B8 1 KB =E5BFERFR Vol.21, No.11
2023 4 11 H Journal of Terahertz Science and Electronic Information Technology Nov., 2023

XEHE: 2095-4980(2023)11-1306-12

ETEEHITSRERNNTSHEERHAEN
R, BIRHKT, B &, FHE, B W
(P E TR HA TG B TRMITA, I 41 621999)

 OE: AT ANEREE, ETFHMERANEZSAGE) X 5 FHES HHATEH K H
Efiit. ERRTSERE, SRR EZHEEAINREZERLER, ARHIEMREHNSE
Wk, XEMNBHFENERDE, FE-FRIEZFRERELEHATAEN. 254 4E kit
WEAMTEANEMRE., MIEUREZZEAH %8, TEETARERENFHAEN
ERIATUR. FHEAREERXW: XTEHIEMRTHYEN; AT ARETHEHE
W ELTERTHAETARERENEN; R BETHEAR TR MG ENEL, T4
MALEN R ERE A AR EMFT RGN T ASEARFHENME,; LA HERNEATH
BT EMmETHE RN, ARETERAERBRO 2HEL T X E & FRIK,

KR sHeH; TRHERANEL; FHEML; FHHTHER; FHNE

FESES: TNI1S.82 XHARERS: A doi: 10.11805/TKYDA2021412

Air—to—ground wireless channel key quantization based on

high—precision extraction of channel characteristics

YANG Chen, XIE Shungin®, QIU Rui, LI Xianglu, XIE Nan
(Institute of Electronic Engineering, China Academy of Engineering Physics , Mianyang Sichuan 621999, China)

Abstract: Aiming at the UAV air—ground channel, based on the Space-Alternating Generalized
Expectation-maximization(SAGE), the channel characteristic parameters are estimated with high
precision, and the small-scale fading characteristics of the air—ground channel such as multipath delay
and multipath power are extracted. Then, using uniform quantization and non—uniform quantization
methods, the wireless channel key quantization is carried out on the main path power and the main path—
multipath power difference of the measured data. The quantification efficiency, randomness, and
algorithm running time of the key are analyzed for takeoff and cruise scenarios respectively, and
compared with the key quantification results based on large—scale features. The key quantization
efficiency results show that the non—uniform guard quantization is superior to the uniform guard
quantization; the quantization method based on high—precision estimation of channel characteristics is
better than traditional quantization based on large—scale features; and the quantization in the take—off
scenario is better than that in the cruise scenario. The results of the performance test show that the keys
obtained in these quantizations have good randomness; the running time difference of different
quantization methods is small, therefore, the two quantization methods based on high-precision
extraction bear low complicity.
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Fig.1 Flight trajectory(left) and received power(right) in cruise scene
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Fig.2 Flight trajectory (left) and received power (right) in the take off scene
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Tablel Parameters of each scenario

scenarios speed/(m-s™") height/m link distance/m
cruising 41.94~48.27 2400 2 537~4 209
take—off 0~47.20 0~2 000 180~3 784
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Fig.3 Time delay—power estimation result of cruise scenario Fig.4 Time delay—power estimation results in take—off scenario
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Fig.5 Power curve and multipath delay of the first three paths during cruise
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Fig.6 Power curve and multipath delay of the three paths before takeoff
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Fig.7 Uniform quantification process and results of the main path of the takeoff scenario
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Fig.8 Non—uniform quantification and results of the main path of the takeoff scenario
48 kg AR A AL 4
130 T

T T T T

0
: s
120 F : -3

;N"\l ' ll““ ;’M 1“1 i” I} I’Il

1000 1500 2000 2500 3000
indices of snapshots

Fig.9 SAGE main path uniform quantification process and results in cruise scenario
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Fig.10 SAGE main path non—uniform quantification process and results in cruise scenario
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Fig.11 The uniform quantification process and results of SAGE multipath difference in the take—off scenario

B 11 #2375 SAGE 212 £ (HI 5 b e L 25 5



511 ] ¥ R%: ETEERIERERIN=HEEZAEN 1313

amplitude

40 1 1 T : I I 1
0 1000 2000 3000 4000 5000 6000 7 000
indices of snapshots
4 1 1 T 1 T T 1
| AP TR VR
> | I |
ﬁ 2 ‘ i ‘ ‘ ‘ I || ‘ \: | [
| | | | I
i [ | I |
o A ARRORATTRRLET T |, O I A AR
1000 2000 3000 4000 5000 6000 7 000
indices of snapshots

Fig.12 Non-uniform quantification of SAGE multipath difference in take—off scenario
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Fig.14 SAGE multipath difference non-uniform quantization process and results in cruise scenario
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Fig.16 AGC non—uniform quantization process and results in cruise scenario
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Table2 Key evaluation indicators

) take—off cruise take—off’ cruise take—off large— cruise large—scale
scenes quantification method . . . . . .
SAGE SAGE difference difference  scale quantification quantification
. uniform quantization 0.5827 0.609 5 0.609 6 0.624 4 0.500 4 03355
key efficiency . L
non-uniform quantization 0.6162 0.604 3 0.629 1 0.639 4 0.503 6 0.3363
effective key rate/(bit-s™) uniform quantization 83.000 0 53.2333 75.340 0 56.133 3 45.980 0 37.5333
v .
Y non-uniform quantization 85.311 1 55.033 3 77.260 0 58.700 0 69.020 0 38.750 0
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Table3 Key randomness test table

NIST test items take—off SAGE cruise SAGE take—off difference cruise difference
frequency 0.3950 0.398 6 0.3859 0.396 2
block frequency 0.3750 0.246 3 0.843 7 0.406 2
runs 0.301 8 0.300 3 0.3070 0.303 8
longest run 02251 0.218 6 0.3773 0.146 6
DFT 0.029 3 0.406 5 0.882 3 0.465 7
Jinear complexity 0.517 8 0.650 9 0.2179 0.5135
0.484 0 0.743 1 0.759 5 0.2232
approximate entropy 0.693 1 0.361 1 0.693 1 0.3147
cumulative sums 0.928 0 0.796 8 0.987 9 0.898 6
0.523 8 0.987 4 0.865 5 0.883 8
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Table4 Algorithm running time

running time for uniform running time for non—uniform running time for uniform running time for non—uniform
quantization of the main path/s quantization of the main path/s quantization of differences/s quantization of differences/s
take—off 0.022 8 0.062 0 0.023 8 0.063 2
cruising 0.021 8 0.049 0 0.023 2 0.055 8
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