ISSN 1004-9037, CODEN SCYCE4 http:// sjcj. nuaa. edu. cn
Journal of Data Acquisition and Processing Vol. 38,No. 5,Sep. 2023, pp. 1180—1190 E-mail:sjcj@nuaa. edu. cn
DOI:10. 16337/j. 1004-9037. 2023. 05. 016 Tel/Fax: +86-025-84892742
© 2023 by Journal of Data Acquisition and Processing

EFT O FHBE AR AT N
BN, BEE, ZHH

O TN BRI 25 TR Rl TR 24 Be L 9 At 210007)

M OB AR RAMTALE A R HZRIR A, RS T — AT O BT &
(Particle swarm optimization, PSO) # 47 % 12 % ik B, £ & X F 45 42 b A O 4 AL K R o 69 St | 8 1
AREB|EASEEBFALTRITETHOENE RN, ERFRERELEBHFREEZEGHE R
Tk, ¥ AT IR EEAE A B e F 4% 5 3 A 4) 2 (Simultaneous localization and mapping , SLAM ) #) — ¢
SR FEI I TIRGRFEE, Ly Eh I AZREAN, S RFRIEARE T REAENKRZ
MR E kA, A TR ETFRLETAR ISR AR G EELR TR BRGKE,
KER: BT R DR SRERA R B AL S 3

HESES: TP18 SCEKARAE D : A

Online Route Planning Based on Particle Swarm Optimization with Convex Optimi-

zation

GU Chuan, GUO Daoxing, WU Bingbing
(College of Communications Engineering, PLA Army Engineering University, Nanjing 210007, China)

Abstract: Aiming at the path planning problem of unmanned aerial vehicle (UAV) with limited view
ability in unknown environment, a particle swarm optimization (PSO) algorithm based on convex
optimization is proposed to select path points. In the iterative optimization process, the fitness function of
particle swarm is designed based on the trajectory, obstacle avoidance and the distance to the end point
solved by the convex optimization. The trajectory between the path points is displayed after the optimal
path point is obtained. The obtained trajectory is used as a part of simultaneous localization and mapping
(SLAM) to build a more reliable environment map. Theoretical analysis and experimental simulation
results show that compared with other intelligent algorithms and sample-based path planning algorithms,
the proposed PSO based on convex optimization can effectively improve the efficiency of path planning and
reduce the length of the planned path.

Key words: particle swarm optimization(PSO); convex optimization; trajectory optimization; simultaneous

localization and mapping

51 B

TEid £ R JILA4E, Z i3 T ANA 1B & R, LY E S TE B 4], DO iE 38 R AT A% B A

5 B #3:2022-07-02; 1817 H #1:2023-02-17



BN AR T O AR AR T BRI K 09 A SR AL AL R 1181

2 T BT RN BT 2R W AE — R 9 T SRR W 52 38 HLBR I 2 T AR 2 i Gl . BE A S S B ShidE (R
Do 2% (1 R M A 1 FH NSRS 6 AR Sl 3E 45 9 2% 114 & Jre L TE A HIL 2 T) 18 38 15 40N A R AR O K L — 1R Ak )
245 1) T LIRS A% L 0 T ) TR A A T SR

X TS TE AL AT AR 5 B BB 1 O R A T A PILAR B AR AT 55 X B IR A
TITEAT 55 o Bl BT T 00 A5 BOR A 4 R, il 428 ) 0o T LA o T3 RS 19 446 50 2 3 42 TE A LA 0T
BT 55 JF HAR MO I 845 8 o SR X Fi 4R v X 42 0 5 vk L R %3l i X 42 Jm 15 B i 84 L Uiy
QAT R A e A 1 A P R v R 5 AR B R AE 5

