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E T ADS-B 5 Remote ID BY{X Z= 2 B/ Tt A #1
WS Mg 7 4R

KEZ, 1 &, RT¥H, XEE, £ &, K &

(PR A LR KA T{5 8 TR 4B, 7 5t 211106)

/|

B OEREFHERAEANRAE T ARG TIKEZRFH0 LR A2 RAMN )2 5 A2 23 BB R
BTRSZHER, ALERZXEANHBEAANKITRERRE A TIREFHEM G EEIT T HX
B 2 48 % % A (Automatic dependent surveillance-broadcast, ADS-B) #= & A #iZ %2 17 %] (Remote
identification, Remote ID)., & &, 24N % T ADSB# Remote ID# A KR ; R )&, %f%ﬁﬁ‘ﬁ*ﬁ‘
ESHT HAFZRGEAAEINIESR ,?f‘z’i)‘LT EALAHG ARGk, BET HE K45 ADS-B F=
Remote ID 8 A 46,8 3 LA 5 R EF I SR MIES ,FNETT £2 Fﬁvn é’)&hﬁ‘ AR FE
@&, it +«ﬂ‘]%ﬁ%&’\#ﬁ“§«k/\xﬁ7ﬁﬁ-’7ADS B A Remote ID £ EHBM P oy ErRp AZAR, &
R 27 ,ADS-B £ 45 4y 3B & Fo & 4545 B L AL F Remote ID, M Remote ID £ & E € 45 £ & A48 #; i@
EREM T @, ADS-BAE® AL IE B REMSE IR S, Remote ID LI H FRAIARIF., mE,EZ2T £
ARAMBERARGE R o, BERAERES BEL2LE o EREORFRMR RELT &
Fafit ik &
KW : AREH KW LASEARLA ;7 #HFX B AR B RANZAZ R 8T WiFi
PESES: VI XERARERD : A

ADS-B and Remote ID Based Performance Analysis for UAV Surveillance in
Low-Altitude Intelligent Networks

ZHU Yian, HE Jia, JIA Ziye, WU Qihui, DONG Chao, ZHANG Lei
(College of Electronic and Information Engineering, Nanjing University of Aeronautics &. Astronautics, Nanjing 211106, China)

Abstract: The low-altitude intelligent network, as a new type of productivity, has facilitated the rapid
development of the low-altitude economy. However, the widespread application of unmanned aerial
vehicles (UAVs) has posed significant challenges for airspace regulation. This paper mainly focuses on the
performance analysis of two potential UAV flight regulation technologies applied to the low-altitude
intelligent network: Automatic dependent surveillance-broadcast (ADS-B) and remote identification
(Remote ID). Firstly, we systematically introduce the basic mechanisms of ADS-B and Remote ID.
Then, based on current technical standards, theoretical transmission distances of these two technologies

are analyzed, and methods for evaluating positioning accuracy are defined. We build ADS-B and Remote
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ID experimental systems that meet performance requirements, estimate the actual transmission distances
through measured signal strength, and measure the positioning accuracy of latitude, longitude, and
altitude, as well as the packet loss rate. Through the analysis of the measured data, this paper
comprehensively evaluates practical application effects of ADS-B and Remote ID in low-altitude intelligent
network for the first time. Results show that ADS-B outperforms Remote ID in terms of transmission range
and positioning accuracy, while Remote ID performs better in altitude positioning. In terms of
communication stability, ADS-B provides stable reception over long distances, while Remote ID performs
well in short-range scenarios. Finally, the future development directions of UAV regulation technology are
discussed, and solutions for optimizing transmission distance, coverage range, positioning accuracy, and
packet loss rate are proposed.

Key words: low-altitude intelligent network; UAV surveillance technology; automatic dependent
surveillance-broadcast (ADS-B); UAV remote identification (Remote ID); bluetooth; Wi-Fi
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il

AT A 25 8 I I A oA — 0T 2% 0 8 18 000 28 A R A, K G 22 Ot 1 90 2% R A 3% it el 1%, IE 7E AR
HEAR S 2 00 10 UL R o IS BRI B s E TR A3 WON Gl W R 3 km LT ) A2 45 b T B8 5 T
FRIT R A T2 it 2L ok ) b T P 2% S o B DL R TR N2 L X — AR R A S T AL =
TR A AE BB, 2 B 2 H AR 1R &R 4t (Fifth generation of communication system, 5G) [l %5 %5 8] 41
JEE FIVHE Aeb 1) TR A At 0 s IR R X i ke e T SR Al G S S R X DR A B I 4 4 S L 0
PR 55 78 i 0 AR RS T R R A A R L

SR AR 2 8 I I 114 & o TR ek i 22 B G o o A A I 2 80 K IR0 o S 2 0 4 1 T A LR 1Y H 25
B B S M gl A8 PR R TN TS B 2R S S T A B A RS A B A A 2 Y
BR AR X e A I B 2 T AR A BB ) N RN 2 ek A i B R R R DRI, T
GG R EE A  B OR AR ES R B 1 A R e] SR AT .

25 AL 28 Al E AR AR A TE A2 2 L 2 A EEZ A ARG . EE T 202448 1 A 20 b R X
N2 Bl 28 FR R AR BT & (UOM)™  BLAE BT A JC A HL RN AR & 26 25 48 UOM 1 i MG A fiE 64T 5 38
Il 5% 35 i 7 J& (Federal aviation administration, FAA) T4 F 2024 4F 3 A 4 1 #4047 3 % 4 (1) J6 A HLIz 7
P51 (Remote identification, Remote ID)FR#E™ i 5 AT H#RME B0 7= i B35 5 L DA K Jo AL e 45
1R AL K

TEAR S B K 9 (0 2 3 b IR AR BOR 13 1 R QB2 0y A €8 0 A R M B R BB 6% S I L G
OHLEY CATIRAS B0 15 23 do 22 4, 48 TR 23 20 48 B 20 R0 HRTAY I AL AE B/ A2 26 T
55 PUAR B2 3l {5 4 R (Fourth generation of communication system, 4G )/5G ¥ £ (1) 9 45 Wi 00 A1 JC 2k |, 5
ESTUE DN = W e /U = N S R e AT G S R e g (S R S T S Il TR S SR A N
A Z T, ) % 2 42 0 T T8 B2 48000 0 e v 15 45 7 30 1o b T ol 7 3% RATIR S AR B SE 30 JE AL
B S A WA X D T B A RE AR A B R E T SR Y P R, TR R RO AN 7 3 EE R A 22 1 M
XL .

