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Abstract

Because eggs are highly susceptible to quality deterioration during distribution and storage,
maintaining their freshness and safety is a critical factor for the distribution process. Recently,
a method for evaluating egg freshness based on measuring ultrasonic velocity has been
studied for full inspections, and there is a growing need for rapid measurement technology to
determine egg size for accurate ultrasonic velocity calculation. Therefore, this study developed
a YOLO-based model capable of measuring the minor axis of eggs, suitable for application in
rapid inspection systems. The developed model can recognize eggs in real time and convert
the detected pixel information into the actual minor axis values. Additionally, user-friendly
software was created to enable real-time visualization and minor axis values. The proposed
system can accurately measure the minor axis in under 0.5 seconds, making it well-suited
for rapid image acquisition. Ultimately, the developed system is expected to improve the
accuracy and efficiency of egg grading, and contribute to the advancement of non-destructive
food quality evaluation technologies.
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Introduction

At A F o = A JAle] Tl A at HIEI A, B, D, E, K & 353 YA 2L ATHKim, 2016, Shih-Yu Chen,
2023). B3, &43A| ofolar Q2je 4= QLo 7hA o] - ek S AUl ITHKREL 2023). O] &2 15l ZAIA1 Q] Al
4920234 7]% 14329 9t Do) & 7l=|9lon, 2032 3714] 22289 63N D] 2 AJASH 71 0 & of| AFEITHLee et
al., 2024, Jirayut Hansot, 2025, Rondoni et al., 2020). 12U}, Algta} Z-2 Al Al 22 A2 & AA] Byt 245 1) ghofjabof]
A o) 2 27} 27 717tol| whet Al 9] o] 7} Yk 54 Zfstol] H kst £ EOJE}(Cardello and Schutz, 2003,
FJ et al., 2023, Grashom et al., 2016). O] 2 Q13}] AB]2to] 24 4 oM Aof| thst @17} Z751al 9l om, Algke] A A%<l
T WX w S 225 1 QchKiml etal., 2016, Rohr et al., 2005).

oz F4 ] /IS FFA1717] el 2003 o] ol A= AH[ oA FA HEE AlFot7] sl Al 5
A =7} A=) 3 Qlom, o] A Azt AJAkEe] oF 7.5%Rhe BH5to] EA5F-S WUlshe Hloz OIEOVJE}
(Ministry of Agriculture, 2020). AlT+e] F2-55-2 B7Iohe WAl 3712 9] WAl S Algsto] 7ot A WAl == Al
ZAu7]19] #+F, Wt A5, A7 55 B7oke oy, F MR Al WRE o= HF 7|49 37]9 914, e
2] FEjet 22U 5= B7loke TRt 2|al opR|ete 2= AltE A7 A 2ot SAte] 4] 9 Haugh
Unit (HU) 52 37}15l= B4 91 shgbmka] o] M|7}A] Z4ALE 37 ThMinistry of Agriculture, 2025).

A AFRH A 712 W7 & SRS AlRke] &4 2 A4S ZefE 4 o BB AlgkS whaslA] ok Brte
ZS 9}\% H|m}2| g 714 o] FEHE1 Q) th(Aboonajmi and Faridi, 2016, El-Mesery et al., 2019, Xu et al., 2024, Atwa et al., 2024).

554t 2ok] H|uhy] oo A= 25 o|u|d, A7 G/FMRI), A E X-g|o], X-go] AFE HFEY(CT), ¥

}6]', Z51 Jd 5 TdE 71e0] 54 Bl E85 1 Qltk(Ahmed etal., 2017).

o] F 251 7|&2 the 7]&5ol Hlsh Hl-&o] A-SHAL A& YR 2=t A Ao 5 g 4 9lom B A4S
245 B3l A|52] Aol B HHE §314 0 2 B35 4 9l TH(Karthikeyan et al., 2022). RAF A 52k QIAE 221t
7} Yol Al BiAbE o] ThA] 220} gEAkel] EE e wie] o gt ofsf ¥ghe 7] Ao g ojnfgtct At M=

