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Abstract: With an increasing diversity in modern architectural design, the inner structure of buildings is much
more complex than before, which makes the traditional fire emergency escape indication system fail to provide
people with real-time instructions because of its inflexibility of changing direction. These failures always lead
people to dangerous areas during a fire emergency, which is actual a threaten to people in buildings. A
combined algorithm to find a path dynamically during a fire emergency based on Dijkstra and Ant Colony
Optimization (ACO) algorithm is presented in this article. This new algorithm shortens the programming time
by getting a globally optimal path based on Dijkstra algorithm and operates every single point with ACO
algorithm in sequence to get a best path. The combined algorithm is tested by a simulation, in which it is
proved effective in adjusting evacuation path depending on the point of ignition. The changeable real-time
indication will extend the escaping time with people in a burning building, which is quite precious for saving
lives.

Key words: Emergency evacuation path; Dynamic programming; Dijkstra algorithm; Ant Colony Optimization
(ACO) algorithm

Vol. 42No. 6
Jun. 2020

1 3|F
TR, WESFEBIASERRE, Wik
JERENBT I B BEEALGFIIRE KR, KA R

WA EH: 2019-11-01; BB HH: 2020-05-08; FI4&HAR: 2020-05-17
MEEEE: WHE4 caoxhong@zzuli.edu.cn

REUIH: MEARHICIE SRR EEERBIT A
B SEEG ST FL” (172102310670)

Foundation Item: The Science and Technology in Henan Province
Project “An Experimental and Simulated Study on Family Ag-
glomeration and Evacuation Behavior in High-rise Residential
Buildings” (172102310670)

NICEFVI S A BT N A, Xt TR
TR, R IR B AR a2
R B R E 2 — W LGy U W AT R
AEAE A R R 3 B G4 1A A 2 1) A B AN
AN TE W7 R PR A7 R 2 Al B N S O PR, (H
KA, HAR TR 22l [0 2 e BR AR IS A
KR MIEAE,  BIEAT 224 bR S B i AR
AT, AT RS RSN A S AER X .
X R S TN B AR A 2 2 LR 03 2 R T
Bl R G S RS RGBT U S RGP,

R AR R 45 (0 B SR R A, TR


http://radars.ie.ac.cn/CN/10.11999/JEIT190854

6 1

R AE, BT Dijkstra- ACOR A HIE H N SR B A2 sh A k) 1503

LB AR A IR 5 2 R A T SE BRI U R I3
ERE, HEEENHEFLEETZHAE, R2%
FON RSB U A RN FE AT T — R VIR
WEFt. HTE R B S T B s
7%, Dijkstra®iiE%%, DLACKLFHEEE, BHEHEE
(Genetic Algorithm, GA)FIBHEH % (Ant Colony
Optimization, ACO)%5E%& feH LY, XEHVEAE
R 2 o B AT B RN A AR B IO RCR, SE T B
HAER g K IR, (HEMRE L R4
AL AL o TR ER IR H = A, B
FERNEIEAERT T T N BRI FR b 0 A AR A v
KIBRFEIFARMANE, BEEIEBIRZE SSITINA
el

Dijkstrafiid i — il i [ Y5 i e B AR 5
%, RHZCOEME, LR SO L R ANE E
&, BBERRERNZA SN, HR AR R 1) B
XM RTT, BRAEE S BTN
Ferl, 82 N T A AT, anfEpLES N AT
A GISKZE A ial @i, AGVERAR R LA A3 T
AL TSR] T TTIZ BT, BRI
AP R RN RE S B
RAFIEACOB 1 A=) S0 W5 6 i £ () ol
FAT N, B THERAEEEY, B aET A
HIER B AT BmERETE, LR KY)
RN FE B2, RRIRAF R e R il i i, I H.
B o 5HAE R AFEITE S, I SRR
H AR A B 7 [ R4k, ke OS5 ok B s %
kRGN AT E NN 1R E R
PRI e JE 0 18) gl p MR SOE BN, RS
RN S BB AL -

ARG TG DijkstraBiEAMACOR BE1
AEBEIA A, R T — BB VR A B DS R
S EURAT AR o R F SR f R R AR B
Dijkstraf i 5GA, ACOSE A= 8 Re %43 kAT
T ESEI N, 7RI E3EH T Dijkstra-ACO
WA R, IR N TR S O A R )
H, AU Dijkstrafdik BRI H kA N 51 IR UG %
12, AL A COBIE X W46 B R 2% 42 #E AT AL
7 FLEE AR TR G BV A 2.

