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Small Target Detection for Aerial Photography Fusing Multi-layer Shallow Information

QIN Yun-Fei', CUI Xiao-Long’, CHENG Lin', FAN Ji-Dong'

'(Information School of Automotive Engineering, Hubei University of Automotive Technology, Shiyan 4420024 China)
*(College of Computer Science, South-central Minzu University, Wuhan 430074, China)

Abstract: To solve the problem of small target detection and target occlusion, this study constructs corresponding traffic
scenes based on the VisDrone2019 data set and proposes a small target detection algorithm. First, the shallow features of
the backbone network are fully used to improve the problem of miss‘ing small targets. The small target detection layer P2
is added to the original network structure of the YOLOv7 algorithm, and a multi-level shallow information fusion module
is added to the feature fusion network of the model of the small target detection layer P2, so as to improve the small target
detection effect of the algorithm. Secbn(ily, the global context module is used to build the connection between the target
and the global context, enhance the ability of the model to distinguish between the target and the background, and
improve the detection effect when the target is missing features due to occlusion. Finally, the CloU loss function in the
baseline model is replaced by NWD, a loss function specially designed for small targets in this study, so as to solve the
problem that IoU itself and its extension are highly sensitive to the position deviation of small targets. Experiments show
that the improved YOLOvV7 model has improved by 2.3% and 2.8% respectively in the small target aerial photography
data set VisDrone2019 (test set and validation set) with mAP.5:.95, achieving excellent detection results.

Key words: shallow feature; global context module; NWD loss function; small target detection; feature fusion; target

detection
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j=1
Z exp (Wixim)

m=1 y
oA, ReLU N AR MEWOE B 5L, LN N2 RHERL, Wi
L VA SR M T A8 (15 ReLU 22 71) N
TR RUEAL, B 05 1L 95 20 BUA5 e SR 0 0 A TR
i B, DA S BESSAE A — A T2 A IR AL 25

Wil 5 Fizw, GC block H L% SNL block H[] context
modeling i1 SE block H ) Transform 3R, &5
5 FH ) 38328 70 25 AH 03 R B N R AR AT 4 R R AR AT
A, 19 BIRH f h 25

2 SKIG RS R
21 SRFESSHRE
WA S B T I 25 300 %6 (560 A 4 2

I 0 B ), BSR40 At PR A R )
B AL SO B o 7 B 5 FO AR S 80 bateh_size 7E
IR RN R BB A 16, MG 5150 0.01, 1536
231 0.1, % 3 %R warm-up 77 3%, TR HIE O
3 5, A B4 U [ B 4625 51 2 0.01, Bk 3h
B0 0.8, BT 5 51 S IF UG WE T M, 7 LA [ 2 5]
2 A7 A LS. SGD 16 B MBURAE FiZ Ak
e L A T S ORI B, 47 T SR
% Adam B, Bk A SO 925 SR FRUROR 1448 9 6 4 30
LI BEHLAFE T ek (SGD), 4 1k 48 st i (1 0.937,
U ZEI R T 400.000 5. .
22 SRS

I 9 % R A T KL B 1 R R0 4
VisDrone2019. Z a4 F K& 1/ B bR fgh 4 H

548 K, MRAE 1610 5K, M FLE Fh 8599 ik
B iz S — L3 A 12 A28, AN B R 2=
FAR K, IX 5 IS A AR B SR ABL. HoH other. ignored
regions 5| A% T,

5 COCO2017 ¥ 1A /NT 32x32 R R K H AR E
SRS B RRAS ], A SCHE R s H /N B AR 2 A
453, /N H bR (area<16x16) Fl/NH bR (16x16<
area<32x32). % 1 B/ T BIRE P RN BAFH
FR/NT 0 LA, e /s R 1 BE R 26.1%, /0 H G
5 EL 34.4%, — % LRk 60.5%. AH LT COC02017
Haderh/hE ﬁ?%ﬁ it Bl 1) 41.43%, 7T W, VisDrone2019
Helinge /b BARMELTE 2. % 2 AU IREE,

%1 VisDrone2019 s 288 b B A7 F o At

Extre-small (area<16x16),

L EEST |

Small (16x16<area<32x32)

Normal (area>32x32)

