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[ Abstract |

routes and principles of low-altitude economy as well as the operational experience of implementation plans are summarized, and four

In order to address a series of safety management issues involved in low-altitude economic development, the technical

universal construction plans for low-altitude security and protection are analyzed, namely the radar and integrated perception technology
fusion plan, the broadcast automatic dependent surveillance technology plan, the remote identification technology plan, and the multi-
source fusion plan based on TDOA radio technology. On this basis, an evaluation index system for unmanned aerial vehicle detection
technology was constructed, and a multi-attribute evaluation method based on DEMATEL and TOPSIS was established. The results
show that the multi-source fusion plan based on time difference of arrival (TDOA) is an effective and universal solution for building a
low-altitude security system in cities. It is concluded that the construction of a low-altitude security system is a systematic project,
which requires the joint efforts of governments, enterprises and the whole society. Integration is needed at the levels of technology, data
and operation to meet the future development needs of the low-altitude economy.

[ Keywords ] low-altitude security; defense system construction framework; multi-attribute evaluation method; TDOA-based multi-

source fusion plan; drone control
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Table 1 Comparison of the environment between
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traditional civil aviation and low-altitude economy
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Table 2 Principles and application characteristics of radar and integrated sensing and communication technology
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Fig. 1  Evaluation indicators for unmanned aerial

vehicle detection technology
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c, 2.33 0.00 2.00 2.00 1.00 2.00 1.00 2.00
C, 2.00 2.00 0.00 3.00 2.00 1.00 2.00 2.00
Cy 2.00 2.33 3.00 0.00 2.00 1.00 1.00 2.00
Cs 1.00 1.00 2.00 2.00 0.00 1.00 2.00 1.00
Cs 2.33 2.33 1.33 1.33 1.33 0.00 2.33 2.00

(o 1.33 1.33 2.00 1.00 2.00 2.67 0.00 1.00
Cy 2.00 2.00 2.00 2.00 1.00 2.33 1.00 0.00

F6 FARFRITMEREX

Table 6 Evaluation matrix X of technical solutions

xTE 6 G G G G G G Cy
D, 0.78 0.72 0.75 0.70 0.78 0.80 0.65 0.75
D, 0.67 0.80 0.83 0.79 0.83 0.63 0.70 0.80
D, 0.72 0.73 0.88 0.73 0.88 0.58 0.80 0.83
D, 0.78 0.73 0.80 0.75 0.77 0.78 0.72 0.78
Dy 0.83 0.82 0.80 0.82 0.82 0.8 0.72 0.82

4.2 RENTHE

TSl DEMATEL J7 %8 % 45 48 bR AL EE
BRI,

(D BETEIRIR B WERE A = (a;)
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B 5 AL B JFEE B = (b)) g , HIFR T
FR

) HRLEGREW T P = (p;) . , MEKS
FIR

(3)FETHK(3) Mk (4) HFE LA FaIRpy L
B o, MR 9, SREHET(5)IHTH w, , W9
FR

it —20 b FESAR R AR 19 S5l A H TOP-
SIS ¥4} 5 A~ Je N CAT g I 4 AR AT 4 vEAT
BARHEZP RN,

(D) TERTEAL RPN R X = (1)) 5 THIE
EFRAR S X RN ERAR AR X .

X* = 10.83,0.82,0.88,0.82, 0.88, 0. 88,

0.80,0. 83| (11)
X" =10.67,0.72,0.75, 0.70, 0. 77, 0.58,
0.65,0.75} (12)

(2) THAEA TP AT G B BAR X 23 BE xR AR
liﬁ‘g)(i :

x =1{0.11,0.12,0.12,0.08,0.05} (13)

x = 10.09,0.07,0.09,0.09,0. 14} (14)

