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A Survey on Routing in Flying Ad Hoc Networks: Scenario
Characteristics, Multi-Dimensional Classification and Future Prospects

YUAN Xin-Wang SU Jin-Shu XIA Yu-Sheng
(Academy of Military Science, Beijing 100091)

Abstract The nodes in flying ad-hoc networks (FANETS) are interconnected in a self-organizing
manner. As a subclass of mobile ad-hoc networks (MANETS), the main nodes in FANETSs are
unmanned aerial vehicles (UAVs) distributed in the air. UAVs of different sizes and specifications
vary in f{light altitude. The high mobility and limited energy of nodes on low-altitude platforms
lead to frequent changes in link topology, thereby posing significant challenges to network sharing
and data transmission. Early routing protocols for FANETs were generally adapted from routing
designs originally developed for MANETSs. Based on the link update mechanisms, these topology-
based routing protocols were classified into four categories: static, proactive, reactive, and
hybrid. To address the challenges posed by the high mobility of flying nodes, position-based
routing has gradually emerged as a distinct class of protocols. In addition, hybrid routing schemes
have been developed that jointly consider both topological and geographic information. In recent
years, to better accommodate the unique characteristics of aerial network scenarios, novel routing

technologies have emerged, including those that address secure communication, energy
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efficiency, artificial intelligence, and bio-inspired mechanisms. These new routing types are
characterized by distinct optimization objectives and strategies, while traditional classification
methods lack the flexibility to effectively accommodate these innovations, making it difficult to
systematically capture and distinguish the characteristics of newly proposed protocols. This paper
reviews the evolution of routing classifications in FANETSs, analyzes the network architecture
from three perspectives: organizational structure of links, node spatial distribution, and functional
distribution across the protocol stack, compares the characteristics of FANETSs with those of
vehicular ad-hoc networks and MANETSs, and elaborates on the scenario-specific features of
FANETS, including high node mobility, limited energy capacity of aerial platforms, high network
scalability, and susceptibility of communication links to attacks. Based on recent research, this
paper classifies existing routing protocols in FANETs from a new perspective across three
dimensions: (1) In terms of optimization objectives, FANET routing protocols are categorized as
targeting high mobility, low energy consumption, strong security, and large-scale; (2) In terms of
link awareness strategies, they are classified as topology-based routing, location-based routing,
and hybrid, with cluster-based and cross-layer routing considered as subcategories of hybrid
strategies; (3) In terms of optimization strategies, protocols can be divided into greedy algorithms,
artificial intelligence-based approaches, and bio-inspired algorithms. The proposed multi-
dimensional classification scheme provides a comprehensive and systematic framework for
capturing the key features of routing in FANETSs, particularly those of recently proposed routing
protocols. It facilitates the differentiation of protocols and algorithms and offers valuable guidance
for customized routing design. In the future, to design effective routing algorithms in FANETSs,
researchers can identify optimization objectives based on the characteristics of specific application
scenarios and then select appropriate algorithms according to the corresponding link awareness
strategies to enhance routing performance. Therefore, this paper identifies the key challenges
faced by FANETSs, including frequent dynamic mobility and topology changes, resource
constraints and load balancing, security management and standard specifications, and the need for
performance evaluation metrics. It also outlines future research directions in three areas: scenario-

specific customization, swarm intelligence, and space-air-ground integration networking.
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JESE H LT 300 m, KAEITE AMLE &7 150 kg~600 kg
T & B AT KT 5500 m, HHELTE A ML L
K& A RAT R AR LA B Z | DL 2 ] L
TG b 24 A 4 A

nE 3. FANET #7625 1] A T TR B
2% FI ML TR R 2% 22 18], 75 FANET PN 3845 B8 AT &
Al 43k i 25 F £ (High-Altitude Platform. HAP) Fl
{2334 (Low-Altitude Platform, LAP)™",

