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Study on active odor source localization method based on learning
strategy and guided fruit fly mechanism
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(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou Jiangsu 221116, China)

Abstract: During the process of industrial production, fire or explosion accidents caused by harmful gas leakage occur
frequently. Using mobile robots with gas sensors to real-time monitor and locate the source of leaking gas is an effective
way to prevent major accidents, and an efficient search strategy is a key factor to ensure that the robot can quickly and
accurately locate the source gases. The existing algorithm to search the source gases has the problems of low positioning
success rate and inaccurate positioning of the source gases, and this paper proposes a gas search strategy that combines
the fruit fly optimization algorithm (FOA) and the learning strategy to improve the success rate and accuracy of robot
positioning. Aiming at the problem that the traditional fruit fly algorithm is easy to fall into saturation convergence, a
new guide to the extreme value update method of fruit fly is proposed. Aiming at the problem of poor optimization, the
opposite learning and the Cauchy distribution random are added, and a novel oriented fruit fly odor source search algorithm
based on the learning strategy oriented center guided FOA (OCGFOA) is proposed. The comparative experimental results
show that the OCGFOA algorithm completes the task of locating the source gases faster and is closer to the location of
the leaking source gases, which shows that its positioning effect can better meet the requirements for the positioning of
dangerous source gases. Finally, we performed a verification experiment in a actual scenarios, and it is proved that the
proposed algorithm is feasible in practical scenarios.
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Fig. 4 Map of robot tracking path
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Table 4 Results of contrast experiments

e BN NE % HRIRIR

e R % MR ES /m
AR 5 72 86 0.62
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Fig. 5 Experimental environment
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AVRSEBGHG /N AR T P45 SR TR B DA — 4
A bR T e 3, Fodr, N BTG A B AR AR 271,
1.61), & S AT B ALFRN(0.22, 0.2), RS SR IEAT B AL
FRN(0.1, 0.1), NG AL I & AL B 5 B S RIEAL
BEAZEZ0.1562 m. ML TR EALI 45 R, A
VRIGAE M S0 52 RS FE 1 ()15 22 B K — 2%, 43 #i7
LR DR = B LR JURR: 7 2, ML B8 A T . 4iE
IR e — e R 22, LKk, Bk CREW S5 K,
MEIRIR A F G 2B B IR A FE e, AR B AG  FE
& e — R R 2. B REAAE U L E MR R IG5
M, A RG0S0 ) 25 SRAFAE — e R 2 A B EE .

AT TF P FE RS MAL A /N A B S35t R adk
AT RIE 52 ST IOAIE S, 45 K B OCGFOA SIS 71 52
bRz N A BT I e AL SOR, BEaE T 2 SRR E 4L
(s PR AR M. DRI, AR H IIOCGFOA S Bk
T5 2 L SR A ARG ML 88 N BIBE R IR AL T R AT
PR FERE.
7 R4

R T NG AR IR B AT S5 SR, IR
RIS 2R HIRERE, AR SCHR T T ) SR BRI, R
FH 2 1) 27 =) R 175 M 5 BB AL 2% ST SR )-S5 1) SR )
AL B AT ROH, P T —Fh IR T ) 2 ST R PE A
BE B2 21 -5 1) SR SR YR € 7 57032, BIOCGFOA.
TEREAUNEE A LR N IR 1 %00 A v Ak,
55 2 1 et R e SR R BV L, UE B AR
tH (JOCGFOA S & 7544 22 58 A Hh 11 i Th 28 MRS i
A R, LZEEARE T XS S, R
RO BB SREAR IR, BA 2l A
I IFOCGFOA YL IS I, A SIS T —A
A SRS, R AL IR IR s
TEIREE P HEAT ARG 5 A1 520, S &t R B A S 42
H JOCGFOA E {7 S W& 75 F. 5537 5 N g s Th HE
TENL B SR, 120 A SEIML AR AR BEREL 2k
FIRSLBRAEE T UISERAT T .

