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Introduction

 Citizens Broadband Radio Service (CBRS): share the spectrum 
between federal incumbent and commercial users

 Incumbents: ship borne radar, group based radar, fixed 
satellite service earth station, wireless broadband services

 key to success of Spectrum Access System (SAS) – protection
of incumbent users from the harmful interference generated
by CBSDs
 protection via exclusion zone
 protection via a use of environmental sensing capability 

(ESC) network
 ESC network converts the exclusion zone into a protection 

zone
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 Challenges in the deployment of ESC network
 moving incumbents
 detecting the location of the federal naval incumbent is 

forbidden
 optimum number of sensors and their locations
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 ESC sensor placement problem in coastal areas for the moving 
incumbent protection in CBRS

 protection – by deploying minimum number of sensors

 robustness agaist sensor failure

Our Work



924.3.2016 924.3.2016

 ESC sensor placement problem in coastal areas for the moving 
incumbent protection in CBRS

 protection – by deploying minimum number of sensors

 robustness agaist sensor failure

Our Work



1024.3.2016 1024.3.2016

 ESC sensor placement problem in coastal areas for the moving 
incumbent protection in CBRS

 protection – by deploying minimum number of sensors

 robustness agaist sensor failure

Our Work



1124.3.2016 1124.3.2016

System Model

1 2 3 4 5 6 7 8 9 10

x [distance unit]

1

2

3

4

5

6

7

8

9

10

y 
[d

is
ta

nc
e 

un
it]

coastal boundary

isolation boundary

land

water



1224.3.2016 1224.3.2016

System Model

1 2 3 4 5 6 7 8 9 10

x [distance unit]

1

2

3

4

5

6

7

8

9

10

y 
[d

is
ta

nc
e 

un
it]

coastal boundary

isolation boundary

ESC sensor grid point

isolation knot point



1324.3.2016 1324.3.2016

System Model

1 2 3 4 5 6 7 8 9 10

x [distance unit]

1

2

3

4

5

6

7

8

9

10

y 
[d

is
ta

nc
e 

un
it] x

1

x
2

x
3

x
4

x
5

x
6

x
7

x
8

x
9

x
10

x
11

x
12

x
13

x
14

x
15

x
16

x
17

x
18

x
19

x
20

x
21

x
22

x
23

x
24

x
25

x
26

x
27

x
28

x
29

x
30

x
31

x
32

x
33

x
34

x
35

x
36

x
37

x
38

x
39

x
40

x
41

x
42

x
43

x
44

x
45

x
46

x
47

x
48

x
49

x
50

d
1

d
2 d

3
d

4
d

5

d
6

d
7

d
8

d
9

d
10

coastal boundary

isolation boundary

ESC sensor grid point

isolation knot point



1424.3.2016 1424.3.2016

System Model

1 2 3 4 5 6 7 8 9 10

x [distance unit]

1

2

3

4

5

6

7

8

9

10

y 
[d

is
ta

nc
e 

un
it] x

1

x
2

x
3

x
4

x
5

x
6

x
7

x
8

x
9

x
10

x
11

x
12

x
13

x
14

x
15

x
16

x
17

x
18

x
19

x
20

x
21

x
22

x
23

x
24

x
25

x
26

x
27

x
28

x
29

x
30

x
31

x
32

x
33

x
34

x
35

x
36

x
37

x
38

x
39

x
40

x
41

x
42

x
43

x
44

x
45

x
46

x
47

x
48

x
49

x
50

d
1

d
2 d

3
d

4
d

5

d
6

d
7

d
8

d
9

d
10

coastal boundary

isolation boundary

ESC sensor grid point

isolation knot point



1524.3.2016 1524.3.2016

System Model
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: isolation knot point
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Minimum number of ESC sensors

variables:                    and  

 combinatorial optimization problem
 exponential complexity – global solution

 propose: suboptimal but fast algorithm 
(sequential convex programming)
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Robustness against sensor failures 
(N-measurements)

variables:                    and  
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Numerical Results
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Conclusions

 sensor node placement in the coastal areas for the moving 
incumbent protection is considered

 problem of finding the minimum number of ESC sensors and 
their locations is a combinatorial optimization problem

 proposed a suboptimal but fast-converging algorithm based 
on sequential convex programming 

 extend the proposed algorithm to overcome the sensor 
failures
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