a

y
s
. 
If
 

it
 t
ri

e
s
 h

a
rd

e
r,

 i
t 
u

s
e

s
 u

p
 m

o
re

 p
o

w
e

r.
 T

h
u

s
, 
y
o

u
 

c
a

n
 a

c
c
o

u
n

t 
fo

r 
a

 d
e
p

lo
y
m

e
n

t 
lo

c
a

ti
o
n

 w
it
h
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D
e
p

lo
y
m

e
n

t 
a

n
d

 
o

p
e
ra

ti
o

n
a

l 
fa

c
to

rs
 t

h
a

t 
m

ig
h

t 
im

p
a

c
t 

y
o

u
r 

p
re

fe
rr

e
d

 p
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
 

P
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
s

 i
m

p
a
c
te

d
 

E
x
p

la
n

a
ti

o
n

 o
f 

th
e
 i
s
s

u
e

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

•
 

U
n

d
u

la
ti
n

g
 t
e

rr
a

in
 

•
 

T
a

ll 
b
u

ild
in

g
s
 i
n

 t
h

e
 w

a
y
 

•
 

D
e

n
s
e

 v
e

g
e

ta
ti
o
n

 i
n

 t
h
e

 w
a

y
. 

m
a

rg
in

a
l 
s
ig

n
a

l,
 b

u
t 
th

e
 t
ra

d
e

-o
ff
 i
s
 r

e
d
u

c
e
d

 

b
a

tt
e

ry
 l
if
e

. 
F

o
r 

b
a

tt
e
ry

-o
n

ly
 d

e
v
ic

e
s
, 
th

is
 c

a
n

 

c
u

t 
th

e
ir

 o
p
e

ra
ti
o
n

a
l 
lif

e
ti
m

e
 b

y
 a

s
 m

u
c
h

 a
s
 h

a
lf
. 

If
 y

o
u

 a
re

 u
s
in

g
 L

P
W

A
N

 c
o

m
m

u
n

ic
a

ti
o

n
s
, 
 

a
n
d

 y
o

u
 t
h

in
k
 t
h
a

t 
m

a
rg

in
a
l 
s
ig

n
a

l 
s
tr

e
n

g
th

 m
a

y
 

b
e

 a
n

 i
s
s
u
e

 f
o

r 
s
o

m
e

 l
o

c
a

ti
o
n

s
 (

b
u

t 
y
o

u
 p

la
n

 t
o

 

d
e
p

lo
y
 b

a
tt
e
ry

-o
n

ly
 d

e
v
ic

e
s
),

 m
a

k
e

 s
u
re

 y
o

u
 

s
p

e
a

k
 t
o

 t
h

e
 p

ro
s
p
e

c
ti
v
e

 s
u
p

p
lie

r 
a
b

o
u

t 

s
p

re
a

d
in

g
 f
a

c
to

r,
 a

n
d

 m
a

k
e

 s
u

re
 t
h

is
 i
s
 

s
o

m
e

th
in

g
 t
h
e

y
 c

a
n

 c
u

s
to

m
is

e
 f
o
r 

y
o

u
. 
S

u
c
h

 

c
u

s
to

m
 c

o
n

fi
g
u

ra
ti
o
n

 i
s
 n

o
t 
a

lw
a

y
s
 p

o
s
s
ib

le
. 

In
s
o
m
e
c
a
s
e
s
,
a
‘d
y
n
a
m
ic
s
p
re
a
d
in
g
fa
c
to
r’

c
a

n
 b

e
 i
m

p
le

m
e
n

te
d

. 
H

e
re

, 
th

e
 d

e
v
ic

e
 i
s
 s

m
a

rt
 

e
n
o

u
g
h

 t
h
a

t 
it
 a

d
a

p
ts

 i
ts

 s
p

re
a
d

in
g
 f
a

c
to

r 

a
u

to
m

a
ti
c
a

lly
, 
in

 r
e

s
p

o
n

s
e

 t
o

 t
h
e

 s
ig

n
a

l 
s
tr

e
n

g
th

 

th
a

t 
it
 d

e
te

c
ts

. 
It
 w

ill
 s

e
tt
le

 o
n

 a
 s

p
re

a
d

in
g
 f
a

c
to

r 

th
a

t 
is

 o
p

ti
m

is
e

d
 t
o

 t
h
e

 l
o

c
a

ti
o
n

 y
o
u

 d
e

p
lo

y
 i
t 
in

. 

R
e

p
o

rt
in

g
 i
n

te
rv

a
l 

B
a

tt
e

ry
-o

n
ly

; 

S
o

la
r 

+
 b

a
tt
e
ry

 

N
e

a
r-

re
a
l-

ti
m

e
 d

a
ta

 r
e

p
o

rt
in

g
 i
s
 w

h
e

re
 a

 d
e

v
ic

e
 

p
e

ri
o
d

ic
a
lly

 t
ra

n
s
m

it
s
 a

 p
a

c
k
e

t 
o

f 
d
a

ta
. 
T

h
e

 

re
p
o

rt
in

g
 i
n

te
rv

a
l 
is

 t
h
e

 p
e

ri
o

d
 t
h
a

t 
e

la
p

s
e

s
 

b
e

tw
e

e
n

 e
a

c
h

 t
ra

n
s
m

is
s
io

n
, 
a

n
d

 i
t 
c
a
n

 b
e

 

T
o

 h
e
lp

 o
p

ti
m

is
e

 t
h
e

 p
o

w
e
r 

u
s
e

 o
f 
a

 d
e

v
ic

e
 t
h

a
t 

re
lie

s
 u

p
o
n

 b
a

tt
e

ri
e

s
 o

r 
s
o

la
r 

p
o

w
e
r,

 i
t 
is

 

a
d

v
is

a
b
le

 t
o

 h
a

v
e

 a
 c

le
a

r 
u

n
d

e
rs

ta
n
d

in
g
 o

f 
th

e
 

re
p
o

rt
in

g
 i
n

te
rv

a
l 
re

q
u

ir
e
d

 t
o

 s
u
p

p
o

rt
 y

o
u

r 
d
a

ta
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D
e
p

lo
y
m

e
n

t 
a

n
d

 
o

p
e
ra

ti
o

n
a

l 
fa

c
to

rs
 t

h
a

t 
m

ig
h

t 
im

p
a

c
t 

y
o

u
r 

p
re

fe
rr

e
d

 p
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
 

P
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
s

 i
m

p
a
c
te

d
 

E
x
p

la
n

a
ti

o
n

 o
f 

th
e
 i
s
s

u
e

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

c
u

s
to

m
is

e
d

 t
o

 m
e
e

t 
th

e
 n

e
e
d

s
 o

f 
a

 p
a
rt

ic
u

la
r 

d
a

ta
 u

s
e

 c
a

s
e

. 
T

y
p

ic
a

l 
re

p
o

rt
in

g
 i
n

te
rv

a
ls

 t
e
n

d
 

to
 v

a
ry

 b
e

tw
e
e

n
 1

0
 a

n
d

 6
0

 m
in

u
te

s
. 

E
a

c
h

 t
im

e
 a

 d
e

v
ic

e
 t
ra

n
s
m

it
s
 d

a
ta

 i
t 
u

s
e

s
 

p
o

w
e

r,
 s

o
 a

 s
h

o
rt

e
r 

re
p

o
rt

in
g
 i
n

te
rv

a
l 
m

e
a

n
s
 a

 

g
re

a
te

r 
p

o
w

e
r 

d
e
m

a
n

d
. 

u
s
e

 c
a

s
e

. 
D

o
 y

o
u

 n
e

e
d

 d
a

ta
 e

v
e

ry
 t
e
n

 m
in

u
te

s
, 

o
r 

w
ill

 h
o
u

rl
y
 r

e
p

o
rt

s
 d

o
?

 O
n

c
e

 y
o

u
 u

n
d
e

rs
ta

n
d

 

y
o

u
r 

n
e
e

d
s
, 
y
o
u

 c
a
n

 a
v
o

id
 a

n
 o

v
e

ri
n

v
e

s
tm

e
n

t 

o
f 
p

o
w

e
r 

in
 u

n
n
e

c
e

s
s
a

ri
ly

 s
h

o
rt

  

re
p
o

rt
in

g
 i
n

te
rv

a
ls

. 

L
o

c
a
ti

o
n

s
 w

it
h

 l
o

w
 

s
o

la
r 

e
x

p
o

s
u

re
 

S
o

la
r 

p
o

w
e

r 
D

e
v
ic

e
s
 w

it
h

 s
o
la

r 
p

o
w

e
r 

c
a

n
 b

e
 d

e
p
lo

y
e

d
 

a
n

y
w

h
e
re

 w
it
h

 a
t 
le

a
s
t 
1

2
0

 d
e

g
re

e
s
 o

f 
c
le

a
r 

s
k
y
 

w
it
h

in
 t
h

e
 1

8
0
-d

e
g
re

e
 n

o
rt

h
e

rn
 a

s
p

e
c
t.
 T

h
is

 

g
iv

e
s
 a

c
c
e

s
s
 t
o

 a
 b

ro
a
d

 r
a
n

g
e

 o
f 
lo

c
a

ti
o

n
s
 

w
h

e
re

 i
t 
w

o
u

ld
 b

e
 i
m

p
o

s
s
ib

le
 t
o

 a
c
c
e

s
s
  

m
a

in
s
 p

o
w

e
r.

 

S
o

la
r 

e
x
p
o

s
u
re

 c
a
n

 v
a
ry

 s
ig

n
if
ic

a
n

tl
y
 a

s
 a

 r
e

s
u

lt
 

o
f 
d

e
p

lo
y
m

e
n

t 
lo

c
a

ti
o
n

 a
n

d
 t
im

e
: 

•
 

B
u

ild
in

g
s
 a

n
d

 t
re

e
s
 c

a
n

 c
a

u
s
e

 a
lt
e

rn
a

ti
n

g
 

p
e

ri
o
d

s
 o

f 
d

ir
e

c
t 
s
u
n

 a
n

d
 f
u

ll 
s
h
a

d
e

 

th
ro

u
g
h

o
u

t 
a

 d
a

y
 

•
 

T
re

e
s
 c

a
n

 p
ro

v
id

e
 s

h
a

d
e

 i
n

 s
u

m
m

e
r,

 b
u

t 

n
o

t 
in

 w
in

te
r 

If
 y

o
u

 p
la

n
 t
o

 u
s
e

 s
o

la
r,

 a
n

d
 y

o
u

 t
h
in

k
 t
h
a

t 
s
o

la
r 

e
x
p
o

s
u

re
 m

a
y
 b

e
 a

 c
o
n

c
e

rn
, 
c
o
n

s
id

e
r 

u
s
in

g
 a

 

la
rg

e
r 

s
o

la
r 

p
a

n
e

l 
to

 c
o
m

p
e

n
s
a

te
. 
H

o
w

e
v
e

r,
 i
t 
is

 

n
o

te
d

 t
h
a

t 
p

u
b

lic
 l
o

c
a

ti
o

n
s
 t
e
n

d
 t
o

 d
e
m

a
n

d
 l
o

w
-

p
ro

fi
le

 e
q
u

ip
m

e
n

t 
a

n
d

 l
o
w

 p
o
le

 c
lu

tt
e

r,
 w

h
ic

h
 

c
a

n
 e

x
c
lu

d
e

 t
h
e

 u
s
e

 o
f 
la

rg
e

 p
a
n
e

ls
. 
L

a
rg

e
 

p
a
n

e
ls

 c
a

n
 a

ls
o

 r
e

q
u

ir
e

 m
o

re
 r

o
b

u
s
t 
m

o
u
n

ti
n

g
s
 

to
 d

e
a

l 
w

it
h

 h
ig

h
e

r 
w

in
d

 l
o

a
d

in
g
, 
w

h
ic

h
 c

a
n

 

s
ig

n
if
ic

a
n

tl
y
 i
n

c
re

a
s
e

 i
n

s
ta

lla
ti
o
n

 c
o

s
ts

 a
c
ro

s
s
 

m
u

lt
ip

le
 d

e
v
ic

e
s
. 

T
h

e
 o

th
e
r 

o
p

ti
o
n

 t
e

n
d

s
 t
o

 b
e

 t
o

 s
w

it
c
h

 t
o

 m
a

in
s
 

p
o

w
e

r 
fo

r 
d

e
v
ic

e
s
 i
n

 m
o
re

 s
h

a
d

e
d

 l
o

c
a

ti
o
n

s
. 

T
h

is
 i
s
 c

o
m

m
o
n

 f
o

r 
u

s
e

 c
a

s
e

s
 l
ik

e
 s

tr
e
e

t 

c
a

n
y
o

n
 m

o
n
it
o

ri
n

g
, 
w

h
e
re

 t
h
e

re
 t
e

n
d

s
 t
o

 b
e

 

g
o

o
d

 a
c
c
e

s
s
 t
o

 m
a

in
s
 p

o
w

e
r.
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D
e
p

lo
y
m

e
n

t 
a

n
d

 
o

p
e
ra

ti
o

n
a

l 
fa

c
to

rs
 t

h
a

t 
m

ig
h

t 
im

p
a

c
t 

y
o

u
r 

p
re

fe
rr

e
d

 p
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
 

P
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
s

 i
m

p
a
c
te

d
 

E
x
p

la
n

a
ti

o
n

 o
f 

th
e
 i
s
s

u
e

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

•
 

P
ro

lo
n

g
e

d
 p

e
ri

o
d

s
 o

f 
p
o

o
r 

w
e
a

th
e

r 
m

a
y

re
d
u

c
e

 t
o

ta
l 
d
a

ily
 s

o
la

r 
e

x
p

o
s
u

re
 b

e
lo

w
 a

 

c
ri

ti
c
a

l 
th

re
s
h

o
ld

. 

W
in

te
r 

s
u
n

lig
h

t 
is

 l
e

s
s
 i
n

te
n

s
e

, 
a
n
d

 d
a

y
s
 a

re
 

s
h

o
rt

e
r.

 T
h

is
 m

a
y
 r

e
d
u

c
e

 t
o

ta
l 
d
a

ily
 s

o
la

r 

e
x
p
o

s
u

re
 b

e
lo

w
 a

 c
ri

ti
c
a

l 
th

re
s
h

o
ld

. 

Y
o

u
 s

h
o

u
ld

 a
ls

o
 c

o
n

s
id

e
r

h
o

w
 m

u
c
h

 r
is

k
 o

f 

d
e

v
ic

e
 d

ro
p

-o
u

t 
(a

n
d

 c
o

rr
e

s
p
o
n

d
in

g
 g

a
p

s
 i
n

 t
h
e

 

d
a

ta
) 

d
u

e
 t
o

 s
o
la

r 
fa

ilu
re

 i
s
 a

c
c
e
p

ta
b

le
 f
o

r 
y
o
u

r 

c
h

o
s
e

n
 u

s
e

 c
a

s
e

. 

T
h

e
 a

v
a

il
a

b
il
it

y
 o

f 

lo
c

a
ti

o
n

s
 w

it
h

 

a
c
c

e
s

s
ib

le
 m

a
in

s
 

p
o

w
e

r 

M
a

in
s
 p

o
w

e
r 

D
e

v
ic

e
s
 r

e
lia

n
t 
u

p
o

n
 m

a
in

s
 p

o
w

e
r 

a
re

 l
im

it
e

d
 t
o

 

lo
c
a

ti
o

n
s
 w

h
e
re

 p
o

w
e

r 
is

 a
v
a

ila
b

le
. 
A

p
p

ro
v
a

l 
fo

r 

c
o

n
n

e
c
ti
o

n
 i
s
 n

o
t 
a

lw
a

y
s
 a

c
h

ie
v
a
b

le
. 
A

p
p

ro
v
a

l,
 

w
h

e
re

 i
t 
is

 p
o

s
s
ib

le
, 
is

 a
ls

o
 l
ik

e
ly

 t
o

 b
e

 m
o

re
 

c
o

m
p
le

x
 a

n
d

 p
ro

lo
n

g
e
d

. 

If
 y

o
u

 i
n

te
n

d
 t
o

 m
a

k
e

 u
s
e

 o
f 
m

a
in

s
 p

o
w

e
r,

 i
t 
is

 

a
d

v
is

a
b
le

 t
h
a

t 
y
o

u
 m

o
u
n

t 
d
e

v
ic

e
s
 o

n
 a

s
s
e

ts
 

th
a

t 
b

e
lo

n
g
 t
o

 y
o

u
r 

o
rg

a
n

is
a

ti
o
n

 (
e

.g
. 
s
tr

e
e

t 

p
o

le
s
, 
b

u
ild

in
g
 f
a

c
a
d

e
s
).

  

In
te

rm
it

te
n

t 
m

a
in

s
 

p
o

w
e

r 

M
a

in
s
 p

o
w

e
r 

M
a

in
s
 p

o
w

e
r 

c
a

n
 b

e
 i
n

te
rm

it
te

n
t.
 F

o
r 

 

e
x
a

m
p

le
, 
s
tr

e
e

t 
lig

h
t 
c
ir
c
u

it
s
 o

ft
e

n
 s

w
it
c
h

 o
ff
 

d
u

ri
n

g
 t
h

e
 d

a
y
. 

 

A
d

d
 a

 b
a

tt
e

ry
 t
o

 y
o

u
r 

d
e

v
ic

e
 t
h
a

t 
re

c
h

a
rg

e
s
 

fr
o

m
 m

a
in

s
 p

o
w

e
r 

a
t 
n

ig
h

t,
 a

n
d

 p
ro

v
id

e
s
 p

o
w

e
r 

b
a

c
k
 t
o

 t
h
e

 d
e

v
ic

e
 t
h
ro

u
g
h

o
u

t 
th

e
 d

a
y
. 

C
o

s
t 

o
f 

in
s

ta
ll
in

g
 

m
a

in
s

 p
o

w
e

r 

 

M
a

in
s
 p

o
w

e
r 

 
C

o
n
n

e
c
ti
o

n
 o

f 
a

 d
e

v
ic

e
 t
o

 m
a

in
s
 p

o
w

e
r 

re
q
u

ir
e

s
 

a
 l
ic

e
n

s
e
d

 e
le

c
tr

ic
ia

n
. 
O

ft
e

n
, 
p

o
w

e
r 

n
e
e

d
s
 t
o

 b
e

 

e
x
te

n
d

e
d

 f
ro

m
 a

 n
e

a
rb

y
 s

o
u

rc
e

, 
a
n

d
 c

o
n

v
e
rt

e
d

 

C
o
n
s
id
e
r
th
e
‘h
id
d
e
n
c
o
s
ts
’
o
f
m
a
in
s
p
o
w
e
r

c
o

n
n

e
c
ti
o

n
, 
w

h
ic

h
 m

a
y
 b

e
 m

u
c
h

 h
ig

h
e

r 
th

a
n

 t
h

e
 

c
o

s
t 
o

f 
in

s
ta

lli
n

g
 s

o
la

r-
p
o

w
e

re
d

 d
e

v
ic

e
s
. 
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D
e
p

lo
y
m

e
n

t 
a

n
d

 
o

p
e
ra

ti
o

n
a

l 
fa

c
to

rs
 t

h
a

t 
m

ig
h

t 
im

p
a

c
t 

y
o

u
r 

p
re

fe
rr

e
d

 p
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
 

P
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
s

 i
m

p
a
c
te

d
 

E
x
p

la
n

a
ti

o
n

 o
f 

th
e
 i
s
s

u
e

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

th
ro

u
g
h

 a
 t
ra

n
s
fo

rm
e

r 
to

 t
h
e

 a
p
p

ro
p
ri

a
te

 

v
o

lt
a

g
e

. 
If
 y

o
u

 a
re

 d
e
p

lo
y
in

g
 o

n
 s

tr
e

e
t 
p

o
le

s
, 

th
e

 i
n

s
ta

lle
r 

w
ill

 n
e

e
d

 a
 ‘
w

o
rk

in
g
 a

t 
h

e
ig

h
ts
’ 

lic
e
n

c
e

, 
a
n

d
 m

a
y
 a

ls
o

 n
e

e
d

 h
ig

h
 v

o
lt
a

g
e

 (
H

V
) 

c
e

rt
if
ic

a
ti
o

n
 i
f 
th

e
y
 a

re
 w

o
rk

in
g
 c

lo
s
e

 t
o

 

o
v
e

rh
e
a
d

 H
V

 c
a

b
le

s
. 
T

h
e

y
 m

a
y
 r

e
q
u

ir
e

 t
h
e

 u
s
e

 

o
f 
a

 t
e

le
lif

t,
 o

r 
c
h
e

rr
y
 p

ic
k
e
r.

 T
h
e

 i
n

s
ta

lla
ti
o

n
 

it
s
e

lf
 w

ill
 t
a

k
e

 l
o
n

g
e

r 
th

a
n

 a
 s

o
la

r 
in

s
ta

ll.
 A

ll 
o

f 

th
is

 c
a

n
 a

m
o

u
n

t 
to

 i
n

s
ta

lla
ti
o

n
 c

o
s
ts

 f
a

r 
h

ig
h
e

r 

th
a

n
 a

n
y
 a

s
s
o

c
ia

te
d

 w
it
h

 t
h
e

 i
n

s
ta

lla
ti
o
n

 o
f 
s
o

la
r 

o
r 

b
a

tt
e

ry
-o

n
ly

 d
e

v
ic

e
s
. 

O
b

ta
in

 a
 s

c
h
e

m
a

ti
c
 f
o
r 

c
o

m
p

le
te

 i
n

s
ta

lla
ti
o
n

 

fr
o

m
 y

o
u

r 
d
e

v
ic

e
 s

u
p

p
lie

r,
 a

n
d

 s
e

n
d

 t
h

is
 t
o

 

e
le

c
tr

ic
a

l 
c
o

n
tr

a
c
to

rs
 t
o

 o
b

ta
in

 a
 q

u
o

te
 a

s
 e

a
rl

y
 

a
s
 y

o
u

 c
a

n
, 
to

 g
iv

e
 y

o
u

 a
 c

le
a
r 

id
e

a
 o

f 
w

h
a

t 

th
e

s
e

 c
o

s
ts

 w
ill

 b
e

. 

T
im

e
 f

o
r 

in
s

ta
ll
a

ti
o

n
 

a
p

p
ro

v
a

ls
 

M
a

in
s
 p

o
w

e
r 

In
s
ta

lla
ti
o
n

 o
f 
a

 s
m

a
rt

 d
e

v
ic

e
 o

n
 a

n
y
 a

s
s
e

t 

re
q
u

ir
e

s
 d

e
ta

ile
d

 p
ro

p
o

s
a
ls

, 
a

n
d

 a
n

 a
p
p

ro
v
a
l 

p
ro

c
e

s
s
. 
T

h
e

 c
o

m
p

le
x
it
y
 o

f 
a

 p
ro

p
o

s
a

l,
 a

n
d

 t
h
e

 

ti
m

e
 t
a

k
e
n

 f
o

r 
it
 t
o

 b
e

 a
s
s
e

s
s
e
d

 a
n

d
 a

p
p

ro
v
e
d

, 

te
n

d
s
 t
o

 b
e

 m
u

c
h

 h
ig

h
e

r 
fo

r 
m

a
in

s
-p

o
w

e
re

d
 

in
s
ta

lla
ti
o

n
s
 t
h
a

n
 i
t 
is

 f
o

r 
s
o

la
r 

o
r 

b
a

tt
e
ry

-o
n

ly
 

in
s
ta

lla
ti
o

n
s
. 
In

 c
a

s
e

s
 w

h
e

re
 t
h

e
 m

o
u

n
ti
n

g
 

a
s
s
e

t 
a
n

d
/o

r 
p
o

w
e
r 

s
u
p

p
ly

 i
s
 n

o
t 
o
w

n
e

d
 o

r 

m
a

n
a

g
e
d

 b
y
 y

o
u

r 
o
rg

a
n

is
a

ti
o

n
, 
th

is
 p

ro
c
e

s
s
 w

ill
 

b
e

 e
v
e

n
 l
o

n
g
e

r.
 T

h
e

re
 c

a
n

 o
ft
e

n
 b

e
 m

u
lt
ip

le
 

If
 y

o
u

 a
re

 p
la

n
n

in
g
 m

a
in

s
-p

o
w

e
re

d
 i
n

s
ta

lla
ti
o
n

s
, 

a
n
d

 y
o

u
 a

re
 d

e
liv

e
ri
n

g
 a

 p
ro

je
c
t 
w

it
h

in
 a

  

d
e

fi
n

e
d

 t
im

e
fr

a
m

e
, 
th

e
n

 y
o
u

 n
e
e

d
 t
o

 a
llo

w
 

e
n
o

u
g
h

 t
im

e
 t
o

 a
p

p
ro

v
e

 t
h

e
 i
n

s
ta

lla
ti
o

n
s
. 
It
 i
s
 

e
n

ti
re

ly
 p

o
s
s
ib

le
 t
h

a
t 
d
e

p
lo

y
m

e
n

ts
 c

a
n

 b
e

 

d
e

la
y
e
d

 b
y
 m

o
n

th
s
. 

G
e

t 
th

e
 b

a
ll 

ro
lli

n
g
 e

a
rl

y
. 
A

t 
th

e
 p

ro
c
u

re
m

e
n

t 

s
ta

g
e

, 
o

b
ta

in
 a

s
 m

u
c
h

 i
n

fo
rm

a
ti
o
n

 a
s
 y

o
u

 c
a
n

 

fr
o

m
 y

o
u

r 
d
e

v
ic

e
 s

u
p

p
lie

r
a

b
o

u
t 
th

e
 s

p
e

c
if
ic

 

in
s
ta

lla
ti
o

n
 r

e
q
u

ir
e

m
e

n
ts

, 
a
n

d
 m

a
k
e

 e
a
rl

y
 



  

4
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D
e
p

lo
y
m

e
n

t 
a

n
d

 
o

p
e
ra

ti
o

n
a

l 
fa

c
to

rs
 t

h
a

t 
m

ig
h

t 
im

p
a

c
t 

y
o

u
r 

p
re

fe
rr

e
d

 p
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
 

P
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
s

 i
m

p
a
c
te

d
 

E
x
p

la
n

a
ti

o
n

 o
f 

th
e
 i
s
s

u
e

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

d
e
p

a
rt

m
e
n

ts
 o

r 
o
rg

a
n
is

a
ti
o

n
s
 t
h
a

t 
n

e
e

d
 t
o

 

a
p
p

ro
v
e

 y
o
u

r 
p
la

n
. 

in
q
u

ir
ie

s
 t
o

 r
e

le
v
a
n

t 
a

u
th

o
ri
ti
e

s
. 
Y

o
u

 m
a

y
 b

e
 

a
b

le
 t
o

 c
o
n

d
u

c
t 

m
o

s
t 
o

f 
th

e
 a

p
p

ro
v
a
l 
p

ro
c
e

s
s
 

b
e

fo
re

 y
o

u
 e

v
e

n
 r

e
c
e

iv
e

 t
h
e

 p
h

y
s
ic

a
l 
h
a

rd
w

a
re

. 

O
p

e
ra

ti
o

n
a

l 
c

o
s
ts

 
S

o
la

r 
p

o
w

e
r 

M
a

in
s
 p

o
w

e
r 

A
ll 

th
re

e
 p

o
w

e
r 

s
u

p
p

ly
 o

p
ti
o
n

s
 h

a
v
e

 o
n

g
o

in
g
 

o
p
e

ra
ti
o
n

a
l 
c
o

s
ts

. 

B
a

tt
e

ry
-o

n
ly

d
e

v
ic

e
s

m
a

y
h

a
v
e

th
e

lo
w

e
s
t

o
p
e

ra
ti
o
n

a
l 
c
o

s
ts

, 
p

a
rt

ic
u

la
rl

y
 i
f 
b
a

tt
e

ry
 

re
p
la

c
e

m
e

n
t 
is

 n
o

t 
p

la
n
n

e
d

 w
it
h

in
 t
h
e

 l
if
e

ti
m

e
 o

f 

th
e

 p
ro

je
c
t 
(s

o
m

e
 l
o

w
-p

o
w

e
r 

d
e

v
ic

e
s
 c

a
n

 

o
p
e

ra
te

 f
o

r 
s
e

v
e
n

 y
e

a
rs

 o
r 

m
o

re
 o

ff
 a

n
 o

ri
g
in

a
l 

s
e

t 
o

f 
b

a
tt
e
ri

e
s
).

 I
f 
y
o

u
 d

o
 p

la
n

 t
o

 c
h
a
n

g
e

 

b
a

tt
e

ri
e

s
, 
th

e
n

 t
h
e

 c
o

s
t 
o

f 
d
o

in
g
 s

o
 c

a
n

 b
e

  

q
u

it
e

 h
ig

h
. 

