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Abstract: Due to the low high air pressure during the flight, if a fire occurs in the cargo hold of the aircraft, the
smoke particles are suspended in mid-air. The traditional smoke detector is difficult to detect, and there is also a
high false alarm rate and difficult visualization in other environments, an image-based fire detector was designed,
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and the improved YOLOv5s algorithm was used to realize the pyrotechnic target detection. First, the backbone
network is replaced with a lightweight GhostNet backbone network to facilitate hardware deployment. A
collaborative attention module is embedded in the connection between the backbone and the converged network to
strengthen the extraction of effective features. Then, according to the development and change characteristics of
fire targets, the C3 structure in the feature fusion network was improved, the VoV-GSCSP module was built, and
the Slim-ASFF module was embedded between the fusion network and the detection head, so as to jointly
strengthen the feature fusion of different scales and realize the further lightweight of the overall network. Finally, the
regression loss is replaced by focal EIOU, which solves the problem of penalty term failure and improves the
prediction ability of positive samples. The image-based aviation fire detector takes the domestic Al chip RK3588 as
the core, connects to the CMOS image sensor for data collection, and realizes information interaction with the
airborne display system through the network. The test results show that the equipment can be arranged at the top
four corners of the cargo compartment of the simulated aircraft, which can realize the flame alarm within 10
seconds and the smoke alarm within 20 seconds, which provides a feasible solution for ensuring the safety of the

aircraft.

Keywords: RK3588; fire-and-smoke detection; improvement of YOLOvV5s; lightweight
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Yo BEEEEN 20% 15 IR B 4, 54
(1) 80% 1E AN Bdim e . I Zrad 2 o ok I BEALEE BY
gt gy 20, Ry SR AR 2 R H
eI fiE
3.7.2 JHMAEE:

R T B R A TR A AR il P A R DA R X

LEIOU = 1—10U+

PRI KB TTHR , A8 SCTE B @B A L0l o) 4 25
HEAT T IHRALSESS . TH ARSI R R AL 3 T 4%
PMEE B A R L REE RS 4 . Slim-ASFF
L) K Focal EloU loss it 2k BR %, B YOLOvSs A& RI4E
HASSCRAIE R SR 2, DT . SRR AR
AR RIEMERS , RS a1 PR, A
TR0y BRI E R 640%640,

ASCHE e £ T 45 E R i 241 GhostNet,
LA ML S 24 RIREREAL, S80Eh 5.0 M,
TEATE R 10.6 G, BRI A 2% BE 7R A 1308
A A RS B Rl E s, LT
A5 A A FE B, APy, M 86.8% 42 T} |
87.4%, AP M 45.0% $&F+%E| 45.7%, Bk T iZERE T
BT T KCIAIMAT: 55 1A 3501k o

16 S5 W 4% Hh 5] GSConv, #7125 AL (1)
VoV-GSCSP #it, B JfiA ) C3 s, S8
AT BRI — K. LA, VoV-GSCSP Fibiss
T IAEL AR T, DR IHE R AR Y & 2% B g ] s
PR T KR B TR . RIS EE APs, M 87.4%
PEFH3) 88.5%, AP M 45.7% $RF+E] 46.9%

HE— BN R0 Slim-ASFF #HUS , K
JEA TRKRIET . HARREBL, APy, M 88.5% - 7t%
90.1%, AP M 46.9% L F+%| 48.6%, H&F+iEEH K.
)5, Brig sk BN Focal EIoU Loss, ANMUEA
LA AN TR T, PR T AR
K % R . APy AN 90.19% - T #) 91.4%, AP M
48.6% - F+#50.1%.

3.7.3 XFHEE

h T PR IEA SO SR, SR AT A
FEREIAT 55 2 G E ARSI X 4 A 7] S 36 3045 v
PEAT T X HCSE R, f045 YOLO & 91 8 90 5 5 |
SSDLite. EfficientDet il RT-DETR-Res18, LG4k
e 2 .

