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Appendix A: Photographs of Equipment used in all Experiments

In this appendix, we provide photographs of the equipment used in the path loss

measurements. Equipment model information is provided in Chapter 4.

Figure A.1. Photograph of signal and spectrum analyzer (left) and vector signal
generator (right).
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Figure A.3. Microwave Dynamics Amplifier.
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Figure A.4. 5 GHz Omni-directional Antenna.

Figure A.5. Microwave Dynamics Mixer.

58



Figure A.7. Cart with Receiver Equipment and Power Supplies.
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Figure A.8. 1500 W Power Inverter.

DURACELL

Figure A.9. Marine 12 V DC Battery.
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Appendix B: Tables for pre-test, Airport, Main Building and
Hangar Measurements
In this appendix, we provide all data measured in the experiments described in

chapters 3 and 5. The tables that follow are in chronological order, beginning with pre-

airport test measurement data and ending with the hangar power measurement data.

Table B.1 Received Power in dBm vs. distance in meters (Swearingen Parking Lot at 31
GHz for co-polarized setting).

Outdoor 31 GHz Co-
polarized measurement
Power distance
(dBm) (m)
-45 2
-52 4
-54 6
-56.2 8
-59.5 10
-61.3 12
-62.3 14
-61.8 16
-64.7 18
-65.2 20
-66.4 22
-67.2 24
-65.2 26
-69.2 28
-72.6 30
-76.3 32
-67.5 34
-71.2 36
-73.4 38
-72.3 40
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-74.6 | 42 |

Table B.2 Received Power in dBm vs. distance in meters (Swearingen Parking Lot at 31
GHz for cross-polarized setting).

Outdoor 31 GHz Cross-
polarized Measurement
Power
(dBm) distance (m)
-24 2
-35 4
-37.6 6
-394 8
-40.6 10
-41.4 12
-43.3 14
-42.8 16
-44.3 18
-46.8 20
-47.5 22
-48.1 24
-46.9 26
-48.2 28
-57 30
-60.6 32
-52 34
-56 36
-53.2 38
-56.2 40
-54.9 42
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Table B.3 Received Power (dBm), Average Power (dBm), and Free space path loss (dB)
vs distance in meters in Hallway at 5 GHz.

5 GHz Hallway Data
(LOS)
data 1 data2 data 3
distance (m) (dBm) (dBm) (dBm) avg data FSPL (dB)
2.2 -394 -42.2 -39.7 | -40.2652846 53.26
4.2 -41.9 -40.6 -46.7 | -42.3897123 58.88
6.2 -44.3 -42.9 -43 | -43.3548844 62.26
8.2 -46.7 -45.7 -44.8 | -45.6645374 64.7
10.2 -48.9 -49 -46.9 | -48.1541144 66.59
12.2 -45.8 -47.8 -46.9 | -46.7560828 68.15
14.2 -48.7 -49.7 -46.8 | -48.2296606 69.47
16.2 -51.2 -52.1 -50.9 | -51.3707332 70.61
18.2 -45.8 -46.5 -46.8 | -46.3461903 71.62
20.2 -56.8 -53.8 -51.8 | -53.6771401 72.52
22.2 -53.9 -53.8 -51.8 | -53.0541144 73.35
24.2 -49.8 -49.4 -51.2 | -50.0673138 74.1
26.2 -54.7 -53.9 -54.1 | -54.2202225 74.78

Table B.4 Received Power (dBm) and Average Power (dBm) vs. distance in meters for

Hallway at 31 GHz.

Indoor LOS at 31 GHz
Power Power distance
(dBm) (dBm) Power (dBm) | average (m)
-28.3 29.6 -30.1 | -29.2654758 1
-31.8 -32.2 -33.3 | -32.3882715 4
-34.3 -34 -38.3 | -35.1448998 6
-37.5 -37.8 -41.8 | -38.6448998 8
-41.9 -40.8 -37.6 | -39.6991072 10
-39.7 -51.8 -41. | -41.9113282 12
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-47.6 -45.2 -43.4 | -45.0730318 14
-47.3 -44.5 -53.2 | -47.0709068 16
-44.6 -47.3 -47.5 | -46.2539002 18
-41.7 -41.2 -44.5 | -42.2439588 20
-49.8 -53.6 -51.4 | -51.3310638 22
-47.7 -51.7 -52.1 | -50.0131622 24
-44.6 -42.8 -39.3 | -41.6612184 26

Table B.5 Loss in dBm vs. distance in meters in Airport terminal building at 31 GHz for
Run #1.

Run # 1 Indoors
LOS
distance
Loss (dB) | Loss (dB) Loss (dB) (m)

82.2 83.3 83.1 2
86.8 87.6 87.3 4
88 92.4 91.8 6
95.9 96.8 90.7 8
96.1 95 94.9 10
98.5 100.7 98.2 12
100.5 98.5 98.2 14

Table B.6 Loss in dBm vs. distance in meters in Airport terminal building at 31 GHz for
Run #2.