S
o

la
r-

p
o

w
e
re

d
 d

e
v
ic

e
s
 c

a
n

 s
u

ff
e

r 
fa

u
lt
s
 a

n
d

 

p
o

w
e

r 
d
ro

p
o
u

ts
, 
p

a
rt

ic
u

la
rl
y
 i
n

 i
n

s
ta

n
c
e

s
 w

h
e

re
 

p
a
n

e
l 
a

n
d

 b
a

tt
e

ry
 s

iz
e

 a
re

 k
e
p

t 
to

 a
 m

in
im

u
m

 

a
n
d

 p
o
w

e
r 

u
s
a

g
e

 i
s
 o

p
ti
m

is
e
d

, 
w

h
ic

h
 a

llo
w

s
 f
o

r 

le
s
s
 r

e
s
ili

e
n

c
e

 t
o

 a
d

v
e

rs
e

 c
o
n

d
it
io

n
s
. 
A

 

c
o

m
b
in

a
ti
o
n

 o
f 
re

s
tr

ic
te

d
 s

o
la

r 
e

x
p

o
s
u

re
 (

e
.g

. 

n
e
a

rb
y
 b

u
ild

in
g
s
 o

r 
tr

e
e

s
),

 s
h

a
llo

w
 m

id
-w

in
te

r 

s
o

la
r 

a
s
p
e

c
t,
 a

n
d

 p
ro

lo
n

g
e
d

 p
o

o
r 

w
e
a

th
e

r 
c
a
n

 

If
 y

o
u

 p
la

n
 t
o

 u
s
e

 b
a

tt
e

ry
-o

n
ly

 d
e

v
ic

e
s
, 
y
o
u

 

s
h

o
u

ld
 c

o
n

s
id

e
r 

fr
o
m

 t
h

e
 o

u
ts

e
t 
w

h
e

th
e

r 
th

e
y
 

c
a

n
fu

n
c
ti
o
n

fo
r

th
e

e
n

ti
re

lif
e

ti
m

e
o

f
th

e
p

ro
je

c
t

o
ff
 t
h

e
 o

ri
g
in

a
l 
b

a
tt
e

ri
e

s
. 
If
 a

 b
a

tt
e

ry
 

re
p
la

c
e

m
e

n
t 
is

 r
e

q
u

ir
e

d
, 
y
o
u

 s
h
o

u
ld

 f
a

c
to

r 
in

 

th
e

 o
p

e
ra

ti
o

n
a

l 
c
o

s
t 
o

f 
th

is
, 
w

h
ic

h
 c

a
n

 b
e

 q
u

it
e

 

h
ig

h
 (

p
a

rt
ic

u
la

rl
y
 i
f 
d
e

v
ic

e
s
 n

e
e

d
 t
o

 b
e

 r
e

tu
rn

e
d

 

to
 b

a
s
e

 f
o

r 
th

e
 s

w
it
c
h
).

 

S
o

la
r-

p
o

w
e
re

d
 d

e
v
ic

e
s
 n

e
e

d
 t
o

 b
e

 c
o

n
s
ta

n
tl
y
 

c
h

e
c
k
e

d
, 
to

 c
o
n

fi
rm

 t
h

a
t 
s
o

la
r 

v
o

lt
a

g
e

 i
n

p
u

t 
a

n
d

 

b
a

tt
e

ry
 v

o
lt
a

g
e

 a
re

 s
ta

b
le

 a
n

d
 a

b
o

v
e

 a
 

m
in

im
u
m

 t
h

re
s
h
o

ld
. 
If
 a

 p
o

w
e
r 

fa
ilu

re
 o

c
c
u
rs

, 
it
 

is
 n

e
c
e

s
s
a

ry
 t
o

 h
a

v
e

 s
o
m

e
o

n
e

 w
h
o

 c
a
n

 r
a
p

id
ly

 

u
n
d

e
rt

a
k
e

a
 v

is
u
a

l 
in

s
p

e
c
ti
o
n

 a
n
d

, 
if
 n

e
c
e

s
s
a
ry

, 

c
le

a
n

 t
h

e
 p

a
n

e
l.
 I
d

e
a
lly

, 
th

is
 i
s
 s

o
m

e
o

n
e

 o
n

 

y
o

u
r 

o
w

n
 s

ta
ff
. 
T

h
e

 a
lt
e

rn
a

ti
v
e

 i
s
 t

o
 h

a
v
e

 a
 

s
ta

n
d
in

g
 m

a
in

te
n

a
n

c
e

 c
o

n
tr

a
c
t 
w

it
h

 a
  

th
ir

d
 p

a
rt

y
. 
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D
e
p

lo
y
m

e
n

t 
a

n
d

 
o

p
e
ra

ti
o

n
a

l 
fa

c
to

rs
 t

h
a

t 
m

ig
h

t 
im

p
a

c
t 

y
o

u
r 

p
re

fe
rr

e
d

 p
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
 

P
o

w
e
r 

s
u

p
p

ly
 

o
p

ti
o

n
s

 i
m

p
a
c
te

d
 

E
x
p

la
n

a
ti

o
n

 o
f 

th
e
 i
s
s

u
e

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

p
u

t 
a

 d
e

v
ic

e
 o

n
 t
h

e
 e

d
g
e

 o
f 
p
o

w
e

r 
fa

ilu
re

. 
If
 a

 

p
a
n

e
l 
is

 t
h
e

n
 f
o

u
le

d
 (

e
.g

. 
b

y
 d

u
s
t,
 b

ir
d

 

d
ro

p
p
in

g
s
, 
o

r 
le

a
v
e

s
),

 t
h

e
 d

e
v
ic

e
 c

a
n

 e
a

s
ily

 

s
u

ff
e

r 
a

 p
o

w
e

r 
o

u
ta

g
e

. 

M
a

in
s
-p

o
w

e
re

d
 d

e
v
ic

e
s
 c

o
n

s
u

m
e

 p
o

w
e

r 
th

a
t 

m
ig

h
t 
in

c
u
r 

a
 r

e
c
u
rr

in
g
 f
e

e
 (

p
a

rt
ic

u
la

rl
y
 i
f 
y
o
u

 

a
re

 a
c
c
e

s
s
in

g
 a

 t
h

ir
d

-p
a
rt

y
 p

o
w

e
r 

s
u

p
p

ly
).

 T
h

is
 

w
ill

 r
e

q
u

ir
e

 a
s
s
o

c
ia

te
d

 a
d

m
in

is
tr

a
ti
o
n

 w
h

ic
h

, 

to
g
e

th
e
r 

w
it
h

 t
h
e

 f
e

e
 i
ts

e
lf
, 
re

p
re

s
e

n
ts

 a
n

 

o
n

g
o

in
g
 o

p
e

ra
ti
o
n

a
l 
c
o

s
t.

 

T
h

e
 o

n
g
o

in
g
 o

p
e

ra
ti
o
n

a
l 
c
o

s
t 
o

f 
m

a
in

s
  

p
o

w
e

r 
is

 l
ik

e
ly

 t
o

 b
e

 l
o

w
, 
a

n
d

 w
ill

 n
o

t 
b

e
 t
im

e
-

c
o

n
s
tr

a
in

e
d

 o
r 

e
x
p
e

ri
e

n
c
e

 v
a

ri
a

ti
o

n
 t
h
ro

u
g
h

o
u

t 

th
e

 y
e
a

r,
 o

r 
a

c
ro

s
s
 t
h

e
 l
if
e

ti
m

e
  

o
f 
th

e
 d

e
v
ic

e
. 
T

h
e

 c
o

s
t 
is

 l
ik

e
ly

 t
o

 b
e

 l
e

s
s
  

th
a

n
 t
h
a

t 
o

f 
b
a

tt
e

ry
 r

e
p

la
c
e

m
e
n

t 
o

r 
s
o

la
r 

m
a

in
te

n
a
n

c
e

, 
b
u

t 
g
re

a
te

r 
th

a
n

 a
 b

a
tt
e
ry

-o
n

ly
 

n
e

tw
o

rk
 w

h
e

re
 n

o
 b

a
tt
e

ry
 r

e
p

la
c
e
m

e
n

t 
 

is
 p

la
n

n
e

d
. 
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.

S
iz

e
,

fo
rm

,
a

n
d

a
e

s
th

e
ti
c

T
h

e
 s

iz
e

, 
fo

rm
, 
a
n

d
 g

e
n

e
ra

l 
a

e
s
th

e
ti
c
 o

f 
d
e

v
ic

e
s
 c

a
n
 m

a
tt
e

r 
a

 g
re

a
t 
d
e

a
l 
if
 t
h
e

y
 a

re
 t
o

 b
e

 d
e

p
lo

y
e

d
 i
n

 p
u
b
lic

 p
la

c
e

s
. 
It
 m

a
y
 o

ft
e
n

 b
e

 t
h

e
 c

a
s

e
 t
h
a

t 
m

o
re

 

c
o

m
p
a

c
t,
 a

e
s
th

e
ti
c
a

lly
 d

e
s
ig

n
e

d
 p

ro
d
u

c
ts

 h
a

v
e

 a
 h

ig
h

e
r 

p
ri

c
e

 t
a

g
. 
Y

o
u

 s
h
o

u
ld

 h
a

v
e

 a
 c

le
a

r 
id

e
a

 o
f 
y
o

u
r 

a
e

s
th

e
ti
c
 r

e
q
u

ir
e
m

e
n

ts
, 
a

n
d

 m
a

k
e

 s
u

re
 t
h

a
t 
y
o

u
 

p
ro

c
u

re
 a

 d
e

v
ic

e
 t
h

a
t 
m

e
e

ts
 t
h
e

m
. 

T
h

e
 f
o

llo
w

in
g
 t
a

b
le

 e
x
p

lo
re

s
 s

o
m

e
 c

o
m

m
o
n

 a
e

s
th

e
ti
c
 c

o
n

s
id

e
ra

ti
o

n
s
, 
a
n

d
 w

ill
 h

e
lp

 y
o

u
 t
o

 d
e

te
rm

in
e

 p
ro

c
u

re
m

e
n

t 
o

p
ti
o

n
s
 t
h

a
t 
a
re

 s
u
it
e

d
 t
o

 y
o

u
r 

 

p
ro

je
c
t 
p

la
n

. 

A
e
s
th

e
ti

c
 

c
o

n
s
id

e
ra

ti
o

n
 

E
x
p

la
n

a
ti

o
n

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

P
o

le
 c

lu
tt

e
r 

m
in

im
is

a
ti

o
n

 

T
h
e
c
o
n
c
e
p
t
o
f
‘p
o
le
c
lu
tt
e
r’
re
la
te
s
to
th
e
p
ro
lif
e
ra
ti
o
n
o
f

s
m

a
rt

 c
it
y
 h

a
rd

w
a

re
 o

n
 s

tr
e

e
t 
p
o
le

s
, 
w

h
ic

h
 c

a
n
 l
e
a
d
 t

o
 a

n
 

u
n
s
ig

h
tl
y
 m

e
s
s
 t

h
a
t 
s
p
o
ils

 t
h
e

 l
o
o
k
 a

n
d
 f
e

e
l 
o
f 
a
  

p
u
b
lic

 s
p
a
c
e
. 

  

O
p
ti
o
n
 1

: 
C

h
o
o
s
e

 a
 c

o
m

p
a
c
t,

 a
ll
-i
n
-o

n
e
 d

e
s
ig

n
 

A
ir
 q

u
a
lit

y
 m

o
n
it
o
ri
n

g
 d

e
v
ic

e
s
 c

o
m

e
 i
n

 a
 v

a
ri

e
ty

o
f 
s
h
a
p
e
s
, 
s
iz

e
s
, 
a
n
d
 

a
e
s
th

e
ti
c
 p

re
s
e

n
ta

ti
o
n
s
. 

S
o
m

e
 a

re
 c

o
n
ta

in
e

d
 w

it
h
in

 a
 s

in
g

le
 c

o
m

p
a
c
t 

h
o
u
s
in

g
. 
O

th
e
rs

 c
o
n
s
is

t 
o
f 

m
u
lt
ip

le
, 
s
e
p
a

ra
te

 c
o
m

p
o

n
e
n
ts

 t
h
a
t 
a

re
 m

o
u
n
te

d
 

in
 a

 c
lu

s
te

r 
(e

.g
. 
s
e
n
s
o

r 
a
n

d
 r

a
d
ia

ti
o
n
 s

h
ie

ld
; 
m

a
in

 d
e
v
ic

e
; 

b
a
tt
e
ry

 a
n
d
 p

o
w

e
r 

m
a
n
a
g

e
m

e
n
t;

 s
o

la
r 

p
a
n

e
l)
. 
S

o
m

e
h
a
v
e
 c

le
a
rl
y
 b

e
e
n
 d

e
s
ig

n
e
d
 t
o
 h

a
v
e
 

a
e
s
th

e
ti
c
 a

tt
ri
b

u
te

s
, 

w
h
ile

 o
th

e
rs

 c
a
n
 l
o

o
k
 l
ik

e
 e

s
c
a
p

e
d
 l
a

b
o
ra

to
ry

 

e
x
p
e
ri
m

e
n
ts

. 
T

h
e
 b

e
s
t 

o
p
ti
o
n
 f
o

r 
p
o
le

 c
lu

tt
e
r 

m
in

im
is

a
ti
o
n

 i
s
 t

o
 c

h
o
o
s
e
 a

 

c
o
m

p
a
c
t,

 a
ll-

in
-o

n
e
 d

e
s
ig

n
. 

O
p
ti
o
n
 2

: 
C

o
n
s
id

e
r 

c
o
m

b
in

in
g
 m

u
lt
ip

le
 s

e
n
s
in

g
 n

e
e
d
s
 i
n

 o
n
e
 d

e
v
ic

e
 

Y
o
u
 s

h
o
u
ld

 c
o
n
s
id

e
r 

w
h
e
th

e
r 

y
o
u

r 
o
rg

a
n
is

a
ti
o
n
 h

a
s
 b

ro
a
d

e
r 

n
e
e

d
s
 f

o
r 

e
n
v
ir
o
n

m
e
n
ta

l 
s
e
n
s
in

g
, 

b
e
c
a
u
s
e
 i
t 

is
 o

ft
e
n
 p

o
s
s
ib

le
 t
o
 c

o
m

b
in

e
 m

u
lt
ip

le
 

s
e
n
s
in

g
 f
u

n
c
ti
o

n
s
 i
n

 o
n
e
 d

e
v
ic

e
. 
A

n
 e

x
a
m

p
le

 m
ig

h
t 

b
e
 t
h

e
 i
n
c
lu

s
io

n
 o

f 
n
o
is

e
 

s
e
n
s
o
rs

in
a
n

a
ir

q
u
a
lit

y
s
e
n
s
in

g
d
e
v
ic

e
,
w

h
e
re

n
o
is

e
d
a

ta
m

ig
h
t
b

e
u
s
e
d

fo
r

a
 c

o
m

p
le

te
ly

 u
n
re

la
te

d
 i
n
it
ia

ti
v
e
. 
B

y
 t

a
k
in

g
 t
h
is

 a
p
p
ro

a
c
h
, 

y
o
u
 c

a
n
 h

a
v
e
 o

n
e
 

d
e
v
ic

e
 o

n
 a

 p
o
le

, 
w

h
e
re

 y
o
u
 o

th
e
rw

is
e

 m
ig

h
t 

h
a
v
e
 h

a
d
 t
w

o
. 
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1

 

A
e
s
th

e
ti

c
 

c
o

n
s
id

e
ra

ti
o

n
 

E
x
p

la
n

a
ti

o
n

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

O
p
ti
o
n
 3

: 
M

o
u
n

t 
th

e
 d

e
v
ic

e
 i
n
s
id

e
 a

 s
m

a
rt

 p
o
le

 

W
h
ile

 t
h
is

 r
e
s
u
lt
s
 i
n
 t
h
e
 m

o
s
t 

v
is

u
a
lly

 u
n
o
b

tr
u
s
iv

e
 o

p
ti
o
n
, 

c
a
u
ti
o
n
 i
s
 a

d
v
is

e
d
. 

F
ir
s
tl
y
, 
a
 p

o
le

 m
a
y

n
o
t 

a
ff
o
rd

 s
u
it
a

b
le

 a
ir
fl
o
w

 t
o
 a

 s
e
n
s
o
r,

 r
e
s
u
lt
in

g
 i
n

 a
n
 

in
a
c
c
u
ra

te
 a

ir
 q

u
a
lit

y
 r

e
a
d
in

g
. 
S

e
c
o
n
d
ly

, 
a
 p

o
le

 m
a
y
 b

e
 a

 s
o
u
rc

e
 o

f 
th

e
rm

a
l 

ra
d
ia

ti
o
n

, 
w

h
ic

h
 s

k
e
w

s
 a

m
b
ie

n
t 
te

m
p
e
ra

tu
re

 r
e
a

d
in

g
s
 a

n
d

 g
a
s
 r

e
a
d
in

g
s
. 

T
h
e
re

 i
s
 a

 p
re

fe
re

n
c
e
 t

o
 h

o
ld

 s
e
n
s
o

rs
 o

u
t 

a
w

a
y

fr
o
m

 p
o
le

s
 o

n
 e

x
te

n
s
io

n
 a

rm
s
 

to
 a

v
o
id

 t
h
e
s
e
 i
s
s
u

e
s
, 

s
o
 i
n
te

rn
a
l 
m

o
u

n
ti
n
g
 s

h
o
u
ld

 b
e
 a

p
p

ro
a
c
h
e

d
  

v
e
ry

 c
a
u
ti
o

u
s
ly

. 

S
iz

e
 o

f 
s

o
la

r 
p

a
n

e
l 

S
o
la

r 
p
a
n
e
ls

 m
a
y
 v

a
ry

 i
n

 s
iz

e
. 

O
ft
e
n
, 

a
 m

a
n
u
fa

c
tu

re
r 

w
ill

 

a
im

 t
o
 m

in
im

is
e
 p

a
n
e
l 
s
iz

e
 a

n
d
 o

p
ti
m

is
e
 p

o
w

e
r 

u
s
e
 o

f 
a

 

d
e
v
ic

e
, 
to

 s
u
p
p
o

rt
 a

 l
o
w

 p
ro

fi
le

 f
o
r 

p
u
b
lic

 s
p
a
c
e
 

d
e
p
lo

y
m

e
n
t.
 S

m
a
lle

r 
p
a
n

e
ls

 a
re

 a
ls

o
 s

u
b
je

c
t 

to
 l
o
w

e
r 

w
in

d
 l
o
a
d
in

g
 a

n
d
 m

a
y
 b

e
 e

a
s
ie

r 
to

 a
p
p
ro

v
e
. 

W
h
ile

 a
 s

m
a
lle

r 
p
a
n
e
l 
m

ig
h
t 
s
u
p
p
o

rt
 a

n
 a

e
s
th

e
ti
c
 

o
u
tc

o
m

e
, 
y
o
u
 s

h
o
u
ld

 w
e

ig
h
 i
t 

u
p

 a
g
a
in

s
t 
th

e
 r

is
k
 o

f 
p

o
w

e
r 

fa
ilu

re
. 
In

 l
o
c
a
ti
o

n
s
 w

it
h
 l
o

w
 s

u
n
 e

x
p
o
s
u
re

, 
s
m

a
lle

r 
s
o
la

r 

p
a
n
e
ls

 r
e
s
u
lt
 i
n

 l
it
tl
e

 c
o
n
ti
n
g

e
n
c
y
 f

o
r 

p
o

o
r 

w
e
a
th

e
r 

a
n
d

w
in

te
r 

s
u
n
. 

A
 s

m
a
ll 

p
a

n
e
l 
is

 a
ls

o
 m

o
re

 s
u
s
c
e
p
ti
b

le
 t
o
 

fa
ilu

re
 d

u
e
 t
o
 f

o
u
lin

g
, 
s
u
c
h
 a

s
fr

o
m

 w
e
t 
le

a
v
e
s
 o

r 
 

b
ir
d
 d

ro
p
p
in

g
s
. 

 

If
 y

o
u
 a

re
 c

h
a
lle

n
g
e
d
 b

y
 t

h
e

 p
o
s
s
ib

ili
ty

 o
f 

m
a
rg

in
a
l 
s
o
la

r 
e

x
p
o
s
u

re
, 

th
e
re

 a
re

 

th
re

e
 o

p
ti
o
n
s
 o

p
e
n
 t

o
 y

o
u

: 

O
p
ti
o
n
 1

: 
U

s
e
 a

 l
a

rg
e
r 

s
o
la

r 
p

a
n
e
l 
fo

r 
p

ro
b
le

m
 l
o

c
a
ti
o

n
s
 

It
 i
s
 a

lw
a
y
s
 p

o
s
s
ib

le
 t
o
 u

s
e
 a

 l
a
rg

e
r 

s
o
la

r 
p

a
n
e
l 
to

 c
o
u
n

te
ra

c
t 

p
o
w

e
r 

fa
ilu

re
 

ri
s
k
. 

H
o
w

e
v
e
r,

 a
 l
a
rg

e
r 

p
a
n
e
l 
m

a
y
 b

e
c
o
m

e
 a

n
 a

e
s
th

e
ti
c
 c

h
a
lle

n
g
e
. 

It
 m

a
y
 

a
ls

o
 r

e
q

u
ir
e
 a

d
d
it
io

n
a
l 
e
n
g
in

e
e
ri
n

g
, 
a
n

d
 a

 m
o
re

 c
o

m
p
le

x
 a

p
p
ro

v
a
l 
p
ro

c
e
s
s
 a

s
 

a
 r

e
s
u
lt
 o

f 
h
ig

h
e
r 

w
in

d
 l
o
a
d
in

g
. 

O
p
ti
o
n
 2

: 
U

s
e
 m

a
in

s
 p

o
w

e
r 

fo
r 

p
ro

b
le

m
 l
o
c
a
ti
o
n
s
 

M
o
s
t 

s
o
la

r 
+

 b
a
tt
e
ry

 d
e
v
ic

e
s
 h

a
v
e
 t
h

e
 o

p
ti
o
n
 f
o

r 
a
 m

a
in

s
 p

o
w

e
r 

c
o

n
n
e
c
ti
o

n
 –

 

a
 c

h
o
ic

e
 t
h

a
t 
c
a
n

 b
e
 t

a
k
e
n
 f
o

r 
c
e
rt

a
in

 l
o
c
a

ti
o
n
s
 w

it
h
 l
o
w

 s
u
n
 e

x
p
o
s
u
re

. 
T

h
is

 

m
e
a
n
s
 t

h
a
t 
y
o
u

 c
a
n
 a

v
o
id

 t
h

e
 n

e
e

d
 f
o
r 

a
 l
a
rg

e
r 

s
o
la

r 
p

a
n

e
l,
 w

h
ic

h
 m

a
y
 h

a
v
e

a
n
 u

n
a
c
c
e
p
ta

b
le

 a
e
s
th

e
ti
c
 p

ro
fi
le

. 
 

H
o
w

e
v
e
r,

 i
t 

s
h

o
u
ld

 b
e
 n

o
te

d
 t
h

a
t 
c
o
n

n
e
c
ti
o

n
 o

f 
a
 b

a
tt
e

ry
-o

p
ti
m

is
e
d
 d

e
v
ic

e
 t
o

 

a
 m

a
in

s
 p

o
w

e
r 

s
o

u
rc

e
 o

ft
e
n
 r

e
q

u
ir
e
s
 a

n
 a

d
d
it
io

n
a
l 
tr

a
n
s
fo

rm
e
r,

 w
h
ic

h
 w

ill
 n

o
t 
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A
e
s
th

e
ti

c
 

c
o

n
s
id

e
ra

ti
o

n
 

E
x
p

la
n

a
ti

o
n

 
P

ro
c
u

re
m

e
n

t 
a

d
v
ic

e
 

b
e
 i
n
c
o
rp

o
ra

te
d
 i
n

to
 t
h
e
 d

e
v
ic

e
 a

s
 s

ta
n
d

a
rd

, 
a
n
d
 w

ill
 t
a
k
e
 t

h
e
 f
o
rm

 o
f 

a
 

s
e
p
a
ra

te
 e

n
c
lo

s
u
re

 t
h
a
t 
n

e
e
d
s
 t

o
 b

e
 c

o
-l
o

c
a
te

d
 o

n
 t
h
e
 p

o
le

. 

M
o

u
n

ti
n

g
 s

o
lu

ti
o

n
s

 
A

ir
 q

u
a
lit

y
 m

o
n
it
o
ri
n

g
 d

e
v
ic

e
s

g
e
n
e

ra
lly

 n
e

e
d
 t
o
 b

e
 h

e
ld

 

o
u
t
fr

o
m

a
m

o
u
n
ti
n

g
s
u
rf

a
c
e

(e
.g

.
a

s
tr

e
e
t
p
o
le

)
o
n

a

b
ra

c
k
e
t,
 t

o
 a

v
o
id

 t
h
e

rm
a
l 
in

te
rf

e
re

n
c
e

, 
a
n
d
 e

n
s
u

re
 g

o
o
d
 

a
ir
fl
o
w

 (
tw

o
 f

a
c
to

rs
 t
h
a
t 
c
a
n
 c

a
u
s
e
 s

ig
n
if
ic

a
n
t 
d
a
ta

in
a
c
c
u
ra

c
ie

s
).

 T
h
e
 m

o
u
n
ti
n
g

 s
o
lu

ti
o
n
s
 a

v
a
ila

b
le

 m
a
y
 b

e
 

re
s
tr

ic
te

d
 b

y
 t

h
e
 d

e
v
ic

e
 o

p
ti
o
n

 t
h
a
t 
y
o
u
 c

h
o

o
s
e

, 
a

n
d
 t
h

e
 

m
o
u
n
ti
n

g
 h

a
rd

w
a
re

 i
ts

e
lf
 c

a
n

 v
a
ry

 i
n

 a
e
s
th

e
ti
c
 a

p
p

e
a
l 
 

a
n
d
 r

o
b
u
s
tn

e
s
s
. 

 

D
e
v
e
lo

p
 a

 c
le

a
r 

id
e

a
 o

f 
y
o
u
r 

p
re

fe
rr

e
d

 m
o
u

n
ti
n
g
 i
n

fr
a
s
tr

u
c
tu

re
 (

e
.g

. 
ty

p
e
 o

f 

s
tr

e
e
t
p

o
le

)
a
s

e
a
rl
y

a
s

p
o
s
s
ib

le
,
a
n
d

u
n
d

e
rs

ta
n

d
y
o
u

r
fa

s
te

n
in

g
o

p
ti
o
n
s

(e
.g

.

s
te

e
l
b
a
n

d
s
; 

s
c
re

w
s
; 

e
tc

.)
. 

W
h
e
n
 r

e
v
ie

w
in

g
 d

e
v
ic

e
 o

p
ti
o
n
s
 d

u
ri
n

g
 t
h
e

 p
ro

c
u
re

m
e
n
t 
s
ta

g
e
 o

f 
y
o
u
r 

p
ro

je
c
t,

 

m
a
k
e
 s

u
re

 t
h
a

t 
y
o

u
 i
n
v
e
s
ti
g

a
te

 t
h
e
 m

o
u
n

ti
n
g
 h

a
rd

w
a

re
 o

p
ti
o
n
s
 t

h
a
t 
c
o
m

e
 w

it
h

 

e
a
c
h
 d

e
v
ic

e
.
A

s
k
 t

h
e
 s

u
p
p
lie

r 
fo

r 
in

s
ta

lla
ti
o
n
 s

c
h
e
m

a
ti
c
s
 a

n
d
 p

h
o
to

g
ra

p
h
s
, 

a
n
d
 c

o
n
s
id

e
r 

th
e
 a

e
s
th

e
ti
c
 i
m

p
lic

a
ti
o
n
s
. 