1R 25 1 A T s ARG R TE AL SER
TR 38 15 Y B 2 AR AT 3K 30 km K AT B AT GA
20 kmo HAp KA IEANLE ® H T EH S5, T
TR R 3 R 2 BA B ) AR 5 SRk TR
RAT TR A L LA S S RS AT
PR RS 9 AT T R, 3 A T B I 48 SR I 4 £
SER MRS E L T A s T T I

a5 00 F 25 s AR T /N R AL TE AL
5 ARRR 43 T RLIE AL B/ /N /e R AR AT
J&E — AT 300 m, #43 AL TE ML AT S AR T
5 kmo T RS A XA B L 58 I L AR A
PR BB RS 0 . 36T 7 LS Mo L &2
e 1585, I BRI TR 25 5 32 25 SO I RE

BEHR NS B 4 B 25 AR FRE & H T FANET
S RS SER O 57

Fi HE DL B RAT = BRI 4 HAP 5 LAP J2 8] B
(5 R AR 58 N 512706 HAP A1 LAP 2 [8] & A7 1Y
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5, 1] DAVE N HAP R LAP 2 6] il rh 4 , 352 725 v
o) 245 R AR 1) ) SRl 15 AT [T 55 i

25 5 A S B R I TR L X SR g
K BEVR T AL SRS ] (4775 o5 o] AR H A
AR TR AkAT 55 IS P B AR L SR B I e L
fit 5 B ) 28 SR HIRZ T AMLAE R 229055 T g
i SRR I s ) S S A R A S B T B
F14) 2 5B R A T R - DT 4 TR (R X 28 e B [l 4

I3 - 5 118719 A5 0 ML T BT 30 o 4 3 b T
FE AT DA WA THT 48 A s 5 BT SRR S
AN CATHaE ], o mT DOREE T 2 m MR 5 15 B
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AN e A T LY o OB AT D e 4
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2.3 RGLEH

AR FANET (9 20 8V Fl 23 (0] 404 R 0] LA
o ML 6 X 24 8 4 e A S B g HH L S I 4%
B 50TT T U4 2 Diae .

W 4,145 BB T B8 TCP/TP AR AT 434 LA
T 52 A S FANET B I 55 s e T
FANET7E LT HZH M DI6E .

(DREFHZ B HEAL T FANET 9 46 2864 4 T3
J2 A7 A TR ) o A B RS 1 8 FH AR A
Xof 26 45 2 (Rl 55 RS UR AT A L DA SEBR 2 e N
HLIA = R R o 3 260 55 ¥ K Bt iz 3 2 1R
ISV o T

(54 )2« E BRI M & 3% o B H A0 1)
b FE , SR G R TR (S 45 25 FANET £
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&4 )2 R I 5% 96 I 3T 3 31 35t ( Device-to-Device
D2D) %4 I FE R G RN ) LA B & 2 mT S AL i

()WL) AL G4 (1) I 25 2 D RS S 4 T
B 0k B LR AR ME A . b T
Z8AH LL, T FANET 5 55 )8 sh 0l o8 5Pk AR
[ FANET (94048 A B¢, 52 e B % 00 F20E Pk o
TE %2308 1 43 s Tl /%) = B ml kAR 4k, fiff
FHN T2 Re s 0 A 5 nl LA i Hh B 4

; S
T [EEEE [EELE EESR PR
7 SHBURAEIR . BORE AR, EAERESE A
S e
(] CEEEEE [EER R
5 T AE R AR A R R L A
u
1] o242
éft | | [BxeH 7 (AODV. DSDV. OLSR. GPSR%)]
w1 BEERS%EY BEGEE]
_ PEiREsR ] [LihEe [ZHETIH [AEEH
_ HEHOREE R MERGE A
gz u
2([] b e B 2 HLe
|| g s s e o MAC
— || BiERE. WAL FERBEEES [\
U
L
[ | [omn] e [

K4 ©AT B R G

(OB HERE )R B HE %R 0 DO 5 AL H
s AL B RO 0 R B2 R . FANET #
i it A2 iy B B RE O LR AL U 1Y A ML Bl Pk iR O H.22
P2 PR o G 25 o W28 ST g A R PR AR E 1% i