SR ELbr i E (%) H AR FbR & E (%) H AR5 FbR & H (%)
Pedestrian 34379 ¥ 433 30859 38.9 14099 17.8
People 13015 48.1 10495 38.8 3549 13.1
Bicycle . o2397 22.9 4706 44.9 3377 322
Car 25639 17.7 44217 30.5 75011 51.8
Van 2954 11.8 7801 313 14201 56.9
Trunk 1064 8.2 2920 22.7 8891 69.1
Tricycle 659 13.7 1520 31.6 2633 54.7
Awning-tricycle 393 12.1 30.0 1 881 57.9
Bus 422 7.1 1235 20.9 4269 72.0
Motor 8647 29.2 13325 44.9 7675 25.9
it 89569 26.1 118050 34.4 135586 39.5

2.3 IFNHERR
H FrAs0 % F 43 812K (Recall, R)~ 1ERIZR (Precision,
Py, YIMEPIIREE (mAP). RIS & (Parameters)-.

182 {4 ARH 1% Software TechniquesAlgorithm

JEIRIX 5 BTN HE bR A REAT PP A
(LA 2 2 AL SN o Bl TE A R 7 O TERE A HY 4
A BRI 70 9 IERE A KU LA, a0 (19) P
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i H AR SN A

Tp
= 19
Tp+Fp ( )

Hrr, Tp (true positive) FHE IR ) IEFEASL, F),
(false positive) AT 1R TR IEAEACEL.
F2 LB

R WS4
BIE RS Ubuntu 20.04

CPU AMD EPYC 7551P

GPU A5000-24 GB

PyTorch 1.7.0, CUDA 10.1

T [ e S A5 R 0N Hh ok B e 4 P IR AR I A
P Eel, anst (20) Fros:
Tp
T TpiFy

(20)

Hodr, Fy (false negative) 3R 7~ SEBR ) IEAEASES 1R ) B

(SRIIPSRAREZ NIk 168 'y

N GEETE R RMERE, 2 B AR
AT, Af P45 B (average precision, AP) K1 —
HWRR, ERARFEA LA E I RIS . =k (21)
Jo:

AP=deR 1)

DA 3R AP {6 N BEER A REAS 2 2ME PR 2 (mean
average precision, mAP), R 5 AP EHHIT14, 1%
fEBR = R WA M ek 7. a0 (22) Pow:

C
1
mAP = - ;AP i (22)

Horhr, APy j R EHFRI AP AH, X PTA HARE AP 1. |

SRFHEAT 30 5 538 0T DA 1 mA P iR, Hoh
mAP.5:.95 F75% ToU M 0.5 3F 4 0 0.05— ELEL{ 51
0.95, 485 Kt BT KB mAP 1.
2.4 HRAL “

ST P ¥ S 6 4 BB S R P i, o R
S FHRR 50 001 25 L1 25 300 epoch 2 J, 48 R ¢4
BB AR AE R A S A TR 0K, 36 4 210
AR, WA 3 R AU B 77 T A7 % .

A SRR U, BB R 640640 153
B Z17E A 4R B39 BRRKISK; C 417E B 41
O HE R L0 2 2 U R e B, i — 5784
P T I (0 R HFE; D 417E C 411 Rl _E A8
NWD 5K R CloU #ik B %L, 74h CloU ik

PR BCAE /N B bR ARSI 5 T B EE. B 6 BN T 4 A
NG R IIEE N mAP.5:.95 FIAZALAE .

— YOLOv7
04 | — YOLOvV7 P2
— YOLOv7 P2_ADF
— YOLOV7 P2_ADF NWD
03
v
5
S 02}
=
0.1 |
0 L =
0 s 100 200 300
. Epoches

L E6 BB mAP.5:95 HIHE

T 6 TS, A 2 0 4% e 8 01 T I 4%
R RRE RN/ AR R R £ J2 7 R (Al
BB X 3 0 T g T 2% B KR 4R T, T
NWD 45125 B 0 B R O B R T, 30 1%
35425 8 A6 6 TOE [ 51 9 43 3

BT 5 LK 0 S0 5 SR A I 7 R, b e Ao
B4k A 99 B AT 1 /0 B RR R U2 AT NWD K
B, /N B BRI 6 15 AR Bk 1 2 SRS 40
Fi R 3 8, AT AR 700 1 o B8 452K TG WD
351 5k 8 MO R 5 i 458K (09 B8 R W, 2 T NWD
1526 R SO B AR 22 5 55 45 00 1 1 A5 A
ST T ST B PR A TR 5 B 45 2K £,