BN AP BIESE EZEOCTE PR JC AL 8 I R 7 4% X A 3 A G I 9 (Automatic dependent
surveillance-broadcast, ADS-B) & N R AU A m g Mt R4, 76 1 090 MHz 4 Bt T4, FIJH T2
SAE O I B A AT R R M % % AT ROE . FEE PR B ADS-B B4 B T R AL A
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B 1090 MHz 3B AT T #6920 T X AT 1Y E A7 MR AP A5 DI RE . FAA FRCH il 25 42 4
Ja B 44 ADS-BAE S Bt CAT & 145 i M ML AR, IR 0 1) T AL SUE)™ . 53— Fh 2 £ T Remote
1D A O i 74 7k (R K #6 38 Remote 1D) 8 aof JC A ML 52 4% 0 42 B A0 Wi-Fi BB, 1) FH 5 hr e R
] J&) B 45 ) HE JC AN B AR AL R R DL R T O R . X RAR B RS
AT A PR AR G809 4 A Ve R R B PR TRAT A% BE 9% B0 A M IR FIGE BR . Remote ID AR O — BT 2% 19
JC LI AR T 48 R A BR SE 8 W 5 2) N I FIHE) . BRI FAA B4 KA T Remote ID YA SCEE KL,
BORTCAMUAE AT IS o 0 # PUNAF B, LUBE T W58 T A2 A0S Je A AL EAT U R I 48 . 3k S8 4 it
WFE ST T IC NS AT 192 v AT A

Wi 7 R 2 R K P ME & g A, T AL R BN BE AL o B R T AL S W IR R 455, T LA
g gt — I 2 A W 2%, o AMLAE AT P RE SE A 5 T R G sc e B ds  SE I AR W S R A A . X
AAAT B T4 1 A AR 3 RE SRR JC AN AHILTE W TE 26 Rl M 0 R A A5 M ) A U Y )z N L HE S
Te NHLEE A BB 5 M & R . S48 ADS-B Al Remote 1D 7F [ Y i A 8 AH 5C W & AR MR F L (R E AR T
TERITC AHL L 7 8 B AR R A AT A7 1 o A ST B R AR IS I I Al 3 9 B AR 78 1R A e AL RAT
g LT T AT MR R RN N E SR I S L O S R — 2P R RIS AR A A

] N A1 8 BF 5 TETE AN W7 R R Ak a3 SE R, DU N T8 A LB AR 18 PR & e, i I o A HLTE %
& EALIIRTIR T A M IR 45 T AL A & AR . Zhe S VAR R B ADS-B B o R 5 0 6 KL
SR JEE A 1) B, 45 T — P LT ADS-B SR A9 8 A BLAE 36 85 5 5 5 Liao %298 T ADS-B 3% % Xt R
ALz AT Y2, o3 A 1S )RR T R TRHLAY Z A1 O LA K35 8 ADS-B #9J6 AHILAT IR i 540 5557 /4 52
M) 5 SCHR [ 13 138 T = ZEIR A% sl b 72, R BE ML L AT B8, 7 7 B AHL S R CHLIL AR A, 33 0 1
ADS-B W # G2 19 T YL RE 5 SCHRL 14 1938 1 A5 Ml 00 o 5 3 o 1 i M ks 22 4 55 U Tl % ADS-B 4
it J5E 1t 0 T oK, TE LBl B A T ADS-B RO BT B DAL FE AR AR R LB TR T AR A ST A N A B
5 1 R B T DA ik s SCHRC 1S 0 & X ADS-B 2 SCEUHE 55 A, SR R B 2% ) 19 Seq2seq 5 7 Xif
ADS-B iz SCHUHE AT R 38 o R 1 2 O A e L O R RIOHE AT RRAE T R (R A R T A A
3 0 B ) AR 5 O S B ADS-B i 78 45 B 1K T3 1Y) e B A il L A6 406 ADSB i AR A A 328 B HE
AT 0T, SCHER 16 JHE 230 BT 52 B ADS-B itk ZHis (0 B il [, 32 10 DAL % S 2 2% BE Uk 30 UE ADS-B it i
B RS B I 52 44 19 J7 ¥ 5 Raheb %5175 5 8097 444 i %R (Packet delivery ratio, PDR) PEAS | # 28 Re-
mote ID 38 5 BT &, BF 58 52 M0 PDR Y 8 3R, 45 1) 02 X o A AL RE 48 B 3 v 22 4 BF 25 15 8 1Y 82 5 Vino-
gradov il Pollin""* @ 4 #£ Remote 1D {14 K H I A B AME L, AnBL B R SE 8 076G 1 0 00 2k 3 {5 B it 07 2L
SEIRGE W] T XA B T T 23 e e O 46 46 48 4 AT IR 5 Alkadi I Shoufan™” 42 H T — Bl 3 F X Heb
(953 A 20 A HLAS 45 BE AR S8, R T 4% 38 Remote TD 32 REREAE fE AT, 52 80T J0 A ALY 20 152 del 4
AU WA 5 5 IR 25 5 B T & T —253E FH T /N A HLA W e R 45 RE S ADS B
Remote ID FIAL 2L 75 1k 45 W 42 I JC 48 48 i, ] T IR S AR MEE SRR A& .

AR SCHY TR AE T UK R G0 LB T RS T ADS-B 5 Remote 1D P R AR 78 41K 25 2 56 8 ALK
AT WA P W S PERE R I . 1 5, DR SO SRR B I U T PR 4 A 23 T ADS-B 5 Remote 1D £
AR IEXS X PR AR FEAT TR Fe oM o BE T HORBRUE , 204 1 P Fh EOR 19 BIS AR F BE B, 0F s LT g AL
K BE R PPAL 7 o FEHE T AT G PEREZE R 19 ADS-B Hil Remote ID 5255 5 48, 3 ik 5 I B0 40 % 3 19 o 3 AR
TE I8 15 PR RE B 75 Y0 FBLR G (A 32 25 OC B M 0 B R 8 b b9 22 S b AT 1 %0 e 0 B, 3 48E 1 e AL AR
BRI L FE AL RE U0 AL AR 2 AR 4, RS 1 B N TR X — SR A B 58 28 11 ol i S 9 0 #r L & 3 ADS-B
Hl Remote ID ZEAR AN 7 5T & A U055 o He T b, S i 170048 4 0 LRI, S e AHL IR 48 BOR iy e 4%
Pk RE LA A TR AR o SR L B 0 AL M R R 1 SC B PE BB AR TG 1V TE I O Ak T 1) i
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PTT 5 o AR SO A SRR Ay MR s R K IO 1 A R B 3t T A R SRR S 1 DR TE A BIL AR A A1 s R B )
KART R

1 ADS-BEAERIE

ADS-B & — Ff il 75 450 38k B B 00 W O R, el KL RS B ADS-B 5 4 [ 3 i i Hb 1 sk AN
P I A5 NS R AN M 93 o (= W SBT3 100 N S 7 e 7 g
RE % 75 23 BRI B P 0 2 2 S ) R AT SR EAT R R I R A W A B D ADS B i B H B 2
$ w5 45 TP S I 2 A PE RN ROR AT 5L RN 2 vh S8 3 A N B RE % S M O L ROL A O RS sk
Ao ADS-BEARME 1z N T RAMUES 4235028 Fn I 2 4k, R 2 F T2 h 2 A8 ), 7 ok
B LR I I R B X, T L R T R k) B R o ) R 0L T R A IR 55 5 A R A b X, B
TR 5 15 U DL IR A AR 1 5 T A R 40 W WL AR T B RN A X ) AT A R B — Fh
LA WL R B T AL
1.1 ADS-BESHAM

