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A Survey of Object Detection in Optical Remote Sensing Images

NIE Guang-Tao' HUANG Hua®

Abstract Object detection in optical aerial images is a fundamental problem in the field of remote sensing and
shows great importance in the application. The performance of the early hand-craft-feature algorithm is limited,
while deep learning is the primary method for object detection at present. However, due to the characteristics of the
remote sensing image itself, it is difficult for the existing detection algorithms to perform well on these images. In
this paper, we first describe the characteristics and challenges of the object detection task in aerial images. We then
summarize the typical detection methods, including early hand-craft feature extraction methods and current deep
learning methods, especially for the deep learning algorithm enhancement upon the characteristics of the aerial im-
ages. Then the commonly used detection datasets are introduced, and the performances of the existing methods are
compared. Finally, we summarize the current deficiencies and analyze the trends of future studies.
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Fig.1  Characteristics and challenges of object detection in remote sensing images
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Fig.2  The process of selective search method
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TR R BE . LA b 77 v 34 T T B G K PR A
F7oy HAbE ) X Rh )0 5 U EAS & —Fh e AR 1
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Ah, X T BRI H AR, SRR RRIE AR A 5
P SR = R E R RE SR AR A In) L, AT R
BORAL AR E AL R BUA K 2 @ i R AR
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Fig.3 Comparison of horizontal detection results and

rotated detection results
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(a) Five-parameter representation (90°)
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(b) Five-parameter representation (180°)
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(¢c) Eight-parameter representation
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Fig.4 Parameter representation of rotated boxes
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Fig.5 Illustration of boundary mutation
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&R E 1% B AR BE SR

e HRBSS [R] ML , 30 A 2 J R L Ao 00 590 4
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NWPU VHR-10 #5402 VEDAT %4 41200,
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HRSC2016 #di 8401, RSOD ¥ 4™, DOTA #
PEAE0 1 DIOR a4 &5 BEA& I R HERS , £dE
AR TSR SR A I S0 Bk Bk 22 FR i HE VS
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ICTH I DG &L DL [ 3R O R AA R L K 1 52 9 2
Ak e H ) Bl 2R PR RS FE -1 [ml Ze it 2k (Precision-
recall curve), fAjFK PR M1k, dhZE %5 5 T AR RR
REYIREFE (Average precision), &5 AP, K
FAE T — I (A DU R A S 0 2H ) % I —
A AP 1H, FrA K08 AP fHE] Mean average
precision, 85N mAP, FR VI G 7E £ 6 42 5
& R RE.

N T HEEIEEE & N HIRIA £ 26 H
P FRASE D A 1P, AN 4 32 S L s SRk R F H
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Table 1  Performance comparison of horizontal box detection algorithms
H% FF - HUERUR - - - mAP
MR TTREeE RSN wEM O BIRER TUZRNL SMER SR
NWPU VHR-10%## 4
RICNN® AlexNet J 73.10
R-P-Faster-RCNN"! VGG-16 76.50
Def.R-FCNF Res-101 N 79.10
Def.Faster-RCNN® Res-50 J J 84.40
RICADet!"! 7F N, N 87.12
RDAS512[™ VGG-16 N N 89.50
Multi-Scale CNN™® VGG-16 N 89.60
CAD-Net!"™ Res-101 N N 91.50
SCRDet ™ Res-101 N N N N 91.75
DOTAK# 4
FR-H* Res-101 N 60.46
SBL! Res-50 N 64.77
FMSSD™ VGG-16 N N N 72.43
ICNB® Res-101 v N 72.50
ToU-Adaptive""” Res-101 J J 72.72
EFRU!® VGG-16 N N 73.49
SCRDet™ Res-101 v N N N N 75.35
FADet! Res-101 N N N N 75.38
MFIAR-Net ") Res-152 N N N 76.07
Mask OBB!"”! ResX-101 J J J 76.98
A’RMNet! Res-101 N N N 78.45
OWSR!" Res-101 N N N 78.79
Parallel Cascade R-CNN!"  ResX-101 J J J 78.96
DM-FPN®! Res-101 N N N 79.27
SCRDet++" Res-101 N N N N N 79.35
HR. 4) B R BEAREAAE B 1R, w] R 99
BExs DAL i), 45 & BB Be B AR AR IR 2 B o) BRI E S o)L iR e S S ROR R, DA