S 1 ok 2 Bl G B A P 2 SR BRI B TR
92 N 45 . % B 4% 1 95 1 (Logical Link Control,
LLC) Fl 44 35 [7] 42 il (Medium Access Control,
MACORIZZER 24 F)2. LLCEFER F—2. 7
TR B 2% B £ ST 2 R BE B MAC J2 S8 i
T )2 AT TCAMLAYEAF A BT T4 B

)P 2 AE H FANET H 9 4% 35 5, Tt A
MLIE 3 JC LR A 5 R A7 0 23 1 L FEHL sl M o AL
ARABEZ IR . P, 7 ELZ o S A RS sl
B SRR ] TC AR5 HOR % 5 R R
ET 5P THE  DeR ek SR E 24w
HIBFIE o

Gy IZBERE R ORARSR I 2 2 RN A R B AC
R ER T 120 007 X 48 25 R E AN T AR A, SRR 2 ]
AF B m N A HOR . EE RIS,
AAHLBJZ G Z (8] T 205 QL e ansa o Yy B 2Rk 4R
()5 5 A5 B AE MAC JZ2 FIN 2% 12 2 8] 2L =2, n] o o
T A R SRS 1 R U T RN I H S
SR IE PRI AT WL 3. 2. 4715 .
2.4 FANETIZ=454

MR L IE KT - AR FAL G 8 sl i 53 )
25 /N TC AHLIM 2  FANET B35 5% 302 B
AU Y s 22 (R AT DL B A ST 1 3 AN TR BT A 1)
AR A B A T O b R s .
Y MANET #9125, FANET 0% = B AR 3 AE Y
S JEME L AN SRS B R
AT ERET  F A8 oy 25 6 A5 TR I TR T AR AE 2201
F3INEAAER L T FANET .MANET Fl VANET
SRS T

%3 FANET.VANET.MANET M %4% & [bE&
o FANET o .
B AD TAp VANET MANET
ol i =500 km/h(R I ML As CBR S CAESS) <200 km/h <150 km/h <10 km/h
S fE55 Tse i e EoY B win-All HbTET 2N B A TR Hbv e BEHLAE 1k
AT P WNER ] AT TR
W BRI 20 km A Fas 5km DL IRAS i THT 3 Hb i
ISR KT 200 km <50 km <500 km <3 km
T Y =30 km <5 km <2 km <2km
ihait faoe A EAE AL A AR Ak, FoE
DM ZR B — i [ [ — i
a5 01 = gl = gl Hbv I 43 A1 2 A i
WaRIIE | T Sy AR F AT CRAFRE) MR
BT LR A Z IR SCHEmEbERE A ML TR
LERRE G 5] LG 555
T A =] i [ ik
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2.4.1 W ENLS R

VANET H 2204 730 B3 # ANk 150 km/h.s
P ek A R TR A R T S N (ENE S
— AR AE LN B AT B, R O S L 3 AR b o] A
R e MANET by slai w5 oA T A slcH Al I s g 44
B AT S BE ALY, BT R E KT 10 km/h,
OB AN W S NS R BAR T R . X T
FANET 1 & » HAP H 9 <0 3k B0 6 38 i =5
Vb, T e 3 TC ML) S B T e 38 AR BRI =X
Vb, 7 w2 ] B AFDGT T B8 AP, ELYY s (5 5 3
0 LR R I BT & HAP B3R NESH L e & 52

LAP i/ NI AL — AT 200 km/h™s
TXLETT G B LB P R BOAS B AR T R A T AL,
DRI AT DA I 28 H BB 1 52 15 308 . SR M IR Ay
RALE /N LAP Wiy s 7 AT R TR 5 ) 52 S
RS AR W, A 47 0 A R0 EXE R, fin k-
T RS2 B, 0T PR 2 g f B 2R A T RE A L X
1B FANET 04 M % A2 Ak , % 6 Fooe 1 ] AT

