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A gas source localization method in indoor environments based
on time weighted maximum likelihood estimation
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Abstract ; Utilizing mobile sensors to locate chemical gas sources in the air can be applied to security searches, disaster relief, and
building environments. This study investigates the problem of gas source localization using mobile robots in indoor environments and
proposes a time-weighted maximum likelihood estimation algorithm ( TWMLE). Based on a sampling time-weighting mechanism, the
algorithm utilizes the observation samples that contain gas concentration, wind speed, direction, and its relative localization to iteratively
estimate and approach the position of local plume source, accommodating the time-varying gas distributions and airflows in dynamic
turbulent environments. Meanwhile, this study employs a local sensing window to constrain the feasible solution space of the estimated
source location to ensure the feasibility of the estimation results, achieving short-term estimation of local plumes in unknown
environments and effectively enhancing estimation stability. Additionally, this study weights average the multiple estimation results based
on the gas detection condition, effectively enhancing the ability to search upwind when gas is detected and the ability to quickly
rediscover the plume when gas is missed. The experiments are implemented to evaluate the proposed method in four indoor environments
with different airflow conditions and obstacles, as well as in a real environment. The proposed TWMLE algorithm outperforms both the
infotaxis algorithm and the surge-cast algorithm in terms of success rate and search performance. In the real environment, the success

rate of the TWMLE algorithm reaches 90. 0% , which is higher than the 80. 0% of the infotaxis algorithm and the 60. 0% of the surge-cast
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algorithm. The results show that the proposed TWMLE algorithm can effectively locate the gas source in complex indoor environments.

Keywords : gas source localization; time weighted maximum likelihood estimation ; indoor turbulent environment; robotic olfaction
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Fig. 1 The schematic of the filament-based model

WE 1 Pis, 229 @A R T ) S EE S
SURTETAR T 1932 2h B2 i M T3 B s, AR
T . AN T RUBE it it e SR B S T 2 24 1) 35 Bl
R4 3 A

1) HAR AT RUBE KA 22 BT o 44 0 AT 4 kg — A Ak i
%o TR R R A 22 418 3R SO AT AR AR R
S 20 2238 SR (U, ) o

2) 50 A R AR AL A T 10 2 5 S0 AT B2 ik R i
LA AT AR A R AT PN S 1 A0 22 A 2R 3 PO 2R 1) i
LY E(U,) o

3) HAR A RUBE /ISR T 1o 5 M 4 22 14 RSE R IR . 53X
T B0 G2 ] LLERL g Ay 20 22 R () 53 797 80, T LR LB
Yl 22 KT R R] Z2 18 2235 K (U,) .

% EAE AR A L P i A BRSO, 5 0 a2
T ¢ B ZI s FE an=X (1) B,

Uﬁlai<t):Uai(t) +Umi<t) (1)

Hp, U, (0.0, (1) SP5IFRTE « EZIWERILESS @ 4
H 22 T B A GH B T CFD Y FLUENT #%
PR T T R A S A BEAIL A B, WAl 2 B

v
Crhiyel
%;{MWMH o
CFD .
FLUENT | FRA

B2 AP HOR b A 4

Fig.2 The construction framework of gas dispersion model
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Table 1 Experimental results of environment 1

Bk B/ % PEAREEES/m A M) A2/
TWMLE 100 10.55+2. 97 98.27+34. 47
infotaxis 100 9.94x4. 89 91.98+47. 82

surge-cast 100 11.86+3.75 126. 10+73. 18
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Search paths of three algorithms in environment 2

Fig. 8
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Table 2 Experimental results of environment 2

Bk B % B /m ) 463 /s
TWMLE 100 18.07+5. 68 143. 09=56. 56
infotaxis 100 19. 88+6. 71 170. 43+41. 32

surge-cast 90.0 14.20£3. 19 137.66+68. 93
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Fig.9 Search paths of three algorithms in environment 3
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Table 3 Experimental results of environment 3

RS B/ % PEAREEES/m M) A2 /s
TWMLE 93.3 14.25+5.31 102.97+48. 47
infotaxis 80.0 19.56+7. 43 211.13273.78

surge-cast 30.0 17.96+7.75 147. 40+43. 17
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Fig. 10 Search paths of three algorithms in environment 4
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Table 4 Experimental results of environment 4

Rk IR/ % BEARIE RS/ m ) 2E 2 /s
TWMLE 96.7 19. 47+8. 74 162. 68+43.73
infotaxis 93.3 21.51+5.63 166. 89+58. 86

surge-cast 63.3 20. 43£5.92 151. 87+42.28
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Table 5 Real experimental results

Rk AR % HARRE R /m i EI2E /s
TWMLE 90.0 7.50+2. 41 118.52+27. 54
infotaxis 80.0 9.69+0.75 225.76+20.79

surge-cast 60.0 10. 59+3. 81 139. 04+62. 15
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