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Abstract

This research focuses on detecting human faces using the YOLOv4 model and compares it
with other algorithms used in face detection studies. The dataset consists of a large number of
images taken in three significantly different environmental conditions: indoors with low light, indoors
with sufficient light, and outdoors during normal daylight hours. The performance of each algorithm

in detecting human faces is measured and compared with four other algorithms: Viola-Jones Face
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Detection Algorithm, DeepFace, FaceNet, and MTCNN. The results of the experiment show that the
YOLOv4 model outperforms the other algorithms in all three environmental conditions. According
to confusion matrix evolution, the average precision for detecting human faces using the YOLOv4
model is 0.96, with a recall of 0.93 and an f1-score of 0.94. Therefore, the YOLOv4 algorithm is the

most effective algorithm for detecting human faces in this study.

Keywords: Detecting human faces; YOLOv4, Different environmental; Confusion matrix
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Figure 1 The working principle of YOLO
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Image pyramid

Figure 2 The working principle of YOLO Overview of the cascading framework MTCNN, which includes a

deep convolutional multi-step, three-step model.
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AMLuglunsNeINTal

4. Nan15398
amluanuideiiiessndedaviafiday
AzLBEANIN 640 x 840 AN BRTININ 30 LT
AUyl YadayazuniwaIngIn 1,000 Amile
Fnrsasrasunmluniily 3 anmefivszneuly
se 1) melusasiifivasios 2) neluenansiidl
waaafisane way 3) uenananslutiaiaunidi
Huasaing wvadusegranmlunisin 800 A

v
=1

waTAINFIBEalUNISNAFDU 100 A Tuauise

Table 1 1A3898aUSEIUNARNSYRINITYINUIY (confusion matrix)

Predicted Positive

Predicted Negative

Actual Positive

Actual Negative

True Positive (TP)
False Positive (FP)

False Negative (FN)
True Negative (TN)
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InUsEANBAIMNAY confusion matrix A1IATIVIU
Tunihyanamedanesiia YOLOV4 Wisuliiguriu
8n 4 8ane39iu 1) Viola-Jones Face Detection
Algorithm 2) DeepFace 3) FaceNet lag 4) MTCNN
97 3 @annginaeuUsznaulime 1) nmelueiais
fifluastion 2) melusmsfifivaainafiome uaz
3) ueneAslutiaaUnAfiduawEI
1nnsnsduluniityanaiedanasiiy
YOLOV4 vinnsidSeuliisuiudn 4 danesyineu

Usznaunie 1) Viola-Jones Face Detection

Algorithm 2) DeepFace, 3) FaceNet, way 4)
MTCNN iloynusgavsamiidigalunisasady
lunin 210 3 @nnzuandeuusenaulunig 1)
meluomsiiuastios Tnefmauduasiosni
100 &9 2) nelusmsiituasainafiome Tned
ANANULTLLEITUTEN 300 N Lag 3) UBNBIAS
Tugranarunifiduasadne Tnedainnnuduuas
Useana 500 dnd a@unsaasunanisidelaniy
(Table 2-4) ayddusiai

Table 2 nsUszliuUsEAnSnMAeluan wndeunelusAsNduates (Evaluating performance

within a low-light indoor environment)

38013 YUINAIN Precision Recall Fl-score
Viola-Jones 416 x 416 (fixed) 0.71 0.65 0.60
Viola-Jones 608 x 608 (fixed) 0.83 0.72 0.77
DeepFace 416 x 416 (fixed) 0.89 0.77 0.74
DeepFace 608 x 608 (fixed) 0.92 0.81 0.86
FaceNet 416 x 416 (fixed) 0.62 0.66 0.78
FaceNet 608 x 608 (fixed) 0.88 0.77 0.82
MTCNN 416 x 416 (fixed) 0.79 0.60 0.73
MTCNN 608 x 608 (fixed) 0.89 0.78 0.83
YOLOv4 416 x 416 (fixed) 0.90 0.82 0.84
YOLOv4 608 x 608 (fixed) 0.94 0.89 0.91
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Table 3 n1sUsziliudszandanaisluaninwindennielusia1sidinasainuiieane (Evaluating

performance within a well-lit indoor environment)