2 NRRMHRESER
2.1 IFEHA

N T SEMLEEVEAE JE U T N B R U AT
R, R BRI EAT R AR s

(1) BB B EUB BOA B N S 50 9 5 2 A A
Pl B 2441 T 14

(2) B B N RS Y, ALEME, UE
WIERIR;

(3) BN RAE N BB A N A1 ATk, 2
g6 N 7% R o B R R R A 0 R S5 1 s

(4) ¥ N AT, (BT E.
2.2 BRI

PR F= (0 B P T T, K s TR A N B RS 4
I B P AT AL R B R N R ORI
K FH BB AT A B ZEMA TLABIEE R 61 8 (9 FR 55
BRI, RERIEMS 920 mx20 m, Hh B ZIAIE
FORBERGYIX IR, A [ XA N R AT IX
. PR A RS A IX 45 DA R 32 R DX SR T 2 1] £
& OmgE.,

20

11

| I
0 2 4 6 8 101214 16 18 20
x

B 1 RO SR

3 DijkstraB EFEGWE B X
3.1 Dijkstra®%

FAYE 5 R AR S Dijkstra8 ik i 0] 4% AT
22 ENLRNE K E W . Dijkstraf2 9. TR
FUEIRIE AN M FITE AL B S Bk AR E1p ) %
17, FVESEBLR AR R e,

SEEA LS T4 3R H 55 R I A5 1) T A DA B S
55 AR T A 2 (B R R I e A A, U Bl kil
RS 5 AR TR T DA R o5 At % T i 2 (]
FRIRE

Dijkstraf ik (i E D 5

TH 1 VI ERSTHNEERLs; £5
Uil & A Brs AN BT A T A, BTN
FEEbRIC N “HEAsTNZTUS MRS " , ANEEM
BEARCATLT K. Bl S{} =s, U{}=HABTI A,
ds =0, WS HNs, FIRHERMALLHE.

T 2 BIRUPIHE A SRR Ss I,
% B B /N R, K R IMANBIE S S, HFEA
EEUHRIBRT Sk, B

dsi = min [d;] (1)

Y3 HEHEAsHESUT I E ST
MBS, DER2ME T k2RI, WRE



1504 B 75

o

=]

2 %

42 %

A2 T — T90 2 B0 2 B2 U5 s s 2839 T Ak B35 — T3
IR B K B L BRI R — T O B K
T DA S RSB A, L 2 A
fe, &

dsv = min [dsv7 dsk + dsv] (2)

Yk 4 ERETHIE, BRI N
W, BIGERNSESAEHATN, UEENT.
SEE A v R BV SAYE A5 s % T P e L 1
3.2 ACOEX

ACORIE IR RN T M Y TSP ) /8 (BP AR 47 7
i ) (78T G SR SRV R AR SR B I
WAL REA, Ay a2k BRI R R
AL 645 B RS B R 0m R 1 s k65 T —
BATHET ), TR R E SRHLE], AR
FBHBARN 2, EEEN T, SR B
RO, TEXEREERAERS, 4D AR R e p, oK
W, RSB HA(3)1HHERA 2

[ri; ()] ni; (£))”
Py =1 D [mi; (0] [mij (1))

0 , FAth

ajeak
7 (3)

Her, ap ={0,1,-+,n = 1}RIR T — W VFIEFF I
TR G 7 (ORI AL I Z B 450k 35 B AE B A2 (i,

J) ERMEE R my(OFR R B KRB, W
Fini; = 1/dij, dij 22775 s, JIEHIERES . o i 5
SER IR AR BB R . 8O R KRR A AR X
IR

BE 2 B TB] R HEERS , I ICast BR AR BR 2R B IS B R
DB R FR, e E B i 2 st b
SO ST AR, ARSI LIRS S, Al
()R ATAT ER AT B IS B R AT A, S
s SR AIGER R ANG). {(6)
Ty (t+1) = pr (1) + Ay (¢, t+ 1) (4)

Aty (t, t+1) = > ATE(t, t+1)
k—1

(5)

ATk (t, t+1)
:{Ejﬁ%ﬂmﬂﬁ$&ﬁ%%ﬁ%%@ﬁ
0 M

()
S, RS BEER R AL AThIR R B
PEARYARE BB (0, ) ERO1 B Arydor
YA o 45 R B E B 65 (4, ) 015 A
B Lo o LU B U I
CAHHL.