A K FAM ML eI R

Table 1 Implementation results of the fire detection network ablation

Coordinated Lightweight feature
Model GhostNet ) g ] 9 Slim-ASFF  Loss function APs/%  AP/%  Params/M  FLOPs/G
attention fusion network
YOLOv5s 89.4 47.9 71 16.5
v 86.8 45.0 5.0 10.6
v \ 87.4 457 5.0 10.7
The model of
o \ J 885  46.9 4.2 8.5
this article
V J \ 90.1 48.6 4.4 8.9
\ J J 91.4 50.1 4.4 8.9
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A 2 BEHA AT LT LRI R

Table 2 Comparative experimental results of lightweight object detection networks

Model AP/ % AP/% Params/M FLOPs/G
YOLOv6s"™ 90.2 49.1 18.5 453
YOLOV7-tiny"” 89.2 48.8 6.0 13.2
YOLOv8s 90.7 49.5 11.2 28.6
SSDLite"™ 85.8 44.6 4.3 9.6
EfficientDet-D1"" 87.6 46.1 6.6 6.2
YOLOvY-T 89.6 49.0 27 11.0
YOLOv10-N®" 88.4 47.6 23 6.4
RT-DETR-Res18%? 89.6 49.2 20.0 60.5
The model of this article 914 50.1 4.4 8.9

HRPE S 25 R W, Bk IS 9 28 7E AP, 16 5
KFENT 91.4%, AP N 50.1%, 2% B H &8 R kS
B 5HAAR R HARGIREAR L, A SCREAMY
EMERE A g, W S BE AE SE R RN

4 HRMFFERENKS 54

Sy Y E PR R 23 K SRR % R e B SE PR TERE
ARSI PITAT LRI RALGTE B KT 5 h AT
R ERENS HLIGA RGN R A A R R K R
Yy, SRS | Ty RUGIHREE . UE
HOPHIE . L . INREOE R SRR SR, P
A KR B A B PEFIC 2 O B K ™ it PR RE ,
PRETUNIE 12(2) Fr7R o AR SOR5 SR #7186 72 78 5T AR 0
FETIURAY DU A Ak, A PATRADUIE Al e T A 0
AL, QAR AT BT AR BRI AN AL M T
R TR, R T AR G TR LB B R AT B AR
AL, WA 12(b) PR ol i R AR o A L S
B S FEHL AU 1Y B i s, AE B O CE AN

e I, DI R GE 0 IR T AR D e 2
MIRBIBATEOR . T AHUL P R AU 25 R ER A
GERSCPR TARRREE, IR0 7 5 A W Se PR BRI ARG 3
Bio ASCHIREEAR N RE R Rt . M LA AR
Bf, Horh SREBRIE AN . AT T ILKREE AR
AT L%

4.1 BIEEMEREIRIE

PRI I 7 2 A et LR TR 2 K R PRI B8R RE YOG
B3, it T ERE 5, 45 R EV]: RTSP Ik
55 AHEVL AT 20 PR R 19201080, UL & i i sk
FEZH 50 ms 100 ms, F5EAE RK3588 ARk
(R A L3982 R 640640, Rl AEZ A 125 ms,
BEBTIEZ A 175 ms & 225 ms, 7] & 8- Hb i /KR S8
HE ARG 7 2K
4.2 NRMu MK I

N T S ERR ZR GEXE AN [RIAA K K K 5 R g 7
PEAE, R UR BRI A . MR TR KGR,

B 12

REIRFEFER. (@) XA HZIRTENEE,; (b) N KK

Fig. 12 Schematic diagram of the test environment. (a) Large-scale high-altitude environment simulation device; (b) In-cabin test environment
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Ve DF AT R RS, B FPRRLEAT 30 1, % IE
PYHEB A RN AR LA SR, ORHIE BRI TR
B 4. 3, 2 me BRSSP SRS K B
SEMRGEAR . PRIEIREEAC . REEIREEAIUES >, 3 N
AN B0 ZRGEN A BRSP4 W Rz e ]

4.3 StEg RN X ik

T RAEA SO H A R B 2 K IR I B 5 4%
NI PA Rl E:r (& St S i w4 d SO . ol
YRR e Y8 e AR AR R HEA T A5 KRR, ol
PR 10 Yk, ik iMoe a2 T ie i
HERAERAE, R AR (] G5 R O AR R fE, Mt
PRI g (4 IR B