] 8 R T4 AW B AR PR 2%, %
2 S A 25 52 PR S, A5 P e v 45 R
S U AR S0 7E B AT 4 BT IR K mAP@S0
(mAP.5). M 8 Al AIECHE S R 4 N HOR B £ 02K
7 (car. pedestrian. motor. people) ] mAP@50 ¥JH
BT, T35 e 3K 0 75 52 B A0 P I RE RO %, %6
3 RS IS TR AL

3 AR ST 1 BT B S 0 78 T TR S T A 5
U 4 AT R, BLrRSEe 2 ZESRLRRE F R P2 /N
HAFRIIR, %K 2k 2 $O0S R B F 2 T M %
v A T, B30I B EMR 2 ) mAP.5:.95
T 1.5%, MSEEAUEMN T 1.6%, & 8@ FRE Ak
BRI R BB/ ERRAE 1O 5 R AE 1 77 1,
575 20 A R TE0 b 380 LB 1AL P £33 L, AT
R BE 3R TR R R M B S0 3 FE ST 2 1SR
N R UL S A BB, BB — 31 1 A R
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£ 19X 45 v 18 25 9 485 1) R ERFAE, DLk B 78 43 R
TRIZFHESCE /N B AR BCR 1 H . 25 R 8oR, MK
FIELE AR AR MR EE LT mAP.5:.95 38007 1.8%, T
TR I BUR AT, mAP.5:.95 3N T 2.0%. BARSH
SN Z, (AR RS AT B A3 M A R /s H bR
R 2 B /)N, GX A5 8 TV 2 R AE Al A SR, 4 AR Y o
(1 CAETE R AT 2 2 Rl &, (AR RS AT
RARR T RAIE. SR8 4 FRoR, TESLEG 3 1R B CloU
K R NWD 51K R B, mAP.5:.95 #A /INIE
(B TE, %5 s BRI N T AR B I ZR AR, H X A
U ) I R) 2 22 TC R R I, %SRS RE S TC AR TT
/N ERRREINRS EE. FLER P 9 |4, MR TS5 3, %R
REMSAFASE Y 5 A7 4525 N B W 55, R B ND 35K bR K g

Bl

1.0

— pedestian 0.557
— people 0.470
— bicycle 0.269
— car0.848
— van 0.500
— truck 0.474
tricycle 0.390
— awning-tricycle 0.190
— bus 0.626
motor 0.576

08 [

0.6 |

Precision

04

02 f N\ S

0 0.2 0.4 0.6 0.8 1.0
Recall

(a) FELRATTY

__ pedestrian 0.595

— people 0.480

— bicycle 0.287

— car 0.869

— van 0.543

— truck 0.511
tricycle 0.405

— bus0.673

motor 0.604
| — alliclasses 0.517 mAP@0.5
| -

Precision

v.\l N |
0 L L [ I| l al

0 0.2 0.4 0.6 0.8 1.0
Recall
(c) BLZ A +P2 il JZ+Ad_Fusion

| — all classes 0.490 mAP@0.5

L

— awning-tricycle 020k, |

Precision

IR AR EALRE ). 3 A5 R B R, AR
mAP.5:.95 TEMRAEFNIGUEEE 4 AERF T 2.3% 1 2.8%.

0.10
— YOLOV7
— YOLOV7 P2
0.08 | YOLOv7 P2_ADF
— YOLOv7 P2_ADF NWD
0.06
&
-
0.04
0.02
o L. _ - - -
0 \ 100 200 300
\ 5 ‘ - Epoches
p e 7 AEMEGERTE Loss MIELEL

1.0
— pedestrian 0.575
— people 0.463
— bicycle 0.263
L — car 0.865
0.8 — van 0537
— truck 0.486
tricycle 0.407
| — awning-tricycle 0.208
{ — bus 0.667
§ 0.6 I| motor 0.587
> | — all classes 0.506 mAP@0.5
2 |
N |
& 04
02 f |
||
0 L 4 Ll

0 0.2 0.4 0.6 0.8 1.0

Recall \ \;

(b) Jjﬁéﬁffﬁﬁéwz‘ o = B

__ pedestrian 0.597
— people 0.482
— bicycle 0.294
— car 0.870
— van 0.548
— truck 0.506
tricycle 0.415
— awning-tricycle 0.202
— bus 0.672
motor 0.608
— all classes 0.520 mAP@0.5

|
. . L1,
0 0.2 0.4 0.6 0.8 1.0
Recall

(d) FELEAR P2 K5 2 +Ad_Fusion+tNWD_loss

8 MIRYCHEHT A ) PR HIZE

2.5 GC &AWL

At Grad-CAM HiE" M I\ GC Fiei &
(147 9 8% BT D3 1) L o X AT T AL Ak

Grad-CAM B3L ) TAERE A 10 P, i H %

184 A4 AR Fi% Software TechniquesAlgorithm

D 2 T 7 B A R 48 2R S LTI 2K, B R RE s A
WIZRIF FIRR I R — R AT AT LA,

GC 42 Ja) N SOREBR5 4 NP (10 18 18 20UE 2 A
K, ETMENTEZERALE SN HERRIEE B8
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i EN RSN

