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Multi-point path planning based on the algorithm of
colony-particle swarm optimization

LIU Lijue, LUO Shuning, GAO Yan, CHEN Meifei
School of Information Science and Engineering, Central South University, Changsha 410083, China

Abstract: The problem of multi-point path planning is a NP-hard problem, which is equivalent to finding the shortest
path of a starting point and some specific node. Aiming at the problem of multi-point path planning, a retrospective ant
colony-particle swarm optimization algorithm was proposed. This algorithm used Floyd-Warshall to transform the graph
and combined ant colony algorithm and particle swarm algorithm to find the shortest path. The experimental results show

that this algorithm can find the precise solution under small data, at the same time, under a large amount of data, can be

better than the maximum minimum ant colony algorithm and genetic algorithm.
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TR G 577% (BAPM, backtracking ant colony-
particle swarm method), FJ FH-T-fi# ¢l 5t X 1 A
T e 5% R T IR 48 0 LB Ry E R AR 2 R AR
Rl e R, 1% e P AR e T S5 X 22 AR A R
H—EMZHE N .

AR FIX ORI B i, KSR AR R
A2, #EXEMZAAEE A mE, Nt
ZEB AR AT RIE, IF BRI R B, SEILASC
#2 i r) BAPM 517k,

2 EAKHIR

21 BRATNWERS

K I/ MU RS (MMAS, max-min ant sys-
tem)> 2 H A A ORI R B R I R
BB T I BB R S R AR R, Y
HUERAD AW AT OO, DA TT e 380 b5 Jor 00 B B
ZEE, W B A AR B A R R e A
s AEER  UEAUH, AT BT AL AR ERAE S
R 7, () 5 m, 7, (o) P HORE S A 35 ¢ GBAR
SR T R B eIl Abviit: Sl N M E DN 7 WA d = N L)
FERR, WHE pp (1), ZEREBOR, R
N AR b . S BRIEAIE SV, ST
DI 3 — i Ui b 12 . Rk R, FEE
7 (6) AR WS H B ) e AU AR A AT R A5
KV 7, (0) R 2RI B Kt /M B 3B 2 1],
A% TTIEAN AL RIS 18] PR S SEN JRis fs  o
22 RFRRHEZE

b FEELAL (PSO, particle swarm optimization)
SV OOl 1 T ot R O S 7V, ST M T B
UL LT I ZI 7 1) JORBE, AT AN E T H
Fro 75 PSO Sk, &EANRL¥- 1 AW B sy )
55 1 AR AL 127 ) SRt | 5 (R 5 R 8
MK B — AN A 2R

MMAS SN TALGE ISR R U, B
TR b8 A 1 SR e A DL R A, I BN 1%
BB IR, AT IR 210
UL, MMAS 3R 5 b N Rl fse i, & 18K
5 /DM TRy PR #7138 S 50025 R B N ) 8 s A 11 )
I, WAL T H SR B m AR AT seE, R 20
TAE BRI 1. T Mok T Hm ek
RIRET), ARSCEE4 PSO B MMAS 5%k, %t
15 ELE o, (0) AT SRy B S A R BEORT , R T o e

BUAIFRIC,  SEBL T 022 nt AR ) i A A A
3 EEE-RFREIESEE

AT A Az J ] ) i — R TR S A
(BAPM) fift pejiiffe 5 X A 1) 22 ml B A2 R0 A 0] 7o %
VR4 T MMAS S9EA1 PSO &k, Mk 1 i%ie
HERETy, T BIEL RN R AL, s
TEESLRE T 590 R, AR L SERG Sy, ik
B 7O BARMAASE R . 2 EVEWEE 1 PR

BiE 1 IO kL R G Sk

1) {# ] Floyd-Warshall 53326 B G #4808 G »
HEHARUE, JH city %on G AT AN

2) T G IBUEMFE ¢ , IR 2 10 %A i
&, We, =-1

3) B EIEARIREL num AL BCECE m

4) YR EE R BRI . [FEEME
KT RELENEZ S a5 8 . WA 1R
WS o ZWHE T p - B/MEEETHSH p,
IAAE =1 . 2 RE AT path,, < RIS E A
1% path,, SIS AL 24 i1 A startpoint