ADSBRZG R —MEBRGE SR T RN GEE RS, FEAELE G EARBEMNERLHY

R 3. ADS-B RGEIRHUIFAE 2% A5 L E B L Y,

(1) CALAL B AF B LTS CHLAY 2 B 45 B R0 A B, DA R KL 25 ) v (4 o7

(2)BHEE B 15 7 15 B A% i i sf ) 28, 3 % 5 GPS I ) [A] 25

(3)%@1%{5}%%:@%KME’J%”J%&%&B‘E%%‘H H T ME—Fri AL

(4)%*)14?%?@1%_ AT REGLHE QLAY L ) | 2 3 A I B AR (R R

(5) BN A% 8.« AT BB L 4% CALAY AT % 03 A AR B3 R S5 B AT U AR B IR RS
S

ADS-B 2GR BN A0 B FERIFET WL EM SRS & Hh, GPS k% T &
TRHLAY AL U SR R kAT IEE/%?L(Flight management system, FMS) #24t 473X g
A5 B ALHE T ﬂnﬂﬁﬁuﬂn@a%ﬁ SRR R IR CHUE B SR E B ARG R ] R A
HLER T AR AL CHLE BBy E bR 5 8, 0 T4l Bh ©AT 51 7 fige SR R PR 55 A0 R R 00 vh 28 A B0 5 03 A iR A oA
BRSO B T4 BRI CAL Y = B B R RS B . XS HLE R A R [F TAE,
H%mﬂﬁﬁm%ﬁﬁiﬁADS*B?%?}E,U\ﬁﬁ%f)ﬂﬂ‘%mﬁ]@@%E@%Eﬁﬂﬁuﬁﬂﬁﬂo ADS-B {5 B A% i
i g R A B AT . HR SR, ADS-B i FH 1 090 MHz # R g 4T Kb L . KAHL B Y
ADS-B 3 £ 23 JA AR b ) 4% 4 & TR0 B L B R I A AR R B A, X S B A 2T 1 090 MHz
BRIk W 2 o Mo TE O A A AL B2k ADS-B HURAR , AT DA IR X SE TR A RALME B AT X
P72, ADS-B S2 B T KL B DR 25 4 52 s W 00 A BT

ADS-B (5 B AL L5 R 34338 5 AL 28 & 05 B R 28 AR C Rl . MU 2R & 15 B R
O A Bk AL T LA T 19 ADS-B R B HLEE A B S 0UE B, 8 ©AT AR LA
L A1 25 A A SRR A B o £ 2L, b 5 5 A L O SR MR AR  { S . XS B AT LS B R AT A
T b T SR R BT R A AN R AT SR . TR AR O R G4 A R LUK ADS-B {5 B 4 kAL
Al R 45, G0 ) 72 B AN ol AT A B AR A0, LA S BT A AT Y KA T I R A B

1.2 ADS-BHE A4k

i BEC 25 28 4R ST HE 19 7 10, ADS-B 45 R T P43 ADS-B IN FI ADS-B OUT W f 25 #1027
ADS-B INJEF5 W8 Bl AL T ADS-B OUT &0 #5458, 5035 £ 00 1 36 & 2 09 25 22 8 345
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{5 BT #%& (Traffic information situation-broadcast, TIS-B) fll €47 ik 45 15 B T~ #& (Flight information
service-broadcast, FIS-B). X 26(F B AT DATE 2 Blfe b o, A % AT 51 BB 08 1R A 16l 25 B <445 B AN
B 30 14 2 38 A5 A BT AT DB TR (A Y PSR R SR G R B R RATRCR AR e g E R
IrdsE A EIBE . ADS-B OUT s 46 it 25 a SR PR 1] S0 7 46 RAL Y 2% i RS A5 B DL S Al B n 45 8. o BT
424 T ADS-B HLER B A (19 AT 25 45 F1 b T 3 ] DUEZ IS0 26 7 4845 8., DATiT W 0 23 rp A2 AR B, S Rk
UFE IR MY D)6 ADS-B OUT #1204 — B AT AR, B 2B B E NNy Z W H . ADS-B Al RUA K
A7 G0 g N7 28 vh AR DU B, BS B AT U TE B Y RAT PR SR i T S B R AT DR E AT TR B Y R
£ W b Al R R R T .

1.3 ADS-BiRXX %

ADS-B Jy S By Kdl £, M it i 11247, iy 54 F 200 2 A, BAR A& 1R .

DF CA ICAO ME PI
(5 bits) (3 bits) 24 bits (56 bits) (24 bits)

1 ADS-B SRy R H 1
Fig.1 ADS-B S-mode extended packet
R CHLAY ADS-B i1 B LA T 17 4% 32 #% 28 (Downlink format, DF) A 17 H4h o & X% F 75 5 67 /Y
10001 3 4l ST 5 565 6~8 v e 7 W 2 BLIY BE 71 (Transponder capability, CA) ;3 2 Ji , f 5 24 {37 W 2 HL
RS, AR A PR R ZH 20 € AT B 3 B i1 (International civil aviation organization, ICAO) ; i J& B~
& 56 1 A3 % 11 2% (Message extended squitter, ME) F1 24 {3 77 {# % 5 ( Parity/interrogator 1D, PI), H:
Hkmbgng 1 s,

#1 ADS-BIRXXZEH
Table 1 Structure of ADS-B frame

(VA LR/ bits 455 TR X
1~5 5 DF AT EE B AR 2
6~8 3 CA N HLRE I
9~32 24 ICAO B B R A4 8L ML 0y b i
33~88 56 ME AR BAE B
(33~37) (5) (TC) (ZEAIR)
89~112 24 PI A5 (A o T

EAR Y2, N SHE R B ALK 3% (1 ADS-B & Ji& f SCEUs 4 i R 4746 X DF =17, A5+
NEHLE ADS-B k% T RE M TISB k%% & i T 1744 X DF=18. i fff F T 474% X 18 1M A &
17, ADS-B/TIS-B 2 0 + F 4o ¥4 HUHE %1 Bk
A JC B0 1) 15 45

(1) M2 HLEE S (CA)

F2 SEAXMEE
Table 2 CA of mode S

ADSB Il B I =4 F Bl 34 BRI MEX
BLYL 0 bit B L. TIREE AT LR A F OB 7 A T 2 5 120
o il =2 : o B \ E | B 13 ﬁ%ﬂiﬁiﬁﬁ
Z 18] G - B R, X S A LA 2 R . A 2 th i 2 BT

(2) EBr RS AT 5005 (ICAO) 5 T N S PLDEE L IR B IR TN RE

BAADSBIHE P, BT CHLAT LU 6 Homi i Lo A v T ik O R RN 2 LI e
R ICAO L AE 43 e A S AR 2 N 24 HLAR A 2E 47 ; b TR A5 A% D R TR IR AL A5 A% I fE A4
P S AR ML AT I B AR O ICAO HRIiE
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Mtk s S PEFMAS . TCAO Hihk 78 — 3 il 27 oo 155 9 I35 3207 (s o< i il s iy 5 3 815 8
) o FFHLRHLE S BN A AL A E T ME— 19 ICAO Hi bl , 3% bk F/E 45 22 RBLAY ME— AR 45 . 5
AR AE RHLAE A Ay NS 2B AE o SR, AT DL H g AR AL (T B S N R A ik . B
F| — 6 ZE H RALLA S — B e B A FAA BAFA ICAO Huhk 2 G A9 R A KHLR I T 5 A flon 7

