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based on Transformer
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2. Wuxi University, Wuxi 214000, China)

Abstract: The core link in the construction of smart ecological [orestry is the monitoring and prevention ol [orest [ires.
In order to put out the fire source to prevent the spread of fire and eliminate the hidden danger of forest fires in the first
time, two forest fire detection models, YOLO MC and YOLO MCLite, are proposed for UAV aerial inspection.
Among them, YOLO_MC can detect open flame and smoke in standard images. Based on the lightweight of YOLO_
MC model, a detection model YOLO_MCLite suitable for high temperature region in thermal images is proposed. In
the design of the network structure, the Transformer model is firstly integrated into the conventional convolutional
neural network, which improves the perception ability of the backbone network for global feature information; at the
same time, lightweight design of the Transformer model is performed. First, reduce the number of tokens in the form
of group computation on the network structure to reduce the amount of tokens. Second, de-redundant and weighted the
number of channels in feature blocks through channel attention mechanism to reduce the dimension parameters of
tokens to reduce the computational complexity. And the distillation algorithm is also used to extract the ultra-
lightweight network from the designed network and apply it to the detection of forest high temperature points in the
infrared image of the UAV to prevent the occurrence of forest fires. After experiments, the following data are
obtained; the detection accuracy of the designed detection model for open flame and smoke can reach 94. 8%, and the
detection accuracy for high temperature points can reach 97.2%. And the test frame rate on the NVIDIA JETSON
TX2 embedded device reached 22. 5 and 32. 4 respectively. The experimental results show that the network designed in
this paper can effectively detect forest fires and prevent fires in time by detecting high temperature points.

Keywords: target detection;forest fire;neural network; Transformer model;distillation learning
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IR . & 568 Transformer B K Hir A v B B 52 B
A B AR R B AR AR R A SR A T S ] = L
5538 18 v TR LR DG A IR R AT R U, 7 4% Ak Y R B
WS RE T X T TUAFRAE 0 b B, {0 0 A 3 SRR IR AR B E
T AEBEIE AR 3 MR BRI TXA
SR SAT R AUS X T & T s hrdEae s — @ M.
FH4 Transformer BLH ALk BB B E IS
B S ARG R 22 BT, T A — B 6 T AR AR B R 43
PR T AR RN AT TR S S E S Z R AR
HEESZHE AWML TR XEKE FA—E2 8
BE R AR T T R 4R AR AR I M BE . S L YOLO
Transformer M 4% 5 YOLO _MC M % gy %f kb o, SR B
Transformer MC # 3 #H Ib T 5 #E Transformer #8578
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Precision #§ #& 5 Recall #f 45 © Z 3 £, IE 9 T
Transformer MC #HZ F/r4H A W X2 TH T tokens
W28 A I FLAE 4> 4 R P 2 18] 3 35 0 B R 0% 4 IX 3
HEAT AR AL, [l AR B T T AR AR, 45 O 45 1 8K 1k 2
T % 4R dE Transformer #3t, M F1-Score 5 mAP #5

YOLO v5s YOLO_Transformer

YOLO TF(%#itH)

i BT LY o TR RE 36 IE T AE R TP A O T L SR T G B A
5 Transformer fRESAHSS & 19 7 SCE AL T ol 5 AT AR
AT Transformer. MC B AEZ AT 55 P E R T AR
Transformer B8, XF T %5 458 T Ay ST B A 00 20 2R X B 4
& 9 B

YOLO_TF(EAEEL)

YOLO MC

(a) fEEATNTEL

YOLO v3s YOLO_Transformer YOLO_TF(#iA&&1k)
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YOLO TF(Z#it&)
(b) KIGRRT L

B9 SEhria IR R L

DAL 9 BT LA Ol H AT DL M 78 3R AE B2 B 26 i
A Transformer #£ 7 J5 G815 52 Tt W 46 X T — 22/ B 45 B9 ks
MEE J, I B 72 # WOKS B Bt B 4R T, K bR A
Transformer 73 7R A X Wi EARIT S ZHKELAEER
FiHR)E X F B AR BRI B 5 4R #E Transformer #H 1
B/AEERTF . W F YOLO_MC 5 YOLO_Transformer
MY, —FH M 2E R EEERIA TR E, YOLO_
MC ¥ EE E T YOLO _Transformer., X} 9 4% (K42
AT R WA S RN R 4 R .