15 550 b T I 265
2.4.2 FEREFEZIR

HAP #1 VANET Hr 1919 55 28 far F1EL A RE ) 4K
s, AP R PR RE A% L T LAP FIIMANET (145 15
TR B SR, ey g 13855 - 5 1 Stz IR
AR X T/ /0 /B2 B TE AL S5 L BRI (5 Flis
R DRI N AR AE AT HE R A A A5 SR 25 45
FEE I FANET H Y LAP 7 55 76 58 U5 4 B A
A7 T B EL Pk
2.4.3 MY IR

5MANET M VANET M L, FANET 5 5576

Wl (14 2 TP 8 o A3 A A R B - X 45 3015 2 B A 4 1)
SEMA L/ PR T 25 5 6 2 LoS %45 , 347 01 R
B 453815 . 456 A B 158 4L
FANET et 75 2 2 A58 PR AT 55 W R RIG YR
T R

ARFEPE& 0 FANET 5 025445 4b #ELBE 1 A ZEfi
fie ) 22 SR HAP 5 38 TR i 1 D 2% L 52
PSS T LAP T 508 R i R K
AT B N . X S A A T P )
B WL T RE AT AAS B R I 2 5
TR S TR .
2.4.4 HERES)ZUE

Wil 5 2 A T 265 19 1 R A T 38 i, FANET
2 5 Hby T ) 6% — A T 11 G 2838 15 1) %2 4= ]
G RV AT 3 B 0 O 2 A W A T BT L
a5 B o R A48 & ke i it et L )
HERE . T FANET W25 50 /2 LoS # % . %=
Tk BB A 25 T IRt A1 DR e i B e T
R SR 2522 A e 3 )7 1o o LR AR

3 FANETHHZS%HNSE

FANET # i J& 76 MANET A9 3L 8l | 78 1k 1
Fe i, AR 2807 K 2 2 7E MANET 1140 244K
F LTINS, 2 30532 T SR TR AR I I SR
ISR R X A AN [ () 6 F 0 58« BRI R 1 FH 5%
AN B4 J'e , FANET [ H BT 52 30 A0 R 40 7 52 4%
Fie AL 450 J - A0 1) 53 20 ERARME 78 43 1 R HARRAE

ATFH T CAMFANET 8 H L (nE 5) ,

r'E%EEﬁMJCﬁW%l-

FANET % H 502K

ESR AN DNy
A=A B
N 5

K5 FANET 2485024
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Eitd 2025 4F

JEHR T LR B BB W 50 - BT oh 7 255 TR Y
DAL FAR BE R IR SR AL AL Sk =@ P A
PLAE M X FANET g i #E 4T 1T 2480028, B AE
B AR G 2 AT FANET B 4

Z Y53 IE B AE N A e R T PRI R
FANET §#% 1 P ZAR G AT 55 B St oR e A

H w7 LAl b P8 50 00 Bl B SR s, B I
JE G 18 IO SR 58 S H AR i NG e . R 44
WE<THLAL B A 5 B RS mE AR AL SR >3 4R
XPIE 34F 1 FANET B 47 1 40 28 5 HAh #% ih
GPRTT AL 224k 7SS e T 4 T b A AR B R PR
FRFAIE o B4 X A3 AR A FANET [ H

%4 FANET I H RS %457 25(2023~2025 £ )

