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ABTRACT

Adequate nutrition is an important factor for human beings’ healthy life. The
advancement of computer visions leads to efficiently classify food categories and ingredients
from food images. According to the variety of ingredients in different regions, the model requires
more training on food images containing those ingredients. This work proposes a model for
categorizing food images and also detecting ingredients using deep learning techniques. These
promote the accurate prediction on the approximated amount of nutrition and calories absorbed
through the human body. In this work, the model was built from the YOLOv4 technique which
provides high accuracy for detecting objects in images. In addition, a dataset of food images and
their ingredients' locations are constructed. The experimental results showed that our model
provided high accuracy on the dataset with a small number of food categories and ingredients.
Contrastingly on a dataset with a large number of categories, the obtained accuracy reduces
dramatically with the reason of insufficient occurrence and the small size of ingredients in food
images. To further improve the performance of a model, a dataset training is needed to be
formulated by using sufficient occurrence and size for every ingredient in food images.

Keywords: Food categories, Deep learning, Calories, Computer vision, ingredients
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1. Convolutional neural network (CNN) YOLOv4

o 1 I a [ [
Darknet Yolo i]ﬂ’.ﬂ!,ﬂumﬂuﬂﬂWiﬁilﬂ%U3@Q1Uﬂ1W (Modern Convolutional

% I 4 ) [ a 4 1
Detection) i u Tomuzesadmivaudynr dszavguunInsvielodszam (Neural
Network) NWaNa28 T 5UATUNIN C++ taza oy UMLIeszuIana CUDA [11]
Y 3 ] a A A <3 o ] a o
Y94 GPU Card 1811106198 ilomiun1115101391911 081901 1Aa 0ol nan v
o . Y A A X o g . A

WINAVMIUTEUIANAN NIV Y Real Time NININNADIHIDIA 19 §39A911/ 1 Engine ANga

v

4 I~ 1 1 o
lusesanuiEaeanuuiud lugaiagiiu
1 S o { v [
Tasaa$1a Yolo usaznosu 928 Ias3a519 Convolution Box Niand1aiuuasy
Taon 211 Yolo 921015 Fix 4109030 MAD Model n 1w lugiudoya nsdiuinuaag
. g dy 9 . o [ 3 3
3111V Convolution Box 134% 1A33a319 Convolution Neural Network 1451 Yolo i)
(We9n1511191 Neural Network 1111 1A 195U Feed Forward #1538 Back propagation 41619901

g’/ v I [ {1 1Y
910 Convolution Kernel YD %ﬂﬂzﬂﬁwﬂggﬂuaﬂumzmm Learning Rule NANNUINY

Backbone FPN Feature Pyramid @
Concatenate
Conv 3x3
c,2c
YOLO loss
filter size
indim, out dim
A *
Inject Points
'. s
[ A a2 . smmmmeeemy
HE .
Conv 1x1 HE Cross '
512,512 Comv Block I't"l Sonvilock IT"’ v Entropy
Conv 3x3 I Convixl | : H |_| H Loss
" ] Block Conv3x3 | i !
C,2C :E C,c/2 ECA: P ¢, 2¢
1 Conv 1x1 "~ L1 Loss
¢ ; : l 512,256 canv Block I—)I Conv Block IT-)' *
Convixl | ii I Convixi | ! @
I Block I H
x| i x2 26,3(keS) § 1 Objectness |
e Conv 1x1 f HH Loss
I Y EE * 256,128 H canv Block I—)I Conv Block I—P. E i i é
Conv Block  Upsample Block FPN Head YOLO loss

MNN 1 YoloV4 Architecture

YOLOv4 19 1meguuan1ilaenssy CSPDarknets3 Havimu1a18n181 C 4114

Y =K Y 3 AR o q YA 3 oo A
!"U’]ﬂ\iﬁﬂ’]ﬂ@ﬂﬂﬁiumﬂq GPU uas CPU ]lﬂi’]ﬂ']\n@ll'ﬂﬁ]Q‘Vnblﬁllﬂ’J”INL?’JLL@S?’T)’]?JLUJUE”V]QQ

83



a v

Ay
2. HIVUTNNYIVDY

o d o @ v v a o = o
HUNIAU NWﬁI@fJ 2INA YYIUAT LA FWUT 3@‘]1!13-]15]'](2019) QWU'J%fJﬁV]ﬁlﬂﬁlﬁﬁﬂ‘H']

q

a g

Y] <3 a Y ) I a a
ﬂ'liWﬁNuH'J‘l]L!,f]‘l]WﬁLﬂGI)"L!ﬁ}uﬁ'l’s:[@lifﬂﬁ“Vl1@1ﬁ15ﬂ1ﬂﬂ"l“l"l')ﬁﬂﬂ‘ﬂﬂ')ﬂlﬂﬂ“ﬂﬂ']'ifﬁﬂu;%:!fb’ﬁﬁﬂ

