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ABSTRACT

With the recent announcement of the Defense Innovation 4.0 Basic Plan by the Ministry of
National Defense, the role and operational scope of drones are expanding as a key force in
Al—based, unmanned, and autonomous systems, Consequently, the significance of real—time
object detection technology is emphasized as drones take on diverse missions, including
delivering, analyzing, and assessing real—time, target—related information. The emergence of
recent deep learning has led to substantial advancements in the field of computer vision,
particularly in object detection, Deep learning—based object detection is actively being
researched, with a focus on algorithms suited for embedded and mobile environments such
as drones. This research predominantly aims to develop deep learning—based object
detection models that ensure real—time performance and accurately identify objects’ various
forms and sizes. Recent object—detection models have been categorized into backbone
networks, neck networks, and head networks, By utilizing these three network components,
design considerations can be tailored to fulfill the requirements of drone operations, In this
paper, we investigate the technology trends of deep learning network models that can be
loaded into drones for real—time object detection. Thus we contribute to strengthening
effective drone operation in military operations and supporting research and decision—making
processes,
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<Table 1> Summary of backbone network

Traditional Deep Learning Network

* Improved accuracy through the progressive construction of
VGGNet convolutional layers and max—pooling layers.

(Simonyan & Zisserman, 2014) Increased computational and memory requirements with the depth

of the network.

e Introduces the concept of residual learning to extend the critical

ResNet depth of neural network architectures.
(He, Zhang, Ren, & Sun, 2016) |* Reduced generalization performance on small-scale or complex
datasets.

¢ Introduces the concept of cardinality to create diverse groups
within each layer.

¢ Expands network width by connecting branch paths within each
group in parallel.

e Enhances accuracy and hardware efficiency for complex datasets.

ResNeXt
(Xie et al., 2017)

Lightweight Deep Learning Network

* Reduces model parameters and computational load by replacing the
SqueezeNet conventional 3x3 filters with 1x1 convolution filters.

(Iandola et al., 2016) Effective feature map extraction through the Fire module.

¢ Optimized network architecture for embedded/mobile environments.

* Depthwise Separable Convolution, which separates the correlation
between spatial and channel dimensions.
MobileNet e  Optimizes model accuracy and inference speed based on design
(Howard et al., 2017) requirements using only two hyper-parameters.
¢ Maintains accuracy while providing a small model size and fast
inference speed.

* Proposes a Compound Scaling Method to efficiently expand
EfficientNet network depth, width, and resolution.

(Tan & Le, 2019) High threshold performance where accuracy and efficiency

gradually increase in balance as the model size expands.

2.1.1.1 VGGNet
VGG(Visual Geometry Group)of|A] 7J@st VGGNet-2 20143 ILSVRC(ImageNet Large Scale
Visual Recognition Challenge) o] 4] —'1:‘ HAR =2 A5S 7] St mRlg 7hEA] golo] =7}
pARCN A J HYls Jutog H
PO mdlo} Zlojop BRH o] HE 9

oN. FU-“
=

2.1.1.2 ResNet

ResNet:> ILSVRC 2015 th3]ol A s A wol dEAA Hictk Fa3t ofejr ol %k
3l (Residual Learning)S x| ¥ste] Heldol 74 HEQAoA 1ndHor WA= 11435
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(Overfitting) 2} 18 t] 1 E 24 (Vanishing Gradient)& |22 24 45 A8kt zhof 8
&L QoA £o g R A the A2 (dentity Connection)& A3 24 Z& Y E
oA TG0 =L F= LxRo|th 7B tRE oy o] EE(Residual Block)& &2F3 o
2 AT =2 ujx|sle] VGG-16Kt} ResNet-1527) ¢ 22 HAFFS K Olth

2.1.1.3 ResNeXt
ResNeXt= ILSVRC 2016 th3]of| A 252 AFx]gt mdo|t}. 7|2 JLx = ResNetd} GAFHA RE
7+ ko] BEE2o|A 218 AHZH(Group Convolution)& AFEsle] 3 7|2 458 4= =

AAE A ol A Fok] Rt E4e SAlol ST o AL BS dojE e B F2 A4
T U3 5 Sl Aol Slk o Ak U EY A o Zlojet YHIE ST = AR
t} 189 =791 7h)d 2l g (Cardinality) & Z7HA7]= Zo] 5U%t ultetu|g] 42 714 o ¢ £

m SqueezeNet

SaueezeNet& TA%2] 71717k 25012 Bl & A5 Mol 7129 B3 nuEs
2ol ABA, SF, AvtEED 2 AFY 0o} vmelrt REG B4 HHe) md =79}
e WA 4 U AAE melolth Aukel TAF AAY /I BHolA F2 AgEE
3x3 W2 Ix1 Be2 thAste] wd setule] S8 gaAsle, 1x] BE S ol gste] Hd 42
Az H 131 e 33 DHE Fof thAl AP S stolo] BE(Fire Module) 7]%-2
AQksgick. B3k BEIT oY S HAGo R A gste] He] 2712 Zolztn olv]
Ao) w4 PAFORN HE G4 L GAU ol AZe AF Fxot B WAL

