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A Study on Realtime Drone Object Detection Using On-board Deep Learning

Jang-Woo Lee!, Joo-Young Kim?, Jae-Kyung Kim® and Cheol-Hee Kwon*
LIG Nex1 Co.

ABSTRACT

This paper provides a process for developing deep learning-based aerial object detection
models that can run in realtime on onboard. To improve object detection performance, we
pre-process and augment the training data in the training stage. In addition, we perform
transfer learning and apply a weighted cross-entropy method to reduce the variations of
detection performance for each class. To improve the inference speed, we have generated
inference acceleration engines with quantization. Then, we analyze the real-time performance
and detection performance on custom aerial image dataset to verify generalization.
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Table 1. Performance metrics for object detection TS AP AA| Z7]o wEkA APs, APm, APIE
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FLOPs point Operations per Second) for W o7luE A 9l mdl sl uhHe) w2 A3 Ax
a single forward—pass = o9} 7o) A A B} Table 3-55 & wdo)] o
Inference time |+ Inference time of model 3 s H7IEA YazdHoldoA sk Aatoly,

okl A ToUs 4 (4)9F o] 14 mdo]
e B2~ G H(BBOX)H AA AEC] b
D A (Groundtruth)3te] & FH9 34
H &2 Ao

L [y e 2 fi

12 1Z e o

_ BBOXN Groundtruth
oU= BBOXU Groundtruth )

o]} o] Al4tHE IoU #tol Foz dAA R
H Fo s oty QAR Fho] EFE HJAE
Hosls 71EX7F FolA Al "ok APE= IoUZ}F 50%
B 95%7+A] 5%% Z=7}stHA ZF 10719 ToUo A

AE APE Ho o ﬂl*PoPEl 574 ToUe°l| %3
UE =4 Jlssln BE 50%, 75%S ©ol Al
3t} B =RAE =2 dJA EXA AAe =7
7} 41 W Zo dFHe= 999 I Ak 4
3te] IoUZ} 50%<1 APl dis] =3I
A A gdugEe A9 ZE FH2=9 AP
HAZS ALE mAPE &85t dagE
< Brhst.

off r;’k _l: _r,i

Ao AHRE YA EH o] ALRLS Table 29} 2t}
Table 32 =8 Y4 7|F22 AA| A2 mdg]
Aes vl 2 AR s 17294 14 2o
A 27 gZFA daElEe YOLOv3®t FRCNN
(Faster R-CNN)< &-&3t DOTA % VisDrone Hl°]
HE 53 st&st A3 =&39 o] FAHAA=
golg F7, Ho] sy 2 Fx B4Y Tl digh
7lee AHEA g1 =8 G diolHoA & W
Aoz F3HE md 7to] He HuE Exo=z i)
214 Ao A=l He mAPol tis) = 7k w)
WE TIP3t FRCNNo] DOTAS®} VisDronedl| 4]
22 mAP 35.1%, 28.9%S Holi YOLOv3%} ®w s}
o DOTA= ¢F 2958 ©]/, VisDroneollA <F 1.364H

Table 2. Specification of hardware

Hardware

Spec - )

Workstation Jetson TX2i
oS Linux Linux
CPU i7-9700k (4.9GHz) |ARM Quard (1.95GHz)
GPU RTX 2080 256 CUDA cores
RAM 64GB 8GB
HDD 1TB 32GB
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Table 3. Object detection results on the Aerial Dataset
DOTA
Method MAP50[%] MAPs[%] MAPm[%)] MAP|[%)] MARI[%)] FLOPs
FRCNN 35.1 115 35.0 52.2 58.8 215.49G
YOLOvV3 1.9 1.1 10.8 18.2 281 32.81G
VisDrone
Method MAP50[%] MAPs[%] MAPm[%)] MAP|[%)] MARI[%)] FLOPs
FRCNN 28.9 18.6 419 496 63.0 215.47G
YOLOv3 212 11.2 35.3 440 59.3 32.80G
Table 4. Object Detection results on the VisDrone dataset
AP50[%
Method MAPs0(%)] . 50(%] |
ped. | peo. | bic. car van | truck | tri. awn. | bus | mot.
YOLOvV3 25.24 15.9 | 95 70 | 63.7 | 298 | 326 | 132 | 120 | 515 | 17.2
Our method 25.28 131 | 11.8 | 87 | 609 | 277 | 313 | 16.5 | 15.1 | 52.8 | 149

(The names of the VisDrone 10 object classes are abbreviated as follows: ped. — pedestrian, peo -

car — car, van — van, truck — truck, tri — tricycle, awn. — awning tricycle, bus — bus, mot - motor.)