Y
o
u
 m

ig
h
t 
fi
n

d
 t
h
a

t 
th

e
 s

ta
n
d
a

rd
m

o
u
n
ti
n

g
 s

o
lu

ti
o

n
 s

u
p

p
lie

d
 w

it
h
 y

o
u

r 
c
h
o
s
e
n
 

d
e
v
ic

e
 i
s
 u

n
a
c
c
e
p
ta

b
le

, 
a
e
s
th

e
ti
c
a
lly

 o
r 

p
ra

c
ti
c
a
lly

, 
in

 w
h
ic

h
 c

a
s
e
: 

O
p
ti
o
n
 3

: 
D

e
v
e
lo

p
 a

 c
u
s
to

m
 m

o
u
n
ti
n
g
 s

o
lu

ti
o
n

 

T
h
is

 a
p
p

ro
a
c
h

 c
a
n
 m

a
k
e
 g

o
o
d
 s

e
n
s
e
, 
e
s
p
e
c
ia

lly
 i
f 

y
o

u
 p

la
n
 t
o
 u

s
e
 a

 

re
p
e
a
ti
n
g
 p

ie
c
e
 o

f 
in

fr
a
s
tr

u
c
tu

re
 t
o
 m

o
u
n
t 
y
o
u
r 

d
e
v
ic

e
s
 (

e
.g

. 
a
 s

p
e
c
if
ic

 b
ra

n
d
 

o
f 
s
tr

e
e

t 
p
o
le

s
 o

w
n
e
d
 b

y
 l
o

c
a
l 
g

o
v
e
rn

m
e
n
t)

. 
It
 m

e
a
n
s
 y

o
u

 c
a
n
 c

re
a
te

 a
 

s
o
lu

ti
o
n
 t
h

a
t 
c
o
n

n
e
c
ts

 s
im

p
ly

 a
n
d
 e

le
g
a
n

tl
y

w
it
h
 t
h
a

t 
in

fr
a

s
tr

u
c
tu

re
, 
a
n

d
 

m
a
tc

h
e
s
 a

 b
ro

a
d
e

r 
d
e
s
ig

n
 p

a
tt

e
rn

. 
Y

o
u
 m

ig
h
t 

a
ls

o
 c

h
o
o
s
e
 t
o
 u

p
g
ra

d
e
 

m
a
te

ri
a

ls
 (

e
.g

. 
u
s
e
 m

a
ri
n

e
-g

ra
d
e
 s

ta
in

le
s
s
 s

te
e
l)

, 
to

 p
ro

v
id

e
 e

x
tr

a
 p

ro
te

c
ti
o

n
 

fr
o
m

 c
o

rr
o
s
io

n
 a

n
d

 U
V

 d
e
g
ra

d
a
ti
o

n
. 
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1
0

.
M

o
d

u
la

ri
ty

S
o

m
e

 c
o
m

m
e

rc
ia

lly
 a

v
a

ila
b
le

 s
e

n
s
in

g
 d

e
v
ic

e
s
 a

re
 d

e
s
ig

n
e
d

 a
s
 m

o
d
u

la
r 

s
y
s
te

m
s
 t
h
a

t 
a

llo
w

 d
if
fe

re
n

t 
s
o
rt

s
 o

f 
s
e

n
s
o
rs

 t
o

 b
e

 a
d

d
e

d
 o

r 
re

m
o

v
e

d
. 
T

h
e

re
 a

re
 

tw
o

 b
e
n

e
fi
ts

 o
f 
m

o
d
u

la
ri

ty
: 

•
 

F
le

x
ib

le
 s

e
n

s
in

g
 t

o
 s

u
p

p
o

rt
 e

v
o

lv
in

g
 d

a
ta

 n
e

e
d

s
. 
Y

o
u

 m
ig

h
t 
s
ta

rt
 o

u
t 
w

it
h

 a
 f
o

c
u

s
 o

n
 p

a
rt

ic
u
la

te
s
 a

n
d

 N
O

2
, 
b

u
t 
in

 a
 y

e
a
r'
s
 t
im

e
 y

o
u

 c
o
u

ld
 d

e
c
id

e
 

th
a

t 
y
o

u
 a

ls
o

 w
a
n

t 
to

 m
o
n

it
o

r 
C

O
2
. 
R

a
th

e
r 

th
a

n
 i
n

s
ta

lli
n

g
 s

e
p

a
ra

te
 d

e
v
ic

e
s
, 
h

a
v
in

g
 t
h

e
 o

p
ti
o

n
 t
o

 a
d
d

 a
 C

O
2
 s

e
n

s
o

r 
to

 y
o
u

r 
e

x
is

ti
n

g
 d

e
v
ic

e
s
 c

a
n

 b
e

 

b
o

th
 c

o
s
t-

e
ff
e

c
ti
v
e

 a
n

d
 o

p
e

ra
ti
o
n

a
lly

 e
ff
ic

ie
n

t.
 T

h
is

 a
b

ili
ty

 t
o

 e
x
p

a
n

d
 t
h

e
 f
u
n

c
ti
o
n

a
lit

y
 o

f 
y
o

u
r 

d
e

v
ic

e
s
 e

x
te

n
d

s
 b

e
y
o
n

d
 a

ir
 q

u
a

lit
y
 m

o
n

it
o

ri
n

g
, 
a

n
d

 m
a

y
 

c
o

n
n

e
c
t 
w

it
h

 o
th

e
r 

lo
c
a

l 
g
o

v
e

rn
m

e
n

t 
p

ri
o

ri
ti
e

s
 (

e
.g

. 
n

o
is

e
 m

o
n
it
o

ri
n

g
).

 

•
T

h
e

a
b

il
it

y
to

re
p

la
c

e
s

e
n

s
o

rs
a

n
d

e
x

te
n

d
th

e
o

p
e

ra
ti

o
n

a
l
li
fe

ti
m

e
o

f
a

d
e
v

ic
e

.
G

a
s

s
e

n
s
o

rs
d

e
g
ra

d
e

c
h

e
m

ic
a
lly

o
v
e

r
ti
m

e
,
a

n
d

p
a

rt
ic

u
la

te
 s

e
n

s
o
rs

 c
a
n

 b
e

c
o

m
e
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c
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p
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c
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 d
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p
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 m
a
n
a
g

e
m

e
n
t 

a
n
d
 

s
to

ra
g
e

 s
o
lu

ti
o
n

 t
h
a
t 
c
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 p
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 c
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 c
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 c
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 p
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c
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p
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 t
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b
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 d
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 m
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b
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c
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 d
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 d
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p
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d
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p
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n
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c
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 p

la
tf

o
rm

 w
ill

 a
ls

o
 s

u
p
p

o
rt

 m
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 d
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p
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 t
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p
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c
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c
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 b
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 c
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 f
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 d
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 b
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p
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 d
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p
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c
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 c
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 s
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 d
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 p
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 b
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 b
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c
k
u

p
 i
n
 t
h

e
 I
o

T
/d

a
ta

 

m
a
n
a
g

e
m

e
n
t 

p
la

tf
o

rm
. 

Y
o
u

 w
ill

h
a
v
e
 m

o
re

 c
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 c
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 c
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c
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c
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 d
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 c
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c
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 c
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 c
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 c
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 c
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 d
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c
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c
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p
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b
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 p
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 d
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 p
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 c
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 p
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p
ro
je
c
t’
s
d
a
ta
a
n
a
ly
ti
c
s
a
n
d

v
is

u
a
lis

a
ti
o
n
 n

e
e
d
s
. 

Y
o
u

 

th
e
re

fo
re

 p
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c
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o
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c
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ro
p
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e
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ry

 

d
e
v
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s

w
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h

a
n

a
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c
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a
n
d

v
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u
a
lis
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o
n
 i
n
c
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d
e
d
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ro
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e
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 d
e
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e
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 d
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n
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 p
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c
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 c
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b
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.
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b
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 p
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 c
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 b
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 p
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 p
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 b
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 d
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 b
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b
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 c
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 d
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 d
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h
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g
 w

it
h
 i
t.

 I
t 
is

 p
o
s
s
ib

le
 t
o
 v

e
ri
fy

 d
a
ta

 f
ro

m
 o

n
e
 s

e
n
s
o

r 
a
g

a
in

s
t 

d
a
ta

 f
ro

m
 o

th
e
r 

s
e
n
s
o
rs

, 
a
n
d
 a

g
a
in

s
t 

e
x
p
e
c
te

d
 b

e
h
a
v
io

u
r 

b
a
s
e
d
 o

n
 p

a
s
t 
tr

e
n
d
s
. 

O
n

e
 c

o
m

m
o
n
 o

p
ti
o
n
 i
s
 t

o
 c

o
m

p
a
re

 r
e
a
l-

ti
m

e
 a

ir
 q

u
a
lit

y
 d

a
ta

 f
ro

m
 s

m
a
rt

 l
o

w
-c

o
s
t 

d
e
v
ic

e
s
 w

it
h
 d

a
ta

 f
ro

m
 a

 n
e
a
rb

y

re
g
u
la

to
ry

 m
o
n
it
o
ri
n

g
 s

ta
ti
o

n
, 

a
n

d
 c

h
e
c
k
 t

h
a
t 
it
 a

lig
n
s
 (

w
it
h
in

 a
 p

re
-d

e
fi
n
e
d
 e

rr
o

r 
m

a
rg

in
).

 A
u
to

m
a
te

d
 a

n
a
ly

ti
c
s
 c

a
p
a

b
ili

ty
 c

a
n
 b

e
 e

s
ta

b
lis

h
e

d
 t
o
 f
la

g
 a

n
d
 r

e
m

o
v
e
 

e
rr

o
n

e
o
u
s
 d

a
ta

, 
o
r 

in
 s

o
m

e
 c

a
s
e
s
 c

o
rr

e
c
t 

d
a
ta

 b
a
s
e
d
 o

n
 a

d
d
it
io

n
a
l 
c
o
n
te

x
tu

a
l 
in

fo
rm

a
ti
o

n
. 

H
e

te
ro

g
e

n
o

u
s
 d

a
ta

 m
o

d
e
lli

n
g

 

Y
o
u
 m

a
y
 c

h
o

o
s
e

 t
o

 r
u
n
 a

 n
e
tw

o
rk

 w
it
h
 m

u
lt
ip

le
 d

e
v
ic

e
 t
y
p

e
s
, 

p
e
rh

a
p
s
 w

it
h
 d

if
fe

re
n
t 
d

a
ta

 q
u

a
lit

y
 o

u
tp

u
ts

. 
It

 i
s
 p

o
s
s
ib

le
 t
o
 u

s
e
a
n
e
tw
o
rk
o
f
s
u
c
h
‘h
e
te
ro
g
e
n
o
u
s
’

d
a
ta

 s
o
u

rc
e
s
 a

s
 t

h
e
 i
n

p
u
t 
fo

r 
a
 m

o
d
e
l,
 w

h
e
re

 t
h
e
 o

u
tp

u
ts

 a
re

 a
n

 a
b
s
tr

a
c
ti
o

n
 o

f 
y
o
u

r 
ra

w
 d

a
ta

 s
e

ts
. 
F

ro
m

 a
 u

s
e
r 

p
e
rs

p
e
c
ti
v
e
, 
th

e
 o

u
tp

u
t 
o
f 
s
p
e
c
if
ic

 s
e
n
s
o
rs

 

c
e
a
s
e
s
 t

o
 b

e
 y

o
u

r 
fo

c
u
s
, 
b
e
c
a

u
s
e
 t
h

e
 m

o
d
e
l 
re

s
u
lt
s
 w

ill
n

o
w

 p
ro

v
id

e
 y

o
u
 w

it
h
 a

 m
o

re
 a

c
c
u
ra

te
 p

e
rs

p
e
c
ti
v
e
 o

f 
th

e
 p

h
e
n
o
m

e
n
o
n
 y

o
u
 a

re
 s

tu
d
y
in

g
, 
b

a
s
e
d
 u

p
o

n
 

m
u
lt
ip

le
 s

e
n
s
o
r 

d
a
ta

 s
tr

e
a
m

s
. 

E
n

v
ir

o
n

m
e

n
ta

l 
m

o
d
e

lli
n

g
 

E
n
v
ir
o
n
m

e
n

ta
l 
c
o
n

d
it
io

n
s
, 

s
u
c
h
 a

s
 l
o

c
a
lis

e
d
 a

ir
 q

u
a
lit

y
, 

a
re

 a
 r

e
s
u
lt
 o

f 
m

a
n
y
 i
n

te
rs

e
c
ti
n

g
 f
a
c
to

rs
. 

A
n
 e

n
v
ir
o
n

m
e
n
ta

l 
m

o
d
e
l 
m

ig
h
t 
b

ri
n

g
 t
o

g
e
th

e
r 

re
a
l-

ti
m

e
 d

a
ta

 f
o
r 

w
in

d
, 
ra

in
, 
s
o
la

r 
ra

d
ia

ti
o

n
, 
te

m
p
e
ra

tu
re

, 
h
u

m
id

it
y
, 
a
n

d
 a

ir
 q

u
a
lit

y
, 
to

 p
ro

v
id

e
 a

 m
o
re

 i
n

-d
e
p

th
 p

e
rs

p
e
c
ti
v
e

. 
T

h
is

ty
p
e
 o

f 
a
n
a
ly

s
is

 i
s
 u

s
e
fu

l 
if
 y

o
u
 w

a
n
t 
to

 

u
n
d
e
rs

ta
n
d

h
o
w

p
h

e
n
o
m

e
n
a

lik
e

p
o
llu

ti
o
n

h
o
ts

p
o
ts

o
c
c
u

r,
o
r

d
is

p
e

rs
io

n
p

a
tt
e

rn
s

fr
o
m

k
n
o
w

n
p
o
llu

ti
o

n
s
o
u

rc
e
s
.

S
u
c
h

a
m

o
d
e
l
c
a
n

a
ls

o
c
re

a
te

a
fo

u
n

d
a
ti
o
n

fo
r

n
e
a
r-

te
rm

 f
o
re

c
a
s
ti
n

g
. 

M
a

c
h

in
e

 l
e

a
rn

in
g
 

M
a
c
h
in

e
 l
e

a
rn

in
g
 (

M
L
) 

in
v
o
lv

e
s
 a

 c
o

m
p
u
te

r 
m

o
d
e
l 
th

a
t 
im

p
ro

v
e
s
 o

v
e
r 

ti
m

e
, 
a
s
 m

o
re

 d
a
ta

 a
c
c
ru

e
s
. 

In
 t

h
e
 c

o
n

te
x
t 

o
f 

e
n
v
ir
o
n

m
e
n
ta

l 
m

o
n
it
o

ri
n

g
, 

m
a
c
h

in
e
 l
e
a
rn

in
g
 

c
a
n

b
e
u
s
e
d
to
s
u
p
p
o
rt
‘s
m
a
rt
’
a
u
to
m
a
ti
o
n
s
,
o

r
p
re

d
ic

ti
v
e

c
a
p
a
b
ili

ti
e
s

lik
e

n
e
a
r-

te
rm

fo
re

c
a
s
ti
n

g
.

A
n

e
x
a
m

p
le

m
ig

h
t

b
e

a
n

M
L

p
ro

g
ra

m
th

a
t
le

a
rn

s
h
o
w

a
ir

q
u
a
lit

y
 i
n
 a

 p
a
rt

ic
u
la

r 
lo

c
a

ti
o
n
 i
s
 l
ik

e
ly

 t
o
 b

e
h
a
v
e
 u

n
d
e
r 

c
e

rt
a
in

 w
e
a
th

e
r 

c
o

n
d
it
io

n
s
, 

a
n
d
 p

re
d
ic

ts
 w

h
a
t 
it
 w

ill
 b

e
 s

e
v
e
ra

l 
h
o
u
rs

 a
h
e
a

d
 (

u
s
in

g
 t
h
e

 m
e
te

o
ro

lo
g
ic

a
l 

fo
re

c
a
s
t)

. 
A

c
tu

a
l 
e

m
p
ir
ic

a
l 
a
ir
 q

u
a
lit

y
d
a
ta

 f
ro

m
 s

e
n
s
o

rs
 c

a
n
 b

e
 c

o
n
s
ta

n
tl
y

u
s
e
d
 t

o
 e

v
a
lu

a
te

 t
h

a
t 
p
re

d
ic

ti
v
e
 c

a
p
a
c
it
y

, 
a
n
d
 f
in

e
-t

u
n

e
 t
h
e

 a
p
p

ro
a
c
h

 o
f 
th

e
 m

o
d

e
l 
to

 

m
a
k
e
 i
t 

m
o
re

 a
c
c
u
ra

te
. 
O

v
e

r 
ti
m

e
, 

th
e
 a

ir
 q

u
a
lit

y
 f
o
re

c
a
s
t 

s
h
o
u
ld

 i
m

p
ro

v
e
. 
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D
A

T
A

 V
IS

U
A

L
IS

A
T

IO
N

 

A
 b

ri
e

f 
o

v
e

rv
ie

w
 o

f 
th

e
 m

o
s
t 
c
o
m

m
o

n
 a

d
v
a

n
c
e

d
 f
u
n

c
ti
o

n
a

lit
ie

s
 t
h

a
t 
y
o
u

 m
a

y
 w

is
h

 t
o

 c
o

n
s
id

e
r 

C
u

s
to

m
/c

o
m

p
le

x
 g

ra
p

h
in

g
 

G
ra

p
h

s
 a

re
 t
h
e

 s
im

p
le

s
t 
w

a
y
 f
o

r 
a

 u
s
e

r 
to

 v
ie

w
 t
im

e
-s

e
ri
e

s
 d

a
ta

, 
a

n
d

 g
e

t 
a

 s
e
n

s
e

 o
f 
te

m
p
o

ra
l 
tr

e
n

d
s
 o

r 
th

e
 r

e
la

ti
o
n

s
h

ip
 b

e
tw

e
e
n

 m
u
lt
ip

le
 d

a
ta

 

s
tr

e
a
m

s
. 
D

if
fe

re
n

t 
p

la
tf
o

rm
s
 w

ill
 h

a
v
e

 d
if
fe

re
n

t 
le

v
e

ls
 o

f 
s
o

p
h
is

ti
c
a

ti
o

n
 a

n
d

 c
u

s
to

m
is

a
ti
o

n
 a

v
a

ila
b

le
 f
o

r 
g
ra

p
h

s
. 
S

o
m

e
 k

e
y
 f
u

n
c
ti
o
n

a
lit

ie
s
 t
h
a

t 
y
o

u
 

m
a

y
 w

is
h

 t
o

 c
o
n

s
id

e
r 

in
c
lu

d
e

: 
p

lo
t 
m

u
lt
ip

le
 s

tr
e

a
m

s
 o

f 
th

e
 s

a
m

e
 p

a
ra

m
e

te
r,

 f
ro

m
 d

if
fe

re
n

t 
s
e
n

s
o

rs
; 
d
o
u

b
le

 Y
-a

x
is

, 
a
llo

w
in

g
 c

o
m

p
a

ri
s
o

n
 o

f 
tw

o
 

s
e

p
a

ra
te

 p
a

ra
m

e
te

rs
; 

a
n

d
 c

u
s
to

m
 t
im

e
-p

e
ri

o
d

 s
e

le
c
ti
o

n
. 

H
e

a
t 
m

a
p

s
 

A
h
e
a
t
m
a
p
is
a
‘s
p
a
ti
a
l
in
te
rp
o
la
ti
o
n
’
o
f
d
a
ta
a
s
s
o
c
ia
te
d
w
it
h
s
p
e
c
if
ic
p
o
in
ts
o
n
a
m
a
p
.
U
s
in
g
d
a
ta
fr
o
m
a
n
e
tw
o
rk
o
f
s
e
n
s
o
rs

 w
it
h

 f
ix

e
d

 

lo
c
a

ti
o

n
s
, 
w

e
 c

a
n

 a
s
s
ig

n
 a

 p
ro

b
a

b
ili

ty
 f
o

r 
w

h
a

t 
a
n

 e
n
v
ir

o
n

m
e

n
ta

l 
p

a
ra

m
e

te
r 

s
h
o

u
ld

 b
e

 f
o

r 
a
n

y
 o

th
e
r 

p
o
in

t 
o

n
 t
h
a

t 
m

a
p

. 
A

c
c
u

ra
te

 c
a

lc
u

la
ti
o

n
 c

a
n

 

re
q
u

ir
e

 c
o
m

p
le

x
 e

n
v
ir
o

n
m

e
n

ta
l 
g
e
o

s
p
a

ti
a
l 
m

o
d

e
lli

n
g
 t
h

a
t 
in

c
o
rp

o
ra

te
s
 f
a

c
to

rs
 s

u
c
h

 a
s
 m

e
te

o
ro

lo
g
y
, 
to

p
o
lo

g
y
, 
b

u
ilt

 e
n

v
ir
o

n
m

e
n

t,
 a

n
d

 v
e

g
e

ta
ti
o

n
. 

G
IS

 i
n

te
g

ra
ti
o

n
 

G
IS

 a
re

 c
o

m
m

o
n

 d
a

ta
 v

is
u
a

lis
a

ti
o
n

 t
o

o
ls

 u
s
e
d

 b
y
 l
o

c
a

l 
g
o

v
e

rn
m

e
n

ts
, 
a
n

d
 m

a
y
 s

u
p

p
o

rt
 s

tr
a

te
g
ic

 p
la

n
n

in
g
, 
a

s
s
e

t 
m

a
n

a
g
e
m

e
n

t,
 a

n
d

 a
 v

a
ri

e
ty

 o
f 

c
it
y
 o

p
e
ra

ti
o

n
s
. 
In

te
g
ra

ti
o
n

 o
f 
a

 s
m

a
rt

 c
it
y
 d

a
ta

 p
la

tf
o
rm

 w
it
h

 G
IS

 i
s
 a

ls
o

 c
o

m
m

o
n

, 
a
llo

w
in

g
 l
iv

e
 s

e
n

s
o

r 
d

a
ta

 t
o

 b
e

 v
ie

w
e

d
 a

lo
n

g
s
id

e
 a

 w
id

e
 r

a
n

g
e

 

o
f 
o

th
e
r 

fi
x
e
d

 a
n
d

 r
e

a
l-

ti
m

e
 d

a
ta

 s
tr

e
a

m
s
. 
E

n
te

rp
ri
s
e

-s
c
a

le
 G

IS
 o

ft
e

n
 h

a
s
 a

 s
o

p
h

is
ti
c
a

te
d

 s
u

it
e

 o
f 
a

n
a

ly
ti
c
s
 a

n
d

 v
is

u
a
lis

a
ti
o

n
 c

a
p
a

b
ili

ti
e

s
. 

D
ig

it
a
l 
tw

in
 i
n

te
g
ra

ti
o

n
 

A
 d

ig
it
a

l 
tw

in
 i
s
 a

 v
ir
tu

a
l 
m

o
d

e
l 
o

f 
a

 p
h

y
s
ic

a
l 
lo

c
a

ti
o
n

, 
a

n
d

 i
s
 e

s
s
e
n

ti
a

lly
 t
h

e
 s

y
n

th
e

s
is

 o
f 
s
e
n

s
o

r 
d

a
ta

 w
it
h

 G
IS

 a
n

d
 a

d
v
a

n
c
e
d

 r
e
a

l-
ti
m

e
 d

a
ta

 

a
n
a

ly
ti
c
s
. 
A

 d
ig

it
a

l 
tw

in
 c

a
n

 t
ra

c
k
 m

u
lt
if
a

c
to

r 
in

te
rr

e
la

ti
o

n
s
h

ip
s
, 
a
n

d
 s

u
p
p

o
rt

 c
o

m
p

le
x
 l
iv

e
 o

p
e

ra
ti
o

n
a

l 
a

p
p

lic
a

ti
o
n

s
. 
It
 c

a
n

 a
ls

o
 a

llo
w

 y
o
u

 t
o

 m
o

d
e

l 

‘w
h
a
t
if
’
s
c
e
n
a
ri
o
s
, 
a

n
d

 c
a
n

 b
e

 a
 p

o
w

e
rf

u
l 
to

o
l 
fo

r 
p

la
n

n
in

g
 a

n
d

 p
o

lic
y
 d

e
v
e
lo

p
m

e
n

t.
 D

ig
it
a

l 
tw

in
s
 a

re
 a

t 
th

e
 l
e
a

d
in

g
 e

d
g
e

 o
f 
s
m

a
rt

 c
it
y
 

in
n
o

v
a

ti
o

n
, 
a
n
d

 c
a

n
 b

ri
n

g
 t
o

g
e

th
e
r 

a
ll

th
e

 m
o

s
t 
s
o

p
h

is
ti
c
a

te
d

 a
n
a

ly
ti
c
s
 a

n
d

 v
is

u
a
li
s
a

ti
o

n
 f
u
n

c
ti
o

n
a

lit
ie

s
 (

G
IS

, 
e

n
v
ir

o
n

m
e

n
ta

l 
m

o
d

e
lli

n
g
, 
M

L
) 

in
 a

 

s
in

g
le

, 
p
o

w
e
rf

u
l 
a

p
p

lic
a

ti
o
n

. 
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D
a
ta

 s
h

a
ri

n
g

 

 
Y

o
u

r 
s
it

u
a
ti

o
n

 
Y

o
u

r 
p

ro
c
u

re
m

e
n

t 

a
c
ti

o
n

 

In
-h

o
u

s
e
 t

e
c
h

n
ic

a
l 

k
n

o
w

le
d

g
e
, 

e
x

p
e
rt

is
e
, 

a
n

d
 c

a
p

a
c
it

y
 r

e
q

u
ir

e
m

e
n

t 

F
u

rt
h

e
r 

a
d

v
ic

e
 

A
n

 e
x
is

ti
n

g
 

d
a
ta

 s
h

a
ri

n
g

 

s
o

lu
ti

o
n

 i
s
 

s
u

it
a

b
le

 

 Y
o
u
 D

O
 c

u
rr

e
n
tl
y
 u

s
e

 a
 d

a
ta

 

p
la

tf
o
rm

 t
h
a
t 

p
ro

v
id

e
s

s
o
m

e
 o

r 
a
ll 

th
e
 d

a
ta

 s
h
a
ri

n
g

c
a
p

a
c
it
y
 n

e
e
d
e
d
 

fo
r 

y
o
u

r 
p
ro

je
c
t,

 a
n

d
 y

o
u
 i
n
te

n
d

 t
o
 

m
a
k
e
 u

s
e

 o
f 
it
. 

Y
o
u
 c

a
n
 c

o
n
fi
rm

 t
h

a
t:

 

•
 

A
P

Is
 a

re
 s

u
p
p
o

rt
e
d

 t
h
a
t 

w
ill

 m
e
e
t 
y
o
u

r 
d
a
ta

 s
h
a
ri

n
g
 

n
e
e
d
s
 

•
 

c
u
s
to

m
 s

e
tt

in
g
s
 s

u
p

p
o
rt

 

y
o
u
r 

re
q
u
ir
e

m
e
n
ts

 f
o
r 

d
a
ta

 

s
h
a
ri
n

g
 A

N
D

 t
h
e

 n
e
e

d
s
 o

f 

y
o
u
r 

c
h
o
s
e
n
 e

n
d
 u

s
e

rs
. 

 N
o

n
e
 r

e
q
u
ir
e

d
 

E
x
is

ti
n

g
 d

a
ta

 s
h

a
ri
n

g
 

c
a
p
a
c
it
y
 i
s
 a

lr
e
a
d
y
 

in
te

g
ra

te
d
 w

it
h
 a

n
 e

x
is

ti
n

g
 

a
p
p
ro

p
ri
a

te
 d

a
ta

 p
la

tf
o

rm
. 

M
e
d
iu

m
 -

 h
ig

h
 

T
h
is

 o
p
ti
o

n
 w

ill
 l
ik

e
ly

 i
n
v
o
lv

e
 a

 f
a
ir
 a

m
o
u
n

t 
o
f 

c
u
s
to

m
is

a
ti
o

n
 w

it
h
in

 a
n
 e

x
is

ti
n

g
 d

a
ta

 

p
la

tf
o
rm

, 
to

 m
e
e
t 
th

e
 s

p
e
c
if
ic

 d
a
ta

 s
h
a
ri
n

g
 

n
e
e
d
s
 o

f 
y
o
u
r 

n
e
w

 p
ro

je
c
t.

 I
f 
y
o
u
 h

a
v
e
 i
n

-

h
o
u
s
e
 m

a
n
a
g

e
m

e
n

t 
o
f 
a

 d
a
ta

 p
la

tf
o

rm
, 

te
c
h
n
ic

a
l 
c
a
p

a
c
it
y
 w

ill
 n

e
e
d

 t
o
 b

e
 h

ig
h
. 

It
 c

a
n
 

b
e
 l
o
w

e
r 

if
 y

o
u
 c

a
n
 o

u
ts

o
u
rc

e
 c

u
s
to

m
is

a
ti
o
n
 

to
a
 s

e
rv

ic
e
 p

ro
v
id

e
r.

 H
o
w

e
v
e
r,

 y
o
u
 w

ill
 s

ti
ll 

n
e
e
d
 s

o
m

e
o
n

e
 i
n
-h

o
u
s
e

 t
o
 w

o
rk

 t
h
ro

u
g
h
 t
h

e
 

d
e
ta

ils
 o

f 
w

h
a
t 
is

 n
e

e
d
e
d
. 

O
R

 

A
 n

e
w

 d
a
ta

 

s
h

a
ri

n
g

 

s
o

lu
ti

o
n

 i
s
 

re
q

u
ir

e
d

 f
o

r 

 Y
o
u
 D

O
 N

O
T

 c
u

rr
e
n

tl
y
 h

a
v
e
 

a
c
c
e
s
s
 t

o
 d

a
ta

 s
h

a
ri
n

g
 f

u
n
c
ti
o

n
a
lit

y
 

th
a
t 
c
a
n
 m

e
e
t 
y
o
u
r 

n
e
e
d
s
, 
a
n
d
 y

o
u
 

p
la

n
 t
o
 p

ro
c
u

re
 a

 n
e
w

s
e
rv

ic
e
 t
o
 

s
u
p
p
o
rt

 y
o
u
r 

p
ro

je
c
t.

 

 P
ro

c
u
re

 a
 n

e
w

 p
ri
v
a
te

 

s
ta

n
d
-a

lo
n
e
 d

a
ta

 

d
is

c
o
v
e
ry

 

p
o
rt

a
l/
s
e

rv
ic

e
/p

la
tf

o
rm

. 