b2 T A

g7toll 3t AL AR E B 51| flaliAte 2aute] e ate ] EAJut 2 3ut &0 Ust =
etal, 2015). 28T & T A 20| Zo| 2 Y Az 2 B Bt E0] BT A7HS 7120 2 AAFE ThAwad et al., 2012).
2om} 7]&2 vl A A3k H| L, A2 U 712 oJodriz] 2ou} ATy} £ 2k /Rss ExlA a1 ek} Als S
o] &3t IR 24 B4 51 59 S = s, 7:“% AT 7ol 251} 7]&0] A-8% 1 I thAboonajmi et al., 2014,
Rho and Cho, 2024, Gallo et al., 2018). Z51} 7]&-2 o|- &3t Alt 54 H7H Al 5 stUE, Ao AM = 715 95 =
w0t HE7] Aol Tot HFY A7t =3y vt %lﬁk Slg W)= 250kE ATHA 0 & g6l o) Algte] I
DlzPQ A OlEEHﬁ]Qo% ocq ™ % ~L%E
7129] Zgu} HEh7|= JhAF AIZE S7RE 7hestal, Alfte] Aol & SA ok 762 2450 Q| YTk 1By 2 2u)
LS5 USHA| Alrtote ¥, REAF AJ7HERE ol 2} Algke] o] A H = &7 ZE & ojof Skt whehA], Alfte] ol & %
S AR SAlof 27 4l HRlo] E ast) e, AlRte] A5 S VIR0 & 230 HARE T A U R
718-9] fIA4 27]0l| we} RiAF Al 29| sAfof] E&H Al o] HAS 4 ‘01,63‘%1] ZER ol B Rl = = e CR ) S
Sa} AA} B Adtsk 2 0 2 wobetelch Al thE 2 ok 3
, Time-of-Flight(ToF) 7|2t &35+ o] 54, #2749 3D 4
o] &2 3FtHPham and Suh, 2017). ©] F- ©|R| ] 7|9k Z4H| ©2] 7|&-2 Ak 3 25 } XIL°4 LA A AE
ool A A 7]&E AR EH, 4 Wk ulj ol f-A5kA tf-3-o] 7hestal AgEet /x| E A7 E Ale sttt A
o] Z2}3Hch(Zhao et al., 2015).

i-N'

(¢}

o
e
ox
lo
)
o
ﬂ,
é
o rr
— o
JIN' <t
0_L4 N
U: —_l
o= N
IIE o
O =
= %%
2
N £
L oo
&
28 N
o
|\0
ox

n>4 ofo oln E o

Journal of Agricultural Machinery Engineering 5(2) June 2025 48



Image-Based Measurement of Egg Minor Axis Length Using YOLO models

st ojn|z] 78F Z4A)] g0 AF2E= 32| Q] Fdlofl= Region-based Convolutional Neural Network(R-CNN), You
Only Look Once(YOLO), Single Shot MultiBox Detector(SSD), RetinaNet ‘5-0] 28511 1Th(Jiao et al., 2019). 1 %, YOLO=
S AAY A Foll A 9] /X2 2FE Al £ =N E Lot =2 TS DAY 4 T (Redmon
etal, 2016). YOLO 2 &2 o|n|2| 5 A ALz U F, 2} AdollA] ZA| 9] 91%], 27], A== % SeA FE-2 ol 53h
ol Az} FHA FES TN HrE ARISHAL S5 BAIE E017] fI8l HIFH) AAIE A&t HF gA] 2
£ TZJTHBadgujar et al., 2024). YOLO 2@ Z YOLOvS& Al T Zo] 2ol A3tst AAIZE A2 52 at Haste
FREZFI Q1o YOLOVS el A% Z4A| &b Aol B3t 122 Ust 575 0] 7Fs-5Hh(Hussain, 2024).
webA, 2 Aol A= ofn] ] 7R A &A1 S 915) RGB 7H|2HE AR&-sl o]w]A] Hlo]E| & Skt &gt 7|2 &

7

2k 7|a S3 A2 SHAIE 7 A 5] Qs 221} 7140 YOLOVS 2 YOLOvS 2ellS #-85}o] v|ulajz] o 2 Aol
H2 Zlo| & AlA7Eo 2 24 4 9l melw) Gul 7]EE AT E Qo] S Jdtslic) o] 25t thE Zo] 24 Ante 22
ot &= ZHof| A B Q3 Agte] TE oS AAIZo 2 A gsto 24, 23ute] Mut AIZHS: 7|Hl e 2 R 3458 &}
5 Axtsks o] &89 4 Q) o]+ &% 231t 7[R ARt R 22 ot Al A= Ao 2 AAE Qo 3=

