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Abstract: Conventional contact methane leak sensors suffer from a small detection range and low efficien-
cy, but machine vision algorithms combined with non-contact infrared thermal imaging can make infrared
methane instance segmentation possible at long distances and large ranges. This is a significant advantage
for improving methane detection efficiency and ensuring personnel safety. However, the segmentation per-
formance of infrared methane instances is limited by such problems as blurred contour and low contrast be-
tween the leaking methane gas and the background, and it can be affected by atmospheric flow factors. In

response to these problems, an adaptive spatial information regulation and feature alignment network (AF-
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Net) is proposed to segment infrared instances of methane leakage. First, to enhance the model’s feature
extraction, an adaptive spatial information regulation module is proposed to endow the backbone network
with adaptive weights for different scale residual blocks, which enrich the feature space extracted by the
model. Second, to meet the requirements of foreground target positioning detection and contour segmenta-
tion under complex methane gas contours, a weighted bidirectional pyramid is designed to reduce the diffu-
sion, loss of spatial location, and instance edge information in low-level features, which are caused by the
top-down propagation of the feature pyramid. Finally, a prototype feature alignment module is designed to
capture the semantic relationships between long-distance gas features, enriching the semantic information
of the prototype and improving the quality of generated target masks to improve the methane instance seg-
mentation accuracy. Experimental results show that the proposed AFNet model achieves AP50@95 and
AP50 quantitative segmentation accuracies of 42.42% and 92.18% , which are improved by 9.79% and
6.18% compared with the original Yolact, respectively. In addition, the inference speed achieves 36. 80
frames/s and meets the requirements of methane leakage segmentation. The experimental results validate
the effectiveness and engineering practicality of the algorithm proposed for infrared methane leakage seg-
mentation.

Key words: infrared methane; adaptive regulation; feature alignment; feature pyramids; instance seg-

mentation
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Fig.8 Foreground to background pixel ratio
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Tab.1 Hyperparameter configuration

HEH ZHUE
Wi ) 2R 0.001
2 2] A W Steps_with_decay
ik 0.9
B 1 AR SR Liner
AL H 120 000

3.3 MR

SRy 55 IE AR SR P R B A M AR SCRE
S ¥4 4% B (mean Average Precision, mAP) | & #b
K 0 21 A1 B 4% 1) 5K 40 (Frame Per Second, FPS)
LT B PEAN T8 A R 25 BTN R A A . B R F
S T I R R FE e A i T A DU A — S R
i U AR 0 BESR A5 FH AP@95 AT fig £ S 5 H
P it e 1 T R o 2R G ORE A U APS0@95,
APS0 K Z5 & i 5B AU PE B 1% VF A 46 5 8 Sk
FEAN [ E A BT i 40 25 5, 2 H A SE 4 4 T
5 fie i i R FH A PEAN 8 o

Ho mAP ] DL 1 #E i % (Precision) . #
o] R (Recal ) 3HH A3 o ££[0.50,0. 95 X [A] ¥
LL 0. 05 & 3% & B 10 /> 22 IF b (Intersection over
Union , ToU) 1y {8, %t 3X 10 A4~ B {5 F *F 1 (1
S BKE BE AP BUF- 2 E 45 2] mAP, K/ RO,
1] Z [, mAP B 32 35 1 16 B 8L A 45 F) 2 R
LT

IoU —

P;

YR (PP
ot s om 2R 2181 B B A B4 A b i H e AR
BN, PRy B2 B Sy TR 0 Sy 5 AR R
B, P 3R B Gh  W T R i iR R L P
PR BN R I R AR R A

p——tr (8)

TP + FP

H . TP(True Positive) A B 1E 4], B B 5C{H 2

H Fr , 500 ) 5 4 H #x , FP(False Positive) &

(7)
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Tab.2 Experimental results of adaptive spatial informa-

tion regulation module

TR AP50@95/%  AP50/%  FPS

Yolact 33.57 85.87 36.18
Yolact-ASIR _1 37.22 87.80 37.09
Yolact-ASIR _3 37.58 88.87 36. 94

NFE 2 S 28 S rp T A5 R RR A5 R Y O
2 (6] {55 B R 458 B B 2 BE X6 43 BORE B E AE BUN Y
. K FH =~ A& B A F X Block 1, Block 2 Al
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EKS 35 1 88. 87 %, 5 Yolact 42 8 T 3% , 43 %
W FPSiAF] 36. 94, A4ILE U T H & 4%
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Fig. 9 Comparison of weight changes of each layer
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Tab.3 Results of weighted two-way pyramid experiment