5) while i <X num

6) W44k path iR BRISGE R R AT

T for j=1:m

8) startpoint =

9) W & city x city {45 [F tabu_arc , 1R
¢;=—1, M4 tabu _arc(i,j)=—1, BWHEAMHEE
tabu _node FH TS 2 i 2IIA S ATAT R B
B EANE KEA node L3k path |, H 4R 1 B A7 AN I

10) while count(node) < count(¥)

11)if count(tabu _node(startpo int)) >0

12) 4 tabu _node(startpoint) H ) T 7 i B
(PPN

13) iz AL MR P ik, T~ — P B
A(startpoint,b) , path, = (path‘/,zzl(startpoint,b)) ,
tabu _ arc(startpoint,b) = -1, tabu_node (startpoint)
R M B fl(startpoint,b) Frac oA CFH B

14) B A4 &, startpoint=b . if b ¢ node,
node = {node,b}

15) else

16) 1131 %] tabu _are f)_EANIRES, MBS path,
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o B JE — 45 % B, B BT startpoint « node , I 7E
tabu _node HOR 24 H AN AT AT B BCHATAR L

17) end if

18) end while

19) X} JriiB Lk 17 pathy, AT 58T

20) HE PSO SLE R BB E R E v

21) end for

22) 4R LE AR path , BEAT BB

23) WHE R E ¢ AT AR

24) i=i+l

25) end while
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S 1 ERBIONES T-M O ls), B
VRV I,

SB 2 ERHINILES A={(i,))]ijeV

-

Hi, EGIEEAR) , AR, BT G RN
B, G b ERM A IHA AR, W G=(7,4) A

e

SB 3 WK G RALNKE, A7V i
TR AL j ZIARIBERS ¢, W G i j 2 )k
BARMKSE, T G RIEmE, BT P AR
AR, MEKEASETLIK. £/ G ki,
7P Z IR R T Floyd-Warshall 3% .

IR, UL b 3 AR T — AN e K
G, HSEA NS G TR s FILg ity

M, 3P BE N N 32 18 2 AN S AE G R B e B
K RE, s ) L A e e 4 G Rk TN
%7 Hamilton &|[1] TSP )@l .

B2 %R sa

K1 pcohdRse i El. e 1 R, i
20 30 A4, A5, 6 HE TR, ZJEIRA
ML, IR s=1, M ={2,3,4,5,6} . #K 1 hg
MR R 2, 21 Floyd BVETEAES M h
M R A R AR, KA R 2 hikid s

WA AN AT R ) AT (STSP, Steiner traveling
salesman problem) 5 AN SCHTIA [ @UAHEL, #B A2 Ak
L0l A2 R AR R, I HAA 2R iy LI A
. AR Z AL SFET STSP A7 [ [P 4f s 2%
s AR SCHTIR o) A T B[ e dh e T 0 28
MOATCLE AT, A T akiZin) A € S E N
s, IAGIE 1P,

513 1 {5 STSP Eflfivhs &, (R4
A 1) AN Fes g — K

WYL, EE G MR, SV i
A LA, (AR A h I AR RE R
o ARSCEET UL SEBL T BAPM S350 e /MY
R AR R
3.2 ST
321 RE%B

K st X b B 3.1 PR 1~ PR 3 BT
Joi s ) AR Sy I J 1) B rh 45 IR R 1 s
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M A0 R BRI AR A(i, )« A
SCHH P A (a2 R R PR B ) B AR AT i,
a F BN KL path, KRN

path, =(A(i,»i, ), A(ir.d )+ A(i, .3, )

e, i,i,,--,i, €V, path=(path,, path,, )i
T T ) SR B4

W B 4% path, TP AL E A AR ET RS
104F node ; i 4 23 tabu _are X147 [FIL 4 A 4
AT, PRUELE path, T A A A S H S HIL;
fifi 21452 tabu _node >KId K 1% path, 41 #iA
TS AR B startpoint 10 S AR 24 7T RIIA T
M, A% path, S A(i, ) N, AT RABEY TR AR
path, I8 7558 j, ILHS startpoint = j o
322 TATHARNFRE BEAEF

R 2, B4 R BE H B ¢ R4S = 36
tabu_arc A
-1 10 50 20 30]
-1 -1 40 10 20

o
Il
|
—_
|
—_
|
—
(9]
—
(9]