C
o
m

m
o
n

o
p
ti
o
n
s
 i
n
c
lu

d
e
: 

•
 

d
a
ta

 d
is

c
o
v
e
ry

 

p
o
rt

a
l 
fo

r 
a

rc
h
iv

e
d
 

M
e
d
iu

m
 

A
 s

ta
n
d
-a

lo
n
e
 d

a
ta

 s
h
a

ri
n

g
 p

la
tf
o
rm

 w
ill

 n
e
e
d

 

to
b
e
 i
n
te

g
ra

te
d
 w

it
h
 y

o
u
r 

c
h
o
s
e
n
 d

a
ta

 

p
la

tf
o
rm

, 
w

h
ic

h
 m

a
y
 r

e
q
u
ir
e
 a

 h
ig

h
 d

e
g

re
e
 o

f 

te
c
h
n
ic

a
l 
e
x
p

e
rt

is
e
 (

e
s
p
e
c
ia

lly
 i
f 

c
lo

s
e
r 

a
tt
e
n
ti
o
n

 i
s
 b

e
in

g
 p

a
id

 t
o
 d

a
ta

 l
a

b
e
lli

n
g
, 

fo
rm

a
tt
in

g
, 

a
n
d
 q

u
a
lit

y
).
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D
a
ta

 s
h

a
ri

n
g

 

 
Y

o
u

r 
s
it

u
a
ti

o
n

 
Y

o
u

r 
p

ro
c
u

re
m

e
n

t 

a
c
ti

o
n

 

In
-h

o
u

s
e
 t

e
c
h

n
ic

a
l 

k
n

o
w

le
d

g
e
, 

e
x

p
e
rt

is
e
, 

a
n

d
 c

a
p

a
c
it

y
 r

e
q

u
ir

e
m

e
n

t 

F
u

rt
h

e
r 

a
d

v
ic

e
 

s
o

m
e
 o

r 
a
ll
 o

f 

y
o

u
r 

n
e

e
d

s
 

a
n
d
 l
iv

e
 s

tr
e
a
m

 

d
a
ta

 

•
 

p
u
b
lic

 d
a
s
h

b
o
a
rd

 

w
it
h
 a

b
ili

ty
 t

o
 f
ilt

e
r 

a
n
d
 d

o
w

n
lo

a
d
  

p
a
s
t 

d
a
ta

. 

A
N

D
/O

R
 

 Y
o
u
 p

la
n

to
 s

h
a
re

 d
a
ta

 v
ia

 a
n

 

o
n
lin

e
 o

p
e
n
 d

a
ta

 p
o

rt
a
l 

 N
o

n
e
 r

e
q
u
ir
e

d
 

O
p
e
n
 d

a
ta

 p
o

rt
a
ls

 a
re

 f
re

e
 

to
 u

s
e
. 

L
o
w

 -
m

e
d
iu

m
 

T
h
e
re

 m
a
y
 b

e
 c

e
rt

a
in

 i
n
te

g
ra

ti
o
n
, 
la

b
e
lli

n
g

, 

o
r 

d
a
ta

 q
u
a
lit

y
 r

e
q
u
ir

e
m

e
n
ts

 t
h

a
t 
y
o
u
 w

is
h

 t
o
 

m
e
e
t.
 F

o
r 

e
x
a
m

p
le

, 
D

a
ta

.g
o
v
.a

u
 (

th
e

 

A
u
s
tr
a
lia
n
G
o
v
e
rn
m
e
n
t’
s
o
p
e
n
d
a
ta
p
la
tf
o
rm
)

ra
n
k
s
 d

a
ta

 s
e
ts

 a
c
c
o
rd

in
g
 t
o
 t

h
e
 W

3
C

 L
in

k
e
d
 

D
a
ta

 R
a
ti
n
g

. 
T

o
 a

c
h
ie

v
e
 a

 h
ig

h
 r

a
ti
n

g
 (

w
h
ic

h
 

b
o
o
s
ts

 u
s
a

b
ili

ty
 a

n
d
 v

a
lu

e
),

 g
re

a
te

r 
in

-h
o

u
s
e
 

te
c
h
n
ic

a
l 
k
n
o
w

le
d
g
e
, 

e
x
p
e

rt
is

e
, 
a
n

d
 c

a
p

a
c
it
y
 

is
 r

e
q
u
ir

e
d
. 

O
R

 
 N

o
t 
s
u
re

 -
 m

o
re

 r
e
s
e
a
rc

h
 r

e
q
u
ir
e

d
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2
.

P
la

tf
o

rm
q

u
a

lit
y

re
q

u
ir
e

m
e

n
ts

W
h
e

n
 y

o
u

 c
o
n

s
id

e
r 

p
ro

c
u

ri
n

g
 a

 p
la

tf
o

rm
 o

r 
s
e

rv
ic

e
, 
th

e
re

 a
re

 s
e

v
e

ra
l 
q
u

a
lit

y
 a

tt
ri
b

u
te

s
 t
h

a
t 
y
o
u

 c
a

n
 a

s
s
e
s
s
 t
o

 s
u

p
p
o

rt
 y

o
u

r 
d

e
c
is

io
n

. 

T
h

e
 f
o

llo
w

in
g
 t
a

b
le

 p
ro

v
id

e
s
 a

 d
e

s
c
ri
p

ti
o
n

 o
f 
p

la
tf
o

rm
 q

u
a

lit
y
 c

ri
te

ri
a

, 
a

lo
n

g
 w

it
h

 s
o
m

e
 k

e
y
 c

o
n

s
id

e
ra

ti
o
n
s
. 
U

s
e

 t
h

e
 t
a
b

le
 a

s
 a

 g
u

id
e

 t
o

 h
e

lp
 y

o
u

 c
o

m
p

le
te

 t
h

e
 

T
e

c
h
n

ic
a
l 
R

e
q

u
ir

e
m

e
n

ts
 T

e
m

p
la

te
. 

 
C

ri
te

ri
a

 

R
e
la

ta
b

il
it

y
 

H
o
w

 w
e
ll 

th
e
 c

o
m

p
o
n
e

n
ts

 o
f 

a
 s

y
s
te

m
 r

e
la

te
 a

n
d

 l
in

k
 t

o
 

e
a
c
h
 o

th
e
r.

 

In
te

g
ra

ti
o

n

In
te

ro
p
e
ra

b
ili

ty

P
o
rt

a
b
ili

ty

C
o

m
p

a
ti

b
il
it

y
 

H
o
w

 w
e
ll 

th
e
 c

o
m

p
o
n
e

n
ts

 o
f 

a
 s

y
s
te

m
 

a
re

 c
o

m
p

a
ti

b
le

 w
it
h
 a

n
d
 a

d
a

p
ta

b
le

 t
o

 t
h
e
 n

e
e
d
s
 o

f 

y
o
u
r 

o
p

e
ra

ti
n

g
 e

n
v
ir

o
n

m
e

n
t.

  

H
o
s
ti
n

g

S
u
p
p
o
rt

a
b
ili

ty

S
e
c
u
ri
ty

 

A
u
d
it
a
b
ili

ty
 

S
c
a
la

b
ili

ty

F
u

n
c
ti

o
n

a
li

ty
 

H
o
w

 w
e
ll 

th
e
 s

y
s
te

m
 f

u
n

c
ti

o
n

s
 r

e
la

ti
v
e
 t
o
 y

o
u
r 

n
e
e

d
s

, 

o
n
c
e
 i
t 

is
 e

s
ta

b
lis

h
e
d
 o

r 
in

 o
p
e
ra

ti
o
n

. 

A
v
a
ila

b
ili

ty
 

R
e
lia

b
ili

ty
 

P
e
rf

o
rm

a
n
c
e

 

U
s
e
r 

e
x
p

e
ri

e
n

c
e

 

H
o
w

 w
e
ll 

th
e
 s

y
s
te

m
 f

u
n

c
ti

o
n

s
 m

e
e
t

y
o
u
r 

u
s
e
r 

e
x
p

e
ri

e
n

c
e

 n
e

e
d

s
, 

o
n
c
e
 i
t

is
 e

s
ta

b
lis

h
e
d
 o

r 
 

in
 o

p
e
ra

ti
o
n
. 

U
s
a
b
ili

ty

R
e
p
o
rt

in
g

 

U
s
e
r 

s
u
p
p

o
rt

 

T
ra

in
in

g
 

H
ig

h
 p

ri
o

ri
ti

e
s

: 
e

s
s
e

n
ti
a

lly
 n

o
n

-n
e

g
o

ti
a

b
le

; 
w

it
h
o

u
t 

th
e

m
, 
y
o
u

 w
o
u

ld
 n

o
t 
b

e
 a

b
le

 t
o

 a
c
h

ie
v
e

 y
o
u

r 
g
o

a
ls

. 

B
e

fo
re

 i
d

e
n

ti
fy

in
g

 s
o
m

e
th

in
g

 a
s
 a

 h
ig

h
 p

ri
o
ri

ty
, 
c
o

n
s
id

e
r 

w
h

a
t 
a

 h
ig

h
 l
e

v
e

l 
o

f 
s
e

rv
ic

e
 w

o
u

ld
 l
o
o

k
 l
ik

e
 f
o
r 

th
o

s
e

 

c
ri

te
ri
a

, 
a
n

d
 w

h
e

th
e

r 
y
o

u
 w

o
u

ld
 r

e
q
u

ir
e

 i
t 
(g

iv
e
n

 t
h

a
t 

th
e

re
 t
e

n
d

s
 t
o

 b
e

 a
 c

o
n

c
u
rr

e
n

t 
a
d

d
it
io

n
a

l 
c
o

s
t)

. 
W

o
u

ld
 a

 

m
id

-l
e

v
e

l 
s
e
rv

ic
e

 s
u

ff
ic

e
?

 

M
e

d
iu

m
 p

ri
o

ri
ti

e
s
: 

th
in

g
s
 t
h
a

t 
a

re
 s

tr
o
n

g
ly

 f
a

v
o

u
re

d
, 

b
u

t 
c
a
n

 b
e

 w
o

rk
e

d
 a

ro
u
n

d
 i
f 
n
e

e
d

 b
e

; 
a

 s
lig

h
t 

c
o

m
p
ro

m
is

e
 h

e
re

 w
o

u
ld

 b
e

 r
e
a

s
o
n
a

b
le

. 

T
h

is
 m

a
y
 t
ra

n
s
la

te
 i
n

to
 r

e
q

u
ir
in

g
 a

 m
o

re
 m

o
d

e
s
t 
le

v
e

l 
 

o
f 
s
e

rv
ic

e
. 

L
o

w
 p

ri
o

ri
ti

e
s

: 
T

h
e

s
e

 a
re

 n
ic

e
-t

o
-h

a
v
e

s
. 

Y
o

u
 c

a
n

 a
ff
o

rd
 t
o

 c
o
m

p
ro

m
is

e
 o

n
 t
h

e
s
e

 c
ri

te
ri
a

, 

p
a

rt
ic

u
la

rl
y
 w

h
e
re

 c
o

s
ts

 a
re

 a
 b

ig
 c

o
n

s
id

e
ra

ti
o
n

, 
w

it
h
o

u
t 

je
o
p

a
rd

is
in

g
 t
h

e
 q

u
a

lit
y
 o

f 
y
o
u

r 
p
ro

je
c
t 
d
e

liv
e

ry
. 
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P
la

tf
o

rm
 q

u
a

lit
y
 c

ri
te

ri
a

 r
e

fe
re

n
c
e

 t
a

b
le

 

Q
u

a
li
ty

 c
ri

te
ri

a
 

D
e
s
c
ri

p
ti

o
n

 
C

o
n

s
id

e
ra

ti
o

n
s
 a

n
d

 g
u

id
a

n
c
e

 

1
. 

In
te

g
ra

ti
o

n
  

In
te

g
ra

ti
o

n
 r

e
fe

rs
 t

o
 t
h

e
 a

b
ili

ty
 o

f 
a
 p

la
tf

o
rm

 o
r 

s
e

rv
ic

e
 t
o
 c

o
n
n
e
c
t 

a
n
d
 w

o
rk

 t
o
g
e
th

e
r 

w
it
h

 o
th

e
r 

p
la

tf
o
rm

s
 o

r 
s
e

rv
ic

e
s
, 

 

to
 f
o
rm

 a
 l
a
rg

e
r,

c
o
m

p
le

te
, 
fu

n
c
ti
o

n
a
l 
s
y
s
te

m
 t
h

a
t 
m

e
e
ts

  

y
o
u
r 

n
e

e
d
s
. 

In
te

ro
p
e
ra

b
ili

ty
 (

b
e
lo

w
) 

c
a
n
 b

e
 a

 c
ri
ti
c
a
l 
fa

c
to

r 
th

a
t 
s
u
p
p

o
rt

s
 

in
te

g
ra

ti
o
n
; 

h
o
w

e
v
e
r,

 i
n
te

g
ra

ti
o
n
 c

a
n

s
ti
ll 

b
e
 a

c
h
ie

v
e

d
 w

it
h

 r
e
la

ti
v
e
ly

 

lo
w

 i
n
te

ro
p

e
ra

b
ili

ty
, 

th
ro

u
g
h
 d

e
e
p
 c

u
s
to

m
 d

e
v
e
lo

p
m

e
n
t 

(e
s
s
e
n
ti
a
lly

, 

b
u
ild

in
g
 a

 o
n
e
-o

ff
 p

ie
c
e
 o

f 
s
o

ft
w

a
re

 t
h
a
t 
tr

a
n
s
la

te
s
 o

r 
b
ri
d

g
e
s
 t

h
e
 

g
a
p
 b

e
tw

e
e
n
 t
w

o
 q

u
it
e
 d

if
fe

re
n
t 
s
y
s
te

m
s
—

s
o
m

e
th

in
g
 t

h
a
t 

te
n
d
s
 t

o
 

b
e
 c

o
s
tl
y
 a

n
d
 t
im

e
-c

o
n
s
u

m
in

g
).

 

C
o
n
s
id

e
r 

w
h

e
th

e
r 

y
o
u
 w

is
h
 t

o
 m

a
k
e
 u

s
e

 o
f 
e
x
is

ti
n

g
 i
n
te

rn
a
l 
o
r 

e
x
te

rn
a
l 
p
la

tf
o

rm
s
 o

r 
s
e
rv

ic
e
s
, 
a
n
d
 b

u
ild

 a
 m

o
re

 m
o

d
u
la

r 
d
a
ta

 

a
rc

h
it
e
c
tu

re
.
If

 s
o
, 
y
o

u
 w

ill
 n

e
e
d
 t

o
 c

h
o

o
s
e
 n

e
w

 s
y
s
te

m
 c

o
m

p
o
n
e

n
ts

 

th
a
t 
a
re

 i
n

te
g

ra
b
le

 (
e
.g

. 
p
ro

v
id

e
 i
n
te

rf
a
c
e

s
 o

r 
A

P
Is

) 
w

it
h
 t

h
o
s
e

 

e
x
is

ti
n

g
 s

y
s
te

m
s
. 

2
. 

In
te

ro
p

e
ra

b
il
it

y
  

In
te

ro
p
e
ra

b
ili

ty
 r

e
fe

rs
 t

o
 t

h
e
 a

b
ili

ty
 o

f 
a
 p

la
tf
o
rm

 o
r 

s
e
rv

ic
e

 t
o
 

e
x
c
h
a
n
g
e

 d
a
ta

a
n
d
 i
n
te

g
ra

te
 f

u
n
c
ti
o

n
a
lit

y
 v

ia
 c

o
m

m
o
n
 s

h
a
re

d
 

la
n
g
u
a
g

e
 a

n
d

 p
ro

to
c
o
ls

. 
It
 i
s
 c

lo
s
e
ly

 r
e
la

te
d
 t

o
 i
n
te

g
ra

ti
o

n
 (

a
b
o
v
e

),
 

b
u
t 
is

 m
o

re
 s

o
p

h
is

ti
c
a
te

d
, 
a
s
 i
t 

te
n
d
s
 t

o
 b

e
 s

ta
n
d
a

rd
s
-b

a
s
e
d
 a

n
d
 

c
a
n
 t
h
e

re
fo

re
 b

e
 a

s
s
e
s
s
e
d

 i
n
 t
e
rm

s
 o

f 
c
o
m

p
lia

n
c
e
. 
In

te
ro

p
e
ra

b
le

 

p
la

tf
o
rm

s
 s

h
o
u
ld

 i
n
te

g
ra

te
 w

it
h
 e

a
c
h
 o

th
e

r 
w

it
h
o
u
t 

th
e
 n

e
e
d
 f
o
r 

c
o
s
tl
y
 c

u
s
to

m
is

a
ti
o
n
. 

T
h
a
t 
is

, 
th

e
y
 a

re
 s

im
ila

r 
e
n
o

u
g
h
 t

h
a
t 

th
e
y
 

s
p
e
a
k
 t

o
 e

a
c
h
 o

th
e
r 

d
ir
e
c
tl
y
 (

a
n
d
 t

h
is

 i
s
 a

c
h
ie

v
e
d
 

th
ro

u
g

h
 s

ta
n

d
a
rd

s
).

  

In
te

ro
p
e
ra

b
ili

ty
 i
s
 t
h
e
 f

o
u
n
d

a
ti
o
n
 o

f 
a
 m

a
tu

ri
n

g
 t
e
c
h

n
o
lo

g
y
 

e
c
o
s
y
s
te

m
. 
A

s
 t

h
e
 s

m
a

rt
 c

it
y
 s

e
c
to

r 
m

a
tu

re
s
, 

w
e
 c

a
n
 e

x
p

e
c
t 

to
 s

e
e

m
o
re

 i
n
te

ro
p
e
ra

b
ili

ty
 s

ta
n
d

a
rd

s
 e

m
e
rg

e
, 
a

n
d
 g

ro
w

in
g
 c

o
m

p
lia

n
c
e
 

fr
o
m

 v
e

n
d
o
rs

. 
 

C
o
n
s
id

e
r 

y
o

u
r

a
s
p
ir
a
ti
o

n
s
 t

o
 d

e
v
e
lo

p
 y

o
u
r 

p
ro

je
c
t 

in
 t
h
e
 c

o
m

in
g
 

y
e
a
rs

, 
p

e
rh

a
p
s
 t

o
 m

e
e
t 
a

n
 e

x
p

a
n
d
in

g
 s

e
t 
o
f 

d
a
ta

 u
s
e
 c

a
s
e
s
, 

o
r 

to
 

im
p
ro

v
e
 i
n
te

g
ra

ti
o

n
 w

it
h

 l
o

c
a
l 
g
o
v
e
rn

m
e
n
t 

s
y
s
te

m
s
. 

P
e
rh

a
p
s
 y

o
u
 

h
a
v
e
 a

 f
o
c
u
s
 o

n
 d

e
v
e
lo

p
in

g
 a

n
 o

rg
a
n
is

a
ti
o

n
a
l 
s
m

a
rt

 c
it
y
 s

tr
a
te

g
y
. 

H
ig

h
 i
n
te

ro
p
e
ra

b
ili

ty
 w

ill
 p

ro
v
id

e
 y

o
u
 w

it
h
 t

h
e
 g

re
a
te

s
t 

p
o
s
s
ib

le
 

fl
e
x
ib

ili
ty

 t
o
 m

e
e
t 
fu

tu
re

 n
e
e
d
s
. 



  

7
5

 

Q
u

a
li
ty

 c
ri

te
ri

a
 

D
e
s
c
ri

p
ti

o
n

 
C

o
n

s
id

e
ra

ti
o

n
s
 a

n
d

 g
u

id
a

n
c
e

 

3
. 

P
o

rt
a
b

il
it

y
 

P
o
rt

a
b
ili

ty
 r

e
fe

rs
 t

o
 t
h
e
 a

b
ili

ty
 t

o
 m

ig
ra

te
 d

a
ta

 o
r 

a
p
p
lic

a
ti
o

n
s
 

b
e
tw

e
e
n
 t
w

o
 p

la
tf

o
rm

s
 o

r 
c
lo

u
d
 s

e
rv

ic
e

 p
ro

v
id

e
rs

. 
P

o
rt

a
b
il
it
y
 c

a
n
 

in
c
lu

d
e
 r

a
w

 o
r 

a
b
s
tr

a
c
te

d
 s

e
n
s
o

r 
d

a
ta

, 
in

-s
y
s
te

m
 d

a
ta

 (
s
u

c
h
 a

s
 u

s
e

r 

a
c
c
e
s
s
 r

e
c
o

rd
s
),

 o
r 

c
u
s
to

m
 a

p
p
lic

a
ti
o

n
s
 (

s
u
c
h

 a
s
 d

a
ta

p
ro

c
e
s
s
in

g
 

m
o
d
u
le

s
 d

e
v
e
lo

p
e
d
 f
o

r 
s
p
e
c
if
ic

 d
e
v
ic

e
s
).

 A
 g

iv
e
n
 p

la
tf
o
rm

 o
r 

s
to

ra
g
e

 l
o
c
a
ti
o
n

 m
a
y
 b

e
 s

u
p

p
o
rt

iv
e

 o
f 
p
o

rt
a
b
ili

ty
. 

N
o
te
:
T
h
e
E
U
’s
G
e
n
e
ra
l
D
a
ta
P
ro
te
c
ti
o
n
R
e
g
u
la
ti
o
n
(G
D
P
R
)

e
n
s
h
ri
n
e
s
a
‘r
ig
h
t
to
d
a
ta
p
o
rt
a
b
ili
ty
’
in
la
w
,

w
h
ic

h
 a

ff
e
c
ts

 a
ll 

p
la

tf
o
rm

s
 a

n
d
 s

e
rv

ic
e
s
 u

s
e
d
 i
n
 t

h
e
 E

U
. 

P
o
rt

a
b
ili

ty
 m

a
tt

e
rs

 i
f:

 

•
 

y
o
u
 w

a
n
t 
to

 m
ig

ra
te

 s
o

m
e
 (

o
r 

a
ll)

 o
f 
y
o

u
r 

a
rc

h
iv

e
d
 d

a
ta

 i
n
to

 

a
 n

e
w

 p
la

tf
o
rm

 o
r 

d
a
ta

b
a
s
e
, 
d
u

e
 t
o
 a

 c
h
a
n

g
e
 o

f 
 

s
e
rv

ic
e
 p

ro
v
id

e
r 

•
 

y
o
u
r 

o
rg

a
n
is

a
ti
o
n
 h

a
s
 a

 p
o
s
it
io

n
 o

n
 a

v
o
id

in
g
 v

e
n
d

o
r 

lo
c
k
-i
n

. 

C
o
n
s
id

e
r 

h
o
w

 l
o
n
g
 y

o
u
 p

la
n
 t
o
 r

u
n
 y

o
u
r 

m
o
n
it
o
ri

n
g
 n

e
tw

o
rk

, 
a
n
d
 t

h
e
 

lik
e
lih

o
o
d
 t
h
a

t 
y
o
u
 w

ill
 e

x
p

a
n
d
 o

r 
e
v
o
lv

e
 i
t 

o
v
e

r 
m

u
lt
ip

le
 y

e
a
rs

. 
If
 t

h
is

 

is
 t
h
e
 p

la
n
, 

y
o
u
 m

a
y
 w

a
n
t 

to
 e

n
s
u
re

 f
u
tu

re
 f
le

x
ib

ili
ty

. 
If
 y

o
u
 a

re
 

p
la

n
n
in

g
 a

 m
o

re
 m

o
d
u
la

r 
d
a
ta

 a
rc

h
it
e
c
tu

re
, 
c
o
m

p
ri
s
in

g
 m

u
lt
ip

le
 

in
te

g
ra

te
d
 c

o
m

p
o
n

e
n
ts

, 
y
o

u
 m

a
y
 h

a
v
e
 t

h
e
 o

p
ti
o

n
to

 s
w

a
p

 i
n
/o

u
t 

s
e
rv

ic
e
 p

ro
v
id

e
rs

 i
n
 s

p
e
c
if
ic

 a
re

a
s
 o

f 
y
o
u

r 
te

c
h

n
o
lo

g
y
 s

ta
c
k
. 

T
h
is

 

m
a
y
 b

e
 s

o
m

e
th

in
g
 f
o

rc
e

d
 b

y
 b

u
s
in

e
s
s
 n

e
c
e
s
s
it
y
, 

o
r 

b
y
 c

h
a
n
g
in

g
  

d
a
ta

u
s
e

 r
e
q

u
ir
e
m

e
n
ts

. 
In

 t
h
is

 s
c
e

n
a
ri
o

, 
p
o
rt

a
b
ili

ty
 w

ill
 b

e
  

h
ig

h
ly

 i
m

p
o

rt
a
n
t.

 

4
. 

H
o

s
ti

n
g

 
H

o
s
ti
n

g
 r

e
fe

rs
 t

o
 t
h
e
 a

b
ili

ty
 o

f 
a

 p
la

tf
o

rm
 o

r 
s
e
rv

ic
e

 t
o
 p

ro
v
id

e
 a

n
 

e
n
v
ir
o
n

m
e
n
t 
th

a
t 

c
a

n
 h

o
s
t 

a
 d

iv
e
rs

it
y
 o

f 
s
e

n
s
in

g
 d

e
v
ic

e
s
, 

o
r 

d
is

c
re

e
t 

s
o
ft
w

a
re

 m
o
d
u
le

s
. 

  

F
o
r 

a
n
 I
o

T
 p

la
tf
o

rm
 

C
o
n
s
id

e
r 

w
h

e
th

e
r 

y
o
u
 w

ill
 w

a
n
t 

to
 h

o
s
t
m

u
lt
ip

le
 d

if
fe

re
n
t 

d
e
v
ic

e
 

ty
p
e
s
, 

p
o
s
s
ib

ly
 f

ro
m

 d
if
fe

re
n
t 

m
a
n
u
fa

c
tu

re
rs

, 
e

a
c
h
 w

it
h
 i
ts

 o
w

n
 d

a
ta

 

d
e
c
o
d
in

g
 a

n
d
 s

u
p
p
o

rt
 r

e
q
u
ir
e

m
e
n
ts

. 

C
o
n
s
id

e
r 

w
h

e
th

e
r 

y
o
u
 n

e
e
d
 t

o
 h

o
s
t 

c
u
s
to

m
 d

a
ta

 i
n
te

rp
re

ta
ti
o
n
 

m
o
d
u
le

s
 f

o
r 

th
in

g
s
 l
ik

e
 c

a
lib

ra
ti
o
n

 d
ri
ft

 c
o
rr

e
c
ti
o
n
, 
o

r 
te

m
p

e
ra

tu
re

 

in
te

rf
e
re

n
c
e
 c

o
rr

e
c
ti
o
n
. 
S

o
m

e
 p

la
tf

o
rm

s
 m

a
y
 c

o
m

e
 w

it
h
 t

h
e
s
e
 

fu
n
c
ti
o

n
a
lit

ie
s
, 

b
u
t 

a
 m

a
jo

ri
ty

 w
ill

 n
o
t 

(b
u
t 

m
a
y
 h

a
v
e
 v

a
ry

in
g
 c

a
p
a
c
it
y
 

to
 s

u
p
p
o

rt
 t
h

e
m

).
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Q
u

a
li
ty

 c
ri

te
ri

a
 

D
e
s
c
ri

p
ti

o
n

 
C

o
n

s
id

e
ra

ti
o

n
s
 a

n
d

 g
u

id
a

n
c
e

 

F
o
r 

a
 d

a
ta

 o
r 

a
n
a
ly

ti
c
s
 p

la
tf

o
rm

 

C
o
n
s
id

e
r 

w
h

e
th

e
r 

y
o
u
 w

ill
 n

e
e
d
 t
o
 i
m

p
le

m
e
n
t 
c
u

s
to

m
 d

a
ta

 

m
a
n
a
g

e
m

e
n
t,

a
n
a
ly

ti
c
s
, 

o
r 

v
is

u
a
lis

a
ti
o
n
 f

u
n
c
ti
o

n
a
lit

y
 w

it
h
in

 y
o
u
r 

c
h
o
s
e
n
 p

la
tf
o
rm

, 
a
s
 i
t 

m
a
y
 r

e
q
u
ir
e

 a
 n

e
w

 s
o
ft
w

a
re

 p
a
c
k
a

g
e
 t
o
 b

e
 

h
o
s
te

d
 w

it
h
in

 t
h
e
 m

a
in

 p
la

tf
o
rm

 e
n
v
ir

o
n
m

e
n
t.

 

5
. 

