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Fig.l Network structure diagram of GMR-YOLOVS algorithm
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Fig.3 Structure diagram of group member relation module
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Tab.1 Dataset information

Title Norm

Dataset name Drone-swarms Dataset

Number of images 6900 sheet
Resolution of an image/pixel 960x540

Number of UAV 20-25 racks

UAV target size/pixel 9x8-13x11

ba _y
(2) =ML PR
(a) Triangular flight status

(e ao

i
(b) B ®ATIRES
(b) Circular flight status

m EEn - - ﬂ
(0) HTE RATIRAS
(c) Rectangular flight status

EEn =

o=
(d) ZHE RS
(d) Multi-group flight status

Pl 4 TEANLRE AT R
Fig.4 Example of UAV group flight status

EEn . -
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Tab.2 Configuration of the experimental platform

Title Norm
Operating system Ubuntu 18.04
Processing unit Intel Xeon Gold 6230x2
Graphics board NVIDIA RTX 8000 x2
RAM 192 G(32 Gx6) DDR4 2933 MT/s
Python 3.6
Development environment PyTorch 1.10.0
CUDA 11.4

®3 BHIRE

Tab.3 Parameter settings

Parameter name Parameter size

Epoch 300
Attenuation factor 0.0005
Learning rate 0.001
Model optimizer Adam
Batch size 8

epoch ff . FEVH A%, Batch size, %> RE% , LG HEFE
B AR A9 Y985 B (Mean Average Precision, mAP).,
K 3 B (Frames Per Second, FPS) 1 Jy PEH K6 4
PERERYHE T
33 KBHER

R B ST PR H AR SR AT R, A R SRR PR
N, 7£ Drone-swarms Dataset {38 4 I, SCH #2 H A 2
51 YOLOVS PRN 1 IF e x le il s gt . S 45
SRR, SCP R SRR YOLOVS 19 mAP 4351
95.9% A1 89.6%, K i 3 J& 73 J| ik 1| 59 FPS Al 67 FPS,
T T R A 5 22 T AN R R4 T, SO i iy
SRR A e . PIRP SR BRI 25 SR an &l 5 FEl 6
Fi7s o

Y SEER 25 RN EL S, I8 6l %, SO i BTS2 AR
TIlh YOLOVS 53k i YOLOvS MZE AR5 A SD-
CAN B A GMR A8k, £ TE AHLZ Fh RATIRAE T,
A Je AHURE L B, 25 Y IR AG: . 1246, TIET 6(a). (b)
B, B (o) HBLRES . MR GMR-YOLOVS 5k
(ARSI RS (IS TG YOLOVS 5375, {H GMR-YOLOVS

@ < e I 50275 I
(a) =M WA
(a) Triangle flight status

(b) ZHE AR
(b) Multi-group flight status

(OF:AYFRINS
(c) Rectangular flight status

%l 5 GMR-YOLOV5 FykA 45 5 14

Fig.5 Detection result of GMR-YOLOVS algorithm

() =ML ¥R
(a) Triangle flight status

(b) ZHE WA
(b) Multi-group flight status

(o) FIE RATIRZS
(c) Rectangular flight status

%l 6 YOLOVS ByEA 25 51 K

Fig.6 Detection result of YOLOVS algorithm
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25 A URP 2 RSB L EA T L, 41 YOLOv7,
YOLOX, SSD, Faster R-CNN, X JL #5492 i) % e 4%
SRORUR I AR 2k 4 R 7~ 9 s . R 4
mAP@0.50 /R 7E IoU=0.50 F} 158 mAP; mAP@0.50:
0.95 F /R 1E A ] ToU {H (0.5~0.95, 4K A 0.05) i} 37
I mAP.

HI 2 4 A, SO S ARG TN B L 1 mAP@0.50.
mAP@0.50:0.95 T X b 52 56 rv 2 de ey 1), G 00 3 32 A
BTG YOLOVS A I FEA% . SSD 553 1 A ) 2

F4 WHELBER

Tab.4 Comparative experimental results

Algorithms mAP@0.50 mAP@0.50:0.95 FPS
GMR-YOLOVS 95.9% 70.1% 59
YOLOVS 89.6% 60.5% 67
YOLOvV7 86.3% 28.9% 40
YOLOX 85.9% 28.8% 33
SSD 56.7% 23.2% 87
Faster R-CNN 58.3% 30.1% 16

AR T A LA S R R R, (2 7E mAP@O.50,
mAP@0.50:0.95 8 br b R IR w20 K 5~Kl 9

st -

— o
(a) =ML PR (b) ZH ©APRES (o) FIE RATIRAS
(a) Triangle flight status (b) Multi-group flight status (c) Rectangular flight status

€ 7 YOLOVT SriktariliZt R 4]
Fig.7 Detection result of YOLOv7 algorithm

@ 2 700
(a) =ML IR (b) ZHE ©IrRE (o) L AR
(a) Triangle flight status (b) Multi-group flight status (c) Rectangular flight status