(3) ADS-B il B2 R

H T #E ADS-BIHE A& E B R T EA B %N ®3 ADS-BHEXBEBWRHEANX
SR SRS 7 758 33~37 i (B ME Bty if 5  Table3 Type code and content of

fr). F3Hm T EALRAM LA ME B h @& s 8 ADS-B message
ZIMER. SR BT W %
1~4 KAL)
2 T #3X Remote IDEAEHIE 58 b T 7
PR Remote 1D HA M A BL T g 0006 IR ORI
B G IRRRL A BB Al R B E SER(E 2) . éwgﬁjﬁg@s%fg)
3 B K R e B AR TS KL E BB B i 2 Remote ID 9397 55 o 8 7
PERET R L BR T A MLTE R K B M 2 96 Remote 1D 3 28 KHLR S
B AR R O R KA AR . SRR 29 FIBRAR S HER A5 B
Remote D 5 JHI 23 FF 1™ 4 15 7 5% , A 36 2 O 7T 3 ek g J1 2 P 51 AR S
PO T A L 0 B A IS A AR 4 1 TR A BEF4x5x
AT LA ) 22 i e, L ke 081 2 x )) — ((g».
Wi L. P AN o
W TR W3 95 R F i DI LT L 3 5 1 6 4 I L 3 B2 s Remote ID KA

Hofty e o L8748 8 SR VP A B RBIR R L 5 G Fig.2 Broadcast Remote ID overview
WL 2% 1 % e AL BB A B o ] LSBT A R o )RR A

Remote ID 4 EOHs £ 4 75 ¥ A 5 Wi-Fi )™ $R Wt eh , A1 5 5 fff ] T 45 504 2 UK Remote 1D Hdfs i, Jo 55 4
SLERE A B O AR B R RO AT

2.1 [ #%5x Remote ID & 2 #&

J”#5X Remote 1D & To kM 5 H A, BIEE A fl Wi-Fifs %4 Remote ID 4 %
R4 ) R B R B T 4% IS AL B AL i f= B . Remote ID  Table4 Summary of Remote ID message
HEBRIT R E RN R, TSR, HE HERSE T R=2 HEPS B
R LR A BEFPRAUR ARG B, BRI 4 TR 0x0 FEATID I B

(1) A 1D B (0x0) $2& 44 Jo A L2 B A fE — 4R AT o Ox1 (VTSR]
R —MESEE ST ANLE P A S M ID o HAl P 0x2 LT K
Y E— TR 0x3 EEIAEE DS

()i &/ REHE(OxD) & —Mh&E 8 =BT AN Oxd RGIH L
L PRI 1 R L A R T R ALY 0x5 PRAESLID I B
AR A (525 B0 22 4 8 S T OXF Y

(3)INTET B (0x2) $2 it —Fh 50 3iE To A HL L 03 B9 HL] o 3 28T 3 1 S0 A 35 207 48 44 sl XY
UEEHE , AR TEAHLE B 1

(4) A e B B (0x3) o 7 0 i # 40E D3 06 6 M 7 1) HG B 0 kAT R o o — o i 2 T 40 12
£ A 328 98 L, T T O e AL e X3 R AT I T A B R
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(5) R G0 B (0x4) LS F TN R G 09— M5 2, WHm B AR DL 7 B R AT X8, X2 5 —
AT B, AL AT S B A R ME B

(6)#AE 2 ID I B (0x5) AT AL &l RAL R AT I #RAE R ID . X2 —Fh s 8 A P E M rl S B |
TE SR AL ERAE B 0 E O B0 IE .

(7)Remote ID {4 & 7T DL S & 3% A0 AT DAFT A 3 B A0 (OxF ) — e & ik R il 2 76 FH B8 & 3% K
TR R A5 i 174 4% % £ R (40 Bluetooth 5 3% Wi-Fi) B, 30 R 4T 6 75 7 Fo 10 76 B Uk A5 i vh 2 2% 22 Fh 2 B0 1 7
B E T BR AL R AR

il B AR, 1A Remote 1D T4 B ™A% 2 <1 25 75 A 4 B ZEoR UEAT 4 9, DAGRIE {5 B 19 — Sobk
AT HEME . EARHS K — A 1235 BB Sk B0 R 24 7 35 A BHR 38 40 AL o Sk 35 P T 45 W B 26 30 T
B F 43 I AR A 0 B S AR BRI (E BN A . )T #E X Remote ID 14 B& X0 Jo AHLAY B 453 55 11k F1
PR T — PR AL DY HEZR B O T TS AL AN A Zs SR P i 2 e A . 0 ST X S B AR KL T
N HLERAE & T DA TSR 56 10 A0 [ B, A skt A% 38 RAT AR O A Lo
2.2 T #3 Remote ID £ 5 73X

W AL I #E (Bluetooth low energy, BLE)7E# o 4.0 4% L # G th 5| APY, 546550 AL h sl A 1L,
VR T B K] A3 R R O ORI DL B AR AR ARAE IR RN RE T . BE S 5.00 JJE S MUAS ) X
BLE 4.x ) #& ML 47 1 ik — Bt dk 42 7 77 # B b B BE /1. Remote ID " R G A T
BLE 4 fI BLE 5B #l i 7 ) 85 Uil , DL JE 5 5 2. o

Wi-FifE Sy —Fledg UL JC 258 15 Be AR , %M T 15048 19 Jay 30 3% 42 F0 LR 3 A o 76 #E 20 Re-
mote ID "', 2R ] Wi-Fi4B 48 /& A1 (Neighbor awareness network, NAN) f1 Wi-Fi Beacon P F ££ % 10 i .
NAN X7 1 Je: 15 45 7F 028 M 45 o i) o7 B8 1t WisFi Beacon M) FH T 358 4 18] (14 ) 4% 38 47, P9 Ff 193 1
2 ] HL AR 25 5 32 R BT 2 A i O T

(1) BLE 4

BLEZ177E 2.4 GHz 4 B A5 R 3 By 2.400 % 2.483 5 GHz, 45 40 > Jo &k 40 15 18 , 44 {5 18 7
$EH 2 MHz. {5 18 o030 8 51 3 A, Ho, 5 T8 37 .38 1 39 (3 1) X iz H 0 AT A€ 2.479 0,2.481 0
F12.483 0 GHz) B4 & N T AR 1E , % e s ) R st , DU A B 45 Wi W A £ . B {518 (518 0
25 36) ) T i 4 A 7 AR AL

16 BLE 4,y 458 W 5 801 T 34 S B {5 3 ‘
(37.38.39) 47 J 7 £ Remote 1D 5 £ (9 4% . 41l 3 7 R

Mo N TSR A SEVE  BLE 478 X 26 {58 8 &7 3IK BLE 415 $B(E I E 5 & 2 300H 7 BIRemote IDJE &

AR R E . BARERVE R ffi Ff ADV_NONCONN _IND | nzasenme Il AsEE
R 1 BB HE B 9T (Protocol data unit, PUD) #f 2 Re- K3 BLE 4 & HLi
mote IDE A, Wit X a0 & 4 frw o 1F 5 S5 4R Fig.3 BLE 4 broadcast mechanism

WA 7 2, 4 74T A Mo bk AR ) 6 AL 50 2K 80, 39 4T Y PDU 1] 7R 345 £ 25 7 15 19 Remote 1D 4
BNE,3FIWIEHITA KK (Cyclic redundancy check, CRC) F £ 56 £ 98 09 E o6 vE A se B vk . (15
HEEMJE, BT BLE 4 1) PDU & KEE f kBRI o 31 2717, IRt URE & 2% 0x0-0x6 2R HI 1 25 577 Re-

Preamble Access address PDU CRC
(1 Byte) (4 Bytes) (39 Bytes) (3 Bytes)

B4 BLE 4 #%i
Fig.4 BLE 4 broadcast frame
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mote ID . o BLE 4 R AR 4 59 382 , 3R 1 Mbps (10 80405 14 v 0

(2) BLE5

BLE 57 Jy sUME T BLE 4 764 i Bl -5 ¥ 880 5 i 84T 74271 BLE 53 1 78 2 % 4 2L 2=
5| AH ] 24 4% (Forward error correction, FEC) g ff i S2 ¥ VAL R & 199 e , B i iE B 5 BLE 4
MR TE T 445, FEESEE MY R, BLE 58 it 28 5 8 8 5 s T K 8 JeE ) 4%,
VLR K 254 7T B TR R .