R4 REBSUHMMKER

e A Parameter FPS

YOLO v5s 7 022 326 28.1

YOLO Transformer 18 523 778 12.1
YOLO_TF iy A1k 14 258 425 18.6
YOLO TF(Z i) 15 692 177 17.3
YOLO _MC 9 147 654 22.5

1 FPS Wl AF {4 255 Sy 354618 JETSON TX2

e B2, YOLO_Transformer W 44315
=T YOLOvSs g3, 3= B E RAE TR #E Transformer
B A O S BEBCR, I A G 45 W 28 2 0k 59 2 40 = 18
Jmn, JF AR E A B TR, WX YOLO_
MC W%, TR F Y Transformer_ MC 8 8 5% F 25 8] i
T T AL A B TE R D 1 T AR AE 1R O L8 R R AR
P B4 5 4 /N Ak 2B tokens 4 A2 B , 3 W T4 A i B
PRsk RN B R PR . R Transformer MC 55 He ) 5 4% 4%
WIS ER M L ES YOLOvVSs AUF /N g 88 Am , H & ) il
RARRIREF 20 fps LA

LZRE R 35 4 i EE A, AT DUIE B AR SRR i T I 4%
YOLO_MC 7E f-IE4% £ 4k i [7] B 78 45 SCRT iR AT 45 473 B
A HS R TR BE AT R S bR N s
3.2 EBEIIESW

BT 3.1 WEBBUE T A SR YOLO_MC W 4

YOLO MC

TERRE T I8 06 BRAR o 09 K e B0 B 4G I AT B 75 I R B
i X T H B B AR A AR S YOLO_MC W 4%
MERIZE AR T YOLO MCLite 4% , %t F 1% I 4% 44 %1 78
FE G P R ERE ISR 5 FTR

RS AEENRNEEINRER %
FL A Precision Recall F1-Score mAP
YOLO vbs 93.1 95.2 94.1 94. 6
YOLO_MC 97. 8 98. 6 98.2 97.3
YOLO_MClite 97. 4 98.4 97.8 97.2

52 3 41 YOLOv5s, YOLO_MC (4K 45 5248 1, 78
PR G T YOLOvSs 5 YOLO_MC 4 35 46 I 74 g
IR BER TR 3, WIHME G BERES &N, 4
YOLO _ MCLite Il X &5 B, H& W& F
YOLOvSs H5 YOLO_ MC M58, Ui R Az w22 S 5
YOLO_MCLite fy W 45 ¥k BE 475 15 B 1 25 YOLO_MC #H
[ o A% AT X T vy i X3 %) 460 30 175 L Aan 1l 10 fr 7w

FH P 10 AT 0, , 76 A6 0 BE O T AY 22 5 5 A o RS AR
[@, % Transformer 5 FRAR T LA (i 4 %5 - H &
R S E LA YOLO_MCLite E# K B LS
YOLO_MC M#EiE L R 21, HRkst g8 kbt 17
TR # WA LE R0k 6 fin.