Ak B R SR R AL RS
. SELAA > 7 2L
Sl EEhA RAEAE BRCA JOMUBE I O & ﬂ TAEEEE N TRGE i% GRS
R B IEV4
TBMR™ NG NG O N/A MATLAB
DRL-SSRH N O A MATLAB
JPEPY NG O A Python
DRL-AdCAR™  «/ O A NS3-gym
MADDPG™ N O VAN NS3-gym
MARL™ N/ N O A OMNET++
PARouting™” NG N O VAN Python
DRL-MLsA™/ NG NG O VAN NS3-gym
BC-DSR™ NG O A NS-3
TAG-Routing™  +/ NG O A NS-3
SWEEPER™ NG N O A NS-2
FTSR N O AN NS-2
MPEAOLSR™ NG O A Keras
AirPro-FL°! J N O A NS-3
QSR N O AN NS-2
TEAOMDV™®! N O A N/A
AI-FEQ™ NG O AN MATLAB
CF-GPSR™! N O AN NS-3
BLPR®! N O A NS-3.29
AGGR™ NG O A NS-2
AM-GPSR"! N NG O AN NS-2
PBM-OLSR™! N N O A NS-3
QRIFC™ N NG O A MATLAB
QRE! NG O A NS-2
K-MORP N O A NS-3
RIL-43 N/ O A NS-3
ICRAM N NG O VAN OPNET
LB-MCR™ NG N O A NS-3
MWCRSF™ N NG O A MATLAB
DCFH"™ N NG O AN VAN NS-2
ICWH! NG NG N O A A NS-2
MGO-JAYA™ N/ NG O A MATLAB
CLARA™! NG O A N/A
FMORT™ J J O p o OTNERDY
thon
TDLS"™ N NG O A OMNET++
PICA NG O A OMNETH++
DLSMR™! NG O AN NS-3
QRCFE NG N O A NS-2
Bio-Inspired™" NG O A N/A
GPSR-CB® NG NG O A OMNET++
MCA-OLSRE NG O AN NS-3
SIRFRM™®! NG NG O A NS-3
DRLFR™®! NG O VAN (5 L5 St

FE NN BRI B AR <O I I 4 S SRR A A BT PG AR SR L <N/ A R T G s
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LI MGO-JAYA"™ Fl DRL-SSR™ Jy f51] , 4% &
Parisa % 32507 % \MGO-TAYA J& TLE W I & 3%
H1, DRL-SSRJ&E T3 24 2 KRG H % h - SR % 5%
8Ty R Bl /b I T S TR SR N J2 T A 43 2. TR
Hb . 3% I Shumeye 5571920 25 % . MGO-JAYA J&
TR G . WE TAY I &M . DRL-SSRJE T
AN L 0 AR — 43 2807 SR AE DA SR e 1 kb
KFNTREEM T 7RSI 245 FAHELE
MGO-JAYA J& DL =1 sh 25 FRRERE M AL H b Al
FHAW) It 2 B85 %) s BRASE ¥ % DRL-SSR & LA
A O AL B bR 8 N T8 685305 1 46 1 i
Hio M2 T . 2453 2507 1 AR A% SRS b 1 R A
[Fi] 14 1% FR R DL B AR 05

WA o 38 3o % 22 4 B 4 2R AT A8 LA BT e W] LA
T RIS A o A, R A AT 3 3 AR KR4
FA B PR AR5 T T S s A PR B AR FEIR AR
W 7 T Fh N R PN TR RE S R R £
TR DB AR R R A AN TR B TR
t L I 2 TR .

3.1 fE4LBHR

FANET i 55 AR Z AL FE A W I | 7
SRR VAT DL RIS X I 55 5, R Rl
Xof IO 24 R 114 G T T s AT T AN ) I 2% 1 e Ak H A
FPERE LS PR AR 22 5% PRILAE T TIE Hh M
I T LSRG S BT 55 B 5 2K T T BT Y
D26 1 B AT 181 T D £ 2R A T4

F5F0% T I 3AEA G B M PR REFE b, L
e/ Bl T %5 bR . PDR M EUE AU 1L 4 R
(packet delivery rate) , PLR % £ % 2% % (packet
loss rate) , % )& PDR Il PLR 52 R b #B R e T %4,
TRHT BRI, 2 5K I3 Ry [a]— 2K

i FHPERE AR bR e D\ 22 7 1T BV 5 SR AE 5K
Pt A2 0 5 T A AR R L ph 26 5 T B 4E Ak i
PDR DA N #% h FF 45 2 AR 53 6 i IR SR =% 1 iy 7
RES R AEBh B E 2 FANET Hr, i HU= 5 S % 6
Z BRI LAP Y i, % B A5 o M REFE L 2 Z 8%
B . — L EGA % BT 3 E & T Re e 5
e K-MORP 3 & 34 J7 % 22 (Mean Square
Error) 3 31 4l 150 I %k 4% 40 B% w1 A9 o 4 o4 . BC-
DSR™3# i3 £l 3l Gitter) S WA I 4% i Fa e P LA K
H50HE A R A 1 B B8 ke A T R B T 45 1 4
FF4Y