8 YOLOX HikAaliss R e
Fig.8 Detection result of YOLOX algorithm

@ 1 o
(a) =ML PR (b) ZHE CAPRE (o) FIE RATIRZS
(a) Triangle flight status (b) Multi-group flight status (c) Rectangular flight status

19 SSD SEAGINAS R IE

Fig.9 Detection result of SSD algorithm

20230429-7



ISk A2

%14

www.irla.cn % 53 %

A %1, YOLOv7, YOLOX, SSD 5 ik il It A HLAFE
B, 255 LR R 40, aniEl 7 5 15 8(a)~(c) LA
K 9(b). (c) s RIS L . LRk E, SCrhagihm
G 53 P T H At T 28 ARG DU 5
34 FTHER

8 AE GMR-YOLOVS 5 BBt 40k, A ik
HX Drone-swarms Dataset % i ££ " Jo A ML B iz ) 3¢
S, ERER L A A = Ah THE T i#E1T GMR-
YOLOV5, YOLOv5, YOLOv7, YOLOX P fift 5 v %t
PeSime . =R T 00T RS B 431 606, 564,
523 SR G, B R AR BN 3R 5 TR o SEIR g R
F 6~ 8 TR, K & R AN 10~18] 13 FiR .

RS ZMHTFHBERATHEIRESESSE
Tab.5 Information about the dataset for the three

disturbance scenarios

®6 BHXXIERT, XILLWHER
Tab.6 Comparison of experimental results in the case

of motion crossover

Algorithms mAP@0.50 mAP@0.50:0.95 FPS
GMR-YOLOv5 82.2% 43.4% 60
YOLOVS 58.8% 15.1% 69
YOLOV7 69.1% 16.2% 21
YOLOX 75.9% 17.2% 30

R 7 EHEMERLT, MIEXHLER
Tab.7 Comparison of experimental results in the case

of motion blur

Algorithms mAP@0.50 mAP@0.50:0.95 FPS
GMR-YOLOVS5 91.3% 56.2% 60
YOLOvVS5 87.3% 26.9% 69
YOLOvV7 86.1% 26% 23
YOLOX 88% 24.8% 30

R8 NHEBEEFAT, MILLWER
Tab.8 Comparison of experimental results in the case

of dense distribution

Title Norm
Motion crossover 606 sheet Algorithms mAP@0.50 mAP@0.50:0.95 FPS
Motion blur 564 sheet GMR-YOLOVS5 90.9% 55.5% 60
o YOLOVS 75.5% 20.8% 69
Dense distribution 523 sheet
YOLOvV7 83.7% 18.5% 28
UAV target size/pixel 9x8-13x11 YOLOX 80% 16.3% 30

(a) iZh 52X (b) BB (ORI S
(a) Motion crossover (b) Motion blur (c) Dense distribution

F 10 =FFHEI T, GMR-YOLOVS 2346 45 57

Fig.10 Detection results of GMR-YOLOVS algorithm in three interference cases

(a) B85 L
(a) Motion crossover

(b) 15 ZHAA
(b) Motion blur

(c) it

(c) Dense distribution

Bl 11 =R TS LT, YOLOVS Sl 44 24

Fig.11 Detection results of YOLOVS5 algorithm in three interference cases
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(c) Dense distribution
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Fig.12 Detection results of YOLOv7 algorithm in three interference cases
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(a) Motion crossover

(b) 12 B
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(c) Dense distribution
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Fig.13 Detection results of YOLOX algorithm in three interference cases
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LB ZE R 9 iR,

%% 9 AT 1, YOLOvS P28 H15] A SD-CAN # ik
J& , mAP@0.50 42 51 2 4%, {H & mAP@0.50:0.95 FlK:
I A I REAR . 51 A GMR B S, mAP@0.50 4
15 29 1.9%, AFUR: D00 3 8 7 O U 9 ol S 5 R PR
SD-CAN # He Fll GMR £ 8 51 A £] YOLOvS ¥ 4%
J& , mAP@0.50:0.95 [ 1% 2 4.3%, mAP@0.50 & = £

R HBMXBER

Tab.9 Results of ablation experiment

Algorithms mAP@0.50 mAP@0.50:0.95 FPS
YOLOvVS5 89.6% 60.5% 67
YOLOv5+SD-CAN 93.2% 58.1% 60
YOLOV5+GMR 91.3% 60.4% 70
YOLOv5+SD-CAN+SIoU 93% 58.3% 60
YOLOvV5+GMR+SIoU 92.3% 61.9% 70
YOLOvVS5 +SD-CAN+GMR 92.1% 57.9% 60
YOLOV5+SD-CAN+GMR+SIoU  95.9% 70.1% 59