-1 0 0 0 O
-1 -1 0 0
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oy, e AP BeAUE, tabu _are TR AR BT
fEHPRAS, “07 FoRZEARTAT, “~17 FoRi%E
AT,

T RATEARI TR T o I o WAL
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node (startpoint ) 753 & — I ZI K i nl ki B, 1%
FAL— B }i(s,j) , {Etabu_are F¥ 2 EIL
(R BbR L A “—17, [, 45 #4584 (s, /) £\ path,
t, JIf H startpoint = j o 4 T /b B ] 52 %
[, tabu_node i B AR AT AEA . AT R
AN A AT N R, B R AT B B tabu
node (startpoint ) 4% B B ORI, UEWT X%

FARTTAT, IR, Bk 4T AT B
SRR B A L R T 3.

path: {} tabu_node: (1,2)(1,3)(1,4)(1,5)
path: {(1,3)} tabu_node: (3.4)3.5)
path: {(1,3)(3,5)} tabu_node:

path: {(1,3)(3.4)} tabu_node: 4.5)

path: {(1,2)} tabu_node: (2,3)(24)(2,5)
path: {(1,2)(2,3)} tabu_node: (3.43B.5)
path: {(1,2)(2,3)(3,4)}  tabu_node: 4.5)

3 AR R A2

EAESE A K, ds H BT Vs A s e ]
DLIBE S A AE AT PR A, $ B R ERAT I A2

Tabu_node 7, #fisE PIiLEk B iz LTI
—ANEEIN . AR k UGEAD, B a 5
7, 2 MR #E startpoint XF NV ) tabu node
(startpoint) 1 4 4% i B (¥ o] 47 8 % p (k).ieV,
JjeVii#j, EPMRRKMEE, AR CIERN
PRBEENA R A d 5 startpoint =d . 45 tabu_node A5
FAAERATEREL, B count(tabu _node (startpoint))=0,
MR path,, 7 startpoint Fr0f N BB, s 211k
()2 B SR 25 startpoint , FEJi tabu _are Hi%
PR BURARIL, GREET 4 AN AIAT B, DA SRAE,
HRIT A 2 S AL S ARSI P AT A2 24,
B node=V , ULi4% path, W —4 1T #% 4%, IXFh
T 7 O A SO SR, AR AR B N R
It HARUE T BESCER AR AT ATk, 8 S T AE nTAT 1
FEE

R B A (D PR

[50][n] 0
Zletabuinode‘(i)[r il (t)T [77!1 ]ﬂ

Her, py (1) FRAESS ¢ YOSAR, WIS & 4647 1)
A7, 7) IR s o Rl B4y BIHE T 15 B3 7, (1) Fil
JA R T m, RAHSC N tabu_node” (i) %7~ 1Y
WSk T A R AT PARIIK R R AT AR A
33 BEFEER
331 fFERENLEEIH

MR LA T4 vk, nT LA 2 A s ey AT
BAE path , R BUE MR AR, LA path,,
I Hoac s B ULt v 47 8% 42, 10 4E path, o 7R
I FE, 8B B /D AR 9T B LR S
path, PR HEAT LR, H5 path, B4 iU AE 5 />

pi(0)=
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(K142, ASSCHS path,, FR1E4 Rz, [RI2E,
W path,, B 46 plE O S 3 AU B/ 1) %
12, FRAE R st At .

T A SRR A AAT R AR, R
BB PR BOR IS B 35 (5 EF 7, (0) 18 T
UL I A B BT R IR, AN SR 7, () R
KIS BRI B, A5 B 3= R U)o .

7, (t+1)= pz, (1) + A7, )
Hrp, 28 p(0< p<1) KA1, HT RS
BRI Ac)™ (¢) J 4L g 4 path , K65
HEEE, HHEXwXG)IR.