— 7 T - ASTRI N FH 37 5 00 i th e R 9 T B %
B AT R 25, 5 — 07 xRl —28 0 7 5

14 156 Pt T 2% A [R) A 46 b of X M 7 4% A
IPEREDE 4 . % 51 DCFH.ICW il MWCRSF #§
SEOT IR B TEVPAN 431 SR W A O 25 Vs T ()
FEIFR R « 7 A B8 R IR B 18] LA S S 4544 1) 75
v e TEZE A 5 L A PPN B el BRSO O
SR AE 77, QSR.VFTSR #1 TBMR #2317 & &
TR ARSI A e CRIURR ) L B B R

— T FE A PR BB TR b i 22 1 B 4 T b 4
PR i A PERE . L a0 3 5 Y DCFHLICW Al
MWCRSF . B T b # H 1 6 A8 bR ah . b # LA
Ty R L AFE bR . WA BRI AT
fu] —A~ % B DML BB S E BT A 7 1T ) 2 BT AR T 3L A
PIMSL AN ] B % ph DML AR AR S b 3 s v 4 ()
FAUH T BARA I X S . LA A i st ], T
SR B AR IR 3 T A6 I # t SAG 2 A1 g 4 il I
B T B A S RERE 2 IR MURUA , EU T R AR A ) 45
F14) DRI 285 2, 3 285 8 4 22 A I IE A R

PRI 66 F T B4 G o FH e e s R oK
S HT AR E T A TERE, 26 6.8.9.10 11 M T AN A
FANET i H W58 sh AL, 454 2. 4 55 FANET
Y s Rtk s AN VIR AL B A5 19 4 B FANET %
HE N - i ah 7S RREFRE R 2 PRI 4 25
3.1.1 mahds

LAPUIZS -6 i1 i B AR RN TG L HL 5y
R BORIETE T 45588 ) R, B S
HOBE NN SRR E o RIS, 49 A5 T BRI N
SR R o A D PR S R 2% R — 25 i T
26 AL i B AN R 1 AT TS N FANET 19 55 sl 45 5 F
PE— A2 K.

TG 1) 5 FH 2 e SR S AR FE AR FNAS A4 Fn 4R Ja 45 B
eBERE N — Bk, T BN T I 45 bR A ok kS 2 DB
ZU1 B8 % i 3 3h A L Hello BE 40V ) & 18]
B T S BB S 1 T R BT . A B R A
P R B T4  VF W AE i R B AL AR
Hi PRV B G F R R I SE AR OC 2R, 3. 2. 271
HOEE PRGN 285X — 7 1 R SE . Db, o i
I 26 K] 43 R A5 T A FE R AR A IR R A5 DARE A 4
Jry Bl AR LGS TR RS L 7E 3. 2. 3SHUBR TR 47X
— 5T

FANET 4 B 45 2 A8 4 14 J5 R 7 0 1 s AL o
P 33 0T S A7 AR AR v DL R B AR A 1)
HaHA OPAR AR5 10 1A B R0 B A 8K
T £ A7 A, IR A5 6 B AR R RE IR AT I R R
LPARH I8 57 5 0308 1 8 5 O 190000 i 65 1) B 22