&AW B, B T YOLO _ MCLite ¥ &
CSPDarkNet W&t 59 8 43 J2 45 # Ko W 4% 12 2 B0 17 1)
TR (5 A5 o) 2% X % T e R R ) T BR AR EL /T YOLO vbs,
GEA 25 MR G R, vk A e BB R I R . 22 YOLO_
MC @B 5% YOLO_MCLite 78 % 3% 5 F # 8 1T %
FLOERIER S E AR A E SRR R, %R
AR 35 T H Al 99 2% TEA
3.3 ZEXTH

AT MG EEt EEME T W& R, DR
LRI FE i A IR & s 1T IS — 308 o, AL
SRR G L ORI v, LR B F S E K AE, %
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(a) YOLO v5s

(b) YOLO MC

(¢) YOLO MCLite

B 10 SEBR AR I ROR X H

e I 55 3 B e Ak 2 W28 5 I YOLO

®6 FHBEBBESLIMR !
pren Paramotor FPS 028 i H At 3 B 2 »7A?%é1ﬁ?ﬂ'l PERE K e AL P
4P 5 A SCHTIR M 4 YOLO_MC & YOLO_MCLite
YOLO v5s 7 022 326 28. 1 - v o o
YOLO_MC 0 147 654 99 = 475(9‘thiﬁf‘ﬁﬁff/ﬁ@@f?*k%&ﬂﬂ%ﬁttﬁ{ﬂﬂén%ﬁl]
YOLO_MClLite 4 528 784 32.4 TP
= S o 58 OB K 5 T 8
®T RERGTSEEGMLERITE
LR F1-Score/ % mAP/ % Parameter FPS
YOLO_MC 95. 4 94. 8 9 147 654 22.5
YOLO_ShuffleNetv2 89. 6 87.2 3558 714 35. 7
YOLO_MobileNetV3 90. 3 89.5 5 217 475 30.1
YOLOP 93.7 92.6 16 557 524 15.1
YOLOX 94. 1 92.7 18 757 524 14. 8
YOLOv? 94.7 93.5 19 957 524 13.5
Faster RCNN 94. 2 93.4 45 581 474 3.8
SSD 93.8 91.2 24 987 524 6.4
*8 AEKTZEBKMERMIE
| F1-Score/ % mAP/ % Parameter FPS
YOLO_MClLite 97.8 97.2 4 528 784 32.4
YOLO_ShuffleNetv2 92.3 89.0 3558 714 35.7
YOLO_MobileNetV3 94.1 91.8 5217 475 30.1
YOLOP 95.2 93.9 16 557 524 15.1
YOLOX 95.6 94.5 18 757 524 14. 8
YOIL.Ov7 96.7 95.2 19 957 524 13.5
Faster RCNN 96. 4 95.8 45 581 474 3.8
SSD 95.6 93.2 24 987 524 6.4

%75 8 MMRE R Y P, YOLO_MC B GERE
ik 2 B F A K YOLO _ ShuffleNetv2 5 YOLO _
MobileNet V3, {H E KM T2 A JETSON TX2 {4 REH &
SRR ST IR I, 3 B A W M BE P Ak 38 A5 F1-Score &
mAP B it & T X — #., A A5 YOLOP, YOLOX,
YOLOv7 .Faster RCNN,SSD W& 45 H., YOLO_MC M| &
PR oRUE RS N A e 7 e N L - P o N 5 B Y
4 it B 37 FHYE BE B8 T YOLO_MCLite WIZEW 4 280 - 5
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YOLO_ ShuffleNetv2, YOILLO _MobileNetV3 4t F 5 — 2
WIFHRIMREEZER F 2%, HYS YOLOP % HAth W 4
A L o 7 G BE 5 R B L 38 B s AR
VB A ST M 4% YOLO_MC 5 BLA #Y bk k
&G Ik AT BB, T8 VI A ST B+ I 0% Y R AR ok
RKMAT 55 o BT B A M B 5 ek . 8T e S B A
25 R A 3 S R R T R 76 A SC BT IR EOHE S L HEAT I
DU <k W I e R D S =8 531 POl Al
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gEIRUNK 9 FioR.

x99 WMERGTREAEI L
F1-Score/  mAP/

PR A Y v, Paramerer FPS
YOLO_MC 95.4 94. 8 9 147 654 22.5
SCHk[26] 91.7 89.4 5475 214 28.6
SCEkL27] 93.9 93.5 69 862 265 0.5
k28] 92.2 92.8 13 462 713 17.2