S
u

p
p

o
rt

a
b

il
it

y
  

T
h
e

s
u

p
p
o
rt

a
b
ili

ty
 o

f 
a
 p

la
tf

o
rm

 o
r 

s
e

rv
ic

e
 r

e
la

te
s
 t

o
 h

o
w

 w
e
ll 

it
 c

a
n

b
e
 c

o
n
fi
g

u
re

d
 a

n
d
 a

d
a
p
te

d
 t
o

 f
it
 w

it
h
 t
h

e
 b

ro
a
d
e

r 
c
o
n
te

x
t 

o
f 
a
n
 

o
rg

a
n
is

a
ti
o
n
, 
a

n
d
 w

it
h
 t

h
e
 m

o
re

 s
p

e
c
if
ic

 c
o
n
te

x
t 

o
f 

a
 p

ro
je

c
t 

o
r 

d
a

ta
 

u
s
e
 c

a
s
e
. 
S

u
p

p
o
rt

a
b
ili

ty
 i
n
c
lu

d
e
s
: 

•
 

T
e
s
ta

b
ili

ty
 –

 c
a
n
 y

o
u

 t
e
s
t 

it
, 

to
 c

h
e
c
k
 i
f 

it
 m

e
e
ts

 y
o
u

r 
n
e

e
d

s
?

 

•
 

C
o
n
fi
g
u
ra

b
ili

ty
 a

n
d
 a

d
a
p

ta
b
ili

ty
 –

 d
o
e
s
 t

h
e
 p

la
tf

o
rm

 o
r 

s
e
rv

ic
e
 h

a
v
e
 e

x
is

ti
n

g
 s

e
tt
in

g
s
/o

p
ti
o
n
s
 t

h
a
t 
c
a
n
 e

a
s
ily

 b
e
 

a
d
ju

s
te

d
, 

to
 e

n
s
u
re

 t
h
a
t 
it
 f

it
s
 i
n
to

 y
o

u
r 

s
p

e
c
if
ic

 c
o
n
te

x
t?

 

•
 

M
a
in

ta
in

a
b
ili

ty
 –

 c
a
n

 t
h
e
 t

e
c
h
n
ic

a
l 
re

q
u
ir

e
m

e
n
ts

 o
f 
th

e
 n

e
w

 

p
la

tf
o
rm

 o
r 

s
e
rv

ic
e
 b

e
 m

a
in

ta
in

e
d

 b
y
 t

h
e

 e
n
v
ir

o
n
m

e
n
t 
th

a
t 

y
o
u
 w

ill
 b

e
 r

u
n
n
in

g
 i
t 

in
 (

e
.g

. 
d
o

e
s
 i
t 

n
e

e
d
 c

e
rt

a
in

 d
a
ta

 t
o

 

fu
n
c
ti
o

n
, 

a
n
d
 c

a
n
 y

o
u
 p

ro
v
id

e
 t
h
a
t 

d
a
ta

)?
 

•
 

H
o
w

 w
e
ll 

d
o
e
s
 t

h
e
 p

la
tf

o
rm

 o
r 

s
e

rv
ic

e
 f
it
 w

it
h
in

 t
h
e
 b

ro
a
d

e
r 

p
o
lic

y
 o

r 
a

d
m

in
is

tr
a
ti
v
e
 e

n
v
ir

o
n
m

e
n
t 
o

f 
y
o

u
r 

o
rg

a
n
is

a
ti
o
n

?
 

D
o
 y

o
u
 f
o

re
s
e
e
 p

o
te

n
ti
a
l 
h
u

rd
le

s
 t

o
 t
im

e
ly

 a
n
d
 e

ff
e
c
ti
v
e
 s

e
t-

u
p
, 

in
te

g
ra

ti
o

n
, 

o
r 

o
p
e
ra

ti
o
n
?

 

C
o
n
s
id

e
r 

th
e
 e

x
te

n
t 
to

 w
h
ic

h
 y

o
u
 a

re
 p

la
n
n
in

g
 a

 m
o
re

 m
o

d
u
la

r 
d

a
ta

 

a
rc

h
it
e
c
tu

re
,
c
o

m
p
ri
s
in

g
 m

u
lt
ip

le
 i
n
te

g
ra

te
d
 c

o
m

p
o
n
e
n

ts
. 

A
 p

la
tf
o
rm

 

o
r 

s
e
rv

ic
e
 t

h
a
t 
fo

rm
s
 p

a
rt

 o
f 
a
 l
a

rg
e

r 
w

h
o
le

 i
s
 m

o
re

 r
e
lia

n
t 

u
p
o
n
 t
h

e
 

c
o
n
te

x
t 

o
f 

th
a
t 
w

h
o
le

, 
c
o

m
p
a

re
d
 t
o

 a
 s

ta
n
d

-a
lo

n
e
, 

to
p

-t
o

-b
o
tt
o
m

 

s
o
lu

ti
o
n
. 

C
o
n
s
id

e
r 

th
e
 c

o
m

p
le

x
it
y
 o

f 
th

e
 f

u
n
c
ti
o

n
a
lit

y
 y

o
u
 d

e
s
ir
e
. 

M
o
re

 

c
o
m

p
le

x
it
y

m
a
y

tr
a

n
s
la

te
in

to
m

o
re

c
o

n
fi
g
u
ra

ti
o

n
,

a
n
d

h
ig

h
e
r

m
a
in

te
n

a
n
c
e
 r

e
q
u
ir

e
m

e
n

ts
. 
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Q
u
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 c
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te
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D
e
s
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p
ti

o
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C

o
n

s
id

e
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ti
o

n
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n
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u
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n
c
e

 

6
. 

S
e
c
u

ri
ty

 
S

e
c
u
ri
ty

 r
e
fe

rs
 t

o
 t

h
e
 a

b
ili

ty
 o

f 
a
 s

y
s
te

m
 t

o
 d

e
te

c
t 
a
n
d

 r
e
s
is

t 

u
n
w

a
n
te

d
 e

x
te

rn
a
l 
in

te
rf

e
re

n
c
e
 o

r 
d

a
ta

 a
c
c
e
s
s
, 
a
n
d

 a
p
p
li
e
s
 a

t
a
ll 

le
v
e
ls

 o
f 
a
 t

e
c
h
n
o
lo

g
y
 s

ta
c
k
. 

N
o
ta

b
le

a
re

a
s
 o

f 
fo

c
u
s
 f

o
r 

p
la

tf
o
rm

s
 

a
n
d
 s

e
rv

ic
e
s
 i
n

c
lu

d
e

: 

•
 

U
s
e
r 

a
c
c
e
s
s
 m

a
n
a
g

e
m

e
n
t 
–
 t

h
e
 a

b
ili

ty
 o

f 
a
 p

la
tf
o
rm

 o
r 

s
e
rv

ic
e
 t
o
 c

o
n
tr

o
l 
w

h
o
 a

c
c
e
s
s
e
s
 a

 s
y
s
te

m
, 
a

n
d
 t

o
 a

s
s
ig

n
 

d
if
fe

re
n

t 
p
e
rm

is
s
io

n
s
 t

o
 d

if
fe

re
n
t 

g
ro

u
p
s
 (

c
u
s
to

m
 a

c
c
e
s
s
 

p
ri
v
ile

g
e
s
).

 T
h
is

 c
a

n
 i
n
c
lu

d
e
 a

c
c
e
s
s
 c

o
n
tr

o
l 
fu

n
c
ti
o

n
a
lit

y
 

(e
.g

. 
p

a
s
s
w

o
rd

 m
a
n

a
g
e
m

e
n
t;
 c

a
p
tc

h
a
; 

tw
o

-f
a
c
to

r 

a
u
th

e
n
ti
c
a
ti
o
n
).

 

•
 

D
a
ta

 e
n
c
ry

p
ti
o
n

 –
 t
h
e
 a

b
ili

ty
 o

f 
a

 s
y
s
te

m
 t

o
 e

n
c
ry

p
t 
d

a
ta

w
h
e
re

it
is

s
to

re
d

,
o
r

d
u
ri
n

g
tr

a
n
s
fe

r.

C
o
n
s
id

e
r 

th
e
 s

e
n
s
it
iv

it
y
 o

f 
y
o
u

r 
d
a
ta

, 
y
o
u

r 
u
s
e

rs
, 

a
n

d
 y

o
u

r 
d
a
ta

 u
s
e
 

c
a
s
e
, 
a
n
d

 a
s
s
e
s
s
 t

h
e
 r

is
k
 a

n
d
 r

e
p
e
rc

u
s
s
io

n
s
 o

f 
a
 d

a
ta

 l
e
a

k
 o

r 
 

d
a
ta

lo
s
s
. 

C
o
n
s
id

e
r 

th
e
 n

u
m

b
e

r 
o
f 
u
s
e
rs

, 
a

n
d
 d

iv
e

rs
it
y
 o

f 
u
s
e
r 

g
ro

u
p

s
, 

p
a
rt

ic
u
la

rl
y
 i
f 

th
e

re
 i
s
 t

o
 b

e
 a

 p
u
b
lic

 u
s
e

r 
b
a
s
e
 w

h
e
re

 p
e

o
p

le
 c

a
n
 

c
re

a
te

 t
h
e
ir
 o

w
n
 a

c
c
e
s
s
 a

c
c
o
u
n
ts

. 

C
o
n
s
id

e
r 

th
e
 n

u
m

b
e

r 
o
f 
a
c
c
e
s
s
 p

o
in

ts
 i
n
 a

 s
y
s
te

m
, 
p

a
rt

ic
u
la

rl
y
 i
n
 

m
o
re

 c
o

m
p
le

x
 m

o
d
u
la

r 
s
y
s
te

m
s
 t

h
a
t 

c
o
m

p
ri
s
e
 m

u
lt
ip

le
 i
n
te

g
ra

te
d
 

p
a
rt

s
. 

T
h
e
 s

e
c
u
ri
ty

 o
f 

a
n
 i
n

te
g
ra

te
d
 s

y
s
te

m
m

a
y
 b

e
 a

s
 w

e
a
k
 a

s
 i
ts

 

w
e
a
k
e
s
t 

c
o
m

p
o
n
e

n
t.

 

7
. 

A
u

d
it

a
b

il
it

y
  

A
u
d
it
a
b
ili

ty
 r

e
fe

rs
 t

o
 t

h
e
 a

b
ili

ty
 o

f
a
 p

la
tf
o
rm

 o
r 

s
e
rv

ic
e
 t

o
 p

ro
v
id

e
 

a
n
d
 m

a
in

ta
in

 f
u
ll 

tr
a
c
e

a
b
ili

ty
 o

f 
u
s
e
r 

a
c
c
e
s
s
 a

n
d

 t
ra

n
s
a
c
ti
o
n
s
. 

E
a
c
h
 

ti
m

e
 a

 u
s
e
r 

a
c
c
e
s
s
e
s
 a

 p
la

tf
o
rm

 a
n

d
 d

o
e
s
 s

o
m

e
th

in
g

, 
it
 i
s
 p

o
s
s
ib

le
 

to
re
c
o
rd
w
h
o
it
w
a
s
,
w
h
a
t
th
e
y
d
id
,
a
n
d
w
h
e
n
th
e
y
d
id
it
.
‘D
o
in
g

s
o
m
e
th
in
g
’
c
a
n
b
e
a
s
s
im
p
le
a
s
a
c
c
e
s
s
in
g
d
a
ta
,
o
r
a
s
in
tr
u
s
iv
e
a
s

c
h
a
n
g
in

g
 c

o
re

 s
e
tt
in

g
s
 o

r 
c
o

d
e
 (

w
h
ic

h
 s

h
o
u
ld

 b
e
 a

d
m

in
 u

s
e
rs

 o
n
ly

).
  

A
d
d
it
io

n
a
l 
a
u

d
it
a

b
ili

ty
 f

u
n
c
ti
o

n
a
lit

y
 i
n
c
lu

d
e
s
 t

h
e
 c

a
p

a
c
it
y
 f

o
r 

g
e
n
e
ra

ti
n
g
 c

u
s
to

m
 r

e
p
o

rt
s
, 

b
a
s
e
d
 u

p
o
n
 s

u
c
h
 r

e
c
o
rd

s
. 

T
h
is

 c
a
n
 b

e
 

v
it
a
l 
to

 b
e
s
t 

p
ra

c
ti
c
e

 s
e
c
u

ri
ty

 m
a
n

a
g
e
m

e
n
t,
 d

a
ta

 m
a
n
a

g
e

m
e
n
t,

 a
n
d
 

d
a
ta

 s
h
a

ri
n

g
. 
It

 c
a

n
 a

ls
o
 s

u
p

p
o
rt

 r
o
llb

a
c
k
 o

f 
s
y
s
te

m
 s

e
tt
in

g
s
. 

  

C
o
n
s
id

e
r 

th
e
 r

e
la

ti
v
e
 s

e
n
s
it
iv

it
y
 o

f 
y
o
u

r 
d
a
ta

, 
y
o
u

r 
s
y
s
te

m
, 

y
o
u
r 

u
s
e
rs

, 
a

n
d
 y

o
u

r 
d
a
ta

 u
s
e

 c
a
s
e
, 
in

c
lu

d
in

g
 e

th
ic

a
l 
a
n

d
 l
e

g
a
l 

o
b
lig

a
ti
o
n
s
. 

G
re

a
te

r 
s
e

n
s
it
iv

it
y
 t
e
n

d
s
 t

o
 b

e
n
e
fi
t 

fr
o
m

  

g
re

a
te

r 
a
u

d
it
a
b
ili

ty
. 

C
o
n
s
id

e
r 

th
e
 d

iv
e

rs
it
y
 a

n
d

 n
u
m

b
e
r 

o
f 
u
s
e

rs
 w

h
o
 w

ill
 b

e
 a

c
c
e
s
s
in

g
 

y
o
u
r

p
la

tf
o
rm

.
L
a
rg

e
 n

u
m

b
e

rs
 o

f 
u
s
e
rs

, 
p
a
rt

ic
u
la

rl
y
 t
h
o
s
e
 o

u
ts

id
e
 o

f 

y
o
u
r

o
rg

a
n
is

a
ti
o
n
,
w

ill
 l
ik

e
ly

 m
a
k
e
 a

u
d
it
a
b
ili

ty
 a

 h
ig

h
 p

ri
o
ri

ty
. 
A

 

c
o
m

m
o
n
 c

ir
c
u
m

s
ta

n
c
e
 i
s
 a

 p
ro

je
c
t 

w
it
h
 m

u
lt
ip

le
 c

o
lla

b
o
ra

ti
n

g
 

o
rg

a
n
is

a
ti
o
n
s
, 

a
ll 

w
it
h

 d
a
ta

 u
s
e
rs

. 

C
o
n
s
id

e
r 

th
e
 r

e
la

ti
v
e
 c

o
m

p
le

x
it
y
 o

f 
th

e
 p

la
tf
o
rm

 o
r 

s
e
rv

ic
e

 w
it
h
 

re
s
p
e
c
t 

to
 w

h
a
t 

a
d
m

in
 u

s
e
rs

 c
a
n
 c

h
a

n
g
e
/c

o
n
fi
g

u
re

. 
A

 m
o

re
 



  

7
8

 

Q
u

a
li
ty

 c
ri

te
ri

a
 

D
e
s
c
ri

p
ti

o
n

 
C

o
n

s
id

e
ra

ti
o

n
s
 a

n
d

 g
u

id
a

n
c
e

 

s
o
p
h
is

ti
c
a
te

d
 s

y
s
te

m
 w

it
h
 a

 l
o
t 

o
f 
a
d

m
in

 o
p
ti
o
n
s
 h

a
s
 a

 g
re

a
te

r 
n

e
e
d
 

fo
r 

s
y
s
te

m
 c

h
a
n

g
e
s
 t

o
 b

e
 a

c
c
u
ra

te
ly

 r
e
c
o

rd
e
d
 a

n
d
 a

c
c
e
s
s
ib

le
. 

8
. 

S
c
a
la

b
il
it

y
  

S
c
a
la

b
ili

ty
 r

e
fe

rs
 t
o
 t
h

e
 c

a
p
a
c
it
y
 o

f 
a
 p

la
tf
o

rm
 o

r 
s
e
rv

ic
e

 t
o
 e

x
p
a
n

d
 

o
r 

c
o
n
tr

a
c
t 

it
s
 f

u
n
c
ti
o

n
a
l 
c
a
p
a
c
it
y
, 

to
 m

e
e
t 
c
h

a
n
g
in

g
 n

e
e
d

s
. 

S
c
a
lin

g
 

c
a
n
 i
n
c
lu

d
e
: 

•
 

th
e
 a

d
d
it
io

n
 o

f 
m

o
re

 d
e
v
ic

e
s
 t

o
 y

o
u

r 
n
e
tw

o
rk

 

•
 

a
n
 i
n
c
re

a
s
e
 i
n
 t

h
e
 a

m
o
u
n
t 

o
f 
d
a
ta

 c
o
lle

c
te

d
 (

w
h
ic

h
 m

a
y
 

re
s
u
lt
 f

ro
m

 m
o
re

 d
e
v
ic

e
s
, 
m

o
re

 s
e
n
s
o
rs

 p
e
r 

d
e
v
ic

e
, 

m
o
re

 

m
e
ta

d
a

ta
, 
s
h
o

rt
e
r 

re
p

o
rt

in
g

 i
n
te

rv
a
ls

, 
e
tc

.)
 

•
 

a
n
 i
n
c
re

a
s
e
 i
n
 t

h
e
 n

u
m

b
e

r 
o
f 
d

a
ta

 u
s
e
rs

 a
c
c
e
s
s
in

g
 a

 

p
la

tf
o
rm

 o
r 

s
y
s
te

m

•
 

a
n
 i
n
c
re

a
s
e
 i
n
 d

a
ta

 s
h

a
ri
n

g
, 

to
 a

 g
re

a
te

r 
n

u
m

b
e
r 

o
f 

e
x
te

rn
a
l 

e
n
d
 p

o
in

ts

•
 

a
 s

te
p
 u

p
 i
n

 t
h

e
 r

e
la

ti
v
e
 i
m

p
o

rt
a
n
c
e
 o

f 
a

 d
a
ta

 u
s
e
 c

a
s
e
, 

p
o
te

n
ti
a
lly

 t
o
 s

e
rv

e
 m

o
re

 c
ri
ti
c
a
l 
b
u
s
in

e
s
s
 r

e
q
u
ir

e
m

e
n
ts

. 

C
o
n
s
id

e
r 

y
o

u
r

a
s
p
ir
a
ti
o

n
s
, 

o
r 

th
e
 l
ik

e
lih

o
o
d
 t
h

a
t 
y
o

u
 w

ill
 w

a
n
t 
to

 

s
c
a
le

 y
o
u
r 

s
o
lu

ti
o
n
 i
n
 o

n
e

 o
r 

m
o
re

 o
f 
th

e
 w

a
y
s
 l
is

te
d

 p
re

v
io

u
s
ly

. 

C
o
n
s
id

e
r 

th
e
 e

x
te

n
t 
to

 w
h
ic

h
 y

o
u

r 
m

id
-t

o
-l
o

n
g
-t

e
rm

 b
u
s
in

e
s
s
 c

a
s
e
 

m
ig

h
t 
re

ly
 u

p
o
n

 t
h
e
 a

b
ili

ty
 t

o
 r

a
p
id

ly
 s

c
a
le

 (
m

e
a
n
in

g
 t

h
a
t 
th

e
 o

n
g

o
in

g
 

s
u
s
ta

in
a
b
ili

ty
 o

f 
y
o
u
r 

s
y
s
te

m
 i
s
 t

ie
d
 t
o
 i
ts

 s
c
a
la

b
ili

ty
).

 

C
o
n
s
id

e
r 

th
a
t 
s
c
a
lin

g
 c

a
n
 o

ft
e
n
 r

e
q
u
ir

e
 c

o
m

p
o
n

e
n
ts

 o
f 

a
 t

e
c
h
n
o
lo

g
y
 

s
ta

c
k
 t

o
 b

e
 r

e
p
la

c
e
d
 b

y
 a

lt
e
rn

a
ti
v
e
s
 t

h
a
t 
a

re
 b

e
tt

e
r 

s
u
it
e

d
 t

o
 s

c
a
lin

g
, 

o
r 

to
 a

 c
h
a
n
g
in

g
 s

tr
a
te

g
y
. 

If
 s

c
a
la

b
ili

ty
 i
s
 h

ig
h
ly

 i
m

p
o
rt

a
n
t 

to
 y

o
u
, 

y
o
u
 s

h
o
u
ld

 a
ls

o
 p

ri
o

ri
ti
s
e

 f
le

x
ib

ili
ty

 i
n
 t
h
e

 d
e
s
ig

n
, 
to

 f
u
tu

re
-p

ro
o
f 
y
o
u
r 

s
y
s
te

m
fo

r
c
h
a
n

g
e
s

a
n

d
u
p

g
ra

d
e
s
.

9
. 

A
v
a
il
a
b

il
it

y
  

A
v
a
ila

b
ili

ty
 r

e
fe

rs
 t

o
 t
h

e
 a

m
o

u
n
t 
o

f 
ti
m

e
 t

h
a
t 
a

 p
la

tf
o

rm
 o

r 
s
e
rv

ic
e
 i
s
 

a
v
a
ila

b
le

 t
o
 u

s
e
rs

, 
a
n
d
 a

b
le

 t
o

 p
e
rf

o
rm

 i
ts

 e
x
p
e
c
te

d
 f
u

n
c
ti
o
n
s
. 

It
 

m
ig

h
t 
b
e

 a
lw

a
y
s
 a

v
a
ila

b
le

 (
n

e
a
r 

1
0
0
%

 o
r 

c
o
n
ti
n

u
o
u
s
 a

v
a
ila

b
ili

ty
) 

o
r 

m
u
c
h
 l
e
s
s
 a

v
a
ila

b
le

. 
 

 T
h
is

 c
a
n
 b

e
 s

p
e
c
if
ie

d
 a

s
 a

v
e
ra

g
e
 a

v
a
ila

b
ili

ty
 l
e

v
e
ls

, 
o

r 
a
s
 ‘
d
o
w
n
ti
m
e

p
e
r
y
e
a
r’

. 

C
o
n
s
id

e
r 

w
h

e
n
 e

x
a
c
tl
y
 y

o
u
r 

in
te

n
d

e
d
 u

s
e
rs

 w
ill

 n
e
e

d
 t
o
 a

c
c
e
s
s
/u

s
e
 

th
e
 p

la
tf

o
rm

 o
r 

s
e

rv
ic

e
. 

C
lo
s
e
to
‘a
ll
th
e
ti
m
e
’
=
p
ri
o
ri
ty
h
ig
h

 

S
p
e
c
if
ic

 s
c
h
e
d
u
le

d
 t
im

e
s
 =

 p
ri

o
ri
ty

 m
e
d
iu

m
 

N
o
 s

tr
o
n
g

 p
re

fe
re

n
c
e
 =

 p
ri
o

ri
ty

 l
o
w

 



  

7
9

 

Q
u

a
li
ty

 c
ri

te
ri

a
 

D
e
s
c
ri

p
ti

o
n

 
C

o
n

s
id

e
ra

ti
o

n
s
 a

n
d

 g
u

id
a

n
c
e

 

A
v
a
ila

b
ili

ty
 l
e
v
e
l 
  

  
  
 D

o
w

n
ti
m

e
 p

e
r 

y
e

a
r 

9
9
.9

9
9
%

  
  
  

  
  
  
  

  
  
 5

 m
in

u
te

s
 

9
9
.9

9
%

  
  
  
  

  
  
  
  

  
  
 5

0
 m

in
u

te
s
 

9
9
.9

%
  
  
  
  
  

  
  
  
  

  
  
 8

.7
6
 h

o
u
rs

 

9
9
%

  
  
  
  
  
  

  
  
  
  
  

  
  
 3

.6
5
 d

a
y
s
 

9
5
%

  
  
  
  
  
  

  
  
  
  
  

 
  
1
8

.2
5
 d

a
y
s
 

9
0
%

  
  
  
  
  
  

  
  
  
  
  

 
  
 3

6
.5

 d
a
y
s
 

Y
o
u
 a

ls
o
 n

e
e
d
 t
o
 c

o
n
s
id

e
r 
‘a

v
a
ila

b
ili

ty
 t

im
e
 w

in
d
o
w
’,
 s

u
c
h

 a
s
 t

h
e
 

a
v
a
ila

b
ili

ty
 o

f 
th

e
 p

la
tf

o
rm

 o
r 

s
e

rv
ic

e
 d

u
ri
n

g
 b

u
s
in

e
s
s
 h

o
u
rs

 o
n
ly

, 
o
r 

b
e
y
o
n
d
 t

h
is

 t
im

e
 w

in
d
o
w

.
Y

o
u

r 
a
v
a

ila
b
ili

ty
 n

e
e
d
s
 h

a
v
e
 

re
p
e
rc

u
s
s
io

n
s
 f

o
r 

h
o
w

 r
o
u
ti
n

e
 m

a
in

te
n
a

n
c
e
 o

f 
a
 p

la
tf

o
rm

 o
r 

s
e
rv

ic
e
 

is
 s

c
h
e
d
u
le

d
. 

C
e
rt

a
in

 p
ro

v
id

e
rs

 m
a
y
 h

a
v
e
 s

e
t 

p
o
lic

ie
s
 t

h
a

t 
e
it
h
e
r 

m
e
e
t 
o

r 
c
la

s
h
 w

it
h
 y

o
u
r 

a
v
a
ila

b
ili

ty
 n

e
e
d
s
. 

C
o
n
s
id

e
r 

th
e
 n

u
m

b
e

r 
o
f 
u
s
e
rs

 r
e
lia

n
t 
u

p
o
n
 t

h
e
 s

y
s
te

m
. 
If
 t

h
e
re

is
 a

 

s
ig

n
if
ic

a
n
t 
p
u

b
lic

 u
s
e
r 

b
a
s
e
, 

a
re

 t
h
e
re

 P
R

 c
o
n
c
e
rn

s
 a

s
s
o
c
ia

te
d
 w

it
h
 

s
e
rv

ic
e
 i
n

te
rr

u
p

ti
o

n
?

 

A
re

 t
h
e
re

 c
o
n
tr

a
c
tu

a
l 
o
b
lig

a
ti
o

n
s
 t

h
a

t 
m

ig
h
t 

b
e
 f

ru
s
tr

a
te

d
 b

y
 p

la
tf
o

rm
 

o
r 

s
e
rv

ic
e
 o

u
ta

g
e
s
?
 F

o
r 

e
x
a
m

p
le

, 
a
 c

o
n
tr

a
c
to

r 
re

s
p
o
n
s
ib

le
 f
o
r 

o
p
e
ra

ti
n
g
 t
h

e
 d

e
v
ic

e
 n

e
tw

o
rk

 m
a
y
 b

e
 u

n
a
b
le

 t
o

 p
e
rf

o
rm

 d
a
y
-t

o
-d

a
y
 

ta
s
k
s
 i
f 

th
e
 I

o
T

 p
la

tf
o
rm

 i
s
 n

o
t 

w
o
rk

in
g
. 

C
o
n
s
id

e
r 

th
e
 r

is
k
 a

s
s
o
c
ia

te
d

 w
it
h
 i
n
te

rr
u
p

ti
o
n
 o

f 
y
o
u
r

d
a
ta

 u
s
e
 c

a
s
e
. 

Is
 i
t 

m
is

s
io

n
 c

ri
ti
c
a
l?

 H
o
w

 m
u
c
h
 i
n

c
o
n
v
e
n
ie

n
c
e
 w

ill
 b

e
 c

a
u

s
e
d
?
 W

ill
 

th
e
re

 b
e
 l
e
g

a
l 
o

r 
e

th
ic

a
l 
re

p
e
rc

u
s
s
io

n
s
?

 

F
in

a
lly

, 
c
o
n
s
id

e
r 

th
e
 c

o
s
t/

b
e
n
e
fi
t 

o
f 
h
ig

h
 s

e
rv

ic
e

 l
e
v
e
ls

, 
re

la
ti
v
e

 t
o
 

b
u
s
in

e
s
s
 g

o
a
ls

. 
A

 h
ig

h
 a

v
a
ila

b
ili

ty
 w

ill
 c

o
s
t 

y
o

u
 m

o
re

. 
S

o
m

e
 

p
la

tf
o
rm

s
 o

r 
s
e
rv

ic
e
s
 m

a
y
 n

o
t 

b
e
 a

b
le

 t
o
 o

ff
e
r 

h
ig

h
 s

e
rv

ic
e
 l
e
v
e
l 

a
g
re

e
m

e
n
ts

 a
t 
a
ll.

Y
o
u
 n

e
e
d
 t

o
 d

e
te

rm
in

e
 w

h
e
th

e
r 

th
e
 a

d
d
e
d
 c

o
s
t 

is
 

ju
s
ti
fi
e
d
 b

y
 t

h
e
 v

a
lu

e
 g

e
n

e
ra

te
d
 f
ro

m
 r

u
n
n
in

g
 t

h
e

 s
y
s
te

m
. 

1
0
. 

R
e
li
a
b

il
it

y
  

R
e
lia

b
ili

ty
 r

e
fe

rs
 t

o
 t
h

e
 p

ro
b
a
b
ili

ty
 t

h
a
t 
th

e
 p

la
tf

o
rm

 o
r 

s
e

rv
ic

e
 w

ill
 d

o
 

it
s
 j
o
b
 e

ff
e
c
ti
v
e
ly

, 
a
c
ro

s
s
 a

 d
e

fi
n

e
d
 p

e
ri
o

d
. 
O

r,
 p

u
t 
a

n
o
th

e
r 

w
a
y
, 

re
lia

b
ili

ty
 i
s
 a

 m
e
a
s
u
re

 o
f 
th

e
p

ro
b
a

b
ili

ty
 o

f 
s
y
s
te

m
 f
a
ilu

re
. 