i e FUE B AR E B AR BE 1 A BE S W U 1Y

3012 12 N S| - S 20254F
%5 FANET & B# R AR REFR%T EE (2023~2025 5 )
N MRS bR
Hhilibyix MHHE  Fnki PDR(PLR)  HEfgFHdr  BREFFEY fEHE HoAh
QRCF™ N/ N NG NG
Bio-inspired " N NG
AirPro-F1.% N/ N N I Hh Bk AL
CF-GPSR™ N N/ NG
GPSR-CB™ N NG NG N
BC-DSR™ N/ NG ol i S EER T R
LB-MCR™ NG NG NG N
AI-FEQ™ N N/ N/ N BN e
MADDPGF N NG NG N
K-MORP" N, J N/ N ¥R
DRL-SSR™ N, J
TEAOMDV™ N, J NG N/
PICA™ N/ N e S A2 ] R 1] 38 4R R
DRL-AdCAR™ N NG NG
FMORT!™ N N N/ N N, T3 SR URE e S TR I ] L RS54 i
QSR'® N N R AR R i 36
CLARA™ NG NG N N NG
TDLS" N N N, IYRRERE AT S
DCFH™ N N N N N N, FEANEIL L R ] B A7
ICW! N/ N N N N N, FEEANEI S BRI A 3 75 i
DRLFR® NG NG
DLSMR™ NG NG N
AGGR™ N NG N
AM-GPSR"™ NG NG NG NG
TAG-Routing™ N, N N N
JPEP NG N/
MGO-JAYAM J N/ N N/ NG N TN RIS [ L Sk SE A L R TR A
NN N N, N/ N N/ N, TUARFRI A4
MARL NG N/ N/ N e RBAF i =%
QRF!Y N NG N/ NG N
MPEAOLSR™ N NG EE A N YSRGS
QRIFCH N NG N N -4 5 I 1]
ICRA™ N/ N N N LA TR] A P A € 0
PARouting” NG N N;
DRL-MLsA™ N/ v
MCA-OLSR® NG v
FTSR™ N N/ T SRR PR R
BLPR N N N
PBM-OLSR™ N, N NG NG
MWCRSF™ N, NG NG N, NG N, FEANES S RIS ] % 75 i
SWEEPER"™ NG NG N NG
SIRFRM™® N N N NG
TBMR"™ NG N/ NG TN RO RE R
PR I 1 T B[] (] B 4 B RS e MEdE b, Bl URAZRE T . AT LAV B FH 7 RAE = s A M 4 TR i B
S T i % I e ) 284k I N RE T BRI REFE #rA PDR/PLR i #%

Fam M AE . PDR/PLR 2T 15 5 1 ) i) 85 4 £,
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T FIT A B A Y BB DG 2R % I8 5 i D U0 b s
T AR NS A BRI ZURR B o B E (T ) S FE K
Pt DA 2z 326 ity B WA oty e 28 19 ) R 1) X CDO$fadk T 1)
2 P T B TR B AL , A4S BB B 4E (7,0 A5 B
TE (£, VA B 328 BN BRE FE (2,0 55 5 LA A A )
£ S7S TN IOWN Vel i o 0k S SN S s 3 T g A R UL
BB AL T A A TR ST R b FREAS R TR B
FFE SR RS AFAE I
T sty = Loere T Lirans T Loompue T Lother (D
B LA _E 5 AR bR AN s ARk MBI 9838 1T D25 T
TR R AR TN B 1 20 A AR 10 i B DL R hi 4 5%
RETT, L 2% 25 R R LA B L BRI T iR Ak 3]
WSS IsF [) 45 5 DA SR i — 20 38 i 5 sh AR R 26 1 F
N BETT .
3.1.2 fikfig
TE VANET FTHAP . i T s AT RR2L At i 5l
TARAY I DLAE A B A0 RE 7 B HL UL A I R 0
FEM I REIF A ZE X LAP H i i/ R JE AL
T - B T I PR SR W ) R A o, 1 s A 5 2
hRATHESAILRE PR AT 062 RO B R e T
REFEUETTILAL -
BT R = 2800 i R 222 SRR [R] 5 T Y e f T
81, 22O EF N A TR B E N W)
WARS TR Er = (Pt )dt & RATREFE
Py Oy 7 W R AT S A HE ) R Bl =
Pree, 1 8 BRAL T RS, Pl R s A
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2 [ H PO i 2 BB A I UEAETE TR A3 B PR
PR Sk R PR SR Ok 1 BB BT AR VR BRI AL B IA
B EEERERE) .
Ef=E}!" — E/M — Eros — gt (2)
5. FANET H R0 s iz sha il B %
i RN WS HEAS Y B S TH AR , 45 5 SN X 48 75 SR %t
DI AT T L BB 1 s e il AR . I
UK FER FR B TT rfon] DL B I 45 114 B A ) xR i
E, (3, Hh N R ML A% 78 F —Bkik
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K, ). Ty FARRRE N E
53 be R A T s SRR BE T 5 FEAS [R] FIAR A2 Y 1Y)
7 AR

