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Lightweight infrared detection of ammonia leakage using
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Abstract: Ammonia gas is an important basic industrial raw material, and realizing its non-contact detection
is of great significance for the timely detection of ammonia gas leaks to avoid major safety incidents. Aiming
at the shortcoming of conventional ammonia leak detection devices that can only respond when ammonia dif-
fuses to a certain range and makes contact with a sensor, a Shuffling Self-Attention Network (SSANet) mod-
el is proposed to realize the infrared non-contact detection of ammonia leaks. Due to the high noise and low
contrast of ammonia leakage images obtained by infrared cameras, an infrared detection dataset of ammonia
leakage was established through non-local mean denoising and contrast-limited adaptive histogram equaliza-
tion preprocessing. On the basis of YOLOVSs, the SSANet model uses the K-means algorithm to cluster and
analyze the candidate frame suitable for the infrared detection of ammonia gas leakage to preset the model’s
parameters. Using the lightweight ShuffleNetv2 network, the depth of 3x3 in the Shuffle Block can be adjus-
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ted. The separate convolution kernel is replaced with a 5x5 depth, and the feature extraction network is re-
constructed with an SK5 Block containing a new convolution module, which makes the model size, calcula-
tion and parameters non-intensive while improving the detection accuracy. The Transformer module is used
instead of its original version. The C3 module in the network bottleneck module is replaced by Transformer
module to realize the bottom-up fusion of multi-head attention in the leake area, and further improves the de-
tection accuracy. The experimental results show that the size and parameter requirements of the SSANet
model are reduced by 76.40% and 78.30%, respectively, to 3.40 M and 1.53 M compared with the basic mod-
el of YOLOVS5s; the average detection speed of a single image is increased by 1.10% to 3.20 ms; and the av-
erage detection accuracy is increased by 3.50% , reaching 96.30%. We provide an effective detection al-
gorithm for the development of a non-contact detection device for ammonia leakage to ensure the safe pro-

duction and stable operation of ammonia-related enterprises.
Key words: ammonia leak detection; infrared image; cluster analysis; lightweight structure; transformer mod-

ule
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Fig.2 Change diagram of a real frame of infrared ammonia leakage
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P o Gl AR R R AE F RS A B S AR 3 1) 215
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P, IR MR RS SR T AR 2, UG8 M 72 1,
T HAR B0, M OR AT

FAM IR LA R 25 R SR S A M S
it — i dd s P B, R H] CLAHE BEAT AL,
A0 B B DX I AR A B A YT, R BG SR LS A ] s
REAZMITHIMERS . CLAHE 14 2685 K% 70— A
FIXH, R X Berh By H 7, SR R B E X
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(a) Original images

(b) AR EL M
(b) NL-means

(c) FIIE N B 7 I Ak
(c) CLAHE

B8 RIS AR RAT He ]

Fig. 8 Comparison of enhancement effects by different methods

Kl 8(c) firzr, 5 & 8(b) R RIHB I ML A E %
AHEL, &b 2 2 v S SR 2 A e
B, AN o T, AR SO R A O
B TR SRR RHIE R IR

Sk it — 2 43 AT AR SC R T AL R R A AL
P, VEHUE (ZME L (PSNR) | P86 (AG) | &
B (1E) 3 A~ MG 2 IR F8 FRPS Xt 1782 1
B5R S5 LTI EUG A T O, VB L
A S % UG R VAR AR, Fon R EGR S
i PR ) 25 S AR R M e, SRR, e Y sk
A, N HR S RABE R T s SF- B i R
QAR o3 1% U, SF- H 6 B b, RIS Bk 7
Wb s {7 B 2R R A 15 B0, (5 B R, B
A4 (s Btk . R Lr AN R R R
BG4 B A GCR F B3R 3 N FEARIEATIEAT,
N 3 PR,

*3 EEMLENEEITNIER
Tab.3 Objective evaluation indicators of image prepro-

cessing algorithms

% PSNR/dB AG IE

JREG 1.90 7.06
23.40

THAbHR R 5 2.17 7.53

Hy ¢ 3 A, TRAL B S (0 R S R SR E,
WS 135 M8 T 78 35 23.40 dB, 28 I 25 MR A R A -
oAk 35 PG 1) SF- X A B R A R v T D %]
14, 3% U A B S 1) MR A 08 = 1 MR %

LR, PRGNS B, 4055 SCHE i =E
34 KHERD
3.4.1 BEAETRA P BT

Sy 555 VI Pl 5% FOUALD FHLXGT R A e A6 T BE 114
S, R SR LT AN ER A 3.3.2 4
b AL B S 4 AR YOLOVSs JEafiAs 28 34731
Y, Horp, SR RS U S A MG I A5 B A
U124 Prep-YOLOVSs, SEEGZ5 R MN55 4 Frs .