Q

v 1 o 4 1 [ a
FalFuamsonialugasmsiiomsuazaiwnse ldguUnssinnmiaiegliagau g 143

Y

vy o = ° dvyy v X 1 ~ = Y a
@gua’ﬂum’s 5'33JﬂQ‘VIﬂﬁ@ﬂlﬁﬂﬁﬂa’ﬂﬂ‘ﬂllﬂﬁi'lﬂﬂlu Llﬁgiﬂﬁﬂ"ll'lﬂﬂigfﬁ‘ﬂﬁﬂ83Jﬂ15!581‘1!§!"]5\‘1
=R Ax Y v a R 1 = o [ Y o o w a
aﬂ‘vmmﬂ%@aﬂmvm YOLO N'I‘Ll]lflﬂi'li Darknet @113 UNITAINLUUUINADN Iﬂﬂﬂ??@]iﬂ]ﬂﬂ
$1191 20 Uszian Arenmilszinnag 100 0 1@A1 Precision, Recall t1ag F1-Score 8g7 0.96,
0.98 11ag 0.97 MUAINY

Calorie Estimation System Using Object Detection by Deep Learning Technique

Y
(2020) [4] 1TWAT8HIINITWAUT mobile application 728 YOLOV3 Tagis1uean1siteriveya
o ] I a o
dethautluemsdu@e uazivuae1n1s 917, 159, sabii, daal, puri 11ag Gulab jamun HAUBY
9

1398 UAT mAP 499 CNN model 1911111 86.89 21 YOLO [v3] viimisAndoyatosaz1a
(M1 81.00

Food Calorie Measurement Using Deep Learning Neural Network (2015) [6] P15 199
dy o 9 = A [ 9 Aa A 1 [
UNMNUAYATDYA 3,000 ATWHUASHTANIWLFAINANWNIU NADINUAUNINNUANANNU YNNI

1 { J [ 1 v J aw
DN INNLANANINY ﬂﬁ%ﬂﬂﬂﬁ?ﬂ’ﬂWﬁﬁ 30 Uszanias LUIMSsTu 50% Naansa1nn1sIve

v
=

E4 < H
Hmsly Deep Neural Network algorithm Wudsmsnanga

Q

= adAa v
ILIUSVIBIVEY
= A v dy I o Aas o o a a
fﬂiﬁﬂ‘kl”I’Ji]fJ‘L!L‘1JLlﬂ?iuuﬁuﬂ’J‘ﬁfﬂiu%ﬁu@ﬂT'EWWUWTﬂiLLﬂﬁN@]ﬂ@HNﬂﬁlﬂﬂ!
2 Y a = Y a = . A
HARDT UAZHITDINITIINNINDINIT AYNAUANITLITYUILTIAN (Deep learning) Tﬂﬂllllu’l

NNTIVOAININD 2

picture

picture picture
— ——»
L]
o D — {
\ Food Nutrition Food Nutrition (Food Name,

Dataset stermet Dataset Ingratiate Name)

Server Deep Learning

-

3 Food Nutrition
¥ Dataset

Food Name CNN convolutional neural network
ngratiate Name YOLOv4 Darknet

YOLOv4

84



MW 2 LEAIVVIUMTHINIUATIVIVLARDT

1) Mamsandeyad s vad 1muUsIas
YO UIWANUITBRDINTAT LV UTIReUNBTIN DM IsIAz IAAUL TNV
Tag'ldihmmveso1m1sn google search engine L& Instagram Lm‘gazﬂizmm 100 NN
Y
11 dutumsasendoyasiemsoisibosdualuenas excel 15U 16ANY, 417
v Y I Y
Hana 1uau
= a J I 9
1.2 asmmain Tandumasiia 1 wyilszanss 100 71w Tagls Python.