4  ETFDijkstrafIACOEEE X

FE B B U AR LR, AR G ACO S
EIRBES FLR ) — 2% NS 46 12 B 2 H Ar fr B %
7, ARIMAE— SR e, EDARERAEI55. IR
SR FENG . HRICEBAR. 2 5 IR A i A
KGN RS XLl B, RS
DijkstrafiiE 5& G ACOS L, 1EMHDijkstratd
RE|ERREBAEE, RAACOF RN 2 R K
FRAE ) A B AR — 2D HEAT AL, AT BE PR A
P AERAL
41 HRERSERZEMH

Wik R AR R T 3, FTARSE T E RIS B R
IRFERRGE, MR RORS MR TIEEE, 2
TR 3 T R SR 110) A O e 2R 1 4L po 1 i L e SR o
1, po I R/ANRGE T WCREAE SR FEBR AR I AT A6 B B
BEHLIE R AN

wem NN R E I RS, AT A m
Fik(7)

m=> bt) (7)

Hooh, nF R ESTT BELEE S B RR . bR
SR 2T 55 i BB S

TEHIUE IR 20 % 4% 95 B3 1035 L 28 (0 9 JEE A
F, 7;(0) = C, CHHH. Bor;(6)Fomt i Z)@iH
Ey BAEBEMIKEE, BB Gk w7 1 45 A
2 @K Tabu, Kt k.

BB A E BB R R, MR A 4k BodE
B R EIIKE T (O KA Bnis (t), FIHBEEN
I L 51 396 288 D00 K B 52 FLATHE 7 D, BV BN R
ki LA TSR MY SRS B A, Gk R (8)
) maX{Ti‘f‘g (t)niﬂs (t)}, S Eag, r>po
T semkasse it (1) s, i ®)
o, max {7 ()05 (£) R 1E 5 A0H @ 1 B
MOMEAE AR, B LS B S Y
ORI B4 B A% L o 3R R o 2R PR

5 X po MBI 51645 B2 I R 1 /N AL
rAX (0, 1) 5150 A BENLEL,  pok T8 2%
T, IS0 2 fieman {7 (¢l () Ml 1k F e
EEERERRIBZ: Mpoh T o2 Frif, i3
R 49 R (9 ) IR 25 R MR SR B L e — 4%
i

7j € ag
a B
S€ay
0 , Hopth



o6 R AE, BT Dijkstra- ACOR A HIE H N SR B A2 sh A k) 1505

Hrp, ap ={U —Tabu}, REFEHFEN LT —
W RVRIE R RS

AR AE S A GE R IR R G, G
ARUGERTA AP KRR —5%, FFixskis
7 Eg—mEERE TR EY, FEEEEH
IR (10)1H5, FEEREH (1)
T (t+1) = (1 — p) 745 (t) + pAT; (¢, L+ 1) (10)

ATij (t, t+1>:Lil (11)
Horr, LRI A UGS AT A B G 2 2 1 A
K.

4.2 BEIHRESE

(1) R B T A0 Pl v 2 S A B AR Y

(2) FIFHDijkstrafiyz gkl i — &4 A 7
{1 B A IR B4R s

(3) ACOKILESHEWIMHL;

(4) ACOFIETTFUR#E 2R, W WSOAR A 4 1 =75 pi o7
Bade R (4) k8T 7 s

(5) B Mg e, Wi Tt WIE i () 4%
(i, 7) L5 B AT )R AT s

(6) HIWriD RS EA L%, #2,
(7), NFEE(4);

(7) GEik 4uim R R B ) s R, ik
HH AR R — 2%, R HARAANL(10)FI(11),
BHREER:

(8) AWML IKHUE T Liter<NC, #4&, NI
HR4), RNRPLER, fHihds

R E2.

5 BEIAAEIE

N T B8R VR B BV AE RSB O AR R T
TP, KRHMATLAB XIDijkstra®iE. ACOM
Dijkstra-ACORA HI% 7 BIHHT I Bk K . €
GA A4 2= I E L B A LR 4 R 48 R EE 1/
BV, B H RS R R R, 5
ACO#SNBENLE L, KILEFEDijkstra-GATRAH
VEXE SEEGHEAT X LG AE . Dijkstra-GAVRE & B4 iE
I DijkstrafiE T H — N EE g, 1E sk
HIERIVIIEDNA, GABINLIIE — &840, IR 4%
il AR, AW,

S0 BT R BV RR A AMATLAB 2016a,
HENLAEE NIntel Core i5ALFEES, 8 GHNTFE. ¥
BN E 1R, SREd R 2R (0.5, 19.5)
BN S e AT FTE AL B, 25 8(19.5, 0.5) B 224
HOM S, REZAERRERY), RESLLRR
FHIRLEL I BT RRI) H 1) B N S B R A2

) % =

HESL ISR

A
F H DijkstraZid il
I — % pin R

A
ACOFLEZHIIRL

A

AT ERE R
FHAT R T IA BE

o

WAL 17 RITE 2 17

A

7o
v
el K HOE I BR A2
FEFeRFERR

IEARIREE 5 2
iter<NC?