2.8% SCHRE I JC AALRE R 51 H bR A I 5 1k AR
K0 3 B A T, {H 2 7E mAP@0.50, mAP@0.50:0.95
T b 1 XA AN TR A AR B B4 v o

4 4 &

BN BUA JC MU I 3505 25 5 B . DR
FUAR LR BE BRI T AN LRSS A8 P Y T, SCrp i
T — i T 2T AN A T A HILAE 45 A R R R B
o TG, H 2 ) TR e B AN i A 3 T T AL A 25
B, T s TR R - T TR R R, RO R
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Structure characteristics sensing method of unmanned aerial vehicle

group based on infrared detection

Xia Wenxin, Yang Xiaogang, Xi Jianxiang', Lu Ruitao, Xie Xueli
(College of Missile Engineering, Rocket Force University of Engineering, Xi’an 710025, China)

Abstract:

Objective  With the rapid development of mobile self-assembling network technology, cooperative control
technology, sensing and detection technology, and artificial intelligence technology, unmanned aerial vehicle
(UAV) group have gradually shown the characteristics of group intelligence distributed, self-organized and non-
cooperative. Timely detection of an attacking UAV group allows for a wealth of countermeasures to be taken
effectively. Countermeasures such as navigation deception, physical capture and physical destruction can be taken
for a small number of UAV group, but once a large number of UAVs gather to form a UAV group, it is difficult to
carry out countermeasures. Therefore, the development of UAV group target detection and identification
technology is a prerequisite and key to achieving anti-UAV battlefield situational awareness. The existing target
detection algorithms that do not consider the interrelationship between UAV group members, are prone to miss
detection, mis-detect group members and fail to sense the structural characteristics of UAV group, we propose a

method to sense the structural characteristics of UAV group based on infrared detection.

Methods Based on infrared detection and YOLOvVS algorithm, we propose an algorithm for sensing the
structural characteristics of UAV group based on infrared detection, called GMR-YOLOVS algorithm. The
algorithm is designed by fusing the Space-to-Depth Non-strided Convolution (SPD-Conv) module with the
Channel Attention Net (CAN) module to design the Space to Depth-Channel Attention Net (SD-CAN) module.
The SPD-Conv module can convert the UAV features from the spatial dimension to the channel dimension,
compared with the channel attention mechanism, which does not focus on the correlation between channels, and
the designed SD-CAN module can realize the conversion of target features from the spatial dimension to the
channel dimension, and also focus on the UAV features in the channel. Meanwhile, for the problem that the
texture features of the UAV group members are not obvious in the infrared images, the Group Members relation
(GMR) is constructed. This module makes full use of the structural information of UAV group members such as
their positions and bounding box sizes in the infrared image, and incorporates the structural information of UAV
group members into the association information between group members. Compared with the existing target
detection algorithms, the proposed group membership relationship module in this paper considers the information
such as the position and bounding box size of UAV group members in the image. Finally, the two constructed
modules are fused to the YOLOVS5 base network. The algorithm validation experiments are carried out on the self-
built UAV group dataset.

Results and Discussions  Experimental validation was carried out on the constructed Drone-swarms Dataset
(Tab.1, Fig.4), and the experimental results showed that the mAP of the GMR-YOLOVS algorithm proposed in
the paper reached 95.9%, which improved the mAP of the original YOLOVS5 algorithm by about 7%, effectively
improving the detection accuracy of UAV group members (Tab.4). Meanwhile, the detection speed reached 59
FPS, which achieves real-time detection of UAV group targets and perception of UAV group structure

characteristics. Compared with the classical detection algorithm, the GMR-YOLOVS5 algorithm reduces the cases
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of missed and false detection of UAV targets (Fig.5-Fig.9). Ablation experiments are also conducted to
demonstrate the effectiveness of each part of the improved module. The experimental results show that the
proposed algorithm in the paper, although the detection speed is reduced, it has different degrees of improvement
in the indexes mAP@0.50, mAP@0.50:0.95 (Tab.5).

Conclusions We propose an algorithm for sensing the structural characteristics of UAV group based on infrared
detection. Firstly, the SPD-Conv module and the CAN module are combined to build a SD-CAN module, which
not only converts drone features from the spatial dimension to the channel dimension, but also uses the channel
attention mechanism to make the network pay more attention to the features of group in the channel, which
improves the detection network's feature extraction ability for UAV group members. Secondly, using the position
of group members in infrared image, boundary frame size and other structural information, the proposed GMR
module, which generates connections among UAV group members, and then improves the detection and
localization ability of the network for UAV group members. Meanwhile, the SIoU loss function is used to
accelerate the convergence of the network. Finally, experimental validation is carried out on the UAV group
dataset, and finally a network model with mAP of 95.9% and detection speed of 59 FPS is obtained to achieve

UAYV group structure characteristic sensing.
Key words: infrared detection; UAV group; group member structure; channel attention; group
member relation
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