AR A Rk 4 s, TUUERITES A
(10 YlEe rf, A SCRYERIN GR35 RE A4 ELRERSTE
BRI [F] PO B SR, A S8 K R F A7 AE
TR LG, L g 8 i SO S 1] 142 0 7 s ) A AR SC
AR A5 R WIS AR 22, SIERR T A S Y A0 {5 2
Fi s KT o (R DL o

4.4 BFiRIRINLE

G IR 00 AT WoeAF BT,
FEBETT I ZE 2 R TR AR Y 11 2 K TR 28 1 3
WG| K, I A SCR 4 ElAR GB15631-2008
CHRERp I Z5 ) ) AT T IR IR

HRAIE SCHR [23] HEIZRI KCIAR 28 0 BT
PEAgIE NP B, FRINES7E LR IRBE R/ HI 1],
ALK KRB S U RS 1) T R
7308 mm. LR K 25 W B BT (35 H 2850 K+
100 K), ¢ 1sE 1s, Bt 20 kK 2) 71— H
B 308 mm, 30 W BIPNER SO, 52 1s 48 Is,
SIS 20 Yk 3) [FIEHTIF R4 200 (AT Fsl
JEAT, 5T 2 he I BT TSRS (AT
M PetaEs, T ASIERRIN A8 X 2 L K 2 kP ik
POTE R, TR ER I S8 A2 SC PRI T BT A7k
1 5 MTEL S RAED R T LG 30 RAGHEESR,

R T it BE EUR B A R E T T 5 H
PREETE S IR T IR IR, ikt T

£ 3 TEIAT & LK 49T 3 5 0 1]

Table 3 Average response time of system to fireworks under different working conditions

Test environment Project 2m 3m 4m
/ Number of tests 30 30 30

/ Alarm times 30 30 30
Polyurethane foam board (fire)/s 5.2 6.8 7.8

Bright environment Cotton rope (fire)/s 5.0 6.5 74
Smoke cake (smoke)/s 11.0 13.0 17.0

Polyurethane foam board (fire)/s 6.3 7.4 8.3

Dark environment Cotton rope (fire)/s 55 6.9 7.8
Smoke cake (smoke)/s 12.0 15.0 19.0

A4 AEMNBLEG K CIEN B b Rins 2

Table 4 Experimental results of the detector in this paper compared with the traditional fire detector

Number of
Test materials

b Number of alarms The slowest response The slowest response The average response The average response
umber
il detector alarms from traditional fire time of the detector in time of traditional fire time of the detector in  time of traditional fire
ials

in this paper detectors this paper/s detectors/s this paper/s detector/s
Polyurethane foam
) 10 10 5 9.0 108 6.5 97
board (fire)
Smoke cake (smoke) 10 10 7 16.5 57 12.0 45

A5 TRIIRBEARER 0T e Bk L4

Table 5 False alarm rate of detector under the influence of different environmental light

Project Interference source 1 Interference source 2 Interference source 3
Number of tests 30 30 30
False alarm rate 0 0 0
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PHIRSESG . 1) B ORGSR I RS (6
TORHRBLE IR, SEhTiRIURESIZ 18 5 2) Wi
AU IR A . 258 20, SR PRI
IORARAITEOL, UER T A SCERIN A8 B TSR

45 ZERHH

8 S0 R TR I RN i 2R 50 B 1) {95
WT KT 2 AN AT G ) BT . IR OO, [
s SRR AN [R] 000 PR B AN R BRI, BRI R
Zo A CHLGTAR R AR, A0 5 P 1] AR MERE
R,

RSB BRI AR G TR IR PG A5 B AT K
GG, TOFE Ak B AT, ARG A 2 R
B BEE 10 s Z AR, 20 s ZPNUNZEHE, il
PR TRIBREESR, [ s PRI BT 17 3 FR T A 8 S T R A R
A5 o