®7 P—UHEEZWNIEREB

Table 7 Normalized direct influence matrix B

e G G G G Cs Cs G Gy
C, 000 0.14 0.14 0.14 0.09 0.14 0.07 0.14
C, 0.16 0.00 0.14 0.14 0.07 0.14 0.07 0.14
C; 0.14 0.14 0.00 0.21 0.14 0.07 0.14 0.14
C, 014 0.16 0.21 0.00 0.14 0.07 0.07 0.14
Cs 0.07 0.07 0.14 0.14 0.00 0.07 0.14 0.07
Co 0.16 0.16 0.09 0.09 0.09 0.00 0.16 0.14
C; 0.09 0.09 0.14 0.07 0.14 0.19 0.00 0.07
Cg 0.14 0.14 0.14 0.14 0.07 0.16 0.07 0.00

x8 ZAWMNKERP

Table 8 Comprehensive influence matrix P

TR 6 6 G 6 G G G Cs

¢, 0.75 0.87 0.93 0.90 0.70 0.80 0.66 0.83
C, 0.8 0.75 0.93 0.90 0.68 0.80 0.66 0.83
C; 095 0.95 0.91 1.04 0.81 0.8 0.78 0.90
¢, 0.92 0.93 1.05 0.83 0.78 0.79 0.70 0.88
Cs  0.68 0.68 0.79 0.76 0.51 0.62 0.61 0.64
Cs 0.90 0.89 0.90 0.86 0.71 0.70 0.74 0.84
C; 076 0.76 0.8 0.77 0.69 0.78 0.55 0.71
Cg 0.8 0.87 0.94 0.90 0.68 0.82 0.66 0.71

*®9 EHRHBOE.REEMNNE

Table 9 Indicators’ centralities, causalities and weights

Z8 G G, G Gy Cs Cs Gy Cy

¢;  13.15 13.15 14.46 13.81 10.86 12.66 11.24 12.80
4, -0.29 -0.25 -0.16 -0.06 -0.26 0.40 0.50 0.12
w; 0.13 0.13 0.14 0.14 0.11 0.12 0.11 0.13

(3) BT X G AR X F BRAE T 52 1 AH X
W C, .

C. = 10.45,0.36,0.42,0.53,0.75} (15)

PRS2 o AT ZE R I B AR 25 158 5 & 10 HE
JRah R

D, >D, >D, >D; > D, (16)

i A A4S B B R 5 SR aT D, 36T TDOA %
R ZPERA T RPN BLZE A R B oA
TRATARRI S WA EOR O T IO AR T
AT E FrGEE— RIS ADS-B HiA
J7% )54 Remote ID FARITE

FESCBRN 1, TDOA HEARC &8 T 25
UE. 4N, 78 RS Kz 2 WA, I 2s 42 7 3R 4858 1o
i TDOA SRS %2 v AOA 38 S [r] | B 3k 5
WG BR R A5 22 F RIS B AR, DL e X 4238
K A GE LR P BT RIGEH, LT
Bt S e, Kis SRR k2 %2
Bij 22 50 5 ) T2 I D B A < PR R SRR AR
AN, TDOA Hi AR FER shF i ey PR3 7 2
N A I A5 S B 1k 22 A Fk i 14 s R] 22 R W
AR E, X AP R Rk T 2R 58 b R B 5, 8
A RN X AN AME ST

5 #ig

T 3 WG 25 22 Bl 3 R I 2k 1 TR A 0 BT R PN
T A L S B R B A R, B TR S B
EPER R R F RS BRI AR TR T
= SR WA AR (ADS-B ) F R 7% iR )
AR (Remote 1ID) i AR Jr ZHFTF TDOA #H R £
TR T 2, ARSUHEETE N CAT AR B AR E 45
FRIA R dSr T —Fh 3T DEMATEL 1 TOPSIS AY%
JEMETE T vk, IR R AT X X s Ty Rk AT HE e, 45 5
PITF S8,

(1) 3T TDOA HiA M Z P57 52 A A3k
TR Z iR R AR, a5k b
L R A RPN R % RAE RIS B A5
TN 2B AR DR S T R I AE BRI AL
B B ESAEGVE B bR, I 76 52 bR R i (Can &
Kiz2s) Bk 7 H S RcrE Sl 5k,

(2) DEMATEL-TOPSIS #1825 4 B Fi AR 7
ZOPM AL TR 0775 8 O i A BRI B
SR AR 8 TR PE I AR S5 E LR
W HT 5 07 RHEY 1207 R RE 0 R UL AL 45 H R
WOk R ARSE S S N E Y S

(MRZS LB IR R T 2 DR 55 AR R
Bl BUR Ak it 2 75 7R BUOR R FHARBE K
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