" AP50@  AP50/
il FPS
95/ % %
Yolact-ASIR 3 37.58 88.87  36.94

Yolact-ASIR _3-BiFPN 39.06 90.67  36.03

1 28 3P, FE LA AR ] 4 - 3 S
A RO TR 2 W 2% 1 18 SUIE L 50 2 R 45 1 25 ()
15 B HEAT FR AR L&, 5 5 150 A B HUAY R AR =5 ],
ok — g TR R AR T A A R T A B R R AR
T Ad75 Yolact-ASIR _3-BiF PN £ % AP50 43 %1 K5
J¥ 35 3] 90. 67 % , £ Yolact-ASIR _3 £ 7 FE iy |-
P& Tt 2.02% , 4 B B 3k F) 36.03 FPS AL T f&
0.91 FPS, A4 5255 55 0F T MIASORL 7] 4 - 38 A5
Xt F 2% fife A TR B R AE AL 8 7 XS B KR
P IE 23 ) 57 B S 4] 0 % 1 B R 1 2 Ok TR A
At
3.4.3 RARIEA FAES LB

JE Y R i XoF 5 AR B Ak X AN ] 4R R AIE
A7 R IE 328 B X 55 27 2] >f 4l 4R KR B AR AR
ZIE A TE SO &R, R A U B DR
A R A R S e AR A BDRS EE R TE

SRy 55 0 Ji AR AR AE 6 R B A 4 AR R IR R e
SRR Z [ A8 OO R T3 IR A UfE B,
A 4H 52 86 1k £ Yolact-ASIR _3-BiFPN /F % v
PR, SCUR 45 BN 3% 4 TR |, J5 0 S5 0 7 AT S0 50
()l 1T

P 2% 4 R0 5 AR 4 0E ok SRR 1) iy AR AE X6
o3 FIRE BE A7 AE 52w, AR i A e 4 5 B
P3out Al Pdout 4 i J2 VE A iy A Re fiE RO B 4,
Yolact-ASIR _3-BiFPN-FAM-P3outP4out # #l
AP50 7 E1K5 BE ik 3 42. 42 % , 8¢ Yolact-ASIR _3-
BIFPN B AIF} 3. 36 %0, 43 1 4 ik 5] 36.80 FPS,
¥ P3out Fl Pdout Hiy 1 )2 1E by i A R¢AE X 23 HI A
52 I e 3, 9% LR A, P3out A1 Pdout £ S AH
At 2 R AE 1) 3 SCAR R ORI, I Zhoad A rh AR
T 25 5y 2 2] B W & [RLVREAE AR B8 06 & |, I Z P3out
FPT7out FAE ] 1 AT B ST /N, I 25 ik 72 v wfe
P2 37 51 W )RR AE O B8 O 3R 5 BO0 20 RS
B 52 W A B B8, AR 4 S50 B I T AR AR R SR
A7 RN [R) 4 B R AR 1 AT AR AE 2 B A X 5522 2
AR M B MR Z B 1 E LR, FE &
ROBERRAE Z )38 SCAF D, 4 e Dt 8 4 1) Joit 2t 52 9
I3 EIRTRE SR TT .
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Tab.4 Experimental results of prototype feature alignment module

TR AP50@95/ % AP50/ % FPS

Yolact-ASIR _3-BiFPN 39.06 90. 67 36.03
Yolact-ASIR _3-BiFPN-FAM-P3 P4, 42. 42 92.18 36. 80
Yolact-ASIR _3-BiFPN-FAM-P3  P5,, 40. 61 91.57 37.06
Yolact-ASIR _3-BiFPN-FAM-P3  P6,, 39. 84 91.97 36. 90
Yolact-ASIR-BiFPN-FAM-P3,,P7,. 38.09 90. 14 37.09

3.4.4 HRRERK

T D W R AR R 4 T R TR
B ISR IR 4 7B SRR AR IR X SR e Xt T 4
THEL RS VR RE A 22 57, AR SCHE (1 Ko 46 Bl
Aok T S 6 6 IE 3 SR A 5 o A X T RS
JEE 9 R W, 7S 21 i S 6 2 P — A6 el 7 A A R
ML S R e — R AR U e BT S 4
RAFZS PR . SLEETREY, HE 2 WA R
AR IAOUL ] 43 "7 3 D LR iE X 5 A8 e B

