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[Abstract]

In this paper, we propose one stage multi-scale face detector based Fully Convolution Network using
anchor free method. Recently almost all state-of-the-art face detectors which predict location of faces
using anchor-based methods rely on pre-defined anchor boxes. However this face detectors need to
hyper-parameters and additional computation in training. The key idea of the proposed method is to
eliminate hyper-parameters and additional computation using anchor free method. To do this, we apply
two ideas. First, by eliminating the pre-defined set of anchor boxes, we avoid the additional
computation and hyper-parameters related to anchor boxes. Second, our detector predicts location of
faces using multi-feature maps to reduce foreground/background imbalance issue. Through Quantitative
evaluation, the performance of the proposed method is evaluated and analyzed. Experimental results on

the FDDB dataset demonstrate the effective of our proposed method.

» Key words: Face detection, Anchor free method, Multi-scale detection, Deep learning,
Feature pyramid learning
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I. Introduction
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Fig. 1.

(a) Anchor based method (b) Anchor free
method. red is ground truth, green is pre—defined
anchor, arrow is offset.
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II. Preliminaries

1. Related work

1.1 Multi-scale feature learning
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Fig. 2. Four paradigms for multi-scale feature learning. (a) Image pyramid (b) Prediction pyramid
(c)Integrated features (d)Feature pyramid
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1.3 Anchor free method
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1.4 Fully convolutional network
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III. The Proposed Scheme

1. Preprocessing
q1 |=R=Ne)
T

W M e
anno; = (xy, Yo, 21, ¥y, ¢ ) & e GTES 7R



Multi-scale face

detector using anchor free method

51

VGEGE-16(convl ~2) conv3 convd convs

_/ <

convh convy

A //4@4@4@

e

Detection

| Detection || Detection

Fig. 3. Proposed network architecture

Detection
—p : pooling
Sta= ARt ie oujx]9] ¥, x, y= F=9 Y
H], o] ;o) (zyy,)% (z,y,)2 429 2H4ztn

o oslataoltt. Ok ARl RS ulsk o] Hole]
oA 2R Ggolct. A2 AEC) SN L2 A

7 uiZgoll wish @xis] A7) mhRo] Zeja 7t wae g O A® HE £8 TS el SR AR /M,
AV} et 2 Rt @ o) e mag g W U WA SY RS U SE Re wEes A
22 PRolo] 20 29 2AE geleich gz By ) 1Y comd. conT Aol S EEH.
- _ F7RRE convb, conv? 2fojole 27} { 1x1 A&
v =X L o7 (w,y) oA .
. 2loloj(convolution layer), 3x3 ZE3AM  go]o]
ry = (6r0)2 BEERR 2 Q8 W AE Y s ojof ) ( 3i3 1R Aolo], 313 TR
CRTE AE, A5, Q85 oRkR oIS HEIH.  jojo), pooling 2folof 12 oj2olzIct. o]2A] ge 4]
TokE R ol A (D3 of 54 WSL HE RES Folo] 229 YAl 3712
ZAIC). 0] 22L J5A] 92 Folo] meulE &
l= locx,y xO, r Ly ZOCI Y O]—‘_L 71:|§ }2—)]]5; %‘%}/\]ﬂq.
t =loc,, — vy, b=y, — loc,, (1)

2. Network architecture

2 =wolA AQtehs da]Ee] YEY A &2+ Fig.
3v 7t AIoF 2Ee PyramidBox[15], S3FD[20],
Smallhardface[39]2} Z& VGGI6[31]7]§He] d¥RE
(Back-bone) UEQ]IE ARESITE o] WiZ UYEQI=
VGG169] convl®E convb7tR] &A] gfjojo] 2 A&51c)
gt EA W2 ARgshe ol 23]t 2] 2EA
U =9 wAIE slidsty] flsll Aletsts 2+ ol o
H23]olA A Yl 7o} EA fier d=g 4

FCOS[21]o] F72 ot Al §imjet & HA] E4

7¥7F conv3, conv4®}t convd, convhE
1

=
YT Az 54 WS Tt o] 574 WS Fig. 4%
p 7

o
':‘!' _________________
/
S
e %1
I 1
® ! H 2x up
1 I !
e |
\
i -(3x3 ) @
H

Fig. 4. Concat module



52  Journal of The Korea Society of Computer and Information

3. Network output
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IV. Experimental Results
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Table 1. System Environment
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2. Experiment
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Table 2. DiscROC Curves score on FDDB for 1000
False Positives

Method Disc ROC curves score
[25] 0.980
[22] 0.966
[24] 0.950
[41] 0.973
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Ours 0.944

Table 3. ContROC Curves score on FDDB for 1000
False Positives

Method Cont ROC curves score
23] 0.732
[24] 0.721
[41] 0.724
(not shca)lrjgsweight) 0.717
Ours 0.723

V. Conclusions
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