2 Dijkstra-ACOJRA H LI AL

(1) Dijkstraffyz i L5 KI35FK 2~ 4 H Dijkstra
ORI N 2 B AR, 12 SR R B AR
41.6813 m, HIEIZATHE/20.237 s MIE3(a)
Hn] DUE e RS R R, BT LRI H R R R AR
HAEBAM . BT DijkstrafizeEi-58 7 A TN
AT R e BT A P i i P 2 i R A o 3 4 ) B
ek R, K3 (b) sl i kAR LA N B 2R .

(2) ACOB A FHSLL: FAFRREHACOHK
VEIRI A B 2 B AR, 2 BRI ) R R R AT
N36.3848 m, I HIEIE4THT[A]N19.804 s. M
Kld(a) T LUE B 7ERR IS 2 420, BT R 1 )=
AR AR RAR, B4(b) AT LA H WO SIS
1%, BT TFREXAA T A TIEACR A, FUb R
BATI AT .

(3) A FIENTE LY. W5FR R I Dijkstra-
ACOIRA MR BN S B 12, 1% HE LRI



1506 H 7T 5 8 B % # F42%
20 43.00
18
16 42.50
14 =
12 242,00

> 10 =
8 Z 4150
6 S
4 41.00
2
40.50

T

(a) ) BB AR A R R P

0 20 40 60 80 100
FEAC UK
(b) B Rl 1

3 Dijkstrafi ik fi H&hE R

20
N
16

- 10

1T 11

N = O

II 11
8 10 12 14 16 18 20

T

I
I
0 2 46

() N AR

70.00
60.00 frrth

50.00 VVH‘V

40.00 B L e A e

30.00
20.00
10.00

DONZES

0 20 40 60 80 100
IEARIREL
(b) BRAEIRIEAC A

4 ACOSAI HEs R

20

x
(a) BLRBT AR AR

[ 5 Dijkstra-ACOIR A HIE LR

H A2 N 33.8043 m,  HLVFHB TSR] N1.175 s.
M4 (a) AT DL HHAE TE 18 A2 1 B RS 4 2 SR 2
Ak, BTRCRI BB AR R L, EI5(b) AT LR
ﬁ,D%mmMmMnﬁ&ﬁ%ﬁﬂUW@o

K632 7~ f H Dijkstra-G AR & 535 R B 2
BB A2, R A BRI R R B R
35.9051 m, HiKZATHEN5.173 s AE6(a)H
A DUE XA FIE TR B A=A TP A B
BREARK, a5l ErRE, MEG6(b)RTLL
E i, Dijkstra-GAJRA H LM AT ISRl e, 1
Ja e T 2%, AF/eid Rl shoth 27 ok /i i
14 [ 8

37.00
36.50
#36.00
x4 35.50
g_% 35.00
E\‘E(r 34.50
34.00
33.50

0 20 40 60 80 100
ES AN
(b) BEAEARIE A

(4) B RXT T SR E3— 6 R LA,
Dijkstrafiik BARTF R P, (E2 H AR %A
K&, X TR PR ) 5 B TR B S P B i A
RES 3 B B A 8 42 . ACOBLI: BAR S % T %)
BARIEE S, (HRFTEL K THER ], 7RIS
SAEAFT IR R s A B R dE L . Dijkstra-GA
TRE BIFIS AT A X b, R 5 A i PR A AR
WA, EHAREME EHFIERM. Dijkstra-
ACOIR & HIERAEDijkstrafiiz K 154 R L% 1%
3l R ACOXTH /N5 it — S fk, M
R ) % 4% B e H W A T A3 AR S, Sl
. Dijkstra- ACOVR A BIATEIRBUR AL B 42 1 [F]



6 1

R AE, BT Dijkstra- ACOR A HIE H N SR B A2 sh A k) 1507

KK T SR 8], BB AT A & T
Dijkstra, @k TACO, BZEIELIAE 1455 B
AFR A HSE IR g T bR 1.