Table 5. Object detection results on the Custom dataset

people, bic — bicycle,

APs0[%
Method MAP50[%] sol%]
ped. car truck
YOLOV3 225 125 432 117
Our method 24.2 13.6 45.0 13.9
ol Tt G4 W EAste AA AAo] g <] = AAAL Gx|uk Q] Aol L 2uhA Q4
< YEE mARES FRCNN©o] DOTA 588%, EHE& FRsjof 3y = AuEolr 850 A
VisDrone 63.0%5 Xo|H HXAEAM A3 /M8 o2 tgo AAE % A3 of = 73%5 194
G4 UolA HFFezE HAt ol e AAE ©#XT Q1 mdo] APt B %51'55011 1% A A 7 Bof
F ALSS & F ATk oA &g rhed =89 AAZ AA A4 A
FRCNNE 43 A <1252 mAPs7} DOTAoM TAE F1 97 "WEdd JAAESERTUE HAAIHA
115%, VisDroneolA] 18.6% %= YOLOv3d] Hls] 2% £ O =2 7IAE& F9 YOLOv3E 7|Hte=z o
T2 e & F otk 297 <12 ®Hl FRONNS & 3= sk

49 FH HEHI) Ex2 A5 g 194
A4 mdET AUt AA A F&o] stest 2
5
} =

=
—a

A2 e FRCNNO] EAR 2
Tol 223 RFaSH A4S Yehdls FLOPsE
oF 215GE YOLOv39 ¢F 32GRt} 6.728] o]4te] 4
2ko] & 93tk YOLOv37F FRCNNE.TH FE
AZrel B wE ZE & F Ut 194 12 2de
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Table 4, 5°1A+ 7]& YOLOv3 E9=Z VisDrone
dlolE Al e FS FAHIL Our methode=
DOTAZ A4 std 2d2 3831 VisDrone H)
oJElM e R Ho| &S FastA TE HA A
olE] 54 ¥ JtF AR x JEZDE FH LT

Table 49X+ Z#l2 EFgo] £A|S}= VisDrone
dolHAl 7|Eo 2 7|& Wi Adsls WY AF
S &% Ag Aot} 7]E YOLOv3 293} 214
oA ARG JHF shEg Mg nde AHE B
H AME 7} &2 people, bicycle, tricycle, awning-
tricycle, bus 2= thall AP7} B+t oF 2% A E F
7}3F9. 3L, pedestrian, car, van, truck, motor EEH/‘\/]
APE T4 AstE s A3E BRAT, dA S0l
¥ mAP+= 7]& YOLOv3 EH‘Oﬂ Hlaf Ak =g
°] 0.04% F7FataAnt AFsks W22 71E YOLOv3
2di 55 ol 45 & io] A s d A
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5o AAE JrHoE FoEE AL & 5 Atk
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Table 5& &<Fol FHstA] F& AA F+5F Ho|H Table 6. Inference acceleration results in Our
E 7} folEHE% AFR3lY] 7]& YOLOv3 243} method based on YOLOv3 on the
AQb WHol Hde HUME FA Aolth AAA| T VisDrone dataset
= HolHe 71€ &< HeolH$ Hluste g%, Inference time(s)
84 Fol T2y Yol mds sk YA B Method | MATe0
2% Q¥ A= o]y} ZAIT TELS AR (%] Workstation | Jetson TX2i
83t 71dE ] Wi FAGEH we 94 Our Method
o Edol AskE 4 9] Wl AW WAL | (FP3R) 23 | 003 0332
tj o] E 9] Eﬂ’\Eé‘LOl obd AZL FAol gk ' Our Method
EAE 71go2 2o /14 e Mastad & o onization | 244 0.016 0.082

At AA F+= Hlo]El& VisDrone Hlo]E o] EA4)3} (FP16)
£ 2Usws Y AHse md Bt s
sl stk A2 BHo2 g AW YOLOws |Our Method
2o mAPE 225%0]th Aotsts Wi om & +Quantization 18.4 0.013 0.074

H YOLOv3 222 mAP7} 242%=Z 7] tiH] 1.7% (INT8)
27k e ¢ & AUk Fig 83 Lol Bk g
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