5 & &

BT UG YOLOVSs HH R ISR 12 (1 B R A fi 25
KRAFMEFLILT 10 s DAY JAEPGEAE DL S 20 s
DL AR ZS PR | R ARk A A T 5
ihE. iEi) RK3588 i1 Zk i+ 5T CMOS &%
i EGEE I FH A 28 I 28 B3 1 8 e 1RO K 55 L b
ST AEAUMKEE A B SR BEIR RIS T SR A
B, W T XTI R G IR A S,
AT RTSP R45 4, #3071 i 540 45 @ i1 PLR
WA TR . 58 T & T WoR gk i A m Doy (8
PLAH N BT R R R . i B AR T 1Y
7 0.60 kg, AFIR 10.7 cmx10.7 ecmx7.1 cm, {HF%
G, AR ALK IR RGPt T3 7
%2, BABEMEEE XS HNME.
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Image-based aerial fire detector based on
cross-scale fusion

Zhang Pei"?, Ren Hengyingl*, Tian ]iaqiz, Chen Tongz, Yan Weiwei', Zhang Wei’

Image-based aviation fire detector
hardware overall structure

Alarm

Embedded Linux operating system information— Alarm_
| interface | nformation
C 1,1 »
| system
(EED Deep leaning _, Ethemet __| | Ethernet Image
interface

b processing —Cache—». arng| !
P I 9 processing unit chip information

T

Optical | Mechanical
filters

photosensitive|
chip

Domestic Al chips

U Domestic deep learning processing module
,,,,,,,,,,,,,,,,,,,, ]

[ DC-DC voltage conversion module |

The overall structure of the image-based aviation fire detector hardware

Overview: To address the challenges of traditional smoke detectors in identifying replaced smoke in the cargo hold of
high-altitude, low-pressure aircraft, an innovative image-based fire-and-smoke detection system was developed using
the domestic RK3588 embedded AI chip. This system employs an enhanced YOLOv5s detection algorithm tailored
specifically for fire-and-smoke detection, incorporating several critical improvements to achieve high precision and
operational efficiency. The backbone network of YOLOV5s is replaced with the lightweight GhostNet architecture,
which significantly reduces computational requirements and the model’s parameter size, making it highly suitable for
deployment on embedded devices with limited resources. To enhance feature extraction, a collaborative attention
module is integrated between the backbone and the feature aggregation network, ensuring that critical features are
captured effectively for better detection outcomes. In addition, the C3 structure in the feature fusion network is
substituted with the VoV-GSCSP module. This modification not only enhances the integration of multi-scale features
but also reduces computational complexity, enabling the system to handle high-resolution images more efficiently. To
further optimize the system’s performance, the Slim-ASFF module is inserted between the feature fusion network and
the detection head. This addition improves the combination of feature maps across varying scales, ensuring accurate
detection of both small and large fire-and-smoke instances. The regression loss function is also updated by replacing the
standard loss function with Focal EIOU. This improvement addresses challenges related to aspect ratio variations in the
original loss function, enhancing the system’s ability to identify positive samples while reducing false alarms effectively.
Experimental results on a self-constructed fire-and-smoke dataset demonstrate the system achieves a 2.0% increase in
mean Average Precision at a 0.5 threshold (mAP50) and a 2.2% improvement at 0.5:0.95 thresholds (mAP50:95). These
results demonstrate the algorithm’s effectiveness under challenging conditions, such as low light and high turbulence
environments, making it highly reliable for real-world applications. The hardware of this system is centered around the
RK3588 embedded processing board, which interfaces with a CMOS image sensor for real-time data acquisition. The
processing board includes an RTSP streaming server, enabling the host computer to access the visual interface via the
onboard LAN and an assigned IP address. Testing in a simulated cabin of 15 m x 8 m x 4 m demonstrated reliable
performance, with flame alarms triggered within 10 seconds and smoke alarms within 20 seconds. All functional
indicators met rigorous design specifications, confirming the system as a scalable, efficient, and reliable solution for fire-
and-smoke detection in aircraft cargo holds. By combining advanced deep learning techniques, lightweight
architectures, and optimized hardware, this system ensures compliance with the stringent demands of real-time
monitoring in airborne environments.
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