/s YUIANTN Precision Recall F1-score
Viola-Jones 416 x 416 (fixed) 0.85 0.61 0.69
Viola-Jones 608 x 608 (fixed) 0.91 0.82 0.86
DeepFace 416 x 416 (fixed) 0.89 0.80 0.82
DeepFace 608 x 608 (fixed) 0.95 0.88 0.91
FaceNet 416 x 416 (fixed) 0.88 0.71 0.76
FaceNet 608 x 608 (fixed) 0.93 0.86 0.89
MTCNN 416 x 416 (fixed) 0.83 0.76 0.77
MTCNN 608 x 608 (fixed) 0.92 0.87 0.89
YOLOv4 416 x 416 (fixed) 0.91 0.89 0.90
YOLOv4 608 x 608 (fixed) 0.96 0.95 0.95

Table 4 M3UszLlUUTZAVENNUDILANAINANEUDNDIATIUTIIAINATIUUNG (Evaluating the efficiency

of outdoor lighting during normal daylight hours)

/M YUINATN Precision Recall Fl-score
Viola-Jones 416 x 416 (fixed) 0.87 0.74 0.69
Viola-Jones 608 x 608 (fixed) 0.94 0.81 0.87
DeepFace 416 x 416 (fixed) 0.90 0.82 0.86
DeepFace 608 x 608 (fixed) 0.97 0.87 0.92
FaceNet 416 x 416 (fixed) 0.90 0.81 0.87
FaceNet 608 x 608 (fixed) 0.95 0.84 0.89
MTCNN 416 x 416 (fixed) 0.86 0.71 0.82
MTCNN 608 x 608 (fixed) 0.96 0.86 0.91
YOLOv4 416 x 416 (fixed) 0.92 0.88 0.91
YOLOv4 608 x 608 (fixed) 0.98 0.94 0.96
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nn1sUsELlUYSEANSA NV IuN Ay
danedfiulunsaseduluntyananiglueiasiii
uasosls lng YOLOVA leian precision, recall
way Fl-score finnindane3fiudu o Adlsuwiiu
savaalugauil Tae YOLOVA fieh precision 7 0.94
uae recall 71 0.89 uazdien fl-score 7 0.91 Tnainds
feganiusiasdane3iudu q Aiteuituiomely
dudl e YoLOva Fufudanesfiufivenyauiian
dwiunsnraduluniyananielueinsiduas
Hoelun1susziliudszansnm

1nn1sUsziiuUsEaniainveunas
Fanesfiulunsmseduluntyenanelueiasiia
uasaIaieanelalay YOLOVA laan precision,
recall uaz fl-score finnidane3fiudu q Museu
Wsuwinfuvianunludaud Tae YoLOva fie
precision 7l 0.96 uaz recall # 0.95 wazdlan
fl-score 71 0.95 Inglady Tsgeninudazdaneiiu
du g ASeudisuinturanualudaud fadu
voLOva Fufusanediiufivnzandigadmiunis
ayadulunihyaraneluenmsiifiuaeiafivme
Tunsusziludszansnn

nn1TUTELIUUSEANSA NV IUN A Y
danesfinlunisnsradulundiyanaueneinslu
Fraunffiduasaineld Tne YoLOva léen
precision, recall Wag fl-score fnnidanesiy
8w MUTsudoufunanualudauil Tne
YOLOV4 §ifn precision 71 0.98 uaz recall 71 0.94
uazdlen fl-score 71 0.96 Tngiade Fsgeninusazda
nesTiuau q Mdlsuinfuiomelugiud fadu
voLOva Fudludanesfiuiivanzaniigadmiuns
anedulunihyarauoneinslutisaunadisiuas
andlunsusziliudszansnn

ANU130UANIEIDE19N1TATIRTUN T UNT
i1 3 anmzwandeulu (Figure 3-5) auandy
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Figure 3 Detecting faces inside a well-lit building

Figure 4 Detecting faces inside a dimly lit building
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Figure 5 Detecting individual faces outside the

building during regular hours

5. agU
g1mn YOLOv4 Husedninmasanagly
YNANIEHINAOULLBRIINTAINANNTOLUNITNTIA

[ YY)

Juingliednawiuguazsinsmnnnitdanasiiu

'
=

duq figniSeuiiiuse Tnslamzlunisasiadu
Tumiyaradadunuiidudeunazdenisainy
usiughgs Viola-Jones Face Detection Algorithm
way MTCNN 1HusanesfiudliiBnisnsadunuy
Cascade Classifier FailUszansnnlunmisnsadu
Tumbhlailfgawindu YOLOVA uagn1snsiadueaay
gnduluaniiefifuasiosvionieluoiasiituag
aiafleene DeepFace wag FaceNet (Jusanas
fiuiild Deep Learning Tunsafindnuaewiily
yaratieldlunsnsiadu wieghslsinmunisade
anwagnihluyaraetaliiisansluuanstivagons
llanunsasuilofu

feuddmalulagnisnsradulundieie

a a '