It
 i
s
 o

ft
e
n

 

e
x
p
re
s
s
e
d
a
s
th
e
‘m
e
a
n
ti
m
e
b
e
tw
e
e
n
fa
ilu
re
s
’.
 

R
e
lia

b
ili

ty
 i
s
 d

is
ti
n
c
t 

fr
o
m

 a
v
a
il
a
b
ili

ty
. 

A
 s

y
s
te

m
 m

ig
h
t 

b
e
 a

v
a
ila

b
le

 

w
h
ile

 a
ls

o
 r

u
n
n
in

g
 s

u
b
o
p
ti
m

a
lly

, 
a
n

d
 t
h
u
s
 u

n
a
b
le

 t
o
 f
u
lf
il 

th
e
 

fu
n
c
ti
o

n
s
 e

x
p
e
c
te

d
 o

f 
it
. 

O
n
e
 e

a
s
y
 w

a
y
 t

o
 d

is
ti
n

g
u
is

h
 b

e
tw

e
e
n
 t
h
e
 

tw
o
is
to
th
in
k
o
f
a
v
a
ila
b
ili
ty
a
s
‘q

u
a
n
ti
ty

 o
f 
s
e
rv

ic
e

,’
a
n
d
re
lia
b
ili
ty
a
s

‘q
u
a
lit

y
 o
f
s
e
rv
ic
e
’.
 

C
o
n
s
id

e
ra

ti
o
n
s
 f

o
r 

re
lia

b
ili

ty
 a

re
 t

h
e
 s

a
m

e
 a

s
 f

o
r 

a
v
a
ila

b
ili

ty
.
B

o
th

 

c
ri
te

ri
a

 r
e
la

te
 t

o
 a

 l
o
s
s
 o

f 
c
o
re

 f
u
n
c
ti
o
n
 f
o

r 
a
 p

e
ri
o

d
, 

w
it
h
 a

s
s
o
c
ia

te
d
 

re
p
e
rc

u
s
s
io

n
s
 f

o
r 

u
s
e

rs
 a

n
d
 u

s
e
 c

a
s
e
s
. 



  

8
0

 

Q
u

a
li
ty

 c
ri

te
ri

a
 

D
e
s
c
ri

p
ti

o
n

 
C

o
n

s
id

e
ra

ti
o

n
s
 a

n
d

 g
u

id
a

n
c
e

 

1
1
. 

P
e
rf

o
rm

a
n

c
e

  
 

P
e
rf

o
rm

a
n
c
e
 r

e
fe

rs
 t

o
 t
h

e
 a

b
ili

ty
 o

f 
a
 p

la
tf

o
rm

 o
r 

s
e

rv
ic

e
 t

o
 s

u
p
p
o

rt
 a

 

s
e
ri
e

s
 o

f 
c
o
n
te

x
t-

s
p
e
c
if
ic

 n
e
e
d
s
. 

T
h
e
s
e

 a
re

: 

•
 

re
s
p

o
n
s
e
 t
im

e
s
 (

a
p
p
lic

a
ti
o

n
 l
o
a

d
in

g
; 

b
ro

w
s
e

r 
re

fr
e
s
h
 t
im

e
s
) 

•
 

p
ro

c
e
s
s
in

g
 t
im

e
s
 (

fu
n
c
ti
o

n
s
; 

c
a
lc

u
la

ti
o
n
s
; 

im
p
o
rt

s
; 

e
x
p
o

rt
s
) 

•
 

q
u
e
ry

 a
n
d
 r

e
p
o
rt

in
g
 t
im

e
s
 (

in
it
ia

l 
lo

a
d
s
 a

n
d
 s

u
b
s
e
q
u
e

n
t 

lo
a
d
s
; 

la
rg

e
-b

a
tc

h
 o

r 
re

a
l-

ti
m

e
 d

a
ta

 m
o
v
e

m
e
n
t)

. 

C
o
n
s
id

e
r 

th
e
 n

u
m

b
e

r 
o
f 
u
s
e
rs

 t
h

a
t 
y
o
u
 e

x
p
e
c
t 

to
 b

e
 a

c
c
e

s
s
in

g
 a

 

p
la

tf
o
rm

 o
r 

s
e
rv

ic
e
 i
n
te

rf
a
c
e
 a

t 
th

e
 p

e
a
k
 o

f 
it
s
 u

s
e
. 
F

o
r 

e
x
a
m

p
le

, 

m
a
n
y
 t

h
o
u
s
a
n

d
s
 o

f 
c
it
iz

e
n
s
 s

im
u
lt
a

n
e
o
u
s
ly

 a
c
c
e
s
s
in

g
 a

 p
u
b
lic

 

d
a
s
h
b
o
a

rd
 d

u
ri
n

g
 a

b
u
s
h
fi
re

 s
m

o
k
e

 e
v
e
n
t 
m

a
y
 r

e
q
u
ir
e
 h

ig
h
 s

y
s
te

m
 

p
e
rf

o
rm

a
n
c
e
. 
C

o
m

p
a
ra

ti
v
e
ly

, 
y
o
u
 m

a
y
 o

n
ly

 e
x
p
e
c
t 

a
 h

a
n

d
fu

l 
o

f 

in
te

rn
a
l 
s
ta

ff
 e

v
e

r 
to

 a
c
c
e
s
s
 t

h
e
 s

y
s
te

m
. 

C
o
n
s
id

e
r 

th
e
 c

o
m

p
le

x
it
y
 o

f 
th

e
 d

a
ta

 a
n
a
ly

ti
c
s
 t

h
a

t 
w

ill
  

b
e
 p

e
rf

o
rm

e
d
. 

C
o
n
s
id

e
r 

th
e
 q

u
a
n
ti
ty

 o
f 

d
a
ta

 t
h
a
t 
y
o
u
 w

ill
 b

e
 s

to
ri
n

g
, 

p
ro

c
e
s
s
in

g
, 

q
u
e
ry

in
g

, 
im

p
o

rt
in

g
, 

o
r 

e
x
p
o
rt

in
g
 o

n
 a

 r
e

g
u
la

r 
b
a
s
is

. 
T

h
is

 w
ill

 l
ik

e
ly

 

re
la

te
 t

o
 t
h
e
 n

u
m

b
e
r 

o
f 

s
e
n
s
in

g
 d

e
v
ic

e
s
 i
n

 y
o
u
r 

n
e
tw

o
rk

, 
th

e
 a

m
o

u
n
t 

o
f 
d
a
ta

 t
h
a
t 

e
a
c
h
 o

n
e
 r

e
p
o
rt

s
, 
th

e
 r

e
p
o

rt
in

g
 i
n
te

rv
a
l 
o
f 
d
e
v
ic

e
s
, 

th
e
 

to
ta

l
p
e

ri
o

d
o
f

o
p
e

ra
ti
o
n
s
,

a
n
d

th
e

q
u
a
n
ti
ty

o
f
m

e
ta

d
a
ta

y
o

u
u
s
e
.

T
h
e
 m

o
re

 d
a
ta

 y
o

u
 w

o
rk

 w
it
h
, 
th

e
 h

ig
h
e

r 
y
o
u
 w

ill
 n

e
e
d
 y

o
u
r 

s
y
s
te

m
 

p
e
rf

o
rm

a
n
c
e
 t
o
 b

e
. 

1
2
. 

U
s
a
b

il
it

y
  

 
U

s
a
b
ili

ty
 r

e
fe

rs
 t

o
 h

o
w

 e
a
s
y
 a

 p
la

tf
o

rm
 o

r 
s
e
rv

ic
e
 i
s
 t

o
 u

s
e

, 
in

c
lu

d
in

g
 

th
e
 o

v
e

ra
ll 

lo
o
k
 a

n
d
 f
e

e
l 
o
f 
th

e
 i
n

te
rf

a
c
e

, 
a
n
d
 t

h
e
 u

s
e
r 

e
x
p

e
ri
e

n
c
e
 

(U
X

) 
d
e
s
ig

n
. 

C
o
n
s
id

e
r 

w
h

o
 y

o
u
r 

e
n
d
 u

s
e
rs

 w
ill

 b
e

, 
a
n

d
 w

h
a
t 
th

e
ir
 n

e
e
d

s
 a

re
. 

W
h
a
t 
k
in

d
 o

f 
te

c
h
n
ic

a
l 
s
k
ill

s
/k

n
o
w

le
d
g
e

 w
ill

 t
h
e
y
 h

a
v
e
?
 H

o
w

 f
a
m

ili
a

r 

w
ill

 t
h
e
y
 b

e
 w

it
h
 t

h
e
 c

o
n
c
e
p
ts

, 
la

n
g
u
a

g
e
, 

a
n
d

d
a

ta
?

 

C
o
n
s
id

e
r 

w
h

e
th

e
r 

th
e
 p

la
tf
o

rm
 o

r 
s
e
rv

ic
e

 i
n
te

g
ra

te
s
 w

it
h
 a

n
 e

x
is

ti
n

g
 

in
te

rf
a
c
e

 t
h
a
t 

u
s
e

rs
 a

re
 a

lr
e
a
d
y
 f
a
m

ili
a

r 
w

it
h

; 
if
 i
t 

d
o
e
s
, 

th
is

 c
a
n
 

s
ig

n
if
ic

a
n
tl
y
 i
m

p
ro

v
e
 u

s
a
b
ili

ty
. 

C
o
n
s
id

e
r 

h
o
w

 m
u
c
h

 o
f 
th

e
 s

e
t-

u
p
, 
c
o

n
fi
g

u
ra

ti
o
n

, 
a
n
d
 a

d
m

in
is

tr
a
ti
o
n
 

w
ill

 b
e
 c

o
n
d
u
c
te

d
 i
n
te

rn
a
lly

 (
b
y
 y

o
u

r 
te

a
m

),
 a

s
 o

p
p

o
s
e
d
 t

o
 b

y
 t

h
e
 

v
e
n
d
o
r 

(a
s
 p

a
rt

 o
f 

a
 s

e
rv

ic
e
 c

o
n
tr

a
c
t)

. 
If
 i
t 

w
ill

 r
e

q
u
ir
e
 h

a
n

d
s
-o

n
 w

o
rk

 



  

8
1

 

Q
u

a
li
ty

 c
ri

te
ri

a
 

D
e
s
c
ri

p
ti

o
n

 
C

o
n

s
id

e
ra

ti
o

n
s
 a

n
d

 g
u

id
a

n
c
e

 

fo
r 

y
o
u

r 
s
ta

ff
, 

th
e
 u

s
a
b
ili

ty
 o

f 
a
d
v
a

n
c
e
d
 f
u

n
c
ti
o

n
s
, 

o
r 

s
y
s
te

m
 b

a
c
k
 

e
n
d
,
w

ill
 b

e
 o

f 
h
ig

h
e
r 

im
p

o
rt

a
n
c
e
. 

1
3
. 

R
e
p

o
rt

in
g

  
R

e
p
o
rt

in
g

 r
e
fe

rs
 t

o
 t

h
e
 a

b
ili

ty
 o

f 
a
 p

la
tf
o
rm

 t
o
 p

ro
d

u
c
e
 a

 r
e
p
o
rt

 o
r 

v
is

u
a
lis

a
ti
o
n

, 
b

a
s
e
d
 u

p
o
n
 a

 c
u
s
to

m
 u

s
e

r 
q
u
e

ry
. 

M
o

re
 d

e
v
e
lo

p
e
d
 

re
p
o
rt

in
g
 c

a
p

a
b
ili

ti
e
s
 m

ig
h
t 
in

c
lu

d
e

: 

•
 
a
c
u
s
to
m
is
a
b
le
m
e
ta
d
a
ta
s
c
h
e
m
a
(t
h
e
‘t
a
g
s
’
th
a
t
y
o
u

s
e
a
rc

h
 b

y
) 

•
 

c
u
s
to

m
is

a
b
le

 s
e
a
rc

h
 f
u
n
c
ti
o
n
a
lit

y
 (

e
.g

. 
u
s
e
r-

d
e
fi
n
e

d
 t
im

e
 

p
e
ri
o

d
s
, 

ra
th

e
r 

th
a
n
 p

re
-s

e
ts

) 

•
 

c
o
m

p
o
u

n
d
 q

u
e
ri
e

s
; 

a
n
d
 c

u
s
to

m
is

a
b
le

 v
is

u
a
lis

a
ti
o

n
s
. 

It
 i
n
c
lu

d
e
s
 t

h
e
 a

b
ili

ty
 t

o
 d

o
w

n
lo

a
d
 s

e
a
rc

h
 o

r 
v
is

u
a
lis

a
ti
o
n
 o

u
tp

u
ts

 i
n

 

a
 v

a
ri
e

ty
 o

f 
fo

rm
a
ts

. 

C
o
n
s
id

e
r 

th
e
 d

iv
e

rs
it
y
 o

f 
s
e

n
s
in

g
 d

e
v
ic

e
 d

e
p
lo

y
m

e
n
t 
c
o

n
te

x
ts

, 

d
e
v
ic

e
 t
y
p

e
s
, 

a
n
d
 t

e
le

m
e

tr
y
 s

tr
e
a
m

s
 w

it
h
in

 y
o
u

r 
m

o
n
it
o
ri
n

g
 n

e
tw

o
rk

. 

M
o
re

 d
iv

e
rs

it
y
 g

e
n
e
ra

lly
 t

ra
n
s
la

te
s
 i
n

to
 m

o
re

 f
ilt

e
ri

n
g
 o

f 
d

a
ta

 b
y
 

u
s
e
rs

, 
to

 f
in

d
 t
h

e
 t
h
in

g
 t
h
a
t 

th
e
y
 a

re
 f

o
c
u

s
in

g
 o

n
. 
T

h
is

, 
in

 t
u
rn

, 
m

a
y
 

re
q
u
ir

e
 h

ig
h
e

r 
re

p
o
rt

in
g
 f
u

n
c
ti
o

n
a
lit

y
 (

m
o
re

 m
e

ta
d
a
ta

 c
u
s
to

m
is

a
ti
o
n
; 

m
o
re

 c
u
s
to

m
is

a
b
le

 s
e
a

rc
h
 f
u

n
c
ti
o

n
s
) 

th
a
n
 a

 r
e
la

ti
v
e
ly

 s
im

p
le

 o
r 

u
n
if
o
rm

 s
y
s
te

m
. 

C
o
n
s
id

e
r 

u
s
e
r

n
e
e
d
s
 (

a
n
d
 d

iv
e
rs

it
y
 o

f 
u
s
e
r 

n
e
e

d
s
).

 W
h
a
t 

a
re

 u
s
e

rs
 

lik
e
ly

 t
o
 w

a
n
t 
to

 s
e
a
rc

h
 f
o
r,

 a
n
d

 h
o
w

 w
ill

 t
h
e
y
 d

o
 i
t?

 W
h

a
t 

w
ill

 u
s
e
rs

 

d
o

w
it
h

re
p
o
rt

s
o
n
c
e

th
e
y

h
a
v
e

th
e

m
?

1
4
. 

U
s
e
r 

s
u

p
p

o
rt

 
U

s
e
r 

s
u
p
p

o
rt

 r
e
fe

rs
 t

o
 t
h

e
 c

o
lle

c
ti
o

n
 o

f 
u
s
e

r-
fo

c
u
s
e
d
 r

e
s
o

u
rc

e
s
 t

h
a
t 

m
a
y
 a

c
c
o
m

p
a
n
y
 a

 p
la

tf
o
rm

o
r 

s
e

rv
ic

e
. 
T

h
is

 c
a
n
 i
n
c
lu

d
e
 

d
o
c
u
m

e
n
ta

ti
o
n

(s
u
c
h

 a
s
 u

s
e

r 
m

a
n
u
a
ls

 a
n
d
 h

o
w

-t
o
 g

u
id

e
s
);

 c
h
a
t 

b
o
ts

 o
r 

s
e
lf
-e

x
p
la

in
in

g
 e

n
tr

y
 s

y
s
te

m
; 
h

e
lp

 a
n

d
 F

A
Q

 r
e
s
o

u
rc

e
s
; 

u
s
e
r 

fo
ru

m
s
 o

r 
k
n

o
w

le
d
g
e
 e

x
c
h
a
n

g
e
s
; 

a
s
 w

e
ll 

a
s
 m

o
re

 a
c
ti
v
e
 s

u
p
p
o
rt

 

(s
u
c
h
 a

s
 a

 p
h
o

n
e
 h

o
tl
in

e
 o

r 
o
n
lin

e
 h

e
lp

 d
e
s
k
).

C
o
n
s
id

e
r 

a
ll 

y
o
u
r 

u
s
e
rs

, 
w

h
ic

h
 a

s
p
e
c
ts

 o
f 
th

e
 s

y
s
te

m
 t
h
e
y
 w

ill
 b

e
 

u
s
in

g
, 
a
n

d
 w

h
e
re

 t
h
e
y
 m

ig
h
t 

n
e
e
d

 s
u
p
p
o

rt
. 
A

re
 t
h
e
re

 m
a
te

ri
a

ls
 

a
p
p
ro

p
ri
a

te
 f

o
r 

th
e
ir
 n

e
e
d
s
 a

n
d
 k

n
o
w

le
d
g
e

 l
e
v
e
ls

?
 

C
o
n
s
id
e
r
h
o
w
m
u
c
h
‘a
c
ti
v
e
’
u
s
e
r
s
u
p
p
o
rt
y
o
u
m
ig
h
t
n
e
e
d
,
a
s

o
p
p
o
s
e
d

 t
o
 m

o
re

 f
ix

e
d
 d

o
c
u
m

e
n

ta
ti
o
n
. 

A
s
 a

 g
e
n

e
ra

l 
ru

le
, 

lo
w

e
r 

e
n
d

-

u
s
e
r

te
c
h
n
ic

a
l 
k
n
o
w

le
d
g
e
 a

n
d
 e

x
p
e
rt

is
e

 w
ill

 r
e
q
u
ir

e
 m

o
re

 a
c
ti
v
e
 

s
u
p
p
o
rt

 f
ro

m
 t
h
e
 s

e
rv

ic
e
 p

ro
v
id

e
r.

 H
ig

h
e

r 
le

v
e
ls

 o
f 

e
n
d

-u
s
e
r 

te
c
h
n
ic

a
l 
k
n
o
w

le
d
g
e
 a

n
d
 e

x
p
e
rt

is
e

m
a
y
 m

e
a
n
 t

h
a
t 
y
o
u
 c

a
n
 g

e
t 
b
y
 

w
it
h

le
s
s

a
c
ti
v
e

s
u

p
p
o
rt

.

M
o
re

 a
c
ti
v
e
 s

u
p

p
o
rt

 w
ill

 l
ik

e
ly

 c
o

m
e
 w

it
h
 a

 h
ig

h
e

r 
p
ri
c
e
 t
a

g
. 
If
 t
h
is

 

e
le
v
a
te
d
le
v
e
l
o
f
s
u
p
p
o
rt
is
im
p
o
rt
a
n
t,
th
e
n
c
h
o
o
s
e
‘h
ig
h
’
fo
r
th
is
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Q
u

a
li
ty

 c
ri

te
ri

a
 

D
e
s
c
ri

p
ti

o
n

 
C

o
n

s
id

e
ra

ti
o

n
s
 a

n
d

 g
u

id
a

n
c
e

 

c
ri
te

ri
o

n
. 

O
th

e
rw

is
e
, 
th

e
 i
m

p
o

rt
a
n
c
e
 l
e
v
e

l 
m

a
y
 b

e
 t

a
g
g
e
d

  

a
s
 ‘
m
e
d
iu
m
’.
 

1
5
. 

T
ra

in
in

g
 

T
ra

in
in

g
 r

e
fe

rs
 t

o
 t

h
e
 t

ra
in

in
g
 m

a
te

ri
a

ls
 (

e
.g

. 
v
id

e
o
s
) 

a
n
d
 a

c
ti
v
e
 

s
u
p
p
o
rt

 (
e
.g

. 
tr

a
in

in
g
 s

e
s
s
io

n
s
, 

w
h
e
th

e
r 

o
n
lin

e
 o

r 
o
n

-p
re

m
is

e
s
) 

p
ro

v
id

e
d

 t
o
 p

la
tf
o
rm

 u
s
e

rs
. 
It
 t
e

n
d
s
 t

o
 b

u
ild

 u
p
o
n
 u

s
e
r 

 

s
u
p
p
o
rt

 m
a
te

ri
a

ls
. 

  

C
o
n
s
id

e
r 

th
e
 c

o
m

p
le

x
it
y
 o

f 
th

e
 s

y
s
te

m
, 
in

 t
e
rm

s
 o

f 
h
o
w

 a
 u

s
e
r 

m
ig

h
t 

e
n
g
a
g
e

 a
n
d
 m

a
k
e

u
s
e
 o

f 
it
. 
M

o
re

 c
o
m

p
le

x
it
y
 m

a
y
 r

e
q

u
ir
e
 m

o
re

 i
n

-

d
e
p
th

 t
ra

in
in

g
. 

C
o
n
s
id

e
r 

w
h

e
th

e
r 

y
o
u
 m

ig
h
t 
re

q
u
ir

e
 a

 m
o
re

 f
o
rm

a
l 
tr

a
in

in
g
 p

a
c
k
a
g

e
 

c
o
-o

rd
in

a
te

d
 t

h
ro

u
g
h
 H

R
 o

r 
y
o
u

r 
IT

 d
e
p
a

rt
m

e
n
t,
 o

r 
a
 l
e
s
s
 f

o
rm

a
l,
 

m
o
re

 a
d
 h

o
c
 a

p
p

ro
a
c
h
 t

o
 t
ra

in
in

g
. 

C
o
n
s
id

e
r 

th
e
 d

iv
e

rs
it
y
 o

f 
u
s
e
rs

. 
Y

o
u

 m
a
y
 n

e
e
d
 d

if
fe

re
n
t 
tr

a
in

in
g
 

re
s
o
u
rc

e
s
 f

o
r 

d
if
fe

re
n
t 
u
s
e
r 

g
ro

u
p
s
, 
a
d
d
in

g
 c

o
m

p
le

x
it
y
 t
o
 y

o
u
r 

tr
a
in

in
g
 r

e
q
u
ir

e
m

e
n
ts

 (
e

.g
. 
m

u
lt
ip

le
 l
a
n

g
u
a
g

e
s
; 

a
c
c
e
s
s
ib

le
 t
o
 

c
h
ild

re
n
; 

e
tc

.)
 

      3
. 

P
la

tf
o

rm
 h

o
s
ti
n

g
 c

o
n
s
id

e
ra

ti
o

n
s
 

A
 p

la
tf

o
rm

 m
u

s
t 

b
e

 h
o

s
te

d
 o

n
 a

 s
e

rv
e

r.
 Y

o
u

 w
il
l 
n

e
e

d
 t

o
 m

a
k
e

 a
 c

h
o

ic
e

 b
e

tw
e

e
n

 c
lo

u
d

-b
a

s
e

d
 h

o
s
ti

n
g

, 
a

n
d

 o
n

-p
re

m
is

e
s

 h
o

s
ti

n
g

. 
W

h
ic

h
 o

p
ti

o
n

 i
s

 

b
e

s
t 

fo
r 

y
o

u
?

  



  

8
3

 

T
IP

: 
T

h
e

re
 a

re
 p

ro
s

 a
n

d
 c

o
n

s
 t

o
 b

o
th

 c
lo

u
d

-b
a

s
e
d

 o
r 

o
n

-p
re

m
is

e
s

 h
o

s
ti

n
g

 

 M
o

s
t 
c
o

m
m

e
rc

ia
l 
s
e

rv
ic

e
s
 a

re
 n

o
w

 c
lo

u
d

-b
a

s
e

d
. 
H

o
w

e
v
e
r,

 t
h

is
 d

o
e

s
 n

o
t 
ru

le
 o

u
t 
o
n

-p
re

m
is

e
s
 h

o
s
ti
n

g
 a

s
 a

n
 o

p
ti
o
n

. 
M

a
n

y
 l
o

c
a

l 

g
o

v
e

rn
m

e
n

ts
 a

lr
e
a

d
y
 r

u
n

 o
n

-p
re

m
is

e
s
 s

e
rv

e
rs

 t
h

a
t 

c
a

n
 h

o
s
t 
th

e
 t
y
p
e

s
 o

f 
p

la
tf
o

rm
s
 r

e
q
u

ir
e

d
 f
o
r 

ru
n

n
in

g
 a

 s
m

a
rt

 s
e
n

s
in

g
 n

e
tw

o
rk

. 
S

o
m

e
 

o
rg

a
n
is

a
ti
o

n
s
 o

ff
ic

ia
lly

 f
a

v
o
u

r 
th

e
 u

s
e

 o
f 
th

e
ir
 o

w
n

 o
n

-p
re

m
is

e
s
 h

o
s
ti
n

g
 c

a
p

a
c
it
y
 o

v
e

r 
c
lo

u
d

-b
a

s
e

d
 h

o
s
ti
n
g

. 
W

h
ile

 t
h
e

re
 h

a
s
 b

e
e

n
 r

e
c
e
n

t 

g
ro

w
th

 i
n

 t
h

e
 u

s
e

 o
f 

c
lo

u
d

-b
a

s
e

d
 s

o
lu

ti
o

n
s
 (

w
h

ic
h

 h
a
v
e

 i
m

p
ro

v
e

d
 g

re
a

tl
y
 i
n

 f
u

n
c
ti
o

n
a

lit
y
 a

n
d

 r
e

lia
b

ili
ty

 o
v
e

r 
th

e
 p

a
s
t 
d
e

c
a
d
e

),
 t
h

e
re

 a
re

 s
ti
ll 

p
ro

s
 a

n
d

 c
o
n

s
 t

o
 b

o
th

 a
p

p
ro

a
c
h
e

s
 t
h

a
t 
y
o
u

 s
h
o

u
ld

 c
o

n
s
id

e
r.

 

O
n

-p
re

m
is

e
s
 h

o
s
ti
n

g
 

O
n

-p
re

m
is

e
s
 h

o
s
ti
n

g
 i
n

v
o

lv
e

s
 r

u
n
n

in
g
 a

 p
la

tf
o
rm

 a
n
d

 s
to

ri
n

g
 d

a
ta

 o
n

 a
 l
o

c
a

l 
s
e

rv
e

r,
 o

w
n
e

d
 b

y
 y

o
u
r 

o
rg

a
n

is
a

ti
o

n
 a

n
d

 l
o

c
a

te
d

 o
n

 y
o

u
r 

o
w

n
 p

ro
p
e

rt
y
. 
T

h
e

 

s
e
rv
e
r
w
ill
b
e
p
o
s
it
io
n
e
d
b
e
h
in
d
y
o
u
r
fi
re
w
a
ll.
T
h
is
is
th
e
b
a
s
is
o
f
a
‘p
ri
v
a
te
c
lo
u
d
’,
w
h
ic
h
c
o
n
n
e
c
ts
m
u
lt

ip
le

 o
n
-p

re
m

is
e

s
 s

e
rv

e
rs

 i
n

 a
 l
o

c
a

l 
n
e

tw
o
rk

 (
s
e
e

 

b
e

lo
w

),
 b

u
t 
in

 i
ts

 m
o

s
t 
b

a
s
ic

 f
o

rm
, 
o
n

-p
re

m
is

e
s
 h

o
s
ti
n

g
 i
n

v
o

lv
e

s
 j
u

s
t 
a

 s
in

g
le

 s
e

rv
e
r,

 i
n

 a
 s

in
g
le

 l
o

c
a

ti
o

n
. 

M
o

s
t 
lo

c
a

l 
g
o

v
e
rn

m
e
n

ts
 t
e

n
d

 t
o

 r
u
n

 s
o

m
e

 f
o

rm
 o

f 
o
n

-p
re

m
is

e
s
 h

o
s
ti
n

g
 i
n

fr
a

s
tr

u
c
tu

re
. 