K £(0.5, 19.5)FEEFR/RIT, TERIE K,
Fa kT B8 W B AN J7 0 (a 1E 7 1) Rl 977 1) ) A
o BWHETA (2.5, 1T)MIENE K&, (19.5,
0.5) LA O E . KIKAER, HHE KX
PR RS s & Rk a5 5, #5H & 3REUK
WE R )G, FADijkstra-ACOVRE A HiE 7 B B Bl
PR E AT IR, SRR IEAT B AR, KEKEE
] AN R IE AT B AR 7 ) (y 507 1)) B Fa AT o R RTIR
HEIENAS IR, SUBN 2F8 R TR, AT
RBIFASTEL FE51E N R R BA el O,

6

ILNZA

AICHEH T4 A DijkstraBiE SACOMLE &
JSLFH TSR R AR AL i R 2 b . RS At
2 F) F DijkstraBiZ K ol o B AR AH G 5, BA
AL BTG KA BR AR s AERI AR B AR A SR Al 1, N
ACOXRME & R #4238 I BEAT 07 92 565t
b, BHIE T Dijkstra-ACOSIEAE N Zbi B 42 HLK
e S R R AR K B T 45 B L, TEM T B ER
AT AT o (EGRAERE T MR 5 8 NGB A B
PR BL R AL BT A RS D RS2 R 2, AR TR 2RI
WF 7t P i 75 B 4% 6 45 _E AR RS2 [ 1 BEAT R
2, LAB/NEIERIR 22

20 - 38.00
e
16 37.50
~ M
12 « 37.00
> 10 : =
8 Z 36.50
6 1T ]:15;
, I = 36.00 J
2
ESS=  Emamamm -
0 2 4 6 8 1012 14 16 18 20 0 20 40 60 80 100
. IEARIREL
(a) I 2T ALK A L P (b) BRAE %A
& 6 Dijkstra-GAJR & BIE H 45
1 AMEEBEER
Dijkstra ACO Dijkstra-ACORA i Dijkstra-GAJR & H %
IBATI 1] (s) 0.237 19.804 1.175 5.134
4% (m) 41.6813 36.3848 33.8043 35.9051
20 36.50
18
16 36.00
14 = 3550
12 H \
RG]
= 10 %= 35.00
8 z
6 Eé 34.50 L‘L
4 34.00 N\
2
33.50

T
(a) FLZABT AR LR
K 7 e K R AL B RS BRI B AR

& £ 3 Mk
1]+ EEEAKRERESE -+ RS UHTH IR e el
W B TVE B AR SRR 4 [J]. BT, 2011(13): 4-5.
The 21st meeting of the Standing Committee of the 11th

National People's Congress holds the second plenary session

0 20 40 60 80 100
IERIREK
(b) R MRIEEAH

to hear a report on the work of fire protection[J]. China
Fire, 2011(13): 4-5.

2] RN 3T ECHBURE FLE K B B AL TR [D). [
+ig 30, HOEE T oK%, 2014.

LEI Chunying. Route optimization of fire evacuation based



1508 BT 5 & B % B 42%
on improved ant colony algorithm[D]. [Master dissertation], WANG Chenyang and ZHANG Yuru. Improvement of basic
Wuhan University of Technology, 2014. ant colony algorithm and its application in TSP[J]. Journal

8] TR, 25, BEE. et ERIEER IV NS AR of Harbin University of Commerce: Natural Sciences
Al R R ZRIR [T, THEHLRI R A ST, 2019, 36(11): Edition, 2017, 33(5): 561-564.

3210-3219. doi: 10.19734/j.issn.1001-3695.2018.07.0483. [10] %8 ERHK I N LB E & R R BT 7T (D). (A
YU Zhenzhong, LI Qiang, and FAN Qigao. Survey on W3], TRBHAT A AR K%, 2011.

application of bioinspired intelligent algorithms in path QI Zhuo. Adaptive ant colony algorithm based on
planning optimization of mobile robots[J]. Application evacuation in building fire[D]. [Master dissertation],
Research of Computers, 2019, 36(11): 3210-3219. doi: Shenyang Aerospace University, 2011.
10.19734/j.iss1.1001-3695.2018.07.0483. [11] MR, skAT. T oot w05 1) = 4E AR LRI (). THENL L

4] PMEZE, BRALER, 5. BT AR BL B B SR ZRIR ). 5 R, 2019, 55(20): 192-196. doi: 10.3778/j.issn.1002-
HHEHLE, 2016, 33(6): 233-237, 293. doi: 10.3969/].issn. 8331.1904-0212.
1006-9348.2016.06.051. CHEN Chao and ZHANG Li. Three-dimensional path
YANG Yanying, XU Xianwei, and CAO Ji. Overview of planning based on improved ant colony algorithm[J].
new optimization algorithms based on bionic theory[J]. Computer Engineering and Applications, 2019, 55(20):
Computer Simulation, 2016, 33(6): 233-237, 293. doi: 192-196. doi: 10.3778/j.issn.1002-8331.1904-0212.

10.3969 /j.issn.1006-9348.2016.06.051. [12]  REVTHR, Tk, 2T GHEE M 5% 4% 1) AT 72 ). 15 B

[B] R ATERFY, MR, S T ICH B LI RS s R R K, 2019(7): 15-17, 23.