> HARASE I 5 95 0 R A, AR SO JE S AR
KR AT 2

1) KRR B I R EAT F AR, R 2
T B R B AABEAT RO R X I BRI 4 5 AR AN 70
ReEETT 3, AT LAPREE B K HB 70 15 5 IX 4k, AT ik
QI EIUR, MR

2) BLUF A AR 58 U7V, RN 5E /N H AR
AR H br BB H AR S5 BRI H AR A AR AE R R,
PEARE AT ST, Mt — b 5 i B ARG 2
W E R

3) B X DAL A 7 v kD R HE R DA
LAT R AN R i A, 51N EI IR AT HE RS (451
R BN SR ) R BT B AR, BAT
EYONIILTITINEIR

R SR T R SR ARE R s R 2K

5) 1E B ER H b e il mh e i HE B A SE RS 4
HIELLRE J, B AFHEREAT AN KRS pTiE, E
e A KA 7 3 7 AR ) T, 91 3 5 R AR
I RS, 3 U B HE 5E 7 (1R FE AT HEAH LE A7 A2
ZERR. AR R AR A DB — D iR AL ST, B

6) B AL I 4 2 1 e T A LA HE ST R Y
TN, T3 & H pm e I 72 52 Br TR A N A
A7 EL B R SCRIVAEL. RS DA P52 B A5 2 S 5
Ka, SRR R UL IR N e SR BAE )
Ji TRy, U R] £ SRR BRACSE IR, R X 2%
1R (NAS) A5 A,

7) FRERERBEIR I 5 ) R SR A S, PR RS B
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Table 2 Performance comparison of rotated box detection algorithms

ik FF E&iﬁﬁﬁ%h ] o mAP

RN JUZE/N wES M BIRER VSR AMIE SRR A RE
FR-OM” Res-101 N 52.93
IENet"! Res-101 N N N N, 57.14
TOSOM™ Res-101 N N N, 57.52
R-DFPN®™ Res-101 N N 57.94
R*CNN!™Y Res-101 N 60.67
RRPN!"™ Res-101 N 61.01
Axis Learning!®! Res-101 J J J 65.98
ICN®Y Res-101 N N 68.20
RADet ! ResX-101 N N N N N 69.09
Rol-Transformer!™” Res-101 J J 69.56
P-RSDet™ Res-101 N N 69.82
CAD-Net"™ Res-101 N N N 69.90
O*DNet™ HG-104 N N 71.04
AOOD!"™ Res-101 N N 71.18
Cascade-FF™M Res-152 J v v 71.80
SCRDet™ Res-101 N N N 72.61
SARD!"! Res-101 N N N 72.95
GLS-Net!"® Res-101 N N N 72.96
DRN HG-104 N N 73.23
FADet! Res-101 v J v 73.28
MFTAR-Net ! Res-152 N N N 73.49
R*Det®!! Res-152 J J 73.74
RSDet!"* Res-152 v v v 74.10
Gliding Vertex!'! Res-101 J J N 75.02
Mask OBB!'” ResX-101 J J v v 75.33
FFA!M Res-101 N N 75.70
APEM ResX-101 N N N 75.75
CSL!™! Res-152 N N N 76.17
OWSR! Res-101 N N N 76.36
SCRDet++" Res-101 N N v N N 76.81

HOSEHE R, 000 B4 ) 19X 4 Atk 2R BB i) A
prteril s 5, it — i m A ERE, PRI Ta) 144,

6 5t

pure e el S p Ay malllpRs lR A EE 21 TR 2
WL, RAIRKKINHAOME. ASCEEBE T
K G R AR Ry AR S S PR d
TR T P TR0 IE R R, E O I X A
PRIURURFAEAR BUEAT T B4R HT; S MR FE
AFEIAT T ARG ARG, BB TR
BB AR Ry S e Ty 5 PR 1A
7 S0 T I IL R L, R AR 4R T VA T

ARt T BT I VERESRTT; focJm xt B BUIE I
% H ARG IR IR AFAE 1O il RLEAT 1 AR, JFX R
RIKR JERSF AT T RE.
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