T
h

is
 i
s
 o

ft
e

n
 a

 l
e

g
a
c
y
 f
ro

m
 w

h
e

n
 a

ll 
h
o

s
ti
n

g
 w

a
s
 o

n
-p

re
m

is
e

s
, 
p
ri

o
r 

to
 

th
e

 e
m

e
rg

e
n

c
e

 o
f 
re

lia
b

le
 c

o
m

m
e

rc
ia

l 
c
lo

u
d

-b
a

s
e

d
 h

o
s
ti
n

g
. 
Y

o
u

r 
IT

 d
e

p
a

rt
m

e
n

t 
w

ill
 l
ik

e
ly

 h
a

v
e

 s
o
m

e
 s

o
rt

 o
f 
s
tr

a
te

g
y
 i
n

 p
la

c
e

 f
o

r 
a

llo
c
a

ti
o
n

 o
f 
o
n

-p
re

m
is

e
s
 

h
o

s
ti
n

g
 c

a
p

a
c
it
y
, 
a

n
d

 t
h

is
 m

a
y
 b

e
 t
ie

d
 t
o

 d
a

ta
 m

a
n

a
g
e

m
e

n
t 
a

n
d

 I
T

 s
e

c
u

ri
ty

 p
o
lic

y
. 
Y

o
u

 s
h
o

u
ld

 s
p
e

a
k
 w

it
h

 t
h

e
m

 a
b
o

u
t 
th

is
, 
a

n
d

 f
in

d
 o

u
t 
if
 t
h

e
re

 i
s
 a

 

p
re

fe
re

n
c
e

 o
r 

p
o

lic
y
 r

e
q
u
ir

e
m

e
n

t 
th

a
t 
m

ig
h

t 
a

ff
e

c
t 
th

e
 a

p
p

ro
a

c
h

 y
o
u

 t
a

k
e

 f
o
r 

h
o

s
ti
n

g
 p

la
tf
o

rm
s
 a

n
d

 d
a

ta
 i
n

 a
 s

m
a
rt

 s
e

n
s
in

g
 p

ro
je

c
t.
 

C
lo

u
d

-b
a

s
e

d
 h

o
s
ti
n
g
 

C
lo

u
d

-b
a

s
e
d

 h
o

s
ti
n

g
 c

o
n
n

e
c
ts

 a
 c

o
lle

c
ti
o
n

 o
f 
re

m
o

te
 p

h
y
s
ic

a
l 
s
e

rv
e

rs
, 
in

 d
if
fe

re
n

t 
lo

c
a

ti
o
n

s
, 
to
ru
n
a
v
ir
tu
a
l
s
e
rv
e
r
‘in
th
e
c
lo
u
d
’.
T
h
e
re
a
re
th
re
e
m
a
in
ty
p
e
s
:

p
u
b

lic
; 
p

ri
v
a

te
; 
a

n
d

 h
y
b
ri
d

. 

1
. 
P

u
b

lic
 c

lo
u
d

s
 

P
u

b
lic

 c
lo

u
d

s
 a

re
 a

v
a

ila
b

le
 o

v
e

r 
th

e
 i
n

te
rn

e
t,

 a
n
d

 c
a
n

 b
e

 a
c
c
e

s
s
e

d
 b

y
 a

n
y
o

n
e

 w
h

o
 w

a
n

ts
 t
o

 u
s
e

 t
h

e
m

. 
T

h
e

y
 r

u
n

 o
ff
 m

u
lt
ip

le
 s

e
rv

e
rs

 t
h

a
t 
a
re

 n
o

t 
o

w
n
e

d
 b

y
 

th
e

 e
n

d
 u

s
e

r 
(y

o
u

).
 C

o
m

m
o
n

 e
x
a

m
p

le
s
 i
n

c
lu

d
e

 A
m

a
z
o

n
 W

e
b

 S
e
rv

ic
e

s
 (

A
W

S
),

 a
n
d

 M
ic

ro
s
o
ft
A
z
u
re
.
C
lo
u
d
s
e
rv
ic
e
s
lik
e
th
e
s
e
a
re
p
a
rt
it
io
n
e
d
,
w
it
h
‘s
lic
e
s
’
o
f

th
e

 o
v
e

ra
ll 

p
ro

c
e

s
s
in

g
 p

o
w

e
r 

a
n

d
 s

to
ra

g
e

 s
o

ld
 o

ff
 t
o

 p
a

y
in

g
 t
e

n
a
n

ts
. 
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A
d

v
a
n

ta
g

e
s

 
D

is
a
d

v
a

n
ta

g
e
s

 

•
 

A
n

 e
c
o

n
o

m
y
 o

f 
s

c
a
le
—

in
c
lu

d
in

g
 a

 l
o
w

 s
ta

rt
-u

p
 c

o
s
t,

 r
e
la

ti
v
e
 t
o
 t
h
e

 h
ig

h
 c

a
p
it
a
l 
e
x
p
e
n
d
it
u
re

 o
f 

s
e
tt
in

g
 u

p
 y

o
u
r 

o
w

n
 p

ri
v
a
te

 s
e

rv
e

rs
. 

•
 

E
la

s
ti

c
it

y
—

th
e
 a

b
ili

ty
 t

o
 s

c
a
le

 e
la

s
ti
c
a
lly

 (
e
x
p

a
n
d
/c

o
n
tr

a
c
t 
in

 r
e
a
l 
ti
m

e
, 
s
a
v
in

g
 y

o
u
 m

o
n
e
y
 b

y
 

n
e
v
e
r 

p
ro

v
id

in
g

 m
o
re

 t
h
a

n
 y

o
u
 n

e
e
d

 a
t 
th

a
t 
m

o
m

e
n
t)

. 

•
 

S
c
a
la

b
il
it

y
—

a
lm

o
s
t 

n
o
 u

p
p
e

r 
lim

it
 t

o
 s

c
a
la

b
ili

ty
. 

•
 

A
u

to
m

a
ti

o
n
—

fu
lly

 a
u
to

m
a
te

d
 m

a
n

a
g
e
m

e
n
t 
(e

.g
. 

p
a
tc

h
e
s
 a

n
d
 u

p
d
a
te

s
).

 

•
 

R
e
li
a
b

il
it

y
—

lo
w

 r
is

k
 o

f 
fa

ilu
re

, 
d

u
e
 t
o
 b

e
in

g
 s

p
re

a
d
 o

u
t 

o
v
e
r 

m
u
lt
ip

le
 d

a
ta

 c
e
n
tr

e
s
. 

•
 

S
e
c
u

ri
ty

 c
a

n
 b

e
 l
o

w
e
r—

y
o
u
 c

a
n
 h

a
v
e
 l
e
s
s
 c

o
n
tr

o
l 

o
v
e
r 

y
o
u

r 
d
a
ta

 s
e
c
u

ri
ty

. 
H

o
w

e
v
e

r,
 w

it
h
 g

ro
w

in
g
 

s
o
p
h
is

ti
c
a
ti
o
n
 o

f 
c
lo

u
d
 s

e
rv

ic
e
s
, 
th

is
 c

o
n
c
e
rn

 i
s
 

re
d
u
c
in

g
 r

a
p
id

ly
. 

 

2
. 
P

ri
v
a

te
 c

lo
u
d

s
 

P
ri

v
a

te
 c

lo
u
d

s
 o

p
e

ra
te

 e
n

ti
re

ly
 o

n
 p

h
y
s
ic

a
l 
in

fr
a

s
tr

u
c
tu

re
 t
h
a

t 
is

 o
w

n
e
d

 b
y
 t
h
e

 e
n
d

 u
s
e

r 
(y

o
u
),

 a
n
d

 t
h

e
 t
o

ta
l 

p
ro

c
e

s
s
in

g
 a

n
d

 s
to

ra
g
e

 c
a
p

a
c
it
y
 o

f 
th

e
 c

lo
u
d

 i
s
 

u
s
e
d

 b
y
 t
h
a

t 
s
in

g
le

 u
s
e

r.
 T

h
is

 i
s
 t
y
p

ic
a

lly
 s

o
m

e
th

in
g
 u

n
iq

u
e

 t
o

 l
a
rg

e
 o

rg
a

n
is

a
ti
o
n

s
 w

it
h

 m
u

lt
ip

le
 l
o

c
a

ti
o
n

s
. 
It
 c

a
n

 e
x
te

n
d

 t
o

 t
h
e

 u
s
e

 o
f 
p

ri
v
a

te
ly

 l
e

a
s
e

d
 s

e
rv

e
rs

 

b
y
 t
h

a
t 
s
a
m

e
 c

o
re

 u
s
e

r.
 I
t 
is

 n
o

t 
u
n

c
o

m
m

o
n

 f
o
r 

g
o

v
e
rn

m
e

n
ts

 t
o

 r
u

n
 p

ri
v
a

te
 c

lo
u
d

s
, 
u

s
in

g
 m

u
lt
ip

le
 o

n
-p

re
m

is
e

s
 s

e
rv

e
rs

 c
o

n
n
e

c
te

d
 i
n

 a
 l
o

c
a

l 
n

e
tw

o
rk

. 

A
d

v
a
n

ta
g

e
s

 
D

is
a
d

v
a

n
ta

g
e
s

 

•
 

H
ig

h
e
s

t 
p

o
s
s
ib

le
 d

a
ta

 s
e
c

u
ri

ty
—

d
u

e
 t
o
 a

ll 
s
to

ra
g
e
 a

n
d

h
o
s
ti
n

g
 r

e
m

a
in

in
g
 b

e
h
in

d
 y

o
u
r 

fi
re

w
a
ll.

 T
h
is

 m
a
y
 b

e
 

p
a
rt

ic
u
la

rl
y
 r

e
le

v
a

n
t 
fo

r 
c
a
s
e
s
 i
n

v
o
lv

in
g
 t
h

e
 s

to
ra

g
e
 o

f 

h
ig

h
ly

  

s
e
n
s
it
iv

e
 d

a
ta

. 

•
 

G
re

a
te

r 
c
o

n
tr

o
l 
a

n
d

 c
u

s
to

m
is

a
ti

o
n
—

to
 m

e
e
t 
th

e
 

s
p
e
c
if
ic

 s
e
c
u
ri
ty

 a
n
d
 m

a
n
a

g
e
m

e
n
t 
n
e

e
d
s
 o

f 
y
o
u
r 

p
ro

je
c
t 

o
r 

o
rg

a
n
is

a
ti
o

n
. 

•
 

H
ig

h
e
r 

c
o

s
ts
—

p
a
rt

ic
u
la

rl
y
 u

p
fr

o
n
t 

c
o
s
ts

 f
o

r 
e
q
u
ip

m
e
n

t.
 H

o
w

e
v
e
r,

 s
in

c
e
 m

o
s
t 

lo
c
a
l 

g
o
v
e
rn

m
e
n
t/
s
m

a
rt

 c
it
y
 p

ro
je

c
ts

 a
re

 t
o
o
 s

m
a
ll 

to
 j
u
s
ti
fy

 i
n

v
e
s
tm

e
n
t 
in

 n
e
w

 o
n

-p
re

m
is

e
s
 

e
q
u
ip

m
e

n
t,
 t
h

e
re

 i
s
 a

n
o
th

e
r 

m
o
re

 c
o
m

m
o

n
 s

e
t-

u
p
 c

o
s
t 

to
 c

o
n
s
id

e
r.

 F
o
r 

n
e
w

 p
ro

je
c
ts

 u
s
in

g
 

e
x
is

ti
n

g
 o

n
-p

re
m

is
e
s
 i
n

fr
a
s
tr

u
c
tu

re
,

y
o
u
 w

ill
 n

e
e
d
 t
o
 c

o
v
e
r 

th
e
 c

o
s
t 

o
f 
s
ig

n
if
ic

a
n
t 

in
-h

o
u
s
e
 

te
c
h
n
ic

a
l 
s
u
p

p
o
rt

, 
a
n
d
 p

o
s
s
ib

ly
 c

u
s
to

m
 d

e
v
e
lo

p
m

e
n
t,

 t
o
 e

s
ta

b
lis

h
 y

o
u

r
p
la

tf
o
rm

 h
o
s
ti
n

g
. 

•
 

R
e
s
p

o
n

s
ib

il
it

y
—

y
o
u
 m

u
s
t 

o
p

e
ra

te
 e

v
e
ry

th
in

g
, 

a
n
d
 c

a
n
n

o
t 
b
e
n
e

fi
t 

fr
o

m
 t
h
e

 a
u
to

m
a
te

d
 

s
u
p
p
o
rt

 o
f 
a
 p

u
b
lic

 s
e

rv
e
r.

 

•
 

L
o

w
 f

le
x
ib

il
it

y
—

y
o
u
r 

s
y
s
te

m
 i
s
 a

fi
x
e
d
 s

iz
e

, 
a
n
d
 w

ill
 n

o
t 

s
c
a
le

 u
p
 a

n
d
 d

o
w

n
 t
o
 m

e
e
t 
y
o

u
r 

c
h
a
n
g
in

g
n
e
e
d
s
, 
m

e
a
n
in

g
 t

h
a
t 
y
o

u
r 

c
o
s
ts

 a
ls

o
 s

ta
y
 f

ix
e
d

. 
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3
. 
H

y
b

ri
d

 c
lo

u
d

s
 

A
 h

y
b

ri
d

 c
lo

u
d

 i
s
 a

 m
ix

 o
f 
o
n

e
 o

r 
m

o
re

 p
u
b

lic
 c

lo
u
d

s
, 
p

ri
v
a

te
 c

lo
u

d
s
, 
a
n

d
 o

n
-p

re
m

is
e

s
 h

o
s
ti
n

g
. 
T

h
e

re
 a

re
 m

a
n

y
 c

o
m

b
in

a
ti
o
n

s
, 

a
n

d
 e

a
c
h

 w
ill

 b
e

 u
n

iq
u
e

. 
O

n
e

 

a
p
p

ro
a

c
h

 t
h

a
t 
c
a
n

 m
a

k
e

 s
e
n

s
e

 f
o
r 

lo
c
a

l 
g
o

v
e
rn

m
e
n

t 
(i

n
 a

 s
m

a
rt

 c
it
y
 c

o
n

te
x
t)

is
 t
o

 u
s
e

 a
 p

u
b

lic
 c

lo
u
d

 f
o

r 
h

o
s
ti
n

g
 t
h

e
 m

a
in

 s
e
rv

ic
e

, 
w

it
h

 a
 t
e

s
ti
n

g
 e

n
v
ir
o
n

m
e

n
t 

a
n
d

 d
a

ta
 b

a
c
k
u
p

 s
to

re
d

 a
n

d
 m

a
n

a
g
e
d

 l
o

c
a

lly
. 

A
 h

y
b

ri
d

 c
lo

u
d

, 
d

e
s

ig
n

e
d

 w
e

ll
 a

n
d

 t
a

il
o

re
d

 t
o

 t
h

e
 n

e
e

d
s

 a
n

d
 r

e
s

o
u

rc
e
s

 o
f 

y
o

u
r 

p
ro

je
c

t 
a

n
d

 o
rg

a
n

is
a

ti
o

n
, 
c

a
n

 a
c

h
ie

v
e

 t
h

e
 a

d
v
a

n
ta

g
e
s

 o
f 

a
ll
 t

h
e

 

o
p

ti
o

n
s

, 
w

h
il
e

 m
in

im
is

in
g

 t
h

e
ir

 d
is

a
d

v
a

n
ta

g
e
s

. 
It
 m

a
y
 b

e
 p

a
rt

ic
u

la
rl
y
 w

e
ll-

s
u
it
e

d
 i
f 
y
o

u
r 

o
rg

a
n

is
a

ti
o

n
 a

lr
e
a

d
y
 h

a
s
 o

n
-p

re
m

is
e

s
 h

o
s
ti
n

g
 c

a
p
a

c
it
y
, 
a
n

d
 g

o
o
d

 

in
-h

o
u

s
e

 t
e

c
h

n
ic

a
l 
k
n

o
w

le
d

g
e

 a
n

d
 c

a
p

a
c
it
y
 t
o

 s
u

p
p

o
rt

 i
ts

 u
s
e

. 

A
 c

ri
ti
c
a

l 
c
o
n

s
id

e
ra

ti
o
n

 h
e

re
 i
s
 w

h
e

th
e
r 

a
 g

iv
e
n

 c
o

m
m

e
rc

ia
l 
p

la
tf
o
rm

 p
ro

v
id

e
r 

c
a
n

 s
u
p

p
o

rt
 t
h

a
t 
p
la

tf
o
rm

 a
c
ro

s
s
 a

 h
y
b

ri
d

 c
lo

u
d

, 
in

 t
h
e

 w
a

y
 d

e
s
c
ri
b
e

d
. 
M

a
n

y
 

w
ill

, 
b
u

t 
m

a
n

y
 o

th
e

rs
 w

ill
 n

o
t.
 

4
. 

D
a

ta
 a

rc
h

it
e

c
tu

re
 m

o
d

u
la

ri
ty

 

A
 m

o
d

u
la

r 
a

p
p

ro
a

c
h

 t
o

 d
a

ta
 a

rc
h

it
e

c
tu

re
 i
n

v
o

lv
e

s
 k

e
e

p
in

g
 t
h

e
 v

a
ri

o
u

s
 l
a

y
e

rs
 d

e
s
c
ri
b
e

d
 a

b
o

v
e

 s
e
p
a

ra
te

 f
ro

m
 –

 a
n
d

 i
n
d

e
p

e
n

d
e

n
t 
o

f 
–

 e
a

c
h

 o
th

e
r.

 I
f 
y
o

u
 

in
te

n
d

 t
o

 m
a

k
e

 u
s
e

 o
f 
e

x
is

ti
n

g
 p

la
tf
o

rm
s
 a

n
d

 s
e
rv

ic
e
s
, 
y
o

u
 a

re
 g

o
in

g
 t
o

 n
e

e
d

 t
o

 i
n

te
g
ra

te
 t
h

e
m

 i
n

to
 a

 l
a

rg
e

r 
s
y
s
te

m
, 
a
n

d
 t
h

is
 r

e
q
u
ir
e

s
 a

 m
o

re
 m

o
d

u
la

r 

a
p
p

ro
a

c
h

 t
o

 d
a

ta
 a

rc
h

it
e

c
tu

re
. 
H

o
w

e
v
e
r,

 j
u

s
t 
b

e
c
a
u

s
e

 y
o

u
 h

a
v
e

 e
x
is

ti
n

g
 p

la
tf
o
rm

s
 t
h
a

t 
c
a

n
 s

u
p
p

o
rt

 y
o

u
r 

n
e
e

d
s
, 
it
 d

o
e

s
 n

o
t 
n

e
c

e
s
s
a

ri
ly

 m
a

k
e

 s
e

n
s
e

 f
o

r 
y
o

u
 

to
 u

s
e

 t
h
e

m
. 
Y

o
u

 s
h

o
u

ld
 c

o
n

s
id

e
r 

b
o

th
 t
h
e

 p
ro

s
 a

n
d

 c
o

n
s
 t

o
 t
a

k
in

g
 a

 m
o
d
u

la
r 

a
p
p

ro
a

c
h

, 
a
n

d
 t
h
e

 f
o

llo
w

in
g
 t
o

o
l 
is

 d
e

s
ig

n
e
d

 t
o

 h
e
lp

 y
o

u
 d

o
 t
h

is
. 

 

M
o

d
u

la
r 

d
a

ta
 a

rc
h

it
e

c
tu

re
 d

e
c
is

io
n

-m
a

k
in

g
 t
o

o
l 

P
ro

s
C

o
n

s
 

A
 m

o
d

u
la

r 
 

s
e
rv

ic
e
s
 a

p
p

ro
a
c
h

 

A
 m

o
d
u
la

r 
a
p
p
ro

a
c
h
 t

o
 

d
a
ta

 a
rc

h
it
e
c
tu

re
 

in
v
o
lv

e
s
 k

e
e
p
in

g
 t
h
e

 

v
a
ri
o

u
s
 a

rc
h
it
e
c
tu

ra
l 

c
o
m

p
o
n

e
n
ts

 s
e

p
a
ra

te
 

a
) 

C
o

m
m

e
rc

ia
l 
fl

e
x
ib

il
it

y
. 
O

n
e
 p

a
rt

 o
f 
th

e
 s

y
s
te

m
 m

a
y
 b

e
 

e
a
s
ily

 r
e
p
la

c
e
d
 w

it
h
 a

 d
if
fe

re
n
t 
o

p
ti
o
n
 t

h
a
t 
fu

lf
ils

 t
h
e

s
a

m
e

 

ro
le

. 
A

s
 a

 c
u
s
to

m
e

r 
w

h
o
 e

n
g
a
g

e
s
 c

o
m

m
e
rc

ia
l 
p
ro

v
id

e
rs

, 
th

is
 

g
iv

e
s
 y

o
u
 f
le

x
ib

ili
ty

, 
a
n
d
 h

e
lp

s
 t

o
 a

v
o
id

 v
e
n
d
o

r 
lo

c
k
-i
n

. 

b
) 

C
u

s
to

m
is

e
d

 s
o

lu
ti

o
n

s
. 
Y

o
u
 c

a
n
 p

ic
k
 e

x
te

rn
a
l 
p
la

tf
o

rm
s
 o

r 

s
e
rv

ic
e

p
ro

v
id

e
rs

 t
h
a
t 

m
e
e
t 
y
o
u
r 

s
p

e
c
if
ic

 n
e
e

d
s
 i
n

 o
n
e
 a

re
a
 

(e
.g

. 
a

 d
a
ta

 s
h
a
ri
n

g
 p

o
rt

a
l)

, 
a
n
d
 c

o
m

b
in

e
 t
h
e
m

 w
it
h
 o

th
e
rs

, 

a
) 

C
o

m
p

le
x
it

y
 a

n
d

 r
e
s
o

u
rc

in
g

. 
T

h
e
 d

o
w

n
s
id

e
 t

o
 a

 m
o

d
u
la

r 

a
rc

h
it
e
c
tu

re
 a

p
p
ro

a
c
h
 i
s
 t

h
a
t 
it
 i
s
 c

o
m

p
le

x
, 
a

n
d
 g

e
n
e
ra

lly
 r

e
q
u
ir
e
s
 

a
 r

e
la

ti
v
e

ly
 h

ig
h
 b

a
s
e
lin

e
 o

f 
te

c
h

n
ic

a
l 
k
n
o
w

le
d

g
e
, 
e
x
p
e
rt

is
e
, 
a
n
d
 

c
a
p
a
c
it
y
 w

it
h
in

 y
o

u
r 

o
rg

a
n
is

a
ti
o
n

. 
 

It
 m

a
y
 b

e
 p

o
s
s
ib

le
 t

o
 e

n
g
a
g
e

 a
 t
h
ir

d
-p

a
rt

y
 e

x
p
e
rt

 (
e
.g

. 
a
 

u
n
iv

e
rs

it
y
) 

to
 s

e
t 

u
p
 a

n
d
 m

a
n
a
g
e
 a

 m
o

d
u
la

r 
s
y
s
te

m
, 

re
m

o
v
in

g
 

th
is

 r
e
s
p
o

n
s
ib

ili
ty

 f
ro

m
 y

o
u

r 
o
rg

a
n
is

a
ti
o

n
. 
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P
ro

s
C

o
n

s
 

fr
o
m

 –
 a

n
d
 i
n

d
e
p
e

n
d
e
n

t 

o
f
–

e
a
c
h

o
th

e
r.

to
 b

u
ild

 a
 c

u
s
to

m
 d

a
ta

 a
rc

h
it
e
c
tu

re
 t
h
a
t 
is

 t
a
ilo

re
d
 t
o
 y

o
u
r 

u
s
e

c
a
s
e

a
t
e
v
e
ry

le
v
e
l.

c
) 

L
o

c
a
l 

g
o

v
e
rn

m
e
n

t 
s
y
s

te
m

 i
n

te
g

ra
ti

o
n

. 
Y

o
u
 c

a
n
 c

o
m

b
in

e
 

e
x
te

rn
a
l 
p
la

tf
o

rm
s
 a

n
d
 s

e
rv

ic
e
s
 w

it
h

lo
c
a
l 
g
o
v
e
rn

m
e
n

t 

s
y
s
te

m
s
, 
to

 c
re

a
te

 a
 h

y
b
ri
d

 a
rc

h
it
e
c
tu

re
 t

h
a
t 
(i
n

 t
h
e
o

ry
) 

g
iv

e
s
 

y
o
u
 t
h
e
 b

e
s
t 

o
f 

b
o
th

 w
o
rl
d

s
. 

d
) 

D
a
ta

 i
n

te
g

ra
ti

o
n

. 
Y

o
u
 c

a
n

 m
o
re

 e
a
s
ily

 c
o

m
b
in

e
 d

a
ta

 f
ro

m
 

m
u
lt
ip

le
 s

o
u

rc
e
s
 f

o
r 

m
o

re
 s

o
p
h
is

ti
c
a
te

d
 i
n

s
ig

h
ts

 a
n
d
 

o
p
e
ra

ti
o
n
a
l 
b

e
n
e
fi
ts

, 
in

 l
in

e
 w

it
h
 e

m
e
rg

in
g
 s

m
a
rt

 c
it
y
  

b
e
s
t 

p
ra

c
ti
c
e
. 

b
) 

S
lo

w
e
r 

to
 g

e
t 

s
ta

rt
e

d
.
‘O
u
t-

o
f-

th
e
-b
o
x
’,
 ‘
to
p

-t
o
-b
o
tt
o
m
’

p
ro

p
ri

e
ta

ry
s
y
s
te

m
s

c
a

n
s
e
e

y
o
u

c
o
lle

c
ti
n

g
d
a
ta

v
e
ry

ra
p
id

ly
.

C
o
n
v
e
rs

e
ly

, 
m

o
re

 m
o
d

u
la

r 
s
y
s
te

m
s
 c

a
n

 t
a
k
e
 a

 l
o
t 
m

o
re

 t
im

e
 a

n
d

 

e
ff
o
rt

 t
o
 e

s
ta

b
lis

h
. 
If
 y

o
u
r 

p
ro

je
c
t 

is
 t

im
e

-c
ri
ti
c
a
l,
 a

n
d

 y
o
u
 a

re
 l
e
s
s
 

c
o
n
c
e
rn

e
d
 w

it
h
 l
o

n
g
e
r-

te
rm

 o
r 

b
ig

-p
ic

tu
re

 s
tr

a
te

g
y
, 

c
u
s
to

m
is

a
ti
o

n
, 

fl
e

x
ib

ili
ty

, 
o

r 
d
a
ta

 t
ra

n
s
p
a

re
n
c
y
,

th
e
n
 a

 m
o

d
u
la

r 

te
c
h
n
o
lo

g
y

s
ta

c
k
 m

a
y
 n

o
t 

b
e
 t
h

e
 b

e
s
t 

o
p
ti
o
n

 f
o
r 

y
o
u
. 

c
) 

M
o

re
 u

n
k
n

o
w

n
 c

o
s

ts
 a

t 
th

e
 o

u
ts

e
t.

 M
o
d
u
la

r
a
rc

h
it
e
c
tu

re
s
 t

e
n
d
 

to
 f
e
a
tu

re
 m

u
lt
ip

le
 c

o
m

p
o
n

e
n
ts

, 
e

a
c
h
 w

it
h
 a

 r
a
n

g
e
 o

f 
c
o
m

m
e
rc

ia
l 

o
p
ti
o
n
s
. 

E
a
c
h

c
o
m

p
o
n
e
n
t 

w
ill

 n
e
e
d
 t

o
 b

e
 i
n

te
g
ra

te
d
 i
n
to

 a
 l
a
rg

e
r 

w
h
o
le

, 
a
n
d

 t
h
e

re
 i
s
 s

o
m

e
ti
m

e
s
 c

u
s
to

m
 d

e
v
e
lo

p
m

e
n
t 

re
q

u
ir

e
d
 t
o
 

o
p
ti
m

is
e
 t
h
is

, 
a
n
d

a
c
h
ie

v
e
 c

u
s
to

m
is

e
d
 f
u
n
c
ti
o
n
a
lit

y
. 

T
h
is

 

c
o
m

p
le

x
it
y
 c

a
n
 t
ra

n
s
la

te
 i
n

to
 i
n
it
ia

l 
u

n
c
e
rt

a
in

ty
 a

b
o
u
t 

th
e
 t

o
ta

l 

c
o
s
t 

o
f 
e
s
ta

b
lis

h
m

e
n
t 
a
n

d
 o

p
e

ra
ti
o

n
s
. 

H
o
w

e
v
e
r,

 t
h

e
re

 t
e
n
d
s
 t

o
 b

e
 a

 d
e
g

re
e
 o

f 
fl
e
x
ib

ili
ty

 p
o
s
s
ib

le
 (

in
 

te
rm

s
 o

f 
o
p
ti
o

n
s
 c

h
o
s
e

n
),

 a
llo

w
in

g
 d

e
liv

e
ri
e

s
 t

o
 b

e
 t
a
ilo

re
d
 t
o
 

fi
x
e
d
 b

u
d

g
e
ts

 a
s
 s

y
s
te

m
s
 d

e
v
e
lo

p
. 

A
n

 a
ll
-i

n
-o

n
e
  

s
e
rv

ic
e
s
 a

p
p

ro
a
c
h

 

T
h
e
 a

lt
e
rn

a
ti
v
e
 t
o
 a

 

m
o
d
u
la

r 
a
p
p

ro
a
c
h

 i
s
 t

o
 

e
n
g
a
g
e

 a
 s

in
g
le

 s
e
rv

ic
e
 

p
ro

v
id

e
r 

th
a
t 
c
o
m

b
in

e
s
 

a
ll 

th
e
 a

rc
h
it
e
c
tu

ra
l 

e
le

m
e
n
ts

 a
n
d
 f

u
n
c
ti
o

n
s
 

a
) 
‘J
u
s
t
g
e
t
o
n
w
it
h
it
’.