1.3 shimsaansesglimmngdmsumaiunhuunsiassnie i msaaginaiwesn
1 21)5z1am

1.3.1 gUnanu

{ I 1 a i o I o 1 i
1.3.2 s liezimendes wie Nnsanuda iauasihuiiludreds egralu
NN 3

M 3 LLﬁﬂ\iﬁ”J’é)EiNﬂ1W!ﬁ6ﬁ11ﬂ!ﬂiu

1.4 ¥1M3 Masking Label 228 11/5105% Labellmg

imfalnsrnlnlalne
imjolotlsefxiafe s

85



MW 4 1115 Masking

1.4.1 M3 Masking 15 udenhimsanseueims uazdnseuingavieglud

U

~ A Y = 9 A o ~
msraulanazlidoyadisems Taeneewansonliaseunquanniiga A Inn 4

i
% a =

Y
1.42 Tuvuaou Label 1901 class 92915 Label fuingavnsidaau ol

q

v
S o 1

a0 iegameaisazamnsaldveyatihuenanuuanaueseisivainvate 1d  wu

U

9 CY 9 O tY
VTINANY VTINATNN VTINANSLA

2) Mmsaauazinuuudians
Aa o dal Y A 9 o o 9 o A 9
398t 1a1aen 19 Darknet framework dsumsadiauuudiass niinsly YoLo

Y
a [

Tumsdumoonns Lmz%afi’ﬁqau Tasihamesingaunanuaseniluamwdmsumsia
80% LAZMNEINTUMINATDU 20%
2.1 m‘%am%’ayagﬂgﬁaﬁmw train 80% LAY test 20% ANTIAY
2.2 15y parameter Tu yolov4-obj.cfg
- batch = 64
- Subdivision = 8
- max_batches = 6000
- steps = 4800, 5400

- classes = 84

- filters = (84 +5) x 3

o . s 4
2.3 myaduazAnuuusiass Taeld darknet detector train < lWladioya> <lwa
) [ PRI v A
Ysuuae> <danihminsudus
Ex) o W 4
2.4 Darknet Tiandulunsnaaoy Taons14@1d9 darknet detector test < Wddoya>
J (v 1 CAl %’ Ly 1 o 4 o W g o ]
<TWadsuuae> <Idaniminndesms IRunusiane> eidonldmaail uazuania
A & o ~ v Y Y o A (% =
anuFeRuvesiagiasiany wn lunimimiuduaasnmidsldasiaaon niounsd

]
% =

= o w Y Yy 9
nyoy Ll,a8L“]Jﬂuﬂa”Iﬂﬂ”lﬂ”]JTJ@m“VlﬂuW‘]Jiﬁi’]ﬂﬂ'JEJ

Q

3) msdszdivdsansmnvenuudiany

'
1A

9
msiszidiulszaninmvesuusiaesdmiumssanuiangiy awilnaliam
Wo15910¢ 4 A1 1AuN (1) True Positive (TP) S1uaufiiieasinudeyarsslunaranmas

86



o) . o A o v 9 a A n ya
WA1IMUT (2) True Negative (TN) mmummmﬂmaﬂ‘umaya%iﬂuﬂmﬁw"lu'lﬂwmﬁm 3)

v 4
v A = = o

o { o a g { ] o ao
False Negative (FN) S110uiivheiadunarad li'lamasnansan sauniseiiszmviua

IWYDINT 6, 12, 84 classes MNAIAY 1BYINTIANA

HaN13Ive

1.HaMFIAUITZENTMINANNGNAL VR WUV IR
Tumsialszansnmazisuanms1e1uIU class 1089 310 1 menu 1AW IANAAY

ns1

Classes
NFUNNINY
¥

v

[TCET R

undama

e

-

MNA 5 Uszansnmanmsad1eluma 6 Classes

Classes
ATIUHTINY
1
leiam
; wainn
JHE (I A L 5 ; ST Tt e uzidiaivd
i Laisia
ETRRTR|
UL
Uarwilney
“Leilma
ws b

fagn
" \\ "Ly

M 6 Uszansnmanmsadialuma 12 Classes
87



A 2 o < 3 § 4 a
lWNLNHiﬁN’]ﬂﬁullaz 1UIU class ﬂ1]']ﬂ%u@ﬂlﬂﬁj'lﬂlﬁ@u']!ilk‘!@'lﬁ'ﬁﬂﬂlw%15ﬂ!1ﬂ1ﬂ