BAAELT). 2R, 2019, 29(4): 51-57. doi: XIONG Yicheng and WANG Dong. Vehicle routing

10.16265/j.cnki.issn1003-3033.2019.04.009. problem based on ant colony algorithm[J]. Information

HE Mengnan, FU Yuling, CHEN Cheng, et al. Shortest Technology, 2019(7): 15-17, 23.

path optimal algorithm for emergency evacuation based on (13]  BCMS . T 1 e el i ) B4 A A Y 55 i 5 AR 4K T VE B 9T (D).

cellular automatalJ]. China Safety Science Journal, 2019, (i), SR T oK%, 2013.

29(4): 51-57. doi: 10.16265 /j.cnki.issn1003-3033.2019.04.009. DUAN Pengfei. Research on equilibrium model and
6] AFfRE, AT, EIIA. £T GISHIDijkstraki ik ol it 7t [J). optimization method for campus evacuation[D]. [Ph. D

% THE, 2018, 25(2): 188-191. doi: 10.14107/j.cnki.kzge. dissertation], Wuhan University of Technology, 2013.

150340. [14] BEAE, fFH5, XEER, & 5T ool SO 2R = A a1

REN Weijian, ZUO Fangchen, and HUANG Lijie. The 2N BRI [T). ﬂ%?ﬁ?k%Iﬁ, 2019, 19(19): 175-179.

improvement research of Dijkstra algorithm based on YANG Guihua, FU Shibin, LIU Zhiyi, et al. Path planning

GIS[J]. Control Engineering of China, 2018, 25(2): 188-191. of indoor mobile robot based on improved ant colony

doi: 10.14107/j.cnki.kzgc.150340. algorithm[J]. Science Technology and Engineering, 2019,
(7] SREER, e/, BURFSVAAERS SIS A B AR R o B 17 L 19(19): 175-179.

Fe[J]. WML, 2011, 28(6): 231-234. doi: 10.3969/j.issn. [15] RIE. FEEMATLABRZHE M. dbat: EHE S RAE,

1006-9348.2011.06.057. 2015: 55-59.

ZHANG Yinling and NIU Xiaomei. Simulation research on WEN Zheng. Proficient in MATLAB Scientific

mobile robot path planning based on ant colony Computing[M]. Beijing: Tsinghua University Press, 2015:

optimization[J]. Computer Simulation, 2011, 28(6): 231-234. 55-59.

doi: 10.3969 /j.issn.1006-9348.2011.06.057. [16] T, K, FRE, % T Dijkstra-BHEFIENATE RS
8] MH=, MR, A, T PUER AR G EIA M= R R A RITE FE[J]. A2 24, 2016, 23(5): 489-496. doi:

LEBETH]. TS 1 B A, 2018, 40(2): 493-499. doi: 10.11999/ 10.3785/j.issn.1006-754X.2016.05.012.

JEIT170455. WANG Hui, ZHU Longbiao, WANG Jingliang, et al.

CHEN Yueyun, JIAN Rongling, and ZHAO Yongxu. Research on path planing of parking system based on

Millimeter wave antenna design based on fast swarm Dijkstra-ant colony hybrid algorithm[J]. Chinese Journal of

intelligence algorithm[J]. Journal of Electronics & Engineering Design, 2016, 23(5): 489-496. doi: 10.3785/

Information Technology, 2018, 40(2): 493-499. doi: j.issn.1006-754X.2016.05.012.

10.11999/JEIT170455. (17) ARIL, FhEDSE, S, 5. N3 IRALE H Dijkstradlk %
9] ERM, KEL. X F AR FE o S HAETSP A AR M FL[T]. dbatBCE R %R, 2018, 32(2): 61-66. doi:

A1)
561-564.

M ORVE R L K 24k BB, 2017, 33(5):

10.16255/j.cnki.ldxbz.2018.02.011.
SHI Xiaoda, SUN Lianying, GE Na, et al. Research on the