Materials and Methods

1.4

ot

Mx
©

B oA AlRte] thxo] Zol 2 2435}7] sl Yok 15 7], E3F 15 70, thek 15 70, S5 15 70, 23 15 71 & 75 7H9]
Al dlo]El & 45ttt

tlo]&] £ A] Algke] RGB 7HH|2HMV-CA050-20UC, Hikvision, China)”F AR&-E] 9.0 1, S A= = 2592x2048, 22.7 fps©)
Y £ 5 ARSI tlolE £3-& flste] ZHm|EtE thAdat di=200 mm A2l & F1L P S A5t oH, 71E A
(d,=100 mm)2t At FAJol] Y53t o= ARt ©Ee] Ztido|7} 4,5 FA| ko, ghek 4,5 23l sttt
QNAE 7]& Ao g 22 71E o & ALk 4= Q17| wiizo| ThAbanikannda et al., 2007). S5, ol 53+ Xt A4 ghe] @3¢
7F dupt = A] Blastr] sl o A1E 242] 1w 2(500-181-30 CD-15APX, Mitutoyo, Japan) S AH&-5to] AA| 2F S-S 4
okl

A 2] 7[5 YOLO B flsto], B 8k o] o on| 2 epile) 2 434513ict. 2hlE-2 Roboflow Annotate
£ ARgsto] o] lcE|o] S 4385

n}

& 4345}t Bounding Box= 24 3]7%10] 7153t Bounding Box & Aot AlgkZ S22 0,
7% M FeA 12 ehilE siglon], 7 ARl FA FE(x, y), E(width), 0] (height), 3] ZHE0) 2 A THo
Ao Fig. 12 2 Aol A AREE AR RGB 7Hilt A 7l = ol
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O— RGB camera

Ultrasonic transducer
d,=100 mm

Fig. 1. Egg image acquisition and experiment components

N

B

2215 Algho] o]u] 2] = train set 70 %(n=>55), validation set 15 %(n=10), test set 15 %(n=10) B] &2 251t YOLO 2&
ollAl= 4 olmA| 2717 A et Lol 2 Y= DI ThHao et al,, 2023). F 2 6407640 TAO] 7|25t
o, theFet A E 2 Foll A G2 A FASHHA L AAITE 20| 7ha3t #flolA 24 9] 37| & 7= Q]
THYimin Ye, 2025). ThehA] 2 Lol M & 4712 A4 k2 2-8-513iTh

epoch 59+ 43 A1 71 2™, 10 epoch 5F Mean Average Precision(mAP) 7H410] §l= 749 7] S5 5H =% A5t mAP
= A A S 20] tis) 7HE B AU T (Average Precision, AP) 7] HH-2 AFES}o] shute] T Al A B 7 2l
O] Z9FA Q1 A A Z A= & HEHU= Zholth(Padilla et al., 2020).

>

458t

£ Ao M = AlRRe] 3715 2517 Yol &85 YOLOVS 223 YOLOVS &S H|wlshs H7HA B2 22 &5
5 At QXK Mean Absolute Error, MAE), B A3 2 XRoot Mean Squared Error, RMSE), 22| 4(R? Score), AT] 2.
2k (Relative Error, RE)E- AF8-5F2{TH MAE, RMSE, R? Score, RE= 2] (1), (2), 3), (4) & 53l ==%/ it

1 n
MAE =;Z|Yi—}7i| (1)
=
RMSE = %Z(Yi - 92 2
2,01 = 9)?
R?Score = 1 — 2zt~ 21
core I, (i —9)? ®)
re =229l 00 @)

i
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A7|A, yr= A AlEe] T Ao, §; = oSE Al 9% 2o, = AA AlRe] &5 Lol 5] W2 on|di

