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Single-Robot Odor Source Localization in a Ventilated Indoor Environment
Using Simulated Annealing Algorithm
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Abstract: Aiming at the odor source localization in a ventilated indoor environment, a simulated annealing based odor
source localization algorithm for a single robot is proposed. Dominated by the flow field, the plume released from an odor
source in the room is meandering and intermittent. Moreover, the local concentration maxima may appear in the eddy areas.
In this paper, the odor source localization is regarded as a dynamic function optimization problem. The simulated annealing
strategy is used to obtain the optimal solution of the concentration distribution function, namely the location of the odor
source. The algorithm doesn’t need the wind information, so the influence of the flow-field fluctuation is reduced. The
relationship between odor concentration and odor-source distance is also studied, and an objective function for simulated
annealing that is approximately linear with the odor source distance is presented. The experiments in an actual ventilated
indoor environment show that the robot using the proposed method can trace the dynamic odor plume and eventually declare
the odor source in an 8 mx6 m region, and the average localization time is about 10 min. In the search process, the robot is
able to jump out of the local maxima effectively.

Keywords: mobile robot; simulated annealing; active olfaction; plume tracing; odor source declaration; ventilated indoor

environment

Vol.35, No.3
May, 2013

1 3|5 (Introduction)

FEAD G, WRGE S — Bl B . IRZ
IR 5 LA ) LE R 58 e AR AE R AR G
gy, BRI FRid A PRREECE R S R
PAs, MR ImAE AR Z R R, FEK
ARSI R | e S 24 2 B A YRR AT Ok
$o 20 HEAL 90 AT AR, — LT SUH A A<
PRAL T IOAS B LAS N SE B Z AN 2 SR K 2D

A8, AR BHLAE NSRS E AL Codor source
localization) B, AR K EESIHLEE N EBIRHE (active
olfaction) O, FERG A TR EE . K BH R, 4
A EEY N K5 RE R RS R P04y T, A BT
CU AT 11— Sl S AN 1) A% IS I R 48, B sl it
BLES A AT B 3= 3l th - 46 H bs Ak 229 i 9 1 o P
TEALE s ARG T2 a2l 2R TAESh ), 8 iine
WL NACRT LA v i I 575 9% 55 R 7200 5 o i3
A SR RE S HE AN N TSP AS g 3\ 1 6

REWH: BRARBERESEIINA (61271321, 60875053); HHE #hHithLtFH AA THRI % B3 H (NCET-07-0600) .

JHWAVES: dKis, qh-meng@tju.edu.cn

Wk /3 &R 2012-09-27/2012-11-08/2012-11-22



284 Bl 28

A 201345 H

.

RIS T NSRRI, 78 23 0 B USRS T
TE ) 23 (8] 2 A FR O IR . AE SR BG . s 4
LT AR T sk, e m I ER T,
SR 2P 52 RS it i PR 53 W 1713 T2 S0 3 A s K2R
IS DR /N R i o 0 A AN R (1) 22 R 6544 . A
TP R FH SR T T R ) i A Ty S ) 1 A FEE
Y. TRV b T R VR TR 1, S A R B A K DA
fli v AR . PR, AT R S LA N BRI Ot e
A7 TG KA — T3 R ) A

XFT 2 dEX IR RT3
WA A S i ok 3 AN FAES U, B & 8L (plume
finding) « Ml Bk (plume traversal) FIA R JEAf A
(odor source declaration) . 4P & L& e Wl as AL
FIT U B 3 FoA RN P ) ok A R P Rt R R
JHH PR R (plume tracing) , JEHL#S AR5 C R4
SRR BRI B 4E, AT ) SRIERE B A
AURYE A A TR AR 4 R g g AR A
AR RE . H ETR 2 HOCHRE AR b A 00 P Ak i
FREEIBE T, A7 P R B U5 R A () SC R i
B,