Run # 2 indoor
LOS
Loss (dB) | Loss (dB) Loss (dB) distance (m)
83.3 82.8 84.1 2
88.8 88.6 89.4 4
89.7 92.1 93.2 6
93.8 95.9 96.3 8
92.4 95.9 96.8 8
101.7 95.2 97.5 10
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Table B.7 Loss in dBm vs. distance in meters in Airport terminal building at 31 GHz for
Run #3.

Run # 3 indoor
LOS
Loss distance
(dBm) Loss (dB) Loss (dB) (m)
83 83.3 84.2 2
90.5 89.9 89.3 4
90.3 93.8 95.9 6
93.9 91.7 95.4 8

Table B.8 Power in dBm vs. distance in meters in Airport terminal building at 31 GHz for

Run #4.

Run # 4 Indoor
NLOS same
floor
Power Power distance
(dBm) Power (dBm) (dBm) (m) location
-54.8 -63.7 -56.4 11.8 | Vending
-62.1 -59.3 -59.9 12.7 | Bathroom
-52.3 -51.8 -51.9 8.7 | TV room
-51.7 -53.4 -52.8 10.3 | Tv room
-51.6 -46.9 -50.8 6.9 | PC room
-46.9 -53.5 -52.8 7.3 | PC room
book
-50.9 -43.5 -42.3 3.2 | room
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Table B.9 Measured Power in dBm vs. distance in meters in Airport terminal

building at 31 GHz for Run #5.

Run # 5 Indoor
NLOS
different floor
Power Power distance
(dBm) Power (dBm) (dBm) (m) | location
-56.8 -56.9 -57.8 5.7 | Main Hall
-65.8 -67.3 -66.9 3.2 | book room
-68.4 -61.9 -66.8 6.9 | PC room
-67.1 -69.4 -69.2 7.3 | PC room
-66.6 -65.7 -64.4 8.7 | TV room
-67.5 -65.3 -67.3 10.3 | TV room
Behind
-55.8 -60.9 -65.5 8.3 | stairs
Behind
-47.4 -45.6 -49.2 9.3 | stairs

Table B.10 Measured Power in dBm vs. distance in meters at Hangar for 31 GHz LOS

Run #1.

Run 1
(LOS)

distance(m)

P(dBm)

1

-20

-24.15

-31.7

2
4
5

-34.45
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Table B.11 Measured Power in dBm vs. distance in meters at Hangar for 31 GHz NLOS
Run #1.

Run 1
(NLOS)
distance
(m) Power(dBm)
8.8 -55.9
11 -60
13.5 -51.8
18.5 -62.2
20.24 -50
24 -46.4

Table B.12 Measured Power in dBm vs. distance in meters at Hangar for 31 GHz Run #2.

Run 2

setting | distance(m) | Pmin Pmax

los 6 -30.3 -34.2
partial 8.5 -35.5 -51.3
partial 13.6 -46.3 -49.5
partial 14 -45.2 -49.5
partial 18 -53.2 -53.2
partial 21.2 -54.3 -60.1
nlos 26 -56.1 -50.7
nlos 27.2 -48.2 -47.8
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Table B.13 Measured Power in dBm vs. distance in meters Hangar for 31 GHz Run #3.

Run 3
setting | distance(m) | P(dBm) | P(dBm)
los 4.5 -31.2 -27.7
partial 10.7 -37.2 -37.2
partial 13 -40.8 -41.3
partial 18.5 -44.9 -43.8
partial 21 -47.1 -45.2

Run 4
setting | distance(m) | Power(dBm)
los 6 -34.46
partial 9.3 -36.7
partial 10.2 -35.9
partial 10.7 -49.2
partial 16.7 -43.5

Run 5

dist
(m) P (dBm) Power(dBm)
7.3 -36.2 -37.1
9 -44.5 -44.8
14.6 -60.1 -59.3
17.6 -53.6 -49.3
23 -55.5 -60
24.3 -50.1 -53.1
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Table B.14 Measured Power in dBm vs. distance in meters Hangar for 31 GHz Run #4.

Table B.15 Measured Power in dBm vs. distance in meters Hangar for 31 GHz Run #5.




28.8 -52.1 -54.1
28.8 -52.3 -56.4
25.9 -64.2 -57.2

Table B.16 Measured Power in dBm vs distance in meters Hangar for 31 GHz Run #6.

Run 6

dist(m) | Power(dBm) | Power(dBm)
11.2 -41.1 -41.1
12.4 -38.1 -38.1
16.8 -61.8 -50.1
18.8 -51.3 -56.3
20.8 -45.5 -47.3

16 -59.3 -63.2

18 -52.8 -56.1
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