MAE= 37 gk A A gk 2to] o] Hoig) atoln, et A o & A it 37 ghol drh &poluh= 215 BofF= 4|
Folm gho] o 2245 Hdo] o Yt H7hE Pkl & 4 AUtk RMSE= 2219 Al ol Alg2 A2 e,
Atz o2 @xtof o vIZksHA| WhE-she 2| 3olth. T2] 11 R Score= 4 B0 HBA] 5 59 W42 Ay 7H53H A

S FA|EF A1 HE, 1 gho] 101 77H45 |5 gho] AlA| k2 o & AdTotal Q152 9] P|3TKBhoi etal., 2025). ATt
o] £ k2 ol &she 2l EdoX = ol 2x1e] 27|71 do] 5t A2 ol J7e n]x]7] whZoll(Cawley and
Talbot, 2010) 22+ 2717} drpt B=2] 112{8 B 7} k. wiehi] MAES &3l H4 o2 227} duput BAFi=A]
gFelskal, RMSES &l 2 2atol| dnpt WIZdshA| REG3EA] €71 918l = 71 A E5 2ol ARSI =3t HEo]
A Ellol el o] ¥ 5/ Aupt 2 Uehil= A] 2157|918l R2 Score = 7151 RE= o5 At 2215 *'Xﬂ Hhe-
0] 7|2 Ue P =2M, ol & 2217t g1e] A7]of| vlgste] dnhut ofn] Ql= 2] w4 =8 Eof= Aol
(Park and Stefanski, 1998).

T3 YOLO 222 ARESH test setS Q2 ol 52 £t &, oS8 A S g0 2 ARte] 27|18 S45h=
g2 Ystelet. =3, YoLozH g ZH 44 7‘01 SHigo = o) ol o A spof thet R ] E(mmipixely &
ARYSISICE 4 (sy= oF HA g Rk = WRh| &5 ke Aol

r=£ ®
P

oJ7|A, L& 7|& AlQ] AlA| Zdolo]al, p= 7|& Ao TAl 4 2 TA 45)
YmDﬂﬂﬂdﬂaJﬂﬂém@dﬂwﬁmaﬂﬂmmqﬂiﬁgPﬂ%ﬁﬁ%ﬁﬂzéﬂgﬂﬂﬁﬂﬂﬂﬂ
OpenCV e} Matplotlib2 #-8313{t}. YOLOZ} &A1& A2k} 2] Bounding Box % 7]

o] o5 Eal A 37] 2 ATE HPH o2 U 4 Yt

IViinorfaxistiength
Faq

Reference Line

Fig. 2. Visualization of Egg Pixel Value Analysis and Estimation of Actual Egg Length

5.GUI 7|8t AT ESof

& A= Tkinter®} OpenCVE #-85t0] Al o|n|#| toJg] 7| AAIZ Al &= Aol & S4sk= Gul 7|t ~ZE
9|0} S N5 Tkinters Python?] 2ho] H2{2] 2 Zghe]o] 9l om thofat L4 Allofl A 7HHEHA| Gul Z2 12 -S
4= ATh(Lundh, 1999). TkinterS &3 GUI 25 551 3L, OpenCV 20| B2{2) & &-g3tof A o n|A] Hlo|& S A
ARtz ¢fol & 4 Q== skl
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Results and Discussion
1. 0¥ MsHR

YOLOvs2 & 85 T2l 24 A3} 30 epochollA] EH50] FE5 UL, 20 epoch 0] Folli= mAP 42| ¥-5-0] ojz|11

71291 A5 7l Alo] 7o) BhAE1A] o= wiElS H itk YOLOVS 2 Sh 12T o] 7-20)=, 20 epochoil A SH50] 28
E| U}, 12] 3L 10 epoch ©]Folli= mAP £42] ¥l5-0] Ao x| 27HAR] A5 74l o] A 2] ¥WAstA] S siH S B itk
Fig. 3:2 F 2 @9] 4J5 H] a1 aoltt,

YOLOv5S YOLOVS

075 —— maP@Ss0
- MmAP@50-95

—o- mAP@S0
—%- MAP@50-95

[a1
< 060
£

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 0 123 45 6 7 8 91011121314 15 16 17 18 19 20

epoch epoch

Fig. 3. mAP (mAP@0.5, mAP@0.5:0.95) Variation Graphs During the Training Process of YOLOV5 and YOLOv8
Models