R4 EGTAERE MW MERERTEE
Tab.4 Comparison of network performances before

and after image preprocessing

A Params/M  Model size/M  Speed/ms mAP/%
YOLOVS5s 7.05 14.40 3.60 92.80
Prep-YOLOVSs 7.05 14.40 3.60 93.80

i3 4 AT/, Prep-YOLOVSs HE R 2T 41
JR UGN S5 BRI S8t . Ko/ BB B A
—HAFTIE T, mAP #2711 1.00%. &332
(1) G FHUAL 317 1 BETE PR ARYAG I 3 i A5 )
HIEE T A MR RS B . SESR S 1 i AL
REES RSP FNS = RN CiliN e T N
ATA B T2 R A
3.42 K-means B X H ik Z3 047

R 55 E K-means 528 7 O TIF AR R AG ) 2 5
F14) [ ik 4 v A TR (00 G 00 S 5 R e e, R R
FH 2.1 79558 1 X 2 A e 20 A 8508l 5 4T K-
means R, B RIEIEMES L, o R HBA
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FH K-means M HE (1) )5 B8 . K-means &
g 35 HE %) JiL I 15 A1 K-means 28 285 158 1 AE A9 Fil
Ab FRIEE X YOLOvSs #RI AT 25, Horh, 2R
H K-means RISBEAE Y I G 2545 2] 1A A
it A~ Kms-YOLOVS5s, >k H K-means & ZS i 1 HE
(14 11 Ak 3 G I 2545 31 i A5 780 52 Kms-Prep-
YOLOV5s, —H IIPEREXT LLEE RN 5 s,

x5 BRARIEMEIEREXTEL
Tab.S5 Comparison of network performance before and

after clustering

R 6 TREFFHERMME TR L
Tab. 6 Comparison of evaluation indicators for differ-

ent backbone networks

GhostNet-YOLOvS5s 10.60 10.50 5.08 3.00 93.90
MobileNetv3-YOLOVS5s 6.30 7.40 3.54 2.80 93.50
ShuffleNetv2-YOLOvS5s 4.60 3.40 1.53 2.70  93.80

SK5-YOLOVSs 4.80 3.40 1.57 2.70  94.40

R Params/M Model size/M Speed/ms mAP/%
YOLOVS5s 7.05 14.40 3.60 92.80
Kms-YOLOVSs 7.05 14.40 3.60 93.70
Kms-Prep-YOLOVSs 7.05 14.40 3.60 94.30

12 5 AT, FEOBT 00 e e AE 2 8005 X T
YA 250 R RN DA BRGNS B 1A 5, LA
BRI S A0 /N R 7.05 MAIT 14.40 M, 5
K PR {56 0 338 85 A5 R 3.60 mis. 1T ARG RS A
B 58 2 T, SRl K-means 5% 2% 16 5% HE 1) I €114
Y15 3] 1 Kms-YOLOVSs 155 mAP 32 55 1
IT 1.00%; % Ffl K-means 58 2 fig 1 A A% 751 kb 3
FEG I 2545 3] i) Kms-Prep-YOLOV5s HJ mAP $2
5T 1.50%, AR A K-means 252 78 1)
B EAE 55 TE LU AT A & B SE RT, WA Rk
FIAR R X G S ASHI Fr) MR
343 BFRBAFAIEIN L EIE 5T

R B UE AR SCR P 4% SKS Block AR F 3T
g A R TR P A 5 B IR 48 S 5 F e AR RORS , 1
FH 3.1 5 SR RS AT I 25, 430 SR FH A A 48
#J GhostNet®, MobileNetv3F?, ShuffleNetv2
B YOLOVSs R (R RRAE 4 B 28 5 A S5 9208
X SEHY S, SKS Block 5 b b HE AR Y iy
YR I 1 B0 4% 85 A [) A% 1 5 R 8, S
g 6 R,

% 6 AlHI, Sl it s bk SK5-YOLOVSs
BRSO/ NI FRZ5 5 3.40 M, BRI HHE S4
A3 D F] 4.80 ML 1.57 M, BakK [R5 46 I 58 J3
ik % 2.70 ms, & 5 ShuffleNetv2-YOLOVv5s 15 %
FH SIS AN 4.00%, {EURS BE IR F] 94.40%
FIREE Ry UE TR FH SKS Block #HL4 7
AR (18 R H B0 28 1) A e, 55 — O Tt I

T 3x3 IR o3 AR KN 5x5, ATAEA
B R Z A n R I i TR AR A, AT
D SIS 0 A d A VS R RIS B Al o o
211k MobileNetv3 5 GhostNet 15 I & #4 F51iE
PRI £, FR RS ARG A BT ey, DA e
BRI S HR AR A I A, (BB A6 DU S
JEARTN SK5-YOLOvSs #i#Y, 5 SK5-YOLOV5s 5
RUAH LT3 . 2 800 RO B RNV K, R
12 2R A U BIRL R | BIRLRUN S8
R ARG B2 L5 T MERE AT M, SK5-YOLOVSs
TEA T A BRI R, AR SCEHE SKS-
YOLOVS5s £ #4 1 hy 2 A i 52 5t AL 21 AP il A5
YRR B B £, Ji5 82 S 30 F A 1 52 56 174 S A
IR,