YOLOV4 iluwmalula8iiusz@nsnings uwindedl

Science32-N2.indd 111

111

Fodeunegns Wy M3nsaTuuiesenainde
Rananale twsizdadanasyiy YOLOvA a1ala
aunsonsduluntiupralaegrsusiuduausle
Tnsiangluansiifuasiosnianislueinisii
wasainaiomeldls Sio1avdmaliidonanan
Tun1snsradunselinsiadulundias YOLOvA
Fosnsninensareuianmesuaziusunsudiiaiy
Fudougs Teoravhlridedlisuuszanagaininnsld
nulusunsunsadulumindu q warvendliawise
Falduuszuuitivestn Wy szuusiawasiil
Ussavisnmansidetituisindudu
iseduanddifivinluwea YoLova i
Usvavsalunisnsradulunthyeaadiafiaelusis
3 gA12suINdeuTiuAna19TY Fanansliifiug
YOLOVA ifudanesiiufifiuszansamuasziinig
fameuge Seaeliinifoanunsadlafiedefuazde
Fevosdanesiiusa 4 leAdau uasdanunsanld
Uszgndldauldlunainvaisanmuindey

6. UolduBLUL
A15lE9u YOLOVA Tunisnsadulumin

Duwmeluladfifinnuausagauarlsfuaiuiey
o819nF199719 Fetiu Terausuuzlunisideu
YOLOVA Tun1sasaaduninlunia wagiuinisly
nsiuanansnagUll

1) Mssarmnsimed nsseamnimes
299 YOLOVA 11U UUIANTIN, T1UIUTOUNTSHNRL,
WAZANAIULLIUENS 9 FTANARDUTTANTAINUDS
Msasadu fa Msdemnsiwesifnzay
avtheinUssansnmliunisasaadunnwlunth

2) MsnaFaULazUTUUTY NInNAdaULAY
U3uUss YOLOVA iileliiiuszansnimnisnsiadu
Tumihiiadu Tnemsldapdoyanaaeuiivainiane
warn15USULAINTTMe SR o aztaelrlanaans
fingy

18/4/2567 BE 00:21



Thai Science and Technology Journal

Vol. 32 No. 2 March-April 2024

3) nswumalulaBifisdiy a1
weluladifiuduiianansadiefisysyansnimluns
psrvdulunt Taewunisld Deep Learning way
Computer Vision ieafadnuazvadluminagig
avlBuauaziiuseavsnngdlunisnsiadu

4) MsUSuLsLAEATIRABUTBYA N1IATIR
douanugnessvestoyaneutdlulings 1wy n1s
as1aevdeuarsumisvadlidnin nImsavaey
AINNANARVRITOYD WALNITATIVERUNISLTTHE
vosteya \udsddniitelitussavsnmmanga
Fuit nsuiadeyaifiuduiteifinanumainvans
LazANgNAosvestoya 1y N1SLAiNAINIIN
yaosAne 9 uazuuudiaedlu 1udsivaeiiia
UszAnsnmnisnsindule

7. AaAnIsuUIENA
a’luﬁﬁaﬁﬁﬂﬁaqd’aﬂﬁﬁwﬁ UYUBUANNEA
Fmnssumans defnuilsauseuuese naawin
Sefitnegailensgunsaiuazanuiilunisideau
AfeidiSagalulised

8. References

[1] Deng, D., Guo, J., & Yuxiang, Z. (2020).
RetinaFace: Single-stage Dense Face
Localisation in the Wild. Proceedings

of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, 2020,
5203-5212.

Qin, Z., Zhang, Y., Huang, K., & Zhao, D.
(2020). Towards Mask Face Detection
with A Convolutional Neural Network.
Applied Sciences, 10(17), 5945.
Arumugam, P., & Natarajan, N. (2017). A
Survey of Face Detection, Extraction and
Recognition. International Journal of

Computer Applications, 163(7), 1-6.

Science32-N2.indd 112

112

Ranjan, R., Sankaranarayanan, S., &
Castillo, C. D. (2020). Deep Learning-
based Face Detection: A Comprehensive
Survey. ACM Computing Surveys (CSUR),
53(6), 1-36.

Le, N. N. H., & Bui, T. D. (2021). Face
Detection and Recognition using Deep
Learning: A Survey. Journal of Ambient
Intelligence and Humanized Computing,
12(2), 1735-1757.

Sarfraz, M. S., & Alahakoon, R. (2018). Face
Detection and Recognition Techniques:
A Survey. Journal of King Saud University-
Computer and Information Sciences,
30(4), 428-444.