1 N
» A( ) e+
e (o= (o) AR
0, oAt

e, 7 (sb“t ) K7 path,, HHARBUE.

h T AT BRI R N R, R
KB FEr,, M M5 EFEr,, » WX@FXG)HT
7~ WG REEERD 7, <7, (1) S 7, o

1 1

‘[max (t) = 1— f(sbest) (4)

P
Wk, (1) = 70 (1) > W) 7, (1) =T (¢) o

] o (1—“@) 5)
" (ave )Y P
Horr, ity RoRaSEV IR p Fon— AT
S8, ARSCHUEY 0.005.
332 13 &FE A EA
WERNR/MEEEG, BE G
%, PUBREBAFA IG5, A BN
Jeyl it i e A4S B B R R 1 S I R AR AT
TEBENTERE o ARSCESA N0 G 10 PSO 5%, S i
PR BLE D3, AR UEEERE = A o
BIiR e A & EI IS
KL PSO BRI Tk Sk 5 3 H i i
AN F O AR N IO E T G VAT WAy N R
H S RIS, RRRIEARYY K B B 4
Jey B A B A L, DLk B A FRAN AR Bk
I H o ASCEEST T B R BURT PSO S35 2 W]
U e PRl 1] A5 el A et 1 P A T

BIHL .

W hE RIS a (AT AT 6 4% path, BAE—MRLF,
FEUHT I B2« BN FRYAAE, MEER
(P38 A E PSO Sy i fE AR L .

ALEXNT 2 Mes—2 R B
Pg, MR IR T B py, » HIT BB T (112 3)
HRL. AR B Y B B ) 4
2 R AU A A R A BU AR, R s L
185 B M Y /R B AR 5 A B R B
BALEEAR AR R A BL AR G e 7SI o $R B
HI 420 path, , Ha b5 08

path, =(p,,-,p,).p €4, 1<i<n
4 R AL AR A

pathgb =(p1,-~,pm),pl. E;l, 1<i<m
JREB AR AR A

path, =(p,,-.p, ), P, ed 1<i<k

W4 e B R 1 P B
Pe={P: | prHRIOREH I Hp RIS AL T

path, Flpath 11}

JRi A A v Bh

p]b:{pi | pﬁﬂ 1K) A HE L IR HL p[lﬁj INf A7
7t T path, Hlipath, H}

BRI a AEA VUGS TR BRI AT AT IR A4
path, = {4(1,3),4(3,2),4(2,5), 4(5.4), 4(4,9),
A(9.10) , 4(10,6), 4 (6,7),4(7.8)} , T iU L %
(AVIP U S L A G [N T G
pathj, ={4 (1,3),4 (3,6),4(6,7),4(7.8),4(8,2),
A(2,10),4(10,5) , A4(5,9), (9, 4)} » ¥53 LU L1y
TR AT B8 AT path, AEXSEE, $R3 2 584 1H]
[ M 1) 1 % Be {4(1,3)) A1 {A4(6,7), 4 (7.8)}
Py={A(1.3),4(6,7) ,A(7.8)} , [IF, H 2§47
He At 5 path, AEXSLE, W] LS 2 42 )R S AL A A
Bt py -

FEMSI o GBI AT 845 path, J5, 155 p,, A
Py WM py ~ py XVERBURME ER, SRR
K (6)~ ()R

v =crand() plb* + c,rand() pgb* (6)
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2 3 KR 4
(i) = 1, QSR TR AR AT SR e
Py \LJ 0, 1At
(o) b R S
Py (L) 0, At
T=T+V ©)]

Hob, py, FOR R AL A% ) B 0-1 HiFE, p”
Fona stk Ae Bty 0-1 FFE, ) BT
qqfé%,mmo%%mHZWM%Mﬁo

Yy

FEIEARERE T, AN SR path,, A1 path,, » M
M5BT py, A g, W R ER, A AE SR AT
A ad TR IR AR J7 I 364G, TS e %
SRR IE A Ak AS 280 P o 1 e R R A

4 KWERS5HR

ARSI E T A 4 N A
CHTHE BAPM £k MMAS 59 4L 509 (GA,
genetic algorithm) AT LI, JE7R BAPM HiL1E K
R LB, ASCEEE T TSPLIB d 2 v i1
B EAT I . S M ESES, i H BAPM
kG 8 E 2 bR, RigiE s
POONR XA B RS B R AR, Kl BAPM

ST R R AR I IR . B = S e X ]
SRR LRSS B, JEoR T BAPM Sk AE—ANSERp f) 5
DXt P Bt P S 48 TR 5 DU ok sz gk
ITRgE.
4.1 TSPLIS $3E E3L18

TR BAPM S5 b kit T R e
i) 8 L i B T A B ) i R ik AR, A Sl
MMAS 5L GA HEAE AR, 3 Mk
# MATLAB(R2014a) I #EAT 528,  HLAEAC R B
[il. BAPM HIEMSHBE IR 1 iR,