—z‘z]-@_ —C_.’—test setS 0]8_5].03] _,_5314 /\-]‘_—..2 u47]-o]- 7{4. —.—EHL] _’_i_._57]__'_31:-ﬂ TE05% [J]D]—__i Z;H
o} SALSH 4222 B ATh Table 12 YOLOVS 2@} YOLOV8 2. 212] MAE, RMSE, R ScoreS 7}t Aol t} YOLOVS
T2 R2 Score=0.995, MAE=0.340, RMSE=0.3619] /d5= UEFHS1 2™, YOLOV8 Z &2 R? Score=0.995, MAE=0.330,
RMSE=0.3459] 352 HEFAITE 4] 23k R2 Score 442 5 L 5HATF MAERF RMSECA YOLOVS2] Ad50] O =Tl
Bk Ak whebA Al 5 Zol o] et 4 S 9Jal] 254 0 & YOLOv8 2ES ARESH]ITh

0]

Table 1. Evaluation Metrics and Values using YOLOV5 and YOLOv8

Evaluation Metrics YOLOV5 YOLOVS
R? Score 0.995 0.995
MAE 0.340 mm 0.330 mm
RMSE 0.361 mm 0.345 mm

2. At s 2ol 54 2t

HA
il 14310} 0.5 mm o] fe! HIAIEH
A7H ISt RICE. o] 2 913 o ghol thii Al T A Lho.t AaE Rtk SR e F mee mE At
o] 271 0.5 ol hell BEFSPA AASST RES 5 1% D]etel 5 o9 HA 2792 7542 At

oF2}2] Table 22 YOLOVS S &3l 7HE e 223 ARgSto] BIAE tlofEle] A= gL o5 3h, 241 RES LiEhd otk
YOLOv8 25l 2483}, o] 7| A5 )14k 3Hgolld AdAlEo 3718 7
=}
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Table 2. Measured values, predicted values, errors, and relative errors of the test data using YOLOVS.

Data True Value (mm) Measured Value (mm) Error (mm) Relative Error (%)
samplel 54.5 54.1 -0.4 0.73
sample 2 53.6 531 -0.5 0.93
sample 3 49.3 49.0 -0.3 0.61
sample 4 482 484 +0.2 0.41
sample 5 45.3 44.9 -0.4 0.88
sample 6 47.4 47.0 -0.4 0.84
sample 7 43.5 43.2 -0.3 0.69
sample 8 42.6 42.8 +0.2 0.47
sample 9 419 41.7 0.2 0.48
sample 10 39.2 389 -0.3 0.77

3. GUI 7|t A Eg]|0] 7jut
E oA kg melS uleko 2 A7 A BAS B3 ARk T Zlo] 24 AT A|AELS Zfatslg{ThFig, 4).

= L5 L piy =
A% W glo] 14 A4 A AT ARG Bk TN AAREoR 27 7t
=
=

- O

-
-

AN A By 39 an
2 Eggl  488mm
ggz 479 mm
Ega3  s3zmm
A% a0 My 8

SH - MAIZHAY T Yo| =7

HEARE SEH MAIZH F4 2A Al [N . .

A ol 5 A% | 48718 ‘

Eggl : 48.8mm Egg2 : 47.9mm Egg3 : 53.3mm

Fig. 4. Processing flow chart of GUI programs and GUI interface screen

Discussion
B odLoj A= YOLOVS 22} YOLOVS 2 el 3-8 5}0] Alzto] ch
S 41T, o] S hErO 2 ARt ThE o] Lol AARE I BT 4
o] B 700|205 o] toll A4 578 4 Slof, 235k 7Ak A| 8751 Zdo] YRS MAZo 2 A 4 Utk
o]

El =
ol &l 2Zu Al 2o =g AlRto] 7|Rtet R 54 AlLte AEeR 4 Qlom, Ak 0 2 g AJARI 2 Al R
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Conclusion