GniEl 5 B  BLE 53 i 72 ) 4 5 30 A ik )k 4R L 9 .
R B L R 5 O 50 0 R 5 0 i B I I i
3 50 280 2 O AR T R AT £ i 10 O 2 WO BLE 597 R
. BLE SI0T #E W25 E 6 BT . 16) # BB, BLE Bt fri

5] ADV_EXT_IND PDU &% 4 &) #4544, P BLE s{fesee (558 5% 1 K Remote IDI £,

A1 5 4l Bh A8 AT B R L T 210K Remote 1D 4.8 B2 15 | nzasemre Il A8
HEAEE , WEE RS B8R B R 2% 8 e fn ) 32 S50 K5 BLE 5/ ##Li
T E{E1E I ,BLE 5 %% AUX ADV IND PDU, H. £y Fig.5 BLE 5 broadcast mechanism

PR Remote 1D 4 B, it KT 2840 254 775, [ BLE 5 fE & 1% 28 ) OxF #Y Remote ID & . 7
I~ #520 Remote ID H1, BLE 5 R ¥ #LZ 45 5 , B 6 " 1) 4 A% 35 7 4% ( Coding indicator, C1) \TERM1 1
TERM2 7 Bt & 24 5 gt 5 A 5C T 7 B ﬁgﬁﬁ%ﬁﬂt FE O X B HE AT 2 55 A B T T BLE 511
)% L, RN AL B R R R R 125 kb /s

Preamble Access Address CI TERMI1 PDU CRC TERM2
(1 Byte) (4 Bytes) (2 bits) (3 bits) (Variable) (3 Bytes) (3 bits)

6 BLES] # i
Fig.6 BLE 5 broadcast frame

(3) Wi-Fi NAN

Wi-Fi NANAEN —Fh SCHRAR I WiFik i PRI AZ B R, i 2 WiFLS il & iRy, A
THEFFREFHLE, ) #%:8 Remote ID Fl I NAN AR EE X NAN iR 55 % B (Service discovery
frame, SDF )%} Remote ID {i S 247 i f5 . W& 7 75 , NAN SDF J™ # Wi T ] IEEE 802.11 Wi-Fi
P v 0 B T Bl A T2 R T M, 4 40— FR 4% (Organizationally unique identifier, OUT) I F AR IR 4F
A Wi-Fi B U bR U B9 Wi-Fi ik % , Remote 1D 7 B 38 o & 45 5 18 477 J& 1 (Service descriptor attribute,
SDA) T IR 55 05 B B8 i Bode KT 2890 255 74y, IR I AT LA & 3% 26 588 5 OxF (19 Remote ID 14

I Z 0] B %9 4% Remote 1D I8 B, IR 55 il 38 £ &7 )& J& £ (Service descriptor extension attribute,
SDEA)FH??%?HFH?H&%%Z%E’J BRI A L, Wi#5 36 7 41 ( Frame check sequence, FCS) FH T8 45 i i) 5¢
P, ARE NAN RLAE , 76 & 2% NAN SDF J7# WUFT , 5 22 & 3% NAN [A) 20 7 R, i 5 7] 25 He e s 46 il
NAN % ik 5 & (9 i B £ 8, 52 B et o [] 48, HE it A X4 /81 8 J 7is , R AT A 2 TEEE 802.11 Wi-Fifg
i I BILAR  2S  45 H T

NAN SDF J* # it 5 [5] 45 1 it il FH 18 52850 70 52 TR BRS04 4 i %€ 6 Mb/s, ) #% 7E 2.4 GHz
I B {5 18 6(2.437 GHz) 3847, I Al Lk TR 7E 5 GHz M B 19 {5 18 149(5.745 GHz) 11817 .

MAChdr | Category | Action OuUl OUltype | NANSDA | NAN SDEA FCS
(variable) (IByte) | (1Byte) | (3Bytes) (1 Byte) (15+Nx25) (4 Bytes) (4 Bytes)

7 NAN SDF J" #% i
Fig.7 NAN SDF broadcast frame
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MAC hdr Element ID Length (0)0) OUI Type NAN attrs FCS
(variable) (1 Byte) (1 Byte) (3 Bytes) (1 Byte) (21 Bytes) (4 Bytes)

E'8 NAN [[] ] #& i

Fig.8 NAN synchronization broadcast frame

(4) Wi-Fi Beacon

TL%EE Remote ID WI’FI Beacon E‘J’fg%jﬂﬁ%{])}:um IEEE 802.11 ﬁ?m;rh El‘]%£ﬂ'f§1§ﬁ¥‘§*§ﬂfﬁﬁ ’ #}Eﬁ
Rt I A2 5 75 455 22 19 76 Z (Information element, 1E) 7B ) #§ Remote ID 15 & . {5 55 o1 19 14 40 45 44 40
B 9Bz . IEFB AR KIS B4 1R 253 715, JE L2598 B0 4251 OxF (% Remote ID 1 8. . WiFi
Beacon 7£ W M B T4, Bl 2.4 15 GHz. 5 Wi-Fi NAN A [H] , Wi-Fi Beacon A LA {E 2.4 A1 5 GHz AT
{53 Fam A7, HOBOHE A% 5 R 8 2 2 6 Mb/s'1,

MAC hdr Mandatory Beacon Info Vendor specific IE FCS
(variable) (17 Bytes) (9+N%25) (4 Bytes)

B9 WiFi {5 hrii
Fig.9 Wi-Fibeacon frame

3 BHEARIEE ST SRR

3.1 ADS-B 5 Remote ID # A3ttt

BIPI T TR 41 T ADS-B Hil Remote 1D [ B A 5B, ADS-B 2 2 7 R AT AR ol AT &% , 4Kt
1090 MHz 4 Be it 477 4% , 78 35 Y Bl H80HE =F & s Remote TD WISk 17386 2 TG A AL AY B4 Fn 4 BTG 5K
] 2.4 F1 5 GHz MR Bt , 3 & J FE B R DI RE M 0 55 . 0 T ST bt LE X IR BE R, R S B85 T &
T8 FEZAFAE

&5 ADS-B/Remote ID # K3ttt
Table 5 Technology comparison between ADS-B and Remote ID