FOEEHEK, TRtk PO RFAE SR I 25 (113 2 (B 1 B
AN) S04 R BRSO, DL e i 22 N BB
S R 8 o0 T e DA B2 4 T AN B R A I, 3 T
BRI ITUA. W 3 P, 80 GC 42 )5 1R ok,
GC i) SE block #8241 B 2% CHk[16] T
SE b 4 i Al v % B N 16, W B J5 VisDrone2019

AR BEFNIGAUESE | mAP.5:.95 43 W4 0.3% F1 0.5%
T, N T R GC EH G RG J5 IR AT X L,
U BT S AL () SPPCSP K (A AL T 3 T4
TIEFZH I 28 iy N B RFAE b & P25 28 1 B AE 2, A
AU RE I U SR e e R I ELE I ) BORAE J2 AT
ATRRAL, PTRRARECR A 11 B,

* 3 1F VisDrone2019 (MREFIAELE) EA FEFA M RE LR

B 2% R4 P2NEARE Ad Fusion  NWD loss  GCblock  mAP.5:.95(%) B (x10° iR (ms)
1 N — — — — 21.9 ‘6.\ 10.6
2 N S — — — 23.4 (+1.5) - i7.1_ 12.8
A 3 x/ \ \ — — 237(+.8) . 408 14.1
4 N S N N — \23.9,(+2.0) 40.8 14.1
5 N N N N MR 2] 41.0 16.7
1 N — — — N ™ 26.7 36.5 10.6
2 N S — = R 27.8 (+1.1) 37.1 12.8
i 3 x/ \ o ") — 28.7 (+2.0) 40.8 14.1
4 N \/ . A N — 29.0 (+2.3) 40.8 14.1
5 N NatE =« \ N 29.5 (+2.8) 41.0 16.7
L% g
\ w8 _ T
N b . P 11 a) A AN F AR, T 11 (b) 1 15 B
Box . Objectness Classification B R . .

0.07 ggg;g 0.025 HAx. fESLIREE R 1 ol E7R T car 1 van 2850 F 1)
006 0.062 5 o I, G551 2 08 car FM I RS R T (car 2K
2z £ 0.060 0 g 0.015 . - I
3 005 S o0srs B ) G 2 AT LU, ARVRIN GC b B

004 00550 0005 {56 B R 37, 1 GC B JR, KT 6V PR T A

0 g o 200 o200 HE, WA H bR X IR #0058 AR /N 78 B AR
poches Epoches Epoches

(a) BT DHSREGEE R 1 (van ZE051) FISEIGEE R 2 i (car 2E51),

Box 0.018 Objectness 0,030 Classification BN GC LR B8 W5 {5 45 AU 6t %%‘E\E *ﬁ%%:@n M

0.07 ' ’ " - ¢ e

0.06 0.017 0.025 WE&%*%EEEQE*FW%E v Agﬁ, y\ﬁﬁ?ﬁ%%*ﬁ@ﬁ
v ” L, 0.020 e o o . :

% 0os % oors % oors B2 F RO AE
0.04 0.015 0.010 \ - .
0.03 0.005 . = T e et
0 200 0 200 0. & 200 "=} \ 5 ol ”'g\
Epoches Epoches . Epochgs . '-f A P p =
(b) R - . — .
. N 5 = - P
TR Uy A T2 ol B AR Z - & o« | %
' )
L Rectified Conv . ]
feature maps afgvii’:;s (a) SRHREE R 1
Input '\
/__/ »/. .\, \_\4.\‘\ (b) i%%% 2
@—=—"" B 11 A GC 2L SRR AT AL R
. Tiger car 2.6 RNEIEETELFIAMIR AT
e | 9T T4 R R U, K B I )RR b T
Grad-CAM EORAR T B — B Bt H AR R I A AT R B Hodr s,

10 Grad-CAM i TR

m A x YRR AN [R5 FRCAS. D 1 R ORI S S,
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H 5256 R AN B 7 R G — 2 640%x640 (1K),
HA#H VisDrone2019 i 17 SLI I IE.