*1 BAPM B2 5#(
kR Bl
IR 71N m = city
T B % P
5 RFAMALSHL a=1
JARETHRSE p=5
15 R ZHIR A 7 p =098
FIF 7, 1035 Do =0.005
¥ w ®=0.0001

43932l BAPM .1k MMAS H35F1 GA 54
X} TSPLIS #din e rh 44 i) 14 4157525,
PVEEAIEAT 10 K, SREUREA AR EA R F ks
TR KRR KR /NS AR DA 10 414K
P E 5 R e (R PR~ P 30 O 22 1 90 B, T 2 BT o

x2 TSPLIB 4z & % bh 3000
S SPRIT AR
K BAPM 51k MMAS 5% GA %
V3590w 2 max min TS50 % max min V35w 2 max min

ft17 0.0% 39 39 0.0% 39 39 0.0% 39 39

53 1.9% 7344 6 905 3.2% 7344 6 905 4.1% 7372 6 095

ft70 1.0% 39 102 38673 2.9% 40109 38673 3.3% 40109 38 673
ftv33 0.0% 1286 1286 0.0% 1286 1286 0.0% 1286 1286
ftv35 0.0% 1473 1473 0.02% 1477 1473 0.0% 1473 1473
ftv38 0.0% 1530 1530 0.05% 1549 1530 0.0% 1530 1530
ftva4 0.0% 1613 1613 0.01% 1615 1613 0.0% 1613 1613
ftva7 0.4% 1791 1776 0.8% 1791 1791 0.4% 1791 1776
ftvs5 0.1% 1613 1608 1.0% 1643 1608 0.7% 1631 1608
ftve4 0.2% 1844 1839 1.6% 1893 1844 0.2% 1844 1844
ftv70 1.9% 2078 1950 7.5% 2114 1950 6.2% 2078 2078
krol124 3.4% 37693 37287 3.5% 37739 37287 4.2% 37 804 37739

p43 0.0% 5620 5620 0.1% 5647 5620 0.2% 5647 5620
ry48p 0.4% 14 507 14 459 1.1% 14 603 14 570 0.8% 14 603 14 459
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70
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10
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9
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15 ZIO
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RESZHBFT A, 3 D S IXCIE BRI Al SR S BATEE T
(1) R ], A7 55 DX 5t s (R S B 3R 3 P

PAFRE 3 AR 6 N U SRS 1 AR A,
K BAPM BRI H () B A B 420 - REVTE G4
A5 SEAL—0 bl AR R I I — B AR T 2R MR —
BB ALl Aaf—r kG, 2645 m, A
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NAT N H—2E 2 VEAT IH B — 0 Sl e— 75 Il 4%
HL Pl A NSO, AR 1218 m, A B
FEUF AR

%3 BFHsEXEsiER
1 EFN= 112.966 631° 28.171271°
2 g ST AR 112.966 793°  28.171 637°
3 LR * 112.966 811°  28.171 796°
4 EBAREEFESAMEG* 112966 802°  28.173412°
5 90 el AR ] 112.968 028°  28.187 983°
6 KRR PR 2 R YTH 112,966 938°  28.178 382°
7 Pyl 112.967 779° 28.179 878°
8 Rk 112.966 456° 28.180 764°
9 AR AR A 112.966919°  28.183 873°
10 R EZPNZEIS 112.967 835°  28.183717°
11 YL 112.969 802°  28.204 733°
12 Bkl 112.967 844° 28.184 935°
13 eI 112.968208°  28.186 169°
14 FoE bl R 1 T 112.968 033° 28.187 964°
15 JUIN B 112.967 482°  28.189 632°
16 EE S 112.967913°  28.190 228°
17 SR el 112.968 614°  28.199 179°
18 AT IH b4 112.968 347°  28.193 838°
19 AT MBS+ 112,968 865°  28.196 559°
20 oEdina e 112.967 534°  28.196 197°
22 T TN HEAN SR L 112.968 69° 28.196 961°
23 WA 112.969 148°  28.197757°
24 RBFMAITAL# 112968 542°  28.197 793°
25 F NG KT J# 112.967 535°  28.198 004°
26 FKPHSLIHIS 112,968 614°  28.199 179°
27 LR D il 112.967 998° 28.200 396°
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