FRAE ADS-B Remote ID

FEM & FEAU ARl AT % Jo NHLERAE g

I TES 1090 MHz #i Bk 2455 GHz Bt

MR A FEA R BE T | e S PLE PG R TR
B 10 EVgEI/AE 1~2 km

IR S BN L= N RS BT R ) AR & A /N LTE AL
FrifEfb 4181 ] s B A 24 21 X EPHA = E R
IVRREEE7B Tl i =5 PR Tl T AL

e AL LR 3P TR AT A 51K n % B

3R 55778 , ADS-B il Remote 1D 7E ) #4548 BT 55 30 ] L 20 238 55 5K BB Of 3 55 Uy T A7 AE b 38 2%
5o ADS-BZR A 1090 MHz 5 Bt , 32 2 H T R A L ©AT 8%, RE i 4R 5 e A B Ay ) o5, sk il LA
75 25 R HE B RAT P B AR S R, ADSB B9 D R TSR BRI T H AR /N LT KL i L
SR /NG A HLAE H JC 3 AN B R A D SRS R . A ADS-B )RR (95 S AR S A0 R BE AT ) R
SEVEAN AT B | 3 S B X T A v A2 A B FE OC E R AR T By s o B A D1 S A s R A R
T sh a0,

FHEZ T, Remote ID fifi ] 2.4 F1 5 GHz #9 B , 3 %6 07 Bt i ] 0 5 25 8 {5, 8 % 3 w5 yu ol 1~
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2 km'*" X P 25 30 B 65 Remote ID HU@E A FH T J0 A HLIR A A A B, i HL 2 70 30 T B0 555 0030 I ) 44
fErp . Ah , Remote ID /19 2 8T R AR, B 18 & /N BT AL R0 78 B i MAEAEZ IR IF 0L T &
Remote ID J7#§ 95 QA HE 008 PUNME B CATIRAS 30 265 02 DA 2 T AL SRR I 50K
I 2 A PR TR RN R R T AL S s

TE BV 7 1, ADS-B SR A JF T #1907 X, A B n 4, 25 5 % SN LA T3 a7 fh
Y& T RE R BRI Z 2 R LR AR A ML, R AR B AT L M EEL . 1 Remote 1D W W] L1 5]
BRI LA 38 50 B RL A B R BN 2 420 RO s ML AR TT LA SR BT L RO R 2 A A =
R AN BE R0 T S O A SRR R R A Tl T AHL .

LEG kA ADS-B W T H AL i R RS BE AR B AR, S T TR A TE A HL RN s K S R AT Y
Yise o SR, H i D) 3855 SR Aol = BRRA DR3P (00 R 1, 45 A /N 20 T A WL RV 25 e 8 AT b 2 2 BRI
A Z N, Remote ID H TR Bl 28 575 5K A1 R 45 09 B AL R AP AL, 3588 T/ B T8 B, R S0 2 78 36 T B4
BEAGERE B4 o DR 72 0 A HIL A W W R A B v, 28t POk O R R AT DL S8 4 R A E AT R L 3
P2 57 WA 0 4 T M RO
3.2 ADS-B 5 Remote ID 15 4 85 55 4> #7

FE 3.1 255 AL T ADS-B Fll Remote ID AR , B4 5 5 35 30 [l D) 2255 5K FBRFA LR 47 45
07 18X Rl R AR AT T VAR . R ADS-B TR 8 55 B 1% 5 U7 1 H A L #, {H Remote 1D W BEIE H T
AN TE ML A B B 45 4 AR Dy 3 55 SRR B R e AL 1) (8 A 4 e i 3 s v B AR AL 3 0 AR
A7 — 2T ADS-B # Remote 1D BIAE i 5 B, LIE 7R EATTEAS R R8T B9S2 Br i G &0 o 3 o B
VAT ELATATT , VPAR T R AR 7 % 6 0 BT, Sy T AL 0 400 R A B 1L T 4 TR RIER A I B S5 46 =

1E 43 BT ADS-B/Remote ID £ i 15 [l 0], B %6 2% 18 25 W] B AR B AE AL . ADS-B Fll Remote ID {5
5 TS AL 3% A T b T 3l A7 22 W I, 75 B 2 W1 5 o B ) R U

P.=Py+ G+ G — 20+1gd + 20+1g (4xf/c) (1)
K P B P a0 R 152 TR SF 1 (dBm) , G G, 0 3k 5 5 00 R 2636 25 (dB1) , o Ry 1% B BE 2
(m),f {55 TAEM % (Hz) o

AR R B A4 ADSB % i i B 5k ' 1 Remote 1D 20 T
FRUfE, ADSBHI# 2 Remote IDUE T ARM LS %, O _%99}?-%%3555'%%%
-=- Wi-Fi?
Y5 A5 20 dBm. (B G BRAR Al KLk, RYTAIBEN 8 207 e BLE Legacy %1 T
SRR A AR 0 0 dBL. O TP M R ToE g B o) T RLeione fanee SRR
BHEC K B, 6T ADS B R4 e g E
4 —80 dBm. fii %t F H it # A& , 40 BLE 4. BLE 5 #l ﬂfé
Wi-Fi, 43 5% % i — 90, — 100 1 — 95 dBm #2105 R A% B L
K B (DR 7S5 SR (R MERE LU B RBE B M SR BISCHE AT . 120 T T 50 25 30 35 a0
T % F s B 4 FEL 1S 7 5k 1 ) B 56 9 LA R4S 5 % gt BB/ 10'm
759 %5 3 WL Z RO F L 2 (1) T A B R R B B E 10 ADS-B/Remote ID ff i B &

ADS-B 5 Remote ID [ 52 1 5 2% , 25 5 0 & 10 i . M Fig.10 ADS-B/Remote ID transmission range
B 10 A LA 78 1090 MHz 4R Bt TAE 9 ADS-B 76 [ i1 25 [8] T (19 4% i i B v] 35 39 km, % F ) #5 X Re-
mote 1D, fi 1] BLE 4 $E47 1 3% iF 59 4% 43 35 Bl 9 3.1 km , 8 ] BLE 5 #6477 46 I 59 1% %3 36 BBl 9 9.9 km , fdf
F Wi-Fiif AL 5 iE B 4 5.5 kmo A AIFE H, ADS-B R4 A 8 KR AE ML, X #145 ADSB R4 7E
BT SIS T e 2 BT T TRAT A% 00 5 O W R 4 26 5 Remote TD 9 76 2 3 5 £ AR 2y #E



K EZ % .3k FADSB 5 Remote ID #1& % 4 B2 W T ALY AL 52 27 37

i L/, B HTREE S M E . SRS, ADSBREE A SN AEAKER |
F1HE J7 1 vh R B Te AMLIEAT W AR 31, 17 Remote TD 7T LA By W 00 76 45 52 1X 38 b 3% 30 9 T AL .
3.3 ADS-B 5 Remote ID E i 15 E iE {4