Y
o a %

d’! A o o a 1 da{ 9 1 A d =
YU VSHIIUIU class mqwu“lumazmgmnwmu"l,ﬂmﬂ ng’ﬂ class ‘VIL“IJ'L!’JG]’E]W]JL!'H‘] uy

q

&£

o 9 v 9

o 9 2L o Y a o A (= 1 9 v A a
mmuueﬂmwﬂmﬂﬂwaawweaﬂ"lﬁ"lm U LNYUTINA mmqw‘uﬂlumw Wy 916R N9

q

¥ 9

9 T3 =& T A 9 10 Aan v 3
LUHONNIT AUYIDN ulslllﬂll BN "léll!,ﬂuugﬂ!,wmm"lﬂﬂlumin class meuaugﬂﬂﬂﬁumuuuu@ﬂ

a I Yy KX a o A o Y Y1 ° A g 1 1 ' Y dy
Lﬂ‘l.!vl,ﬂ wuau ﬂﬁlﬂﬂﬂaﬂ‘W‘ﬁVWIﬂWvlﬂﬂ'l mAP MaazuyA1 Loss gRUUNIAIDINNDUNUIY

m-wﬁ_g
L:‘ i Classes
ol 5 ATELWTINY
faan
e Ta
160 2am
1AMETR
red “h!sm
“Laiein
120
ol ATEvanLla
EGEAR T
win'lna
80
80
40
1
20
s 1000 2000 3000 4000 5000 6000 7000 3000 3000 o
current avg loss = 47110 lieratlon = 10000  approx. time left = 0.15 hours
rens et Lo save : chartpng - Saved Theration mumber In ofg max_batehes=10000
'
7 sedns el
MNN 7 UTZANTNININNITAIN LA 84 Classes
1000
800
600
400
200
0 I- || Ill Il.l _|,I III i e A | - . | 1
Z s a4 < (a4 (4 [ =4 (Se— (7 =4 = &« z - [ 2 - fad « @
?ﬁ_gE%?%%Eﬁ“gﬂ}fﬁgeq%%% & & =
I = = 7z 3 <« [y = [ < & [ ol = k=) [ = = = [
< o —— & =4 c w2 = a = e C = R ] I3 £ &
3 = = = 3 I G s & c a b 712 =
2 < @ = = @ «< - S = =9
= = = =z = S & wg
E A
= e
3Z-

MW 8 uHUYNTIUIUAINITZNOVNIING Label

88



]
HaN1INAADY (719)
wamﬁmammﬂ%’ input HINWINNVUIA resolution ‘llf)\iﬂ']Wﬂlu“Uu"lﬂgiNc]ﬁu 1N
ﬂ']'iN“ﬁ 1 LLUUﬁWﬁﬂ\‘]ﬁﬁJﬁﬂiﬂﬁgﬂ input HNNUAYVUIN

M3 1 HAENFUBIVUIANINA)

Place 1Y input(pixel) | Result

9138 1WA | 4000x3000 | TRUE

2000x1500 | TRUE

1000x750 TRUE

500x375 TRUE

250x188 TRUE

125x94 FALSE

2

&

X049 1IN 4000x3000 | TRUE

=

2

N

Ra,

-]
&‘oe

UUN 2000x1500 | TRUE

1000x750 TRUE

500x375 TRUE

250x188 TRUE

125x94 FALSE

unlug | 41af@ | 4000x3000 | TRUE

-}
.aLDQ

2000x1500 | TRUE

1000x750 TRUE

500x375 TRUE

250x188 TRUE

125x94 FALSE

89



v J U o 1 1 {a 1 1 o
WaﬁW‘ﬁGUENﬂ']iﬂ']flqi.ﬂ"Ulﬂﬂﬁ]“’ﬂiiﬂﬁﬂﬁﬂﬂ@ﬂ\?ﬂ NI INAnDNTATINIY

silamerns

MNN 9 FATIUVDIDIHITADVUIANN (38%)

[ 9
(HB991INVUIAMWAIAY 4000 x 3000 pixels YUIANNILINIAY 12 megapixel AU
9
gUomM1330 18 2300 x 2000 92TV 4.6 megapixel REUUFATIUVININD 38% Aaln
A
NN 9

M3199 2 AT NLEAITATIUDIHITADVUIAN N

Picture Ratio HAVDINITATINIY

38% True

90



o 9
19% WuIEA A9

10% CERDNCIDIRER,K

4% Tainutae

a5

Q
Y

\ﬂu'ﬁ]ﬂﬁlﬁu@ﬂTiii”lll‘lllﬂﬁ18Jﬂ13’E)”I“rﬂillﬁ%fﬂi@ﬁ'Ji]i]ﬂﬁﬂf:]ﬂﬂﬂlui"lﬂﬂﬁ@”m"ﬁiﬂfJ