Fo RuS Asete] 129 AW BHF wwi} AY FA £F) HHE FAUT B A
o %ol Aulre Fo AT SR 2ol ANAe] AFHE el HEHh

= MobileNet

MobhileNet2 SqueezeNet¥} Zro] AFEE AYo] Aste oHte 9
mel Aest U A §A0 HEel 28 S HAskhe o 24 % A%st ndoltt. 7]
2o FAT AAY Beok B B AY Aolo) ABIAS Belslel mel meulE S AL
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Width Multiplier(a)9} A EE Z£0o]= Resolution Multiplier(p), ©] 5 7§19 Hyper-parameter=

&oto] Foi7l gl wheh wlo] 28 £t Jete g 2 3th MobileNet2 = ImageNet
glojgAlof tiet &5 e B7HIER she 7|E8 2dy 2o, vt glolE el mr ¢l =
T2 Aee HARII 53] 289 AF HiHEE ARSte 497 BeBR, oA Y 8 &=
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o
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<Table 2> Summary of neck network

e Utilizes a pyramid structure by stacking feature maps generated
from the backbone network.
FPN e (reates a top—down path by resizing feature maps of smaller
(Lin et al., 2017) resolutions and combining them with lower-level feature maps.
¢ Aids in enhancing object recognition performance for objects of
various sizes.

¢ Bidirectional information fusion that adds a bottom-up path after
the top-down path of FPN.
PAN *  Minimize information loss for small objects as the network depth
(Liu et al., 2018) increases.
e Increases model size and computational overhead due to the
addition of the bottom-up path.

* Removal of fusion nodes based on their contribution in the
PAN-based neck network structure.
Bi-FPN *  Proposes Weighted Feature Fusion, which combines feature maps
(Tan, Pang, & Le, 2020) by allocating weights according to their contributions.
* Improves real-time performance and multi-scale object recognition
performance.
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2.1.3 3= Y EH=

geld 7]uke] A% g AR 97 AR wolshe 2 Qo] Aekat ARt o Fhe
2lo] 43 AR e BRE +Ws}0, o2 FAlo] AsH=A op EA Mo AE
w2} 34 One-stage?} Two-stage A2 FLEETHTable 3). tJE A2l Two-stage A& =
oful x| Wo] A9} 91X & Altet= AT} o] & 7[RI 2 BFRh= do] SabH o2 A
One-stage 92 o]2eh F 22| Bgo] FAlo] MaP== Zolt}. 7 th# 4] Two-stage 7
A "A 7152 R-CNNeZ wg A4kS 9]8) Fast R-CNN, Faster R-CNN 59| 7]&50] 37}
2 A¢t=l} One-stage A &% 71<-& YOLO, SSD, CornerNet, CenterNet £©0] 9J2m H]

27 e AAES AL 6 W M2 2] FES AT 4 grk

<Table 3> Summary of head network

Head Network

Two-stage Model

e Sequentially, region proposal step through selective search algorithms and
feature extraction step through CNNs for classification/regression.

e Relatively slow inference speed compared to high accuracy.

e Subsequent proposals like Fast R—-CNN and Faster R-CNN aim to improve
the inference speed aspect.

R-CNN
(Girshick et al., 2014)

» (Cascade approach of region proposal and classification/regression step.

* Improvement of class imbalance issues through Anchor Refinement.

* Enhancements in multi-scale object recognition performance through the
Transfer Connection Block and Object Detection Module.

e Utilizes the advantages of both one-stage and two-stage models.

RefineDet
(Zhang et al., 2018)

One-stage Model

e Proposes a grid-based detection algorithm that divides input images into
cells of the same size.

e Relatively low accuracy compared to fast inference speed.

e Subsequent updates include various versions of the model with
improvements in accuracy, real-time performance and efficiency.

YOLO
(Redmon et al., 2016)

e (Generates bounding boxes with various sizes and aspect ratios through the
Default Boxes Generation.
SSD * Improvement in multi-scale object recognition performance through the use
(Liu et al., 2016) of Multi-Scale Feature Maps.
* Enhances multi-scale object recognition performance while maintaining fast
inference speed.

* Proposes a keypoints—based object detection algorithm.

CornerNet e Generating bounding boxes of various sizes and shapes using only two
(Law & Deng, 2018) pairs of keypoints.
* Simple implementation and lightweight model configuration.
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2.1.3.1 Two-stage =&

= R-CNN
R-CNNE gl 7|9k 244 g2 2do] 25 F4ste o 2 dFS 7131 2ot
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(Selective Search) &112]&S o] g3l TR A&
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A &Alof] ZFQlet =S 119k Transfer Connection Block(TCB)2 Eal AAIE 34 W& Object
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Alof Ry o] Tt FREFE P BfAE AR = &9 ZA% 7, ODM= 53l 2
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2.1.3.2 One-stage =@l
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m CornerNet
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M-S A W HAGstE SqueezeNet, MobileNet, EfficientNet 5-0] A|tE ittt ¥ HEL| T+ T

2 oz Wel 2AQ A A4 A% A FPN, PAN, Bi-FPN o] 4|
rElglom A AR X mde] 2o T4 42 FEHYUT AE YEYAL AR 25
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