N

2 E;cs
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E N (3

A28 53 2 B AR A R T RO 43 BEFE & T 2R
JZ1E B 5 B 2 SR AR R T RE N A 4% 2
B 2 1 s AR AR e R b, — R AR B LT ARG A
FP ARG . A8 R —BhHT 5 A8 % Y AT A RE
FE VBB A T g b ST 0 1) BB B T RE Lt nT DL
UK RS 8 el L] R 7l = BT [V K
Hello A f [i] B+ %5 5 1 AR % oh PSR i 35
b5
3.1.3  RHE

5 BT LRIt B4 19X 46 AH LE 5 1 4E 055 5 A
A SR RGP R R . Q2. 2795 i
X, FANET %5 M0 0 & m 2 P G AR P 5
H A 25 SF- 5 T 2 30T b 1T, 1T 5 b 1T I 4% A A LB
PR 1G5 ] 48 SR 5 » b T O 2% BE A% B FANET
4 e T4 TR 4 3 £ 3 T4 i 3] 25 v 4R

Wt 5 3 AT A A RSS2 T R R 2SR T
2L 7 o T R P R T S 2% 7 i I 41 ]
1 TR S D e 8 A i e 7/ G AT N A A (UK = S LT
il s BB PE I 1 20 94T i B B AR AR A 2, O R
[Fi) KL 19015 A5 =2 1) 7 £ 6 L 0 0 B0 ol 15 e 24
fbo BARMS . FANET (94555 S AE LB 28 1%
SRS B TR A LA A T R I AR A
A 531 45 B S 1 A0 4 D1 3R FT 55 P
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Background

Flying ad hoc network (FANET) is a subclass of mobile ad
hoc networks (MANETS) that extends the coverage of terrestrial
communication systems into the aerial domain. However, the
high mobility of unmanned aerial vehicle (UAV) nodes leads to
frequent changes in network topology. In addition, network
sharing and data transmission are constrained by limited resources
such as energy and bandwidth. Therefore, it is essential to design
efficient and reliable routing protocols according to the scenario
characteristics of the airborne network.

Over the past decade, routing protocols for FANETSs have
evolved significantly, reflecting the unique characteristics of aerial
network scenarios. Early classification schemes for FANET
routing are based on MANET, and there are differences in the
routing classifications of different surveys: some are classified
according to the link awareness strategies, and some
classifications focus onthe optimization objectives (such as secure
communication and energy efficiency) or optimization algorithms
(such as artificial intelligence and bio—inspired algorithms).

However, with the continuous expansion of application scenarios,

FANET routing protocols have become increasingly diverse.
Traditional classification methods lack the flexibility to effectively
difficult

systematically capture and differentiatethe characteristics of newly

accommodate these innovations, making it to
proposed protocols.

Based on the survey on the scenario characteristics of
FANETs and routing protocols, this paper describes the
architecture of FANETs from three aspects and analyzes the
scenarios characteristics of FANETs. By reviewing the research
progress of FANET routing, this paper qualitatively classifies
routing from three perspectives: optimization objectives, link
awareness strategies and optimization strategies, and systematically
describes the routing characteristics in FANETSs scenarios.
Finally, this paper summarizes the challenges of FANET routing
in terms of dynamic characteristics and topology changes,
resource constraints and load balancing, security management and
standards, and outlines potential future research directions.
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