I T I AL AT (R B R AR AT 55 3 B v AN sl A 23 lf ) B 5490, AR ML 45 =7 ) FOR B 4 3 )
FHNZE RAT 51 A BHE e tl S AL, O ) JH 5 Ak 2% > o 5 s M B L (H X 28 05 ik LT R 38 T T 7E A RS 1Y
A5G b R 47 12 2 B B AR . S RL A% R] A R DL S kAR Y 15 45 il (Model predictive control,
MPC) e fi gt SCRR L6 108 1 DU 33 I8 AL A4 0 00 Kol ] ) 67 B0 28 Pk 88 Wi 3 14 O o 25 oK
FELe M 1 JC A HLIZ S , JF A b B Al B O rk A DIt A 1 D7 12 K A Al Ry B A PR 1 o I 1 A
AU T X R A AR PR, SCER LT 4R T — B2 4 /AT E AR (Safe flight corridor, SEC) MMk A&, 1% 5 vk
TE 781 A5 19 PR BT b AR I 0] U B — A Sl 28 a7 A B0 o (6] SCRRE8-10 14t 17— i fa 45 s A LK)
AL AL 09 57 BIF S HE SR o I AP AE 52 R 3R s T AN HIL L I ] ) 2% 3 DL 28 JR pR BOR A 22 0 5 pR
B R AT DAAE T S R B IRD b R T KL B G T PR K A e O A A R L
A R 2 I R B AT A R RRER Tis B S A . SCIRL12 R & 1 —Fp Bk, ol LUd o — &
G ) DG B B AR R A IR FE LI ) ) O JC AL 22 4 3 2o 48 22 19 TRAT S AR, I AL T 3k 3 0 R
JE RV A 29 . FEWEJE T I AL RATAE S5 RIS L Ol 7 AR I Al b /b RAT IO RERE T, — ot L
Ve PEAL H bR, AN A VE 2 59 2 B8 AR AT LU A AL B AR A0 - e/ NMAT: 55 6 ] e/ 30 1 B 45

AR AR T ISR 5 AR S5 A 0 T5 1k, To AN AILTE 22 4% S 405 fal & 000 31 [l Py 4% 38 e 10 B AR
Ko VEIT A RUCHE A T R SR I A A B A e i A R R g A ] B A s o B R L BB B A A
FEARRATREHE  $m 1 RAT R PE 1y TR I - FR B e O 0 B AR B, BT — @ I3

1 HFHREERBEAYNTRE

FEBLIEAE T 11T HILZE T 08 5 45 4 y
ERBERAES, TR e —enfne )

VT S A8 2 ] T 4 3 OF A G R [~
PP AR , 28 U5 R P 0o A 2 AR G /AR L

W BRI o A PAT AT 55 I JE A BILTGE 28— [ e A i &

T 2 det — P o S0 B B 5 B 35 5 A RO 1% LR 9 AT %‘#%
3RS R B B 5 T R AL LR W 6 4

PIAe (B AT LK HE SO 8 I SBABVBIE 28 e e e b S0 41 1
DA AT S ARSI A A IAE 95 R Fig.1 Data acquisition scenario of UAV fly-

To NHLTT BRI A 45 48000 A% 2% 4% X > 15 R 41 B 5 ing to fixed target point
HEAT B, 25 0 N BRI 3 RS A5 40 I e S T BB O A
BRI P AR SR 3t P A5 B X8 T A AL A O 328 2 A Jey A8 ML
15575 8 A AL BE 0% B0 R0 Y — 4% JC Al J8 (3 s 4T ] A R IR AE 6 AT 3k P e KL AT (9 i o i
(snap) fE /]y , AE JE A HLBG E & TF #6158 B e 0 . BR8] 2 s o




1182 R E B L Journal of Data Acquisition and Processing Vol. 38, No. 5, 2023

1.1 T A#EzhER T ANLER 2 H %) T AN AL
DL DU 38 T A BIL A 19, 76 g 7 2R Se R I s (2)e S % [T B | iR
RIENWLE I RGHPRAS . Kb d e m BB (2) > e
AR 00 (n— 1) B S 550 a8 8 0 S 0 s o 5 ) z| |2
S € S Fomk T AMLAS LAZE 4 RAT Y 1 fh 2 ], Foh 4 4 |

AHLHY AT 7 B W, S VI i B AT S Bl 2k S B2 TAMLSZH A £ AL HE
B, Horh R Y A KA N 0 0 B KA N @y P Fig.2 Structure block diagram of autonomous
Wit L] S8 B g b el Y 300 SRR A A B R PRk AT LA flight of UAV
i

S = W X[ Vs Ve DX [ s Q] (1)

SCHRL 20 T A48 1 iy i — & ) I 18] 2 B f 22 00 02 38 26 400 3 T AN AL B0 42 ol i A, 7 g R ity T

DU TE AL A7 B4 S 3R O 22 T e

s(=[wh (), o} (), -, wh " ()] (2)

Kb wy, (¢ sz D AU . wy () ARG ()R RGN, w ), () R GE 0 I

HUE Gerk) o w'™ ()" KRG snap (H, 30 (2) /T IS N — AR A3 N R G w, ()= p(0), Hrh
#%'J%J/\j?# 1)E U =" s P |, AL W] LI B — D R G H R BN

s(t)=As(t)+ Bu (3)