BLas NSRS 2 A7 18 5 32 0] K 305 4 AR A
RAF TR R, KRR LAY R kX7
L A, A IE e TR T e
R AIRYEAT A BT . OUE S () AR e SRR
(it F R I — Rt 2= m P (chemotaxis) . E.
coli 5 v B & 52 K AF I (E. coli) 7F &1t 58
R R AT A A T B R — Bl Ak 2 A ) A
PREE T REEEEIE T O R A, 12
3 Gk v A e N TR R B i R R AR I
%1 BRW (biased random walk) 5.7 | Lévy-taxis 5
70 001 28 AR 2 9 A S0 AR |l T AR R AR i U R
RITARFAEE Y, A8 A R B T B — i X
&k Canemotaxis). J -1 U [a] 24 1) SO 8
P SRS IR S MY, BT IE M ) Zigzag/Dung
Beetle 5% 12, 5k /MR & U3 $2 W (L TR Ml &84T
h LA N SRR E A7 SRS 5. Spiral-surge 3% 1)
fE— R F AR T A WG AT . R
HEWAE B AL SWYE T R L, HEARTIAER
R AL RN BIL 2 N 32 2 55 7 110 1) R ) i 1B ),
BRI A=) 5 R AT AN 23 ad LA N R A A 7K
S ],

BEA LA N BB i 7T RN, 5T IF R
1z AR )5 . MR DL R IR S5 7 1T 1R AR 1
THAR I E A 595, B TRE 71k, Vergassola %5 (19

P T HEE TR A5 B m) P (infotaxis) 5%, Mo-
raud 1 Martinez"® 7% Py N T XAI7 FR B A8 21541
2 NIZ LT T Y0AIE. Zarzhitsky 25 7] L1
PR RS R Tl EE M (luxotaxis) &
%, Kowadlo %5 8 SR JH b 224 51 27 SEAEURL) e 4 PAT 2R
BRI Y, R T DLk o 4 2 A st 22 B T A 9
RAMIE. Liang 55 O 42 7 —FpE T ali ik
JH P R R, R AR B P B = N R EE R SR TR
A 2. A% PO St — Bl FH TR N AR R
AR ST S, Uk A5 P i 7 —Fh g
TG TE IO SR R SO R e A7 SR, a8 e 7 6
FLHAT THRAF. 27 ThaE P2 SR R R A v <k
AR TTER T 5 SHLAE N EREE SRR, Ishida
A6 3R S AL A i R AU A SR AR, DL
ke e R B A TSR VR A B, IR = N IR A
S B0 UE SV . Pang S5 24 SR DU 74
PEAGTH RS R SR b ], I T 7K SE B £ s 1
BRE T T EE M RE. Li 2 2 SR AR T8 B
SRR Z A 100 m? 173 (RG] 9 5230 T ORI R A7
EAGE. H5AYE RATTEAHE, TR 75
A TSNS BE, Horp— LT ik Re g Al vt
ARG A P, i — e R N RE RS 45 AR Ak 1)
R g 151822

H A, % 3 2l WU A 50K 22 802 AE 7 85
BN TR EREE R BEAT IR, TR0 2 A 3 AR08 XA
BEEEE R D, R A HARE R, HHA
WM AL (] E5) =S AR,
DRI X ) A K B R 85 TRV IS E T3 i ot
SAFRIBR R, 72X 38 Can s R TR S TE R
RGP, vl LG, 2P AR MR EE 13
BT EMAN TR E 52, XM T,
A FH XU ) P SRV I RO AN AR 55— 71,
R BT 25 AR WA T IR YO T B AR R, T B R i
WP DR, AT AR R A 2 BN R e AL

A SORG BEFUAR K BB T3 Al BR8P
BLES N SRV E AT, IXAE LA 1 STk e R
LIS, BALIR K SV — e A %, AR
RUB AL 5 B WA IRAS (R U U, I Hofg
Bk R R . A SO I I T ARARUR R 1R
RS E AL, BT AT DA S LA N E B Uk
U5t CRPSEEARRPIER D b, FEIR KRR it w] DL 5
PR AT W ) RS S, ORI P A7 B B 2 A
€ CHESZEARIEAG A . RIZ LR DU
P ER R BRI A e — AN DT OV R
B MAPBETE. RN, ASCER B R AT RS



o5 35 45 3 )