SE3Hk:

[1] YAN Y, ZHANG R, WANG ], et al. Modified PSO algorithms with
“request and reset” for leak source localization using multiple robots.
Neurocomputing, 2018, 292: 382 — 390.

[2] WU Yuxiu, MENG Qinghao, ZENG Ming. Gas source location based
on mobile sensor network. Journal of Tianjin University (Natural Sci-
ence and Engineering Technology Edition), 2015, 48(2): 139 — 146.
(RETF5, FIR, G FET RGBS ML 10 AR UE L, RHER
AR (A ARRRE S TRERIR), 2015, 48(2): 139 — 146.)

[3] WANG Yang, MENG Qinghao, LI Teng, et al. Odor source localiza-
tion of single robot based on simulated annealing algorithm in indoor
ventilation environment. Robot, 2013, 35(3): 283 —291.

(B, PR, 260, 5. 3 NI RS N 3 TARALIE SRR L
FNARBEDL. HLERA, 2013, 35(3): 283 -291.)

[4] RUSSELL R A, BAB-HADIASHAR A, SHEPHERD R L, et al. A
comparison of reactive robot chemotaxis algorithms. Robotics and
Autonomous Systems, 2003, 45(2): 83 - 97.

[5] ISHIDA H, SUETSUGU K, NAKAMOTO T, et al. Study of au-
tonomous mobile sensing system for localization of odor source using
gas sensors and anemometric sensors. Sensors & Actuators A Physi-
cal, 1994, 45(2): 153 - 157.

[6] ZHANG Siqi, CUI Rongxin, XU Demin. Performance analysis of in-
formation tendency search algorithm in sparse environment. Robot,
2013, 35(4): 432 - 438.

GREBTT, R, IRIER. MBI b5 S M R AL e )
7. HLERA., 2013, 35(4): 432 -438))

[71 VERGASSOLA M, VILLERMAUX E, SHRAIMAN BI. ‘Info-
taxis’ as a strategy for searching without gradients. Nature, 2007,
445(7126): 406 — 409.

[8] ZHANG Jianhua, GONG Dunwei, ZHANG Yong. Limited commu-
nication multi-robot odor source search based on particle swarm op-
timization. Control and Decision, 2013, 28(5): 726 — 730.

(AL, RFT, 5K 5. H T RO UL AR (S 2 HLds Nk
FUR. P 5K, 2013, 28(5): 726 — 730.)

[9] ZHANG Yong, GONG Dunwei, HU Ying, et al. Multi-robot particle
swarm search method for odor sources in indoor noisy environment.
Chinese Journal of Electronics, 2014, 42(1): 70 — 76.

GRE, UL, W, S5, S IR A PR N SOVRUE I 2 L s N ARORLRY
HEIT%. TR, 2014, 42(1): 70-76.)

[10] BAI Shuang. Active smell based on reinforcement learning ant colony
algorithm. Tianjin: Tianjin University, 2009.

(EIXL. BT oAl ST A B L0E . R KBRS, 2009.)

[11] LIANG Zhigang, GU Junhua, DONG Yongfeng. Multi-robot odor
source localization based on brainstorming optimization algorithm.
Computer Applications, 2017(12): 3614 — 3619.

(RER, BUZEAE, HK 0, BT SR AR S 0 2 HLE vk
PEEAL. THEHLREA, 2017(12): 3614 - 3619.)

[12] SONG Cheng, HE Yuyao, LEI Xiaokang, et al. Multi-robot cooper-
ative information trend smoke plume source search method based on
cognitive difference. Control and Decision, 2018, 33(1): 45 — 52.
CRTE, PLERE, TE/NRE, 55, BT IANRZE R ZHLE N DM EME i
HPPIRIL )51 P 5 R, 2018, 33(1): 45 - 52.)

[13] LI Jigong, YANG Jing, ZHOU Jieyong, et al. Mapping and location
of multiple odor sources based on evidence theory in outdoor envi-
ronment. Robot, 2019, 41(6): 771 —778.