— a2 A B i ATE S BRG] DL A
TE WA ROR % B e SR 53 510K B2 B A [m) A2
FE R B T AR 1) 4 - S RS B 1) o BIDORS BE 42 FH
VRO o = By Rl R ERSRE Ry S L R
XiF 55 BB A 42 F Yolact A BE 4 79 2, AP50@95
A3 EVRG BE 43 )3k 2 37. 58 % F136.19% , 7 Yolact
Bl by AR T 4. 0100 R 2. 625 16T T
AT DAAE S R ) 2 B HOO RRAE HEAT A ] . B )R
B = AR B[R] B e AR R, APS0@95 35 # T
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Tab.5 Results of ablation experiments

151 ASIR BiFPN FAM AP50@95/ % AP50/% FPS
Yolact 33.57 85.87 36.18
Yolact- | N, 37.58 88. 87 36. 94
Yolact- I N, 34.94 87.71 37.38
Yolact-II N/ 36.19 88. 64 39. 69
Yolact-1V N/ N 39.06 90. 67 36.03
Yolact-V N N, 38. 68 90.01 37.99
Yolact- VI N/ N 39. 50 89.03 38.55
AFNet N, N, N 42.42 92.18 36. 80
3.4.5 frbgge F6 ILEELWHR
o B UE AR SR B AL AE B R AR R Tab.6  Comparison of experimental results
R K A RO S B H TS Y S8 B g A 1% AP50@95/%  AP50/%  FPS
Sparselnst™, E2ZEC”", YolactEdge™ , SOLOv1, Yolact 33 57 35 87 36,18
SOLOv2, CondInst 1 QueryInst™ 5 A 3¢ 5 #Y Sparselnst — 73 17 92 88
AFNet #E47%F L5250 o S £ TE 56 1E 45 251 19 A 2L EoEC 2 o1 %0 14 0. 39
P SEEE A 3. 2 A ISR BT R
F 11 45 50 A S8 349 S AR SC ) ROH A B Yolactidge 52T 80-30 359
REXT L UNER 6 TR . IR 6 th Al LIE th, 5 HAb 8 SOLOv1 26.6 86.4 18.12
Tl R0 AH L AS SCi% 319 AF Net £ 58 19 AP50@95 SOLOV2 30.1 85.8 12.05
gy EOKE B B s 2 42.42%, [ Sparselnst, CondlInst 36.0 9.3 10. 55
E2EC . YolactEdge 43 5l & th 16. 97 % ,8.21% #il QueryInst 296 %69 10,21
9.63% , A 4> %I H A T Sparselnst fl E2EC, %}
AFNet 42.42 92.18 36. 80

F SOLOv1, SOLOv2, CondInst Al Querylnst 45
BB TR R B2 AV B REAA B I # . & BT
R, 7% P B LT A H b itk T 3 0 (] A A A A
F18) S X3 T 0 A B, A SCRT T AF Net #5241
3 R B B A, DR B T 20 A R i O 0
5% .
3.4.6 EAMESH

SANOE WL X Ee AN S AFNet # A 5 Yolact,
Sparselnst, E2EC, YolactEdge, SOLOv1, SO-
LOv2, CondInst Fl QueryInst 2§ £ %1 43 %] 21 &p HI
Kt [R5 BE A0 8 B P R DL B 9 3 12 7 () —
AR b Xy B 45 SR AT AT AR a1 10 s o 26
LA7 2 LR, 565 2~9 47 43 ) hy A 2 m] 4 4k &5
B, omr i 25 RS AL e () S R
YOLACT #8 B 4 — A SR 52 Bl 3R 46 0 7 A X

P S8, T AF Net A58 51 43 30 E 8 5 76 () 51 BR
H, YOLACT #8845 5 50 19 9 3R 326 H &t
SR TE (D) AN(d) B rf X T 40 88 31 2k A A
WY 21 0 B s SOMR, AFNet 285 1 3& W i 4% &
T 2% 25 (Rl E B, B A A RAE B B AR ARAE
PRl I B8 A 80 43 B e AR T T DX, X RO
AR A J I SR B D A AR o R LA HEBR T B
FIOAE T8 T4, i A5 A8 SC AF Net #8553 #1241
WSS, SR R TR ) AR JF HiR ke
R BART YOLACT 3 i #E R, i % 35 N7 1% Xt
PR R F o AR HICTE LAY R R OIR AR Ak,
(L R S T
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