EBH, A E N KRBT R T BHUIER KA L S AU E 7 285

B, BRI B2 52 20 I A 85 v RGN ) 38 50 1) 52 i)
BN CE
2 ERNBENEZFHETHSKRIEZENM (Odor
source localization in a ventilated indoor
environment )
2.1 (G REEA
7 18 2 YRS E AL 1), RS 3] DL &
AN XA 2 4N I 2 oo R B, Ho s KAl T
AR I ALES e AL SRR 1)k #2 ) mT DL 1
SRR ECHAT S0, HECERR T

ggf@ﬁ% X = (x,y) (1)

Hrp, X RoRfiE, SRR, ZENKRESY
TRREL f(X,t) BAWFR R 1) WA AP
A i B L SCHL, 3] (o, y) B BEAERR T
FIDLEA I, I HWE K. 2) ANIESE: 752 4t
SN, JER PN A B I B AT T, BEXT T45 8
P Xo, M —/NBINTE] A, WRBE(E S AR K
W BE R AR Ak, SCHRE I, R 2P v e B ik 1) o 2w
PLIEF) 0.01 s FIBCE 2K POl X FIa)—m 2 ¢, 4407 E
Al AX I, B [FIRE S A RIR L R AR 4k . DRtk
TP ) 22 T6 R BUR ANIESE) . 3) fAfE 2 WMAE: T
NI T AT IR, W A R A R R AR
Dk, BB BE D, B Ry SR AR X . A1 ek 4
£ (X 1) 75 X3 _EATAEZ AR

12 I8 KT T BT AR E AT, T ANRE
TV B A 5 A6 S5 LR P82 30 5 O AN 1) R U, A
LR 48 o 5 AT 3 R AR A AU IR AN AR i Al R
S48 2R 7 10 VA EE 7 e B30 D) T g BN JR) S
P BB K AR —Fh e Rt B, R
R Bl G RIEIRE S AR TR AT
R REWELDN, HAEREA PUALA ULAK ) 88 S48 1R A
() i i AR . AEAUL AR K R A A B S 21 3 B
W, AR SR A IR K RE R e
T0 RF G T (1) AU E A )
22 BiFEREE

e NI AR RN EL T, AR BE 37 LI H (R
BT TRVREAE ] {7 E58 O 0 P i o 3R {1 2 7 o P
() PN = AR AR R IR B, T4 LA Ik ] A< 2 A A 1400 IR
KB E AR RO RS L AR T N T SR —
ANEIE ) H FR R E A SCE SR R ARIR EE 1) 4
THEAR 5 S AR VT 1) 5¢ R AT T SR B I,

SEE AR ] 3 A Mics-5521 4@ Ak Sk
1L 2% (e2v Technologies (UK) Ltd.) Kk &, 14

S R S NG W W [ 1 L A
AURYER S AR S AR IR Z T B AT 0.5 m. (R J s
DNF5 ) B o Bl R 4R R AR IA B PC WL, #EE
W EARIERGEAE T AL 0.5m/s) 3E4T T 5 41
S, 73 IR R AR RIS KRR v S 3
AT 2.

A
TR b
. N
— Q@ o o o

A I I I

"05m' 05m' 0.5m'
K1 S A R R E

Fig.1 Gas sensor arrangement
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Fig.11 The searching trajectory of the robot starting from location 1
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Tab.1 Experimental results of the simulated annealing based
odor source localization algorithm

g | SRR /s RAH T RTRBER SEALIRE /m
1 754 111 22 0.5
2 393.2 56 11 0.5
3 782 119 23 1.8
4 4174 41 8 1.1
5 471.6 86 17 1.1
6 875 116 23 1.1
7 508 68 13 0.7
8 622 115 23 1.0
9 542 70 14 1.6
10 412 42 8 1.1
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