W T 30 L A ARG B SR T AG TC AL S A B R G AR Y 50— A B R AR . 7E SEBR R
o VER A R O RS X TS e RITIES R M h gl E R EREmE . Wk, AR @ X T HTIF
fli ADS-B 5 #% 2\ Remote 1D B w5 52 7 B0H6 K B 09 PFA 7 vk o FLARTT &, i 8 1% 8 JC A BILA 00 Ak 4
S JTAE B RUAL T K S L R, LI B AN [ 4% i T B 8 ARE BE o T AL R AR TR AT
WAL I 38— R EAF sl 78 AT &, T AWML B4 2 ADS-B 5 Remote 1D, ic 5% /G Ff
BRI N B T ML CAT AL o 38 2 Lo BB 5 A5 0 52 B A7 1 5 TR 0 328 540 L 374l ADS-B 5 Remote
ID 19 2 o0 B o

W P8 i BT L B R, O, R R Wk B S0 B K i . % 8 ADS-B 5 Remote ID 1% fii
JCNHLTE KL AR R R T 920 26 18 72 B 45 L L ) Haversine 24 20355 4 7% 2% (m)

d,= 2000 rarcsin( sin Aj™ 4 cos P/ cos O™ sin® A" )

Lon __ Lon
A}_‘al — Pi Oi ( 2)

b2 o
7ot
A d FoREMBRE, WP O ZRIHIBEES P 5 Py J3 B RoR B s sl i N2 6 A bR, O 5 O
U073 531 e 7 8 A i PRBE ) 28 26 B A A, R M BR B AR

AT B AL B G R BN L 4 RATAL 55 R S A h S AR A JC AL T T A
ZE . Wk, WA ADS-B 15 Remote 1D &4 F AR S0 19w BERTBE 70 8288 o B 12 T i i v &2 R
2% hy e S, B

A },‘On =

hi=|Pf — O} (3)
A P O 43 50 7% 5 0 05 E A 1 B R 52 A
3 1R A7 2 AL fE ADS-B 5 Remote 1D 76 7 4 P 9 52 GBS B I 8 315 o 77
5 0 A B AR BTG GRS 495 10, 46 T W A7 B R 4 e E PAED ARE
2 RS 35005 T DL 5 L 38 5 O D4 00 2 6

4 BEMEAREREXT LTS S0

4.1 ADS-BELIRHIERE

TEFE R ADS-B S5 R G0 h (&1 11) , K St H] 1 — 30k
Yy IE N B A 4E T ADS-B R L. BRl%& GPS/BDS
FE A BRI AR B, R RF RS REREE S, ER
FEAE 46+ 1 dBm. HU R A AR 4 Model B fl RTL-SDR H#
BB, LT F 4001 090 MHz 19 ADS-B {5 B, . #idi i it USB
2.0/3.0 1 % BB A2 IR , AR5 3R WO P IS OF A2 4k o O T AR T K11 ADSBUK R%
PR T A A0 1 25 (18 dB1) 200K 26 R 3 5 15 5 12 WUR f Fig.11 ADS-B measured transceiver
S . system
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4.2 Remote ID LW RGIEE

K AR B Brbr e 09 ) 4% X Remote 1D I & 1% 55 35 2 Re-
mote 1D 3255 R G0, W1 E 12 s, 40 35 & PE B #2 U L Drone Scout
ds230. % 4% % JH U # Cortex-A53 ARM CPU (1.8 GHz) Hl 2
GB RAM/8 GB eMMC [N A7, B & T 5 oK (1) B4 4k 2 18 71 st
SR A A 2 ] 5 ds230 it 45 14> 32+ BLE 4.0 #1 BLE 5.0 % Blue-
tooth Bk , A M 281 75 2.4 5.2 F15.8 GHz i Wi-Fifibk , Hom R
% (BLE 4 4—97 dBm, BLE 5 5—105dBm,WiFi —85dBm)
Hff P 38 0 B 5 3 U X T & B 3 , £ A Drone Beacon db120,
2545 Fh Remote ID #3i% , 4345 BLE 4/5 . WLAN NAN 2.4 GHz

A WLAN Beacon 2.4 GHz;db120 Bt £ 4= [0 K £k (0 dBi 3 25 ) K12 Remote IDIE RE
+18 dBm & S U -5 5 55 )z HA s, R & GPS Fig.12 Remote ID measured transceiver
BT AL system

4.3 EHEBENXERSSW

& 13 7R T ZEAS [Al AL i B 2 F S (1) ADS-B $2 Y5 5 38 52, v] UL Bl 25 BE 29 0 386, B2 0 (5 5 ok B
BB N T IR ADS-B R G0 1Y 52 b A% i v [, 285 4 X 8500 25 5 A% 15 RE A AL 3 i S0 T 508 L 2
T 242N MY RIS N . HAR R 43 B0 7E 1,50, 100 A1 200 m Ak 5 52 A5 5 5 BE F b S
B, F T 3k S ST R | il D S A 45T AR AR AR T A B T G B S R A ADS-BAE 50 L 45 R & 14 B
o M ADS-B EICR % — 80 dBm, Al 1T H 5255 ADS-B 2R Gt 11 i A& Hi #E 25 o 55 175 m.,

20[
0
E £
% = 7207 —"-60
B %( A 8% 100 200
il o — ADS-BHEHI#E
‘H\I_II jlle8 —60 —ADS-BﬁﬁSUﬁ
= = SCHRAE S
m W _
80
x=55175m
_35 1 1 1 1 _100 1 1 1 1 1 1
1 50 100 200 0 1 2 3 4 5 6 7
fEHIEERS / m fEHIREERS /10" m
K13 ADS-B S 5 3% K14 ADS-B ki 2 4fi it
Fig.13 ADS-B measured transmission range Fig.14 ADS-B transmission range estimation
7EI 3K Remote TD 55 A FEYCE RE I , PR 45 A2 S A5 1R B 3 0

%918 dBm. KR EA 150 1100 m W HHiZRIE Y B 0
TCHR A SR . MRS R B IE B N (B 15) .3 5 30}
MO SRR DT R KR T SR R e B 40
BkE. AR AR VEMH T R H AR (BLE4/5, & -¢o| =RBLES

WLAN NAN 2.4 GHz WLAN Beacon 2.4 GHz) JEHIIZEE ™ ~70T EWLH Beacon

_80 L
A5 TR R R R R S RO (] o I 2 R O T A R AR T ' emimm O
YEAE 2.4 GHz B Bt , F2 22 52 W [H 3202 AR 1A , T AR SR A B K15 Remote ID H2 Ui {5 5 3 B

YRR Fig.15 Remote ID receive signal strength



kEZ .4 F ADSBE5 Remote 1D 691K 2 %5 B2 W) A ML K 7

Al Remote 1D & G B9 52 B A% 4 Y0 [, 45 & 0 80E 745 1%
T A FE B A, 43 A S B Il HR B, 45 SR an 1] 16 s o AR A
Drone Scout ds230 #2 WML #LAS , HFR U R U T . BLE 4
4 —85dBm,BLE 55 —97 dBm, Wi-Fiy —105 dBm. i i
X B A6 3T Remote 1D 52 56 58 48 (19 5 P A% B 3 1 -
BLE 4 4 AR /) 55 KA RHE B 0 330 m, Wi-Fi# A (9 5 KB &
91435 m, 1M BLE 58 AR M5 K2 Wy 3 740 m., [&116 2
W 1 4% Fofr Rl AR A S B PR 8 P i PR RE B
4.4 EMNRENKERSHSH

i ADS-B 5 Remote 1D Wi ¥ JC AL & AL G FE , 5K
5 3 b S B A S R KSR A B IR X . e AL
/] B} 2% 28 ADS-B il Remote 1D % ML, 038 B0 98 & 2% 15 %«
{ii Fif Mission Planner 1 7 3k 58 %] €47 #6435, 1