(FED), Es, SR, 5. EAAEE N R TR O R 2RI
2 GERL. HLERA, 2019, 41(6): 771 - 778.)

[14] LIJ G, SUN B, ZENG F L, et al. Experimental study on multiple
odor sources mapping by a mobile robot in time-varying airflow en-
vironment. The 35th Chinese Control Conference. Chengdu, China:
IEEE, 2016, 6032 — 6037.



922 BofH B

5 R A %40 %

[15] MIAO Y Z, WANG Y, ZHANG J W. New strategies based on im-
proved fruit fly optimization algorithm for unknown indoor odor
source location. Proceedings of IEEE International Conference on
Real-time Computing and Robotics. Asahikawa: IEEE, 2020, 297 —
303.

[16] PURNAMADIJAJA A H, RUSSELL R A. Pheromone communica-
tion: Implementation of necrophoric bee behaviour in a robot swarm.
Proceedings of IEEE Conference on Robotics, Automation and Me-
chatronics. Piscataway, USA: IEEE, 2004: 638 — 643.

[171 ZHANG Y, CUI G, WANG Y, et al. An optimization algorithm for
service composition based on an improved FOA. Tsinghua Science
and Technology, 2015, 20: 90 — 99.

[18] PAN W C. Fruit Fly Optimization Algorithm. Tai pei: Canghai Book
Company, 2011.

[19] SHI Jianping, LI Peisheng, LIU Guoping, et al. An improved fruit
fly optimization algorithm for solving constrained optimization prob-
lems and its engineering application. Control and Decision, 2021,
36(2): 314 —324.

(R, 255, IERE, 55 SRARZ A i B ot R A 5
R TRRRI . 43 55K, 2021, 36(2): 314 - 324.)

[20] WANG H, LI H, LIU Y, et al. Opposition-based particle swarm algo-
rithm with cauchy mutation. Proceedings of IEEE Congress on Evo-
lutionary Computation. Singapore: IEEE, 2007, 4750 — 4756.

[21] ZHAO lJia, XIE Zhifeng, WANG Hui, et al. Deep learning firefly al-
gorithm. Chinese Journal of Electronics, 2018, 46(11): 2633 — 2641.
GEA 3%, W 0 e, N, S5 VR R 22 21 W KRB, LT 24, 2018,
46(11): 2633 —2641.)

[22] CHEN Lei, LIN Yue, KANG Zhilong. Improved bottle sea sheath
group algorithm based on attenuation factor and dynamic learning.
Control Theory & Applications, 2020, 37(8): 1766 — 1780.

(R, W0, HES R, 25T TER AR T RN 252 21 ) oot R B 51
L EEIS SR, 2020, 37(8): 1766 — 1780.)

[23] HAN Junying, LIU Chengzhong. An efficient fruit fly optimization
algorithm based on reverse cognition. Computer Engineering, 2013,

11: 223 - 225.
(HRZE, XIBE. IR R AR IR LA, LR, 2013,
11: 223 -225)

[24] HANJY, LIU C Z. Fruit fly optimization algorithm based on bacte-
rial chemotaxis. Journal of Computer Applications, 2013, 33(4):
964 —966.)

TE& R A

BT AL WL, HATHETT T N 2 A R ARG B R
A ML AR BN 545, E-mail: myz@cumt.edu.cn;

E A WIEHIIA, BTSSP IR GE, E-mail: 0415
1248 @cumt.edu.cn;

Zyole  ARMES, HETHTF T 8L A, E-mail: 1446925
180@qq.com;

WEWN 2%, EEA RN, Harir oy B B s AR
ZI 5 RSz, E-mail: chunyuyang @cumt.edu.cn;

R B, LA, BETHE T Mo E A Dl FE A
AT 541, E-mail: weidai @cumt.edu.cn;

LN %, N, B ey A Eer I AT R
PR S R 2L, E-mail: xpma@cumt.edu.cn.