9y a = Y a K J Y o A Y 1 o A2 ?
Gl“lfmﬂl!ﬂﬂ”liliﬂugl“lﬁaﬂ ﬁwaﬂlwmmsﬂmmmLmaes“lummillmmummnﬂwu UYUADU

aov A o =2 9 A 1 Y o o
ﬂ”li'Ji]fJLi‘lJi]”lﬂvnﬂ”lﬁﬂﬂslli’)lll‘ﬁg‘llﬂ”IW3TEJﬂ”lﬁi’)?ﬁ?iﬂW’U‘U’ﬂfﬂ‘lﬂJigmﬂulﬂEJ LaIUINININIG

9

szydmrisvesinganluens nawnduivhnmsafanouiiaesdagldmaiin YOLO v4
(Darkness framework) HAN1TNAABIVUTDYAYANATOUND I HUVT @O IHANUILI UGN

a o Y '

dmSusemsomsuaziagausiuautios ua lianuuiudaaasdmsvsemsuaz Jagau

Q

o { A K ] < ' ° 1 o o
mmu‘ﬁmmmmu @ﬂ"lx‘llliﬂGI13JW‘]J’NLL1J’]JﬂWﬁﬂQiﬁﬂ’ﬂﬂJ!LNuﬂWq\ﬂuﬂﬁ‘VHuTﬂiTﬂﬂﬁﬂTVﬂi

A @ A = = 3’/ 1 . I Y =<
U ADIUNANNGNUY magﬂmwummazmﬂﬂqq (91Le 250x188 pixel Lﬂumu”lﬂ) TIUDN

91



LUDTIADIAINITOATINTUTINTOIMITUALIAALIAY qUUMINO TR dad vl sz
Aa 2 4
20% Gll@\?ﬂ’]WﬂiJﬂ']’]iJﬁ%L@ﬂﬂqqllﬂ
A o 1
Qmﬂilz‘mmﬂui’)mﬂﬂ
o 9 o 1 o a 9 X A
W]5UL!1Jﬂﬂ?ﬁ@ﬂiﬁi@ﬂiﬂluuﬂ’lﬁ?ﬁq'ﬂfJ mﬂﬂizmﬁ Llazﬁﬁf}ﬂu{l‘ﬂﬂ'lﬂGUU WY

a

< Y v o A [
anuE linuszuulumsiuyeyuas ngay

a

UIIUIUNIN

M ing

nsuoUed1In InwuUInN3 [online]. Retrieved from
http://nutrition.anamai.moph.go.th/ewt_news.php?nid=492

@]'lSNLLﬁ'YvNﬂmﬂl'l‘ﬂ'l\‘lTﬂGIfHTﬂ'ISEIJ’E)\‘]’E)'Iﬁ'ISHlVIEJ (2018) [online]. Retrieved from
http://nutrition.anamai.moph.go.th/images/files/nutritive_values of thai foods.pdf

\l
Mmuailszimea

Ashu Gulati , Rahul Samant , Tushar Tank , Aniket , Aditya (2020). Calorie Estimation System
Using Object Detection by Deep Learning Technique. Retrieved from

https://sersc.org/journals/index.php/IJFGCN/article/download/28731/16007/

Convolutional neural network (CNN). Retrieved from

https://en.wikipedia.org/wiki/Convolutional neural network

Joseph Redmon, and Ali Farhadi. (2011). YOLOv3: An Incremental Improvement. Retrieved from
https://pjreddie.com/darknet/yolo/

Parisa Pouladzadeh, Pallavi Kuhad, Sri Vijay Bharat Peddi, Abdulsalam Yassine, and Shervin
Shirmohammadi. (2016). Food Calorie Measurement Using Deep Learning Neural
Network.

Samrat Sahoo, and Jacob Solawetz. (2020). How to Train YOLOR on a Custom Dataset.
Retrieved from https://blog.roboflow.com/train-yolor-on-a-custom-dataset/

Joseph Redmon. (2012). YOLO: Real-Time Object Detection. Retrieved from
https://pjreddie.com/darknet/yolo/, 1 Aug 2021.

Benny Cheung. (2018). YOLO for Real-Time Food Detection. Retrieved 1 Aug 2021 from

http://bennycheung.github.io/yolo-for-real-time-food-detection.

92


https://sersc.org/journals/index.php/IJFGCN/article/download/28731/16007/
https://en.wikipedia.org/wiki/Convolutional_neural_network

Darknet Yolo. (2021). Retrieved from https://pjreddie.com/darknet/yolo/, 1.

CUDA, R. (2021). Retrieved 1 Aug 2021 from https://developer.nvidia.com/cuda-zone.

93