http://dx.doi.org/10.19734/j.issn.1001-3695.2018.07.0483
http://dx.doi.org/10.19734/j.issn.1001-3695.2018.07.0483
http://dx.doi.org/10.3969/j.issn.1006-9348.2016.06.051
http://dx.doi.org/10.3969/j.issn.1006-9348.2016.06.051
http://dx.doi.org/10.3969/j.issn.1006-9348.2016.06.051
http://dx.doi.org/10.16265/j.cnki.issn1003-3033.2019.04.009
http://dx.doi.org/10.16265/j.cnki.issn1003-3033.2019.04.009
http://dx.doi.org/10.16265/j.cnki.issn1003-3033.2019.04.009
http://dx.doi.org/10.14107/j.cnki.kzgc.150340
http://dx.doi.org/10.14107/j.cnki.kzgc.150340
http://dx.doi.org/10.14107/j.cnki.kzgc.150340
http://dx.doi.org/10.14107/j.cnki.kzgc.150340
http://dx.doi.org/10.3969/j.issn.1006-9348.2011.06.057
http://dx.doi.org/10.3969/j.issn.1006-9348.2011.06.057
http://dx.doi.org/10.3969/j.issn.1006-9348.2011.06.057
http://dx.doi.org/10.3969/j.issn.1006-9348.2011.06.057
http://dx.doi.org/10.11999/JEIT170455
http://dx.doi.org/10.11999/JEIT170455
http://dx.doi.org/10.11999/JEIT170455
http://dx.doi.org/10.3778/j.issn.1002-8331.1904-0212
http://dx.doi.org/10.3778/j.issn.1002-8331.1904-0212
http://dx.doi.org/10.3778/j.issn.1002-8331.1904-0212
http://dx.doi.org/10.3778/j.issn.1002-8331.1904-0212
http://dx.doi.org/10.3785/j.issn.1006-754X.2016.05.012
http://dx.doi.org/10.3785/j.issn.1006-754X.2016.05.012
http://dx.doi.org/10.3785/j.issn.1006-754X.2016.05.012
http://dx.doi.org/10.3785/j.issn.1006-754X.2016.05.012
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.19734/j.issn.1001-3695.2018.07.0483
http://dx.doi.org/10.19734/j.issn.1001-3695.2018.07.0483
http://dx.doi.org/10.3969/j.issn.1006-9348.2016.06.051
http://dx.doi.org/10.3969/j.issn.1006-9348.2016.06.051
http://dx.doi.org/10.3969/j.issn.1006-9348.2016.06.051
http://dx.doi.org/10.16265/j.cnki.issn1003-3033.2019.04.009
http://dx.doi.org/10.16265/j.cnki.issn1003-3033.2019.04.009
http://dx.doi.org/10.16265/j.cnki.issn1003-3033.2019.04.009
http://dx.doi.org/10.14107/j.cnki.kzgc.150340
http://dx.doi.org/10.14107/j.cnki.kzgc.150340
http://dx.doi.org/10.14107/j.cnki.kzgc.150340
http://dx.doi.org/10.14107/j.cnki.kzgc.150340
http://dx.doi.org/10.3969/j.issn.1006-9348.2011.06.057
http://dx.doi.org/10.3969/j.issn.1006-9348.2011.06.057
http://dx.doi.org/10.3969/j.issn.1006-9348.2011.06.057
http://dx.doi.org/10.3969/j.issn.1006-9348.2011.06.057
http://dx.doi.org/10.11999/JEIT170455
http://dx.doi.org/10.11999/JEIT170455
http://dx.doi.org/10.11999/JEIT170455
http://dx.doi.org/10.3778/j.issn.1002-8331.1904-0212
http://dx.doi.org/10.3778/j.issn.1002-8331.1904-0212
http://dx.doi.org/10.3778/j.issn.1002-8331.1904-0212
http://dx.doi.org/10.3778/j.issn.1002-8331.1904-0212
http://dx.doi.org/10.3785/j.issn.1006-754X.2016.05.012
http://dx.doi.org/10.3785/j.issn.1006-754X.2016.05.012
http://dx.doi.org/10.3785/j.issn.1006-754X.2016.05.012
http://dx.doi.org/10.3785/j.issn.1006-754X.2016.05.012
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011

6 1

EHELLAE: HET Dijkstra- ACOR & SVA R N 2B B 42 3h 25 LK

1509

(18]

(19]

20]

(21]

(22]

(23]

improved algorithm of Dijkstra in emergency resource
distribution[J]. Journal of Beijing Union University, 2018,
32(2): 61-66. doi: 10.16255/j.cnki.ldxbz.2018.02.011.

WANG Han, ZHANG Hongjun, WANG Kun, et al. Off-
road path planning based on improved ant colony
algorithm[J]. Wireless Personal Communications, 2018,
102(2): 1705-1721. doi: 10.1007/s11277-017-5229-5.
DENTLER J, ROSALIE M, DANOY G, et al. Collision
avoidance effects on the mobility of a UAV swarm using
chaotic ant colony with model predictive control[J]. Journal
of Intelligent & Robotic Systems, 2018, 93(1/2): 227-243.
doi: 10.1007/s10846-018-0822-8.

CHEN Zhiping, LI Zhijun, LIU Zhen, et al. The research
and application of improved ant colony algorithm with
multi-thresholds in edge detection[C]. International
Conference on Industrial Informatics-Computing
Technology, Intelligent Technology, Industrial Information
Integration, Wuhan, China, 2017: 5-9. doi: 10.1109/
ICIICIL.2017.27.