= A AR AN E G7HE Rt 230k W] AR tgoll M B adt ARt Ee SAske ReE The
of Y= 1tk 100 mm o] 9] 7| A3} AlgkE SAloll E9ste] Hlo[HE FHEsIL AlRtS 0, 7|F A& 12 Ad75te] 2
1T Sh9ith 12131 YOLOVS 23} YOLOVS ' ll& ARE-5to] ARkt 7| A& BA|stal 2ke] =4 gk Altsto] Al
T50] A ol E & 4 AT HFH 02 7 el W AlRto] of - §2]o 9lof = .52 ool M 9] +0.5(mm)
oM ZE Azt T ol S Al ot 7 HEll HE REZF 1% 0] P2 LRkttt YOLOVS 22 2YOLOVS 22
2 R? Score 7 2H BLE FUGZIIL, MAESF RMSES: B3t 232t YOLOWS 22| B /d-50] S-4-5trtal 37k gic.
wjzhi] 25 2Ee YOLOvS LHl 2 A145telet

YOLO e 285 A g Hees %ow*l?lﬂ Ll Ak} 715 A 99 & AAshE o)X 2R e A
Yshe goto] ajE 4 9lrt. o] W2 I SHolA Relstlo, of 12 ojujell 24 ZHe) At Afsiiof she
14 14475‘*} golli= AdshA| e 7I~ gol lct. whebr] HA] £ 25t glo] HHES = 4 3= YOLO 29

Journal of Agricultural Machinery Engineering 5(2) June 2025 54



Image-Based Measurement of Egg Minor Axis Length Using YOLO models

5 AIS I Aol A B she 2F A 34 Aol FFE nlxle 29002 SRIHIIH. & AFelME Al
o) Ao)7H Al FhE et A7) SH == 7ol UEkskem, o] = 7]E A1) Bounding Box” F AT SA] Q1A 917] wh2
© 2 et Bounding Box@} Al 7155 Ad Abol o] AARE AlARHH Bt ARt do] S4o] 7hsa Aot

ohgd, & ALollrl= 7hujeket Al 7 A2 E 200 mmE A5 0, o] Aol wfet 7]E A Y Algte] hA
HEE 0] S Aol Y= X 7H2i7t U 717ke-w o shdel] 23 7s et AlRk 7 AR AL, v - EE
HE7} AsheE. ofof e, 574 JeE=rt FofulshA| 4astA] g oM E F i B2 AlRe AT 4 e 2H 9
2 78] 474l B asit.

FT AFolM e FA ot HH e ﬂﬂ 1% A2t 2l ZRE 3, HG A9 e] A3k Ha)E oo gt of
&5l 71E S Ak IS S5 & AL 7Rk vlnh A Q] Al Al 4 7)eo] antd oz A8

[s]
A= 7ok

4>

Acknowledgements
o] AT 2004 = AT ot AT A4 A7 A u]ol] ofslo] S gl
References

Abanikanna O., Olutogun O., Leigh A., Ajayi L. 2007. Statistical modeling of egg weight and egg dimensions
in commercial layers. International Journal of Poultry Science 6:59-63.

Aboonajmi M, Setarehdan S, Akram A, Nishizu T, Kondo N. 2014. Prediction of poultry egg freshness using
ultrasound. International Journal of Food Properties 17:1889-1899.

Aboonajmi M., Faridi H. 2016. Nondestructive quality assessment of agro-food products. Proceedings of
the 3rd Iranian International NDT Conference:1-9.

Ahmed M. R., Yasmin J., Lee W.-H., Mo C., Cho B.-K. 2017. Imaging technologies for nondestructive
measurement of internal properties of agricultural products: A review. Journal of Biosystems
Engineering 42:199-216.

Atwa E M, Xu S, Rashwan A K, Abdelshafy A M, Elmasry G, Al-rejaie S, Xu H, Lin H, Pan J. 2024. Advances
in emerging non-destructive technologies for detecting raw egg freshness: A comprehensive review.
Foods 13:3563.

Awad, T., Moharram, H., Shaltout, O., Asker, D. & YOUSSEF, M. 2012. Applications of ultrasound in analysis,
processing and quality control of food: A review. Food research international, 48, 410-427.

Badgujar C. M., Poulose A., Gan H. 2024. Agricultural object detection with You Only Look Once (YOLO)
Algorithm: A bibliometric and systematic literature review. Computers and Electronics in Agriculture
223:109090.