 Y
o

u
 d

o
 n

o
t 
n

e
e
d
 s

ig
n
if
ic

a
n
t 
in

-h
o
u
s
e
 

k
n
o
w

le
d
g
e
, 

e
x
p
e

rt
is

e
, 

a
n
d
 s

ta
ff

 c
a
p
a
c
it
y
. 

Y
o
u
 a

re
 e

s
s
e
n

ti
a
lly

 

o
u
ts

o
u
rc

in
g
 t
h
is

. 
If

 y
o
u

r 
o
rg

a
n
is

a
ti
o

n
 i
s
 j
u
s
t 

s
ta

rt
in

g
 o

u
t 
o

n
 i
ts

 

s
m
a
rt
c
it
y
jo
u
rn
e
y
,
th
is
a
p
p
ro
a
c
h
c
a
n
a
llo
w
y
o
u
to
‘ju
s
t
g
e
t
o
n

w
it
h
it
’,

w
it
h
o
u
t 
b

e
in

g
 h

a
m

p
e
re

d
 b

y
 a

 l
a
c
k
 o

f
 

in
-h

o
u
s
e

c
a
p
a
c
it
y
.

b
) 

R
a
p

id
 s

e
t-

u
p

. 
T

h
is

a
p
p
ro

a
c
h
 i
s
 g

e
n
e
ra

lly
 f

a
s
t 

to
 s

e
t 
u

p
; 
y
o
u
 

a
re
s
w
it
c
h
in
g
o
n
a
‘c
o
o
k
ie
c
u
tt
e
r’
a
p
p
ro
a
c
h
th
a
t
s
h
o
u
ld
b
e

a
) 

V
e
n

d
o

r 
lo

c
k

-i
n

. 
Y

o
u
 a

re
 g

e
n
e

ra
lly

 b
u
y
in

g
 a

c
c
e
s
s
 t

o
 a

 c
o

m
p
le

te
 

p
ro

p
ri

e
ta

ry
 t

o
p

-t
o
-b

o
tt
o
m

 s
y
s
te

m
 t
h

a
t 
is

 t
ie

d
to

 s
p

e
c
if
ic

 s
e

n
s
in

g
 

d
e
v
ic

e
s
. 

B
y
 i
n

v
e
s
ti
n

g
 i
n
 a

 c
o

m
p
le

te
 p

ro
p
ri
e

ta
ry

 s
o
lu

ti
o
n
, 
y
o
u
 

b
e
c
o
m
e
‘lo
c
k
e
d
in
’
to
a
s
in
g
le
v
e
n
d
o
r.
Y
o
u
c
a
n
n
o
t
in
te
g
ra
te
n
e
w

s
e
n
s
o
rs

 o
r 

d
a
ta

 s
tr

e
a
m

s
 i
n

to
 y

o
u

r 
n
e
tw

o
rk

, 
u
n
le

s
s
 t

h
a
t 

v
e

n
d
o
r 

s
u
p
p
lie

s
a
n

d
s
u
p
p

o
rt

s
th

e
m

.
Y

o
u

c
a
n
n

o
t
m

ig
ra

te
y
o
u
r

s
e
n

s
o

rs
to

a
 n

e
w

 p
la

tf
o
rm

 p
ro

v
id

e
r 

th
a
t 
b
e

tt
e
r 

m
e
e
ts

 t
h
e
 n

e
e
d
s
 o

f 
y
o

u
r 
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P
ro

s
C

o
n

s
 

d
e
s
c
ri
b

e
d

 i
n
to

 a
n
 a

ll-
in

-

o
n
e

c
o
m

m
e
rc

ia
l

p
a
c
k
a
g
e
. 

 

T
h
is

 i
s
 a

 c
o

m
m

o
n

 

fe
a
tu

re
 w

h
e
n
 y

o
u
 

p
u
rc

h
a
s
e
 p

ro
p
ri
e

ta
ry

 

s
e
n
s
in

g
 d

e
v
ic

e
s
, 

w
h
ic

h
 

te
n
d
 t
o
 b

e
 t
ie

d
 t
o
 a

 

s
p
e
c
if
ic

 p
la

tf
o

rm
. 

P
ro

v
id

e
rs

 m
a
y
 s

ti
ll 

b
e
 

s
u
b
c
o
n
tr

a
c
ti
n

g
 e

le
m

e
n

ts
 

to
 t
h
ir
d
 p

a
rt

ie
s
  

(e
.g

. 
c
lo

u
d
 s

to
ra

g
e

),
 

h
o
w

e
v
e
r 

th
is

 i
s
 n

o
t 

v
is

ib
le

 t
o
 y

o
u
 a

s
  

th
e
 c

u
s
to

m
e
r.

 

re
a
d
y
 t

o
 g

o
. 
If

 s
p

e
e

d
 i
s
 c

ri
ti
c
a
l,
 a

n
d
 y

o
u
r 

a
im

 i
s
 t

o
 s

ta
rt

 

c
o
lle

c
ti
n

g
a
ir

q
u
a
lit

y
d

a
ta

b
y

w
h

a
te

v
e

r
m

e
a
n
s

a
n
d

w
it
h
in

a

c
o
n
s
tr

a
in

e
d
 t
im

e
fr

a
m

e
, 
a
n

 a
ll-

in
-o

n
e
 a

p
p
ro

a
c
h
 c

a
n
 m

a
k
e
 

g
o
o
d
 s

e
n
s
e
.

c
) 

F
o

c
u

s
 o

n
 t

h
e
 d

a
ta

. 
A

 l
o

t 
c
a
n
 g

o
 w

ro
n
g

 w
it
h
 t

e
c
h
n
o
lo

g
y
. 

If
 

y
o
u
 o

u
ts

o
u
rc

e
 r

e
s
p
o

n
s
ib

ili
ty

 f
o
r 

th
is

, 
y
o
u

 c
a
n
 f

o
c
u
s
 o

n
 w

h
a
t 

m
a
tt
e
rs

 t
h
e
 m

o
s
t—

d
a
ta

. 
It
 s

h
o
u
ld

 b
e
 n

o
te

d
, 
h

o
w

e
v
e
r,

 t
h
a
t 

th
is

 i
s
 n

o
t 
a
lw

a
y
s
 a

s
 s

tr
a
ig

h
tf
o

rw
a
rd

 a
s
 i
t 

m
a
y
 s

e
e
m

. 
If
 t
h

e
 

d
a
ta

 i
s
 w

h
a
t 

m
a
tt

e
rs

 t
h

e
 m

o
s
t,

 t
h
e

n
 y

o
u
 s

h
o
u
ld

 a
ls

o
 k

e
e
p

 i
n

 

m
in

d
 t
h
a

t 
a
n
 a

ll
-i
n
-o

n
e
 s

e
rv

ic
e

m
a
y
 r

e
s
tr

ic
t 

y
o
u
r 

u
n
d
e
rs

ta
n
d
in

g
 o

f 
th

a
t 
d
a

ta
, 
a

n
d
 t
h
e

 w
a
y
s
 i
n
 w

h
ic

h
 y

o
u
 a

re
 

a
b
le

 t
o
 m

a
n
a

g
e
 a

n
d
 s

h
a

re
 i
t 

(s
e
e
 c

o
n
s
).

 

c
o
m

m
u
n
it
y
 o

r 
o

rg
a
n
is

a
ti
o

n
. 
Y

o
u
 a

re
 s

tu
c
k
 w

it
h
 t

h
a
t 
v
e

n
d
o

r 
a
n
d
 

th
e
ir

c
o
m

m
e
rc

ia
l
a
g
e
n

d
a
,
p

o
s
s
ib

ly
fo

r
y
e
a
rs

.

b
) 

L
im

it
e
d

 c
u

s
to

m
is

a
ti

o
n

 a
n

d
 a

 l
a
c
k
 o

f 
fl

e
x
ib

il
it

y
. 
A

 n
o
n
-m

o
d
u
la

r 

d
a
ta

 a
rc

h
it
e
c
tu

re
 m

e
a
n
s
 t

h
a
t 
y
o

u
 c

a
n
n

o
t 
p
ic

k
 a

n
d
 c

h
o

o
s
e

 

c
o
m

p
o
n

e
n
ts

 t
h

a
t 
b
e
s
t 

m
e
e

t 
y
o
u
r 

n
e
e

d
s
 a

t 
th

e
 v

a
ri

o
u
s
 l
e

v
e
ls

 o
f 

th
e
 t
e
c
h

n
o
lo

g
y
 s

ta
c
k
. 

Y
o
u
 m

u
s
t 

b
u
y
 i
n
to

 a
 c

o
m

p
le

te
 s

o
lu

ti
o
n

, 
a
n
d

 

a
c
c
e
p
t 
a
ll 

it
s
 f

u
n
c
ti
o

n
s
 a

n
d
 l
im

it
a
ti
o
n
s
. 

T
h
e

re
 m

a
y
 b

e
 l
im

it
e
d
 

s
c
o
p
e
 f
o

r 
c
u
s
to

m
is

a
ti
o
n
. 
A

s
 y

o
u
r 

p
ro

je
c
t 

a
n
d
 t

h
in

k
in

g
 d

e
v
e
lo

p
s
, 

y
o
u
 m

a
y
 w

is
h
 t

o
 e

v
o
lv

e
 y

o
u
r 

a
p
p

ro
a
c
h
, 

fo
r 

e
x
a
m

p
le

 b
y
 a

d
d
in

g
 

n
e
w

 s
e
n
s
o

r 
ty

p
e
s
, 

o
r 

n
e
w

 c
u
s
to

m
 a

n
a
ly

ti
c
s
 c

a
p
a
b
ili

ti
e
s
. 

M
o
d
u
la

r 

a
rc

h
it
e
c
tu

re
s
 s

u
p
p
o
rt

 t
h
is

 t
y
p

e
 o

f 
o

p
e
n
-e

n
d
e

d
 f

le
x
ib

ili
ty

, 
b

u
t 
a

 

p
ro

p
ri

e
ta

ry
 s

y
s
te

m
 i
s
 l
e

s
s
 f

le
x
ib

le
. 

c
) 

L
a
c
k
 o

f 
tr

a
n

s
p

a
re

n
c
y

. 
M
a
n
y
p
ro
p
ri
e
ta
ry
s
y
s
te
m
s
a
re
‘b
la
c
k

b
o
x
e
s
’,
 w

it
h
 l
it
tl
e

 o
r 

n
o
 t
ra

n
s
p
a
re

n
c
y
 i
n

 t
e
rm

s
o
f 

h
o
w

 d
a
ta

 i
s
 

in
te

rp
re

te
d
, 

a
b
s
tr

a
c
te

d
, 

o
r 

m
a
n
a
g

e
d
. 
A

ir
 q

u
a
lit

y
 d

a
ta

 r
e

q
u
ir

e
s
 

s
e
v
e
ra

l 
c
ri
ti
c
a
l 
c
o
rr

e
c
ti
o

n
s
 a

n
d
 a

b
s
tr

a
c
ti
o
n
s
 b

e
fo

re
 i
t 

b
e
c
o

m
e
s
 

u
s
a
b
le

, 
a

n
d
 i
t 

is
 v

it
a
l 
to

 h
a
v
e
 f

u
ll 

tr
a
n
s
p

a
re

n
c
y
 o

n
 w

h
a
t 

th
e
s
e
 

c
o
rr

e
c
ti
o

n
s
 a

n
d

 a
b
s
tr

a
c
ti
o

n
s
 a

re
. 

T
h
is

 i
s
 p

a
rt

ic
u
la

rl
y
 i
m

p
o

rt
a
n
t 
if
 

th
e
re

 i
s
 a

n
 e

m
p
h
a
s
is

 o
n
 s

h
a

ri
n

g
 d

a
ta

 w
it
h
 o

th
e
rs

, 
o
r 

if
 d

a
ta

 i
s
 

e
x
p
e
c
te

d
 t

o
 c

o
m

e
 u

n
d
e
r 

a
n
y
 d

e
g
re

e
 o

f 
s
c
ru

ti
n
y
 (

e
.g

. 
it
 m

ig
h
t 
b
e
 

u
s
e
d
 t

o
 s

u
p
p
o

rt
 a

 c
o

n
tr

o
v
e
rs

ia
l 
p

o
lic

y
 p

o
s
it
io

n
).

 

d
) 

D
a
ta

 m
a
n

a
g

e
m

e
n

t 
li
m

it
a
ti

o
n

s
. 
W

it
h
 t
h

e
 g

ro
w

th
 o

f 
s
m

a
rt

 c
it
ie

s
, 

m
a
n
y
 l
o

c
a
l 
g
o
v
e
rn

m
e
n

ts
 a

re
 d

e
v
e
lo

p
in

g
 i
n
c
re

a
s
in

g
ly

 m
a
tu

re
 d

a
ta

 

p
o
lic

ie
s
 t

h
a
t 

a
d
d
re

s
s

a
 g

ro
w

in
g
 d

iv
e
rs

it
y
 o

f 
liv

e
 d

a
ta

 s
te

w
a
rd

s
h
ip

 

c
o
n
s
id

e
ra

ti
o
n
s
. 

T
h
e
 a

b
ili

ty
 t

o
 c

u
s
to

m
is

e
 a

n
d
 c

o
n
tr

o
l 
d

a
ta

 a
c
c
e
s
s
 

a
n
d
 m

a
n
a
g
e

m
e
n
t 

m
a
y
 b

e
c
o
m

e
 a

 c
ri
ti
c
a
l 
c
o
n
s
id

e
ra

ti
o
n
 f

o
r 

y
o
u
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P
ro

s
C

o
n

s
 

w
h
e
n
 p

ro
c
u
ri
n

g
 n

e
w

 p
la

tf
o
rm

s
 a

n
d

 s
e
rv

ic
e
s
. 

C
lo

s
e
d
 p

ro
p
ri

e
ta

ry
 

p
ro

d
u
c
ts

te
n
d

to
s
ig

n
if
ic

a
n
tl
y

lim
it

y
o

u
r

o
p

ti
o
n
s

in
th

is
re

g
a

rd
.

e
) 

D
a
ta

 s
h

a
ri

n
g

 l
im

it
a
ti

o
n

s
. 
G

re
a
t 
v
a
lu

e
 c

a
n
 b

e
 e

x
tr

a
c
te

d
 f

ro
m

 

d
a
ta

 b
y
 s

h
a
ri
n

g
 i
t 

a
c
c
o

rd
in

g
 t

o
 b

e
s
t 

p
ra

c
ti
c
e
 p

ro
to

c
o
ls

, 
a

n
d
 

e
n
a
b
lin

g
 i
t 

to
 f
lo

w
 t

o
 m

u
lt
ip

le
 c

o
m

p
le

m
e
n
ta

ry
 s

y
s
te

m
s
 a

n
d

 u
s
e

rs
. 

P
ro

p
ri
e

ta
ry

 t
o
p

-t
o
-b

o
tt
o

m
 s

y
s
te

m
s
 t
e
n
d

 t
o
 b

e
 d

e
s
ig

n
e
d
 a

s
 s

e
lf
-

c
o
n
ta

in
e
d

 d
a
ta

 s
ilo

e
s
. 

W
h
ile

 m
a
n
y

m
ig

h
t 
o
ff

e
r 

b
a
s
ic

 A
P

I 

c
o
n
n
e
c
ti
o

n
to

 o
th

e
r 

lo
c
a
l
g
o
v
e

rn
m

e
n
t 

p
la

tf
o
rm

s
, 

o
ft

e
n
 y

o
u

r 

o
p
ti
o
n
s
 f

o
r 

c
u
s
to

m
is

a
ti
o
n

 a
n
d
 c

o
m

p
le

x
it
y
 w

ill
 b

e
 v

e
ry

 l
im

it
e
d
. 

O
p
e
n
 t
e
c
h
n
o
lo

g
ie

s
, 
o
n
 t

h
e
 o

th
e
r 

h
a
n
d

, 
a
re

 d
e
s
ig

n
e
d
 w

it
h
 

in
te

ro
p

e
ra

b
ili

ty
 a

n
d
 d

a
ta

 s
h

a
ri
n

g
 a

s
 f

o
u

n
d
a
ti
o

n
a
l 
c
o
n
c
e
p
ts

. 

A
 h

y
b

ri
d

 a
p

p
ro

a
c
h

 

A
 w

e
ll-

d
e
s
ig

n
e
d
 h

y
b
ri
d

 

s
o
lu

ti
o
n
 m

ig
h
t 
in

te
g
ra

te
 

a
 p

a
c
k
a
g

e
 o

f 
c
lu

s
te

re
d

 

s
e
rv

ic
e
s
 f

ro
m

 a
n

 

e
x
te

rn
a
l 
c
o
n
tr

a
c
to

r,
 w

it
h
 

c
e
rt

a
in

 e
x
is

ti
n
g
 l
o

c
a
l 

g
o
v
e
rn

m
e
n
t 

p
la

tf
o

rm
s
 

(s
u
c
h
 a

s
 G

IS
 

v
is

u
a
lis

a
ti
o
n
, 
a
s
s
e
t 

m
a
n
a
g

e
m

e
n
t,

 a
n
d

 o
p
e

n
 

d
a
ta

s
h
a

ri
n

g
).

T
h
is

 i
s
 s

ti
ll 

a
 m

o
d
u
la

r 

a
rc

h
it
e
c
tu

re
. 
H

o
w

e
v
e
r,

 i
t 

F
o

r 
m

a
n

y
, 

a
 h

y
b

ri
d

 a
p

p
ro

a
c
h

 m
a
y
 m

a
k

e
 t

h
e
 m

o
s
t 

s
e
n

s
e
. 

A
s
 a

 r
u
le

, 
v
e

n
d
o
r 

s
e
rv

ic
e

 p
a
c
k
a
g

e
s
 t

e
n

d
 t
o
 c

o
v
e
r 

th
e
 l
o

w
e
r 

p
a
rt

s
 

o
f 
th

e
 t

e
c
h
n
o
lo

g
y
 s

ta
c
k
 (

c
o
m

m
u
n
ic

a
ti
o

n
s
, 

d
a
ta

 i
n
g
e
s
ti
o
n
, 

d
e
v
ic

e
 

m
a
n
a
g

e
m

e
n
t,

in
te

rp
re

ta
ti
o
n
, 

a
n
d
 s

to
ra

g
e
).

 L
o
c
a
l 
g
o
v
e
rn

m
e
n
t 

in
te

g
ra

ti
o
n
s
 t

e
n
d
 t
o
 b

e
 h

ig
h
e
r 

in
 t
h
e
 t

e
c
h
n
o
lo

g
y
 s

ta
c
k
 (

G
IS

, 
d
a
ta

 

s
h
a
ri
n

g
 p

o
rt

a
ls

).
 

A
 h

y
b
ri
d

 a
p

p
ro

a
c
h
 h

a
s
 t

h
e
 p

o
te

n
ti
a
l 
to

 d
e
liv

e
r 

th
e

 b
e
s
t 

o
f 

 

b
o
th

w
o
rl

d
s
: 

a
) 

D
e
e
p
e
r 

te
c
h
n
o
lo

g
ic

a
l 
e

x
p

e
rt

is
e
 c

a
n
 b

e
 o

u
ts

o
u
rc

e
d

, 

p
ro

te
c
ti
n

g
 l
o

c
a
l 
g

o
v
e
rn

m
e
n
ts

 f
ro

m
 r

is
k
, 

a
n
d
 h

e
lp

in
g
 t
o
 k

e
e
p
 

in
te

rn
a
l 
o
p
e
ra

ti
o
n
a
l 
re

s
o

u
rc

in
g
 a

t 
m

a
n
a
g
e
a

b
le

 l
e
v
e
ls

. 

b
) 

R
a
p
id

 s
e
t-

u
p
 i
s

s
ti
ll 

p
o
s
s
ib

le
. 
Y

o
u
 c

a
n
 s

ta
rt

 c
a
p
tu

ri
n

g
 d

a
ta

 

q
u
ic

k
ly

 b
y
 l
e

a
n
in

g
 o

n
 a

 c
o
n
tr

a
c
to

r 
to

 m
a
n
a

g
e
 t
h

e
 l
o
w

e
r 

p
a

rt
 

a
) 

R
e
d

u
c
e

d
 (

b
u

t 
s
ti

ll
 e

x
is

ti
n

g
) 

v
e
n

d
o

r 
lo

c
k

-i
n

. 
V

e
n
d

o
r 

lo
c
k
-i
n

 i
s
 

s
ti
ll 

a
 c

o
n
c
e
rn

, 
th

o
u
g
h
 t

h
e
 e

ff
e
c
t 

is
 s

ig
n
if
ic

a
n
tl
y
 r

e
d
u
c
e
d
, 

p
a
rt

ic
u
la

rl
y
 i
f 

y
o
u
 c

h
o
o
s
e
 n

o
n

-p
ro

p
ri
e

ta
ry

 d
e
v
ic

e
s
,

a
n
d
 i
n
s
te

a
d
 

fo
c
u
s
 o

n
 c

o
m

b
in

e
d
 s

e
rv

ic
e
 p

a
c
k
a

g
e
s
 f

u
rt

h
e

r 
u
p
 t

h
e
 s

ta
c
k
. 

T
h
is

 

h
e
lp

s
 y

o
u
 t

o
 a

v
o
id

 t
h
e
 m

o
s
t 

d
a
m

a
g
in

g
 v

e
n

d
o
r 

lo
c
k
-i
n

 c
o
n

c
e
rn

: 

p
h
y
s
ic

a
l 
s
e
n
s
in

g
 a

s
s
e
ts

 t
h
a
t 
c
a

n
 o

n
ly

 b
e
 m

a
d
e
 t
o

 w
o
rk

 t
h

ro
u
g
h
 a

 

s
in

g
le

 b
a
c
k
 e

n
d
 (

o
p
e
ra

te
d
 b

y
 t

h
e

 d
e
v
ic

e
 s

u
p
p
lie

r)
. 

b
) 

M
il
d

 l
o

s
s
 o

f 
c

u
s
to

m
is

a
ti

o
n

 a
n

d
 f

le
x
ib

il
it

y
. 

T
h
is

 l
im

it
a
ti
o

n
 i
s
 

s
ig

n
if
ic

a
n
tl
y
 l
e
s
s
 t

h
a
n
 t
h

a
t 
a
s
s
o
c
ia

te
d
 w

it
h

 c
o
m

p
le

te
 t
o

p
-t

o
-

b
o
tt
o
m

 p
ro

p
ri
e

ta
ry

 s
y
s
te

m
s
. 

It
 c

a
n

 r
e
la

te
 t
o
 y

o
u
r 

o
p
ti
o
n
s
 w

it
h
in

 a
 

s
in

g
le

-v
e

n
d
o
r 

s
e

rv
ic

e
 c

lu
s
te

r,
 w

it
h
in

 y
o
u
r 

b
ro

a
d
e
r 

te
c
h
n
o
lo

g
y
 

s
ta

c
k
.

H
o

w
e

v
e
r,

g
iv

e
n

th
a
t
th

e
s
e

s
e

rv
ic

e
s

te
n
d

to
b
e

d
e
s
ig

n
e
d

to

in
te

g
ra

te
 w

it
h
 a

 w
id

e
r 

d
a
ta

 e
c
o
s
y
s
te

m
, 

m
a
n
y
 o

f 
th

e
 l
im

it
a
ti
o

n
s
 o

f 

c
lo

s
e
d
 p

ro
p
ri
e

ta
ry

 s
y
s
te

m
s
 a

re
 l
e

s
s
 e

v
id

e
n
t.
 M

a
k
e

 s
u

re
 y

o
u
 



  

8
9

 

P
ro

s
C

o
n

s
 

a
c
c
o
m

m
o

d
a
te

s
 t

h
e
 

in
c
lu

s
io

n
o
f

m
o
re

c
o
m

b
in

e
d

 c
o
m

m
e
rc

ia
l 

p
a
c
k
a
g
e
s
 f

o
rm

in
g
 l
a
rg

e
r 

b
lo

c
k
s
 o

f 
th

e
 o

v
e
ra

ll 

te
c
h
n
o
lo

g
y
 s

ta
c
k
. 

o
f 
th

e
 t

e
c
h
n
o
lo

g
y
 s

ta
c
k
. 

A
d

d
in

g
 c

o
m

p
le

x
it
y
 t
h

ro
u

g
h
 l
o

c
a
l 

g
o
v
e
rn

m
e
n
t

s
y
s
te

m
in

te
g
ra

ti
o

n
c
a

n
c
o
m

e
la

te
r,

b
u
t

d
o
e
s

n
o

t

n
e
e
d
 t
o

 d
e
la

y
 y

o
u
r 

p
ro

je
c
t.

 

c
) 

In
te

g
ra

ti
o
n
 w

it
h
 l
o
c
a
l 
g

o
v
e
rn

m
e
n
t 

s
y
s
te

m
s
 a

ff
o
rd

s
 g

re
a
te

r 

fl
e
x
ib

ili
ty

th
a
n
 m

ig
h
t 
o

th
e
rw

is
e
 b

e
 a

c
h
ie

v
e
d
 i
n

 a
n
 e

n
ti
re

ly
 

o
u
ts

o
u
rc

e
d
 s

y
s
te

m
. 

d
) 

D
a
ta

 m
a
n

a
g
e
m

e
n
t 
a

n
d
 d

a
ta

 s
h

a
ri
n

g
 l
im

it
a
ti
o
n
s
 a

re
 l
a

rg
e
ly

 

a
d
d
re

s
s
e
d
 t
h

ro
u
g

h
 t
h
e
 i
n
te

g
ra

ti
o
n
 o

f 
lo

c
a
l 
g

o
v
e

rn
m

e
n
t 

s
y
s
te

m
s
 h

ig
h

e
r 

u
p
 i
n
 t
h

e
 a

rc
h
it
e
c
tu

re
. 

c
h
e
c
k
 c

u
s
to

m
is

a
ti
o
n
 o

p
ti
o

n
s
 (

a
n
d

 a
s
s
o
c
ia

te
d
 c

o
m

m
e
rc

ia
ls

) 
w

it
h
 

a
n
e
w

s
u
p

p
lie

r
d

u
ri
n

g
p
ro

c
u

re
m

e
n
t.

c
) 

P
o

te
n

ti
a
l 
la

c
k
 o

f 
tr

a
n

s
p

a
re

n
c
y

. 
T
h
e
‘b
la
c
k
b
o
x
’
is
s
u
e
th
a
t

a
ri
s
e
s
 w

it
h
 p

ro
p
ri

e
ta

ry
 s

y
s
te

m
s
 c

a
n
 a

p
p
ly

 t
o
 a

n
y
 s

m
a
lle

r 
c
lu

s
te

rs

o
f 
d
a
ta

 p
la

tf
o

rm
s
/s

e
rv

ic
e

s
. 
A

n
y
w

h
e

re
 w

h
e

re
 i
n
te

rp
re

ta
ti
o
n

 a
n
d
 

a
b
s
tr

a
c
ti
o

n
 o

f 
e

n
v
ir
o
n

m
e
n
ta

l 
d
a
ta

 i
s
 c

o
n
d

u
c
te

d
 s

h
o
u
ld

 b
e
 

tr
a
n
s
p
a

re
n
t 

e
n
o
u

g
h
 t
h

a
t 
a
n
y
o
n
e
 a

c
c
e
s
s
in

g
 t

h
a

t 
d

a
ta

 c
a
n

 f
in

d
 o

u
t 

p
re

c
is

e
ly

 w
h
a
t 

w
a
s
 d

o
n
e
 t
o
 i
t.

 

  
 



  

90 

 

References 

NSW Health. (2020). Particulate matter (PM10 and PM2.5). NSW Government. 
https://www.health.nsw.gov.au/environment/air/Pages/particulate-matter.aspx 

Wikipedia. (n.d.). IP code. https://en.wikipedia.org/wiki/IP_code 

Associated OPENAIR resources 

Supplementary resources

Identify template 

This template supports creation of a business plan and ‘data use action statement’ as strategic
foundations for a smart low-cost sensing project. 

A framework for categorising air quality sensing devices

This resource presents a new framework for categorising air quality sensing devices in an Australian 

context. It identifies four tiers of device types, separated in terms of functionality, and the quality and 

usability of their data output. It is designed to assist with the selection of devices that are appropriate to 

meeting the needs of a project and an intended data use case. 

Further information 

For more information about this project, please contact: 

Peter Runcie 

Project Lead, NSW Smart Sensing Network (NSSN) 

Email: peter@natirar.com.au

 

This Best Practice Guide chapter is part of a suite of resources designed to support local 

government action on air quality through the use of smart low-cost sensing technologies. It is 

the first Australian project of its kind. Visit www.openair.org.au for more information. 

OPENAIR is made possible by the NSW Government’s Smart Places Acceleration Program. 

Document No: 20231208 SR207 A guide to developing technical requirements Version 2 Final  

  

 