L B AT v
-30 f
—Remote ID#E2 1 #E
o - - -BLE 4R (¥
" E— BLE 53R &
g -sop L Wi-FiZ B
= i 5 o BLE4
% BLE 5
& 7O »=330m  + WiFiNAN
- * WiFi Beacon
= —o0l x=1435m
S
- x=3 740 m

0 1000 2000 3000 4000 5000
HRBER / m

%16 Remote ID & i i &5 Al 11
Fig.16 Remote ID transmission range esti-

mation

BEE L A S K RATH B LSS $F ADS-B Hil Re-

mote ID $#i JFid sk 18117 @R 7 BRItk 5 52 PR d1 ADS-B/Remote ID Wl i %308 , & A WL 4

Bk, S e — 18 ) AR (8] 5 B R AR T L

35 e ADS-B
30 31°5620"N — Remote ID
g 25 — AR
< 20 i
15 ®
g 19
(5) — Remote ID
31.9382 31°56'18"N [
e 118.789 6 20m,
S5, 31.938 8 118,790 0 . - - -
4&/(531-53’%?9392 118.7902 gz 1 O 118'4722"E  118°4724"E  118°4726'E
i 7R
(a) 3D trajectory (b) 2D trajectory
K17 ADS-B/Remote ID W5 # J& ABLAK i
Fig.17 UAV trajectories by ADS-B/ Remote ID surveillance
S U5 AU S8 4 S A7 AL B O 4 64N B A ML 14 —p——T
B30 B o xRS R AL 2 LR JE A BRBOP S R 12 FEEADS B
AR ) IR E AR 22, G5 RN 18 s o xf e s i g 107
ADSfBi_ﬁ%ﬁH@%{?lf*‘kf“jtﬁﬁcjf%?f%% Remote s 8f
oy
D. BRI ADS BAE 64 B2 0 1P 1 (it %% & 6f
3.435 m, 1fif Remote ID (- 254 5.95 m. Wl
19 s 1 BERS BE M GE it or b o 45 2R o, T 7E MR 2t
AN R, Remote 1D Y 5 B2 € A7 K5 B2 356 00 T ADS-B. B oMM WA NN _WH KL &
PRR L, Remote ID 75 6 > &5 s 1Y 2 5 E IR 22 04 4.79 m, BEA
M ADS-B i F- )i 24 8.26 m. JRIFTE T ,Remote ID (3% 418 ADS-B/Remote ID 5 fif 45 2 %t L
T R e AR EUN R R, Hm EE B AR/ ¥E%  Fig.l8 Location accuracy comparison be-

A3k 1 m, 1 ADS-B 54 % R AT &L, /N #E R 5 ik

tween ADS-B and Remote 1D
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7.62 m. PRI, XFF T8 ALK FR OGRS Al E 7 A T R A
Remote 1D #24L T AL & (5 & o
4.5 EAXRMKERESH

FEPEAR TC AL 45 & g0 9 PE RE R, 2540 R 2 il 1 B0 Hi 1%
L) R R A VA =05 8 € R I SRR A R IE =0 S
HAE B, — B &, 200 T BB J0 vk S IR IR AR . oK
e, % T ADS-B #il Remote ID 7E A Rl &4 75 R i .

(& 20 7R T ADS-B 78 S [ 4% % BE 25 B £5 0 42 422 i
B, ERER,ADSBAMEEERMA N &l HEM, 1M 50 m
PR FE O 240 100 %, Bf A T 508 8 J6 I B N 1 e A% B o
Bifi 25 B B 4 5 A, 42 05 R AE 100 1 200 m 43 B ZE 94.286 %
F193.333% . ADS-B i # A F HAEH 1 090 MHz #ii Bt , H
B R LGRS, RS Z Ry T3, o, ADS-B R
1N 5 NI R RERU L 3 = V€1 kDT G

W& 21 frzn , Remote ID7E 1 m G H 4, BLE 4 .BLE 5l
Wi-Fi Beacon [543 R ¥ K5 ] 100% , B T B 7E M 15 &
PR R R AT AR . SRTT, WitFi NAN 7[Rl REFE B T i 1%
£, AL K 65.17% , 1 R Wi-Fi NAN 7£ 2.4 GHz 4 B X 1E
Wi-Fifgil 6 7, i 46 Wi-Fi 42l ag R ALE o, 2 bl
B A B ROE A TS B0 T B IROR 1 AR .

Fifi 2 IF 25 14 hn, BLE 4 #1 BLE 5 7€ 50 1 100 m 9 1% {2 3%
IR 5 4 v K -, WirFi Beacon B 1% 40 3 23 51| [ % 78.9%
F162.23% , Wi-Fi NAN I 55 4%, 43 51 2 43.76 % i1 36.8% -
X R, T T # 2 Remote 1D, BLE J7 #5 # A 76 5048 40 1% i
AL bR TR, 32 T LAY ) R AL R B A R
FIEA . PR, AR X T SE A S 2R 9 Remote 1D i
s  GEBRUE ) B BORTE S &35, IR O & e B A R0
AR T8 B2 5, 980 B A 5 0 i DR AT RS Y S IE R

MILZ T ,Remote ID7E 2.4 1 5 GHz ¥ B¢ , i T 5 WiFi
A E R AL, TR E G 2 T4k, Wk, fE R IE R
ML R S, e ¥ ADS-B AR W R B, B e ALk
S I i A 3 A B
5 BEERE

A FFEHEATT PAL S T8 AP R ADS-B #
Remote ID I F 1% %= 2 56 5 o DG A AL WS R BE . 106, 3
T MR AR T3 R B R 0 S A R R TR M B G G
TEAr IS M A e R R RN R E A

14

12

—_
(=
T

FERE /m

I Remote ID
I ADS-B

(=] S £ =)} )
T T T T

1 2 3 4 5 6
BER

Fl19  ADS-B/Remote ID f JEHKS B3 HE
Fig.19 Height accuracy comparison be-

100

80+

fERR | %

201

60

40

tween ADS-B and Remote ID

1 50 100 200
fEHIFEE /m

P20 ADS-B 92 Hdf fu 4 Wi %
Fig.20 ADS-B measured packet reception

6]

ratio

1 50 100

FHEEES / m
EBLE 4 [EOWi-FiNAN
INBLE S5 mWi-FiBeacon

21  Remote 1D SZI 4 4 40 82 R

Fig.21 Remote ID measured packet recep-

tion ratio

o LIS BT 5 BRI A b TP M ERE . 45 SR, ADS B fE {6 RIS E (ORI B
J7 I T Remote 1D Remote TD 75 #§ K2 8 E L 58 FLUL#% 3 /MBI A HLYE /115 R 14 9
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WEHL . ADS-B AE % 16t B B 482 f1E §4 5 i 45 , 11 Remote ID 7E ST HE 25 F £ R4 R0, A S S2 bR i
M iy EZ P %, Remote 1D BUAAR, B35 A 1 2 /N TE ML /MBI R o T ADS-B, 48 7658
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