CHIN W, SAPUTRA A A, and KUBOTA N. A neuro-
based network for on-line topological map building and
dynamic path planning[C]. 2017 International Joint
Conference on Neural Networks, Anchorage, USA, 2017:
2805-2810. doi: 10.1109/IJCNN.2017.7966202.

YAO Baozhen, CHEN Chao, SONG Xiaolin, et al. Fresh
seafood delivery routing problem using an improved ant
colony optimization[J]. Annals of Operations Research,
2017, 273(1/2): 163-185. doi: 10.1007/s10479-017-2531-2.
FATHI M, RODRIGUEZ V, and ALVAREZ M J. A novel

[24]

[25]

HREAL:

IR
HEY:

Z

TR :
MR

memetic ant colony optimization-based heuristic algorithm
for solving the assembly line part feeding problem[J]. The
International Journal of Advanced Manufacturing
Technology, 2014, 75(1/4): 629-643. doi: 10.1007/s00170-
014-6068-0.

DU Baigang and GUO Shunsheng. Production planning
conflict resolution of complex product system in group
manufacturing: A novel hybrid approach using ant colony
optimization and Shapley value[J]. Computers & Industrial
Engineering, 2016, 94: 158-169. doi: 10.1016/j.cie.2015.
12.015.

ik, M, T T SFLA-GARA F RGN M A
HIBRAT 7 il R (D). 515 B AR, 2018, 40(2): 363-370. doi
10.11999/JEIT170484.

ZHANG Yong, GAO Xinxin, and WANG Yujie. Solving the
time optimal traveling salesman problem based on hybrid
shuffled frog leaping algorithm-genetic algorithm[J]. Journal
of Electronics & Information Technology, 2018, 40(2):
363-370. doi: 10.11999/JEIT170484.

T, 19728, RIEER, BHAUUT ROV AT REEOR
BRI IR EOR . B Rt B,

2, 19944F4, Wi, BTFCTT 9 R RE R B PE I BOR

2, 1987EEAE, NI, WHFETEOVEFIR S TR, we
e 5RENE.

e B3, 19874, UHIM, BRATTIONEHURIE S TR %4
B 5 REGNA.

2, 19954, WA, BTSSR AT REROR

S, 19944, LA, BTFUTS R REAEAC AR


http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.1007/s11277-017-5229-5
http://dx.doi.org/10.1007/s11277-017-5229-5
http://dx.doi.org/10.1007/s10846-018-0822-8
http://dx.doi.org/10.1007/s10846-018-0822-8
http://dx.doi.org/10.1109/ICIICII.2017.27
http://dx.doi.org/10.1109/ICIICII.2017.27
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1007/s10479-017-2531-2
http://dx.doi.org/10.1007/s10479-017-2531-2
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.1007/s11277-017-5229-5
http://dx.doi.org/10.1007/s11277-017-5229-5
http://dx.doi.org/10.1007/s10846-018-0822-8
http://dx.doi.org/10.1007/s10846-018-0822-8
http://dx.doi.org/10.1109/ICIICII.2017.27
http://dx.doi.org/10.1109/ICIICII.2017.27
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1007/s10479-017-2531-2
http://dx.doi.org/10.1007/s10479-017-2531-2
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.1007/s11277-017-5229-5
http://dx.doi.org/10.1007/s11277-017-5229-5
http://dx.doi.org/10.1007/s10846-018-0822-8
http://dx.doi.org/10.1007/s10846-018-0822-8
http://dx.doi.org/10.1109/ICIICII.2017.27
http://dx.doi.org/10.1109/ICIICII.2017.27
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1007/s10479-017-2531-2
http://dx.doi.org/10.1007/s10479-017-2531-2
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.16255/j.cnki.ldxbz.2018.02.011
http://dx.doi.org/10.1007/s11277-017-5229-5
http://dx.doi.org/10.1007/s11277-017-5229-5
http://dx.doi.org/10.1007/s10846-018-0822-8
http://dx.doi.org/10.1007/s10846-018-0822-8
http://dx.doi.org/10.1109/ICIICII.2017.27
http://dx.doi.org/10.1109/ICIICII.2017.27
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1109/IJCNN.2017.7966202
http://dx.doi.org/10.1007/s10479-017-2531-2
http://dx.doi.org/10.1007/s10479-017-2531-2
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1007/s00170-014-6068-0
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.1016/j.cie.2015.12.015
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.11999/JEIT170484
http://dx.doi.org/10.11999/JEIT170484