CHERL26]3 T YOLOvSs #EAT 46 YOLOvSs () 3
T ) 46 B 2 o 15 B AL I 4% Shufflenetv2, H ¥k 7E 3 T M 4
5 Neck BRI AL INA iz 8 AL W28 BTt A0 B i &
F1#EH (coordinate attention, CA) , & BEUEHE IE A A [R] 1K) oL
BTGB AA B3E E b, 5 AT A W0 A X 4 00 B AR LA 4R
o X —EHE AR R T T M 4% B R R A TS R
I3 AR T AR S YOLO_MC #5 8, {5 76 # 0K B b
EASCRT BT A) 22 BR AR ek (27 IR A 4 Transformer
RLHE g P Y 45 5 1% P #£ Swin Transformer [P % 45 #
YO HEE VR AT, R AT KNN A E 2 142
FR R /N B B A AR R 8 A Augmentation B4 38 58 5 i
MR YR IS, SAXMHERBERET
Transformer FE %S, {H %] 44 8 48 AE W) § 0 T dy % B A
FRER IO R EBARRAE , R U by T 4 E 58 2 15 AR SOAH EL AR BS
HTA5 7 6 U PEBE 7 T RS IR T A UK &, HIRE WM T
Transformer A SE R B K HEBEAEBEM A LLH
BRI RE. SCARL28 [ & T ¥t GhostNet FCOS
B K RN T i B DL B AR R DU ) 4% FCOS Sh ZEali F
1B 30 38 45 30 0 % A GhostNet /£ 0 8 4F 3 B 4%, DL SE 9
BEAL AR KM L R B 51 A BB, 72 A58 0 M 4%
B FEFIUR BE I 00 T Ak T W 45 i ZE Rl AR B, 48 = X B
BDEBRKIGER AR EIRIGE T . Z W% 54 S0 4%
AH B R 2 B AR SR R IE 4 1 ST A T L I N 4 AR
BB RS I KR R AL A B AT B R, B E &
JRRFAE » B M7 38 R R b X kO T R 28 R AT RE 1
AKARSC G R & X T 20 S0 AR B R T AL TR X L &
RN 10 FrR.

F10 AEGTHEHREL

F1-Score/ mAP/
P in | Paramerer  FPS
% %

YOLO MCLite  97.8 97.2
Cik[29] 94. 3 95. 6

4 528 784 32.4
6 875 147 27.6

SCHR[29 IR AT CSPNet34 fCh 321 00 46 £ 47 148, AR
T YOLO S544 Hosi b v 200 BEARR I, LA S AG 0 4% 01 5
R DA T # . 5 A3 YOLO MClLite £{RIAH L HAE

GG B2 5 6 0 B I 4 e 2, M 3 T i D AR S IR 44 A
T ok R 2 20 AR L T DR UIE I £500 TR7 14 [R) I 169 2% 2 804 B
ABEHAMIE. L8895 10 BIX L SLE , AT 3 B 4 3T
JIT LT 190 255 A5 AU A R AR RS I T A O R

4 &£ it

7T R A YOLO_MC R 453 F CSPDarkNet

%In A T Transformer B B, R 1 T R E 4D

Transformer #H LR L EF MK S, LSRR R

A5 w6 ORG24 AR RY L R T AR AR MR 45 RIE

B AN KR A, IF HR A EEE I Irs. A

YOLO_MC %5 42 B i ) 4% S 400 /b 2 A R 3

B YOLO_MCLite P £, i I F #i I 45 rb s 1R IX 38 ) 4

Wy DLSE IR AR KR B T, SE IR A R R AL

Bt iy Transformer MC AR EH T S5 &, @t

4 % CSPDarkNet 45, ZEA RIE I IS HE# BT

BRGRF T RMDR B, H AW 2 JETSON TX2 it AR ik
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