344 BEZABRERSH

Y UETE Transformer B8 Rl -G 22 KU H¢
TEAR S, AT A R4 B4 Ry R A DA AR TIE A A
£ SK5-YOLOV5s #5 BUHE SR |- Xf 4 8 Neck #8543
S 1 e = e [ M e 1 ) S R N B
SERHEATYEREXT TG o SIS [R5 2 4544 3]
& CSPBottleNeck. GhostBottleNeck., CbamBottle-
Neck. TransformerBottleNeck, FH.H1, %5/ Trans-
formerBottleNeck 25 #4511l 2515 2 I AL 12 S SSA-
Net, SLHREEHEXT L AnR 7 Fis .

2 7 AT 40, #E 1 Neck #873 FOFRE 4 7 1%
R 1) L S I A ] 6 250 )23 85 X A5 AR 114 52 i) A
K, SSANet 15 %I % ] Transformer #53k, 4% SK5-
YOLOVS5s 5 ARG 3 Ji2 AR 1.85%, FRLK P4k
0 38 2 3K 3] 3.20 ms, o A BEEE T 1.90%, ik F]
96.30%. WS NI AW [7) I 25022 45 R o, A 30 3k 3
HRA PR FHE ARG BE 22 A 4N Transformer 45
Pt . ARSCR Y Transformer SLHRLEG T HE
TEFR AR A ] RUBE AR B BT R A, [l
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&7 7 BottleNeck Z5HIM L& 14 gEXTEL
Tab.7 Comparison of network performance of differ-

ent BottleNeck structures

LLHNEBHBE SR, SERE RNk 8 JIR o

*8 TRIEANSERILL

Tab. 8 Accuracy comparison of different models

i Model Params Speed mAP
] P
s size/M /M /ms /%
SK5-YOLOvS5s 3.40 1.57 2.70  94.40

SK5-YOLOvS5s-CSPBottleNeck 3.40 1.54 270 93.70

SK5-YOLOvS5s-GhostBottleNeck  3.30 1.50 2.60  94.20

SK5-YOLOvSs-CbamBottleNeck  3.20 1.47 2.50  92.90

SSANet 3.40 1.53 320 96.30

TE QAR B AR, 3G 5ok 22 <0t B AR 9 & 7 .
T LA X 2 M e 4 i A 21 A A D % 4% Trans-
former LA Y Neck #873 FORRIE 4 715 A
] RS2 A TR AL, SRR B AR R, IR
TS BE BT
3.4.5 REVEEA 69 3 52 B

R UEAS SCIR Y SSANet B o 225 1 Ui
0 BB, B SSANet £ 5 YOLOV3, YO-
LOv3-tiny, YOLOvSs K YOLOx #RIHOGT b 5k
5o NORIES R B A R, SR ATE 3.1 A
(S AR LI e, il FH A 50t 48 1 o 2 < e

Model GFLOPs Params/M Model size/M Speed/ms mAP/%

YOLOV3 154.7 61.50 123.40 11.70 92.70
YOLOV3-tiny 12.90 8.70 17.40 3.40 37.40
YOLOvSs 16.30 7.05 14.40 3.60 92.80
YOLOx 26.64 8.94 71.90 8.43 89.78
SSANet 4.60 1.53 3.40 3.20 96.30

(a) F MR ITIAT O

(a) The real condition of ammonia leakage

e 8 W A 4 FRBRIAA HE, AR SCis T
() SSANet £5 7 % 4 < itk U 21 4Gz I 11 mAP i
151, I8 E] 96.30%; FfL kK FIAGR T2y 0] 3 J3E A e e
PR EZ IR AR 3.20 ms; AR R/ A
TSI N 3.40 M, 4.60 M, 1.53 M, /)
FHAh 4 B, 25 L TR, L85 % IERRLTH R
i SR KU, BRSO BRI T mAP,
AR SCBETT I SSANet #E AL R 21 AN E - ik
SRR B AT, R A e P SR, ARSI ] 4
RN 9 PR

ﬁamoke 0.7

smoke 0.7

B Dy TNy

(b) SSANet FERIF {E
(b) The predicted values of the SSANet model

19 SSANet #LAL IR A AT SR
Fig. 9 The final test results of the SSANet network model

ARSCHE T —Fhi A AR fih U 2L

SMEIETY SSANet, FEXTLLAMERASCREM R
MR 21 AP PGS My | X bE RE AR A, B
SR B TR SRR 207 1 KBy S0 X
B A1 ARG, [Ny i PR 1 s AT XK
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S 3k
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53 5 23 TR) R i ROBERFAEAR B, 3 90 2
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