Nk 4 Fios, fEE T A ERRE ST S T, AT
& HH AR R ANSORT B 2R A B B R I 3 T, A T
Z I — B B YOLOVS x 5L mAP.5:.95 1 TF
T 4.0%, HHX T JE iR YOLOVT B4R mAP.5:.95 #2
THT 2.3%, FF H o0l 5 M RLTE GBI 40 A L 3.
TERA T A SCEIELEMT /N BART S 1A Rk, 6 12 J&
7~ 1 VisDrone2019 £ 45 — A5 Wl i) n R 4k 2 53, e
PEE AR B, SRR @ = N
AL/ HAR, 45 R OR A ST TR 0 B R 0 i 2 1%
Wi R/ B AR RE AT 55

K4 RERPERERE A X LE

T mAP.5 (%) mAP.5:95 (%) ZHE M) #EiR (ms)

YOLOv4 36.3 21.4 \ §3.7 238

YOLOVS_s 28.8 %155 ® "6 13.6
YOLOvVS_m 3241 182" 21.8 18.2
YOLOVS5_x 3464 20.2 87.9 30.3

Our 434 242 36.9 16.7

12 ASCRR A F L AR D ROCR

27 BEBERME

R SCR FH (M B R A PyTorch CLI 24T
() pt B SCAE, 383 ONNX 3™ J kAT s e i F 09
2 #% 20 ONNX, FBfi J5 1 /] TensorRT #EATHLL T H
trt SO KA KR A P trt SCPEREAT AR, 15 310 4
S P WA 0 AT L 75 o R 2 R 7
SR e T R I T A B A SR SR T DL A 2
VK () S A B AR AL F T A

AT o A S )V R R AT 3 B R R T
R . o FP_16 Ron KR 4 &1k N Floatl6
HEATHERE. Hooh Ay T 545 T 1], 75 R4 TensorRT

186 B4 AR 5 1% Software TechniquesAlgorithm

HEAT HES D (ALY A model.half() BT 5 2
K RE. RIS R 5 s, KA HTRER GC 2 RH
R SCBERAE TensorRT AN 5 46, TR LA ASKT
HAS B TensorRT 3#E47 Ik #E 7.

RS OAFDEEH N TR FPS

A FPS

YOLOv7 70
YOLOv7+P2 56
YOLOvV7+P2+Ad_Fusion 49
YOLOv7_FP16 \ 224
YOLOv7+P2_FP16 \ . 180
YOLOv7+P2+Ad Fusion FP16. 156

5

i T A KRS, 4t F FPS 45 /b {22,
I, Rk 10 (/A5 H 1) FPS HUSME. #i8Y7E TensorRT AL
I, AR TE T 3 5L L, H 3 FORE A AL R
T A5 BRL, 1X A9 85 T PR SO S5 A T R BTN
B2 AL BT SO B, T2 78 40 R R 3T 1R 2 4
TIE FTHUAS A RBOR. 25200 45 R P B & (b )5 i
TensorRT I 7E G FE L BRI

3 i

S A A 2 O % L AE F A £ 1 R N B
(R TR 7, 2 Hh— b LG i A4 A H B0
H AR R, 1%, 76 YOLOVT 03k H3ER 13 48/
FRRRIIE P2, 45 445 A T 0 2 12 Vo 2 15
B RhA R R, 7840 RIS U R R AR A LK, M
P8 GO TR SoRib, DLk 5 K ) R B
TR Sefs 1, 43R X 2075 55 HARIOAE /1, 327t
ALK P AR MR, 5, A SCAE 6 9/ H
PRI NWD BR BB CloU 472k B3, LAZEAR
ToU % Hf Ji& 2 91 45 2 B K00k /N B b/ or B8 AR 22
M EURR B I L S50 52 B, K I PR TR 7R T A
/I B FRECHE 82 VisDrone2019 (13 i 815 iiF 42 | i
mAP.5:.95 43 A 2.3% A1 2.8% HIHRTE, 8BS T+
S ARG T8 R

S E 3k
1 BRIk, FE, S, 55 R A 2 REERHERS SSD [11E &
EG /N BRI, Jes# K% TR, 2021, 29(11): 2672-2682.
2 ZYL, MRFE5E, REEHE, 5. BT 2 R EME S5ER I
197N B bR BRI WK 5 =4 (L540R), 2022, 56(11):
2241-2250. [doi: 10.3785/j.issn.1008-973X.2022.11.015]
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