Ahmed, S. M., Abd El-Latif, S. M., Aly, S.
S., & ElAlfy, A. S. (2020). A Comprehensive
Survey of Face Recognition Techniques.
IEEE Access, 8, 158557-158576.

Goyal, P., Bhatia, K., & Singh, R. (2017).
Face Recognition Techniques: A
Comprehensive Survey. International
Journal of Computer Applications, 160(1),
18-25.

Zhou, Y., Liao, S., &Li, S. Z. (2018). Recent
progress in facial landmark detection.
arXiv preprint arXiv:1806.01893.
Taigman, Y., Yang, M., Ranzato, M., & Wolf,
L. (2014). DeepFace: Closing the gap to
human-level performance in face
verification. In Proceedings of the IEEE
conference on computer vision and
pattern recognition (pp. 1701-1708).
Zhang, Z., Luo, P., Loy, C. C,, & Tang, X.
(2015). Facial landmark detection by

deep multi-task learning. In European

18/4/2567 BE 00:21



U7 32 auui 2 Jurns-tuergy 2567

58153Imemansuazinalulad

(13]

Science32-N2.indd 113

conference on computer vision (pp. 94-
108).

Xie, S., Girshick, R., Dollar, P, Tu, Z., & He,
K. (2016). Aggregated residual
transformations for deep neural networks.
In Proceedings of the IEEE conference on
computer vision and pattern recognition
(pp. 1492-1500).

Liu, W., Anguelov, D., Erhan, D., Szegedy,
C., Reed, S, Fu, C. Y., &Berg, A. C. (2016).
SSD: Single shot multibox detector. In
European conference on computer vision
(pp. 21-37).

Wu, X., He, R., Sun, Z., & Tan, T. (2018).
A light CNN for deep face representation
with noisy labels. IEEE Transactions on
Information Forensics and Security,
13(11), 2884-2896.

Dang, H., & Chan, C. S. (2019).
Unconstrained face detection using deep
learning and multi-task learning. In
Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition
Workshops (pp. 0-0).

Li, Y., Li, F., Li, S., Li, X., & Chen, J. (2020).
A novel attention-based deep
convolutional neural network for facial
landmark detection. Cognitive
Computation, 12(3), 449-459.
Bochkovskiy, A., Wang, C. Y., & Liao, H. Y.
M. (2020). YOLOv4: Optimal Speed and
Accuracy of Object Detection. arXiv
preprint arXiv:2004.10934.

Wang, X., Liu, D., & Yu, X. (2021). Adaptive

object detection for human faces using

113

[20]

YOLOv4. Multimedia Tools and
Applications, 80(16), 24807-24822.
Kumar, M., Singh, M., Verma, A. K, &
Chandra, S. (2021). Performance
evaluation of YOLOv4 and RetinaNet for
face detection. Journal of Ambient
Intelligence and Humanized Computing,
12(10), 11503-11512.

Redmon, J., Divvala, S., Girshick, R., &
Farhadi, A. (2016). You only look once:
Unified, real-time object detection. In
Proceedings of the IEEE conference on
computer vision and pattern recognition
(pp. 779-788).

Krizhevsky, A., Sutskever, I., & Hinton, G.
E. (2012). ImageNet classification with
deep convolutional neural networks. In
Advances in neural information
processing systems (pp. 1097-1105).
Maghraby M.AbdallaO.Enany,Hybrid Face
Detection System using Combination of
Viola - Jones Method and Skin Detection,
International Journal of Computer
Applications (0975-8887) Volume 71-
No.6, May 2013

Li Zhihua, Zhang Jianyu & Wei
Zhongcheng. (2022). Design on face
recognition system based on MTCNN and
Facenet. Modern Electronic Technology
(04), 139-143.

Zhang Ying. (2022). Study on improved
face recognition algorithm based on
Facenet. Electronic Technology (03),
25-27.

18/4/2567 BE 00:21



Thai Science and Technology Journal

Vol. 32 No. 2 March-April 2024

[25]

Science32-N2.indd 114

Schroff, F., Kalenichenko, D. & Philbin, J. [26]
(2015). FaceNet: A Unified Embedding for

Face Recognition and Clustering. 2015

IEEE Conference on Computer Vision and

Pattern Recognition (CVPR).

114

Wang, J., & Wang, L. (2013). Face
Recognition: A Survey. IEEE Transactions
on Systems, Man, and Cybernetics, Part
C (Applications and Reviews), 43(3), 401-
422.

18/4/2567 BE 00:21