0 I, O 0 0

0 0 I, - 0 0

XpAa=| 1 ¢ 1 P |B=|1i|
0 o - 0 I, 0
0 v e 0O 0 I,
NI AN AR B A LS Ry

S(l‘):6‘415(0)—.—JIEA<[71)B#(T)d‘E (4)

R s(0)=[w, v, a, -] NERGEHOIHEIRE w, HYIHEDLE v, BV EIE , a, 00 A 100 R
1.2 MFEEZE
BT BRI T A vk B S B TR & 451k (Particle swarm optimization, PSO) , J& i#F b B ik
(g —Fl, & D BERLAR th %, LS B BE VR S A0 b v AR 7 b 0 A 00 , % 058 107 S5 /N 10 0 10 oy 4
TR A A H T FO A Rk BT SV 5 SO B R I R L WS O Y LT R A R o
TR ef AR 10 S 2 A R LA B 8 B K A R O L A K — 2R ) 1 RSO0 e o i D
Yedr L AR A R ep AR T 2 R UG RN I sk 3 o B PR G B . BT B
VAWl
V,(k+1)=wV,(£) +cir (poy(B)— X))+ cory(poy ()= X, (£)) (5)
X+ 1)=X,(k)F V,(k+1) (6)
A X (R) WA i AR TS AU A b (0 8 AR T 43 AR A R AL 2 4 334 LA, Hh o
SRR 5 ¢, e SR DA 43 R A 23 3 00 03 28 5, ey A ML 0 18



BN AR T O AR AR T BRI K 09 A SR AL AL R 1183

T8 AL AT IR B 77 AE A9 B, — S8 Ty 0k AR S A R AR e e A e R i 5y — e
2 AR AL G B T4 R 0 53 v % SR B B A . AR SCFE TR X R A5 4 A AR A R R B ) 65
B DL SR 2 SRR T B R BRIV o X R O YR AR B T AR R 0 2 A B AR B R A
AENEENARESEEMY R EES.

0 i = D e
fae =1 _dmn Gy <p (7)
D e

KD WERIEE d,, IR E RS SR 2 /NS . M d,/NT D 3R R pE S
Wy 55 R0 ) AR Z B AR, 28 L KT D WACR I AZ 5 W65 9 A B B, A0 X 22400, e Xt
D i IR AL 75 B 25 R AR W BE R 22 e 2 RIS 2R, 3 D BRI 5 55 15 90 110 B 8 B G, A X B 722
A fH R AH OO L B B AR B BE S BN, R 22 D g BN WU IO B 05 K R D /D R S T g B A ) i
T8 118 UG o

TERLFREE I R B AR SCH B LT — 2 FE S pRAR, 1 AL 2% AR s B 3 RS U

T
minalj H[l([)|‘2d[+ az_flcn+a3ﬂafc (821)
0
sitop()=f"(1) (8b)
f‘len:‘ pend_pnow (SC)
s(1)=As(1)+ Bu (8d)
ap, as, as€R

5 S LA AR 1 B bR 22— 2 P T 45 A% e g /A snap (2)= py () (KL AR S AL (L, 36 50 .
AR T LB o BN AT Peng FIRRECBE BN fiono frare N IRAR 55 WA ) 2 0] 9 2 AR IR ST B @y ay . aq
G390 R A AN i B R AR, R R R RS W EAT SR AR A0 e A v e B0 AT R B B ML R A R AR
i RN A N — K SRR A A R A . BRI IR .

Bl AR L 4R 30 B I OJC AL I8 BRI BN 09 e AR A7 B 0 InputGRE A5 po, Z 8 p))

While H g_best—p, H<:%§*iﬂs%’2§iﬂﬂ 1 [
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fori=1:N

p_best = fitness(X))
g _best = X,
End
fori=1:N—1
If fitness(X,)< fitness(g_best)
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End

End
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If fitness(Y,) << fitness(p _best)
p_best=1Y,
If fitness(p_best) << fitness(g _best)
Period = g_best
g_best = p _best
End
End
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Table 1 Parameters of multiple algorithms for path planning
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Table 3 Path planning results under different number of obstacles

P A5 2 /4 S8 1 i A S A MR B A2 K /m
3 10 6719
8 11 6821
12 12 6 803
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