Bhoi, M., Padhy, N. & PANIGRAHI, R. Enhancing Student Grade Prediction Using Hybrid Stacking and
Blending Regression Models. 2025 International Conference on Emerging Systems and Intelligent
Computing (ESIC), 2025. IEEE, 374-379.

Cardello A. V., Schutz H. G. 2003. The concept of food freshness: Uncovering its meaning and importance
to consumers. ACS Publications.

Cawley G. C., Talbot N. L. 2010. On over-fitting in model selection and subsequent selection bias in
performance evaluation. The Journal of Machine Learning Research 11:2079-2107.

Journal of Agricultural Machinery Engineering 5(2) June 2025 55



Image-Based Measurement of Egg Minor Axis Length Using YOLO models

Chen S.-H. H., Ko C.-Y., Hsu K.-H. 2023. Real-time defect and freshness inspection on chicken eggs using
hyperspectral imaging. Food Control 150:109716.

El-Mesery H. S., Mao H., Abomohra A. E.-F. 2019. Applications of non-destructive technologies for
agricultural and food products quality inspection. Sensors 19:846.

Fj, T, U, S. & YM, S. 2023. Effect of Cold Chain on Chicken Egg Quality in a Simulated Post Washing
Processing and Consumer Storage Model. Brazilian Journal of Poultry Science, 25, eRBCA-2021-1598.

Gallo M, Ferrara L, Naviglio D. 2018. Application of ultrasound in food science and technology: A
perspective. Foods 7:164.

Grashorn, M., Juergens, A. & BESSEI, W. 2016. Effects of storage conditions on egg quality. Lohmann
Information, 50, 26-27.

Hao ., Pei H., Lyu Y., Yuan Z., Rizzo J.-R., Wang Y., Fang Y. 2023. Understanding the impact of image quality
and distance of objects to object detection performance. In: 2023 IEEE/RSJ International Conference
on Intelligent Robots and Systems (IROS). IEEE, 11436-11442.

Hussain, M. 2024. Yolov5, yolov8 and yolov10: The go-to detectors for real-time vision. arXiv preprint
arXiv:2407.02988.

Hansot W. W. J., Sangsuwan T., Thong-Un N. 2025. A low-cost autonomous portable poultry egg freshness
machine using majority voting-based ensemble machine learning classifiers. Smart Agricultural
Technology 10:100768.

Jiao, L., Zhang, F,, Liu, F.,, Yang, S., Li, L., Feng, Z. & QU, R. 2019. A survey of deep learning-based object
detection. IEEE access, 7, 128837-128868.

Karthikeyan, A., Tiwari, A., Zhong, Y. & BUKKAPATNAM, S. T. 2022. Explainable Al-infused ultrasonic
inspection for internal defect detection.

Kim D. J., Jeon S. Y., Kim H. W., Won J. S., Lee J. C., Lee K.-W. 2016. Comparison of egg testing devices for
internal egg quality measurements. Korean Journal of Poultry Science 43:229-233. [in Korean]

Kim B.-G. H., Lee J.-K., Oh D.-Y., Jeong D.-J., Choi S.-B., Hwang E.-K., Kim S.-J., Lee J.-Y. 2016. Comparison
of major components and quality of eggs according to laying hen breeds. Journal of the Korean Data &
Information Science Society 27:1307-1316. [in Korean]

KREI (KOREA RURAL ECONOMIC INSTITUTE) 2023. Monthly Egg Market Report, July 2023. [in Korean]

Lee J.-S., Yoo M.-H., Ki W.-J. H., Heo J.-M., Nam M.-S. 2024. Evaluation of egg productivity and quality in
laying hens fed natural and microbial-derived substances. Korean Journal of Poultry Science 51:235-
243. [in Korean]

Lu, Y., Tang, H.-y., Fung, S., Boser, B. E. & HORSLEY, D. A. 2015. Pulse-echo ultrasound imaging using an
AIN piezoelectric micromachined ultrasonic transducer array with transmit beam-forming. Journal of
Microelectromechanical Systems, 25, 179-187.

Ministry of Agriculture, F.A.R.A. 2020. Egg grading standards (Notification No. 2020-47). Sejong, Republic
of Korea: Ministry of Agriculture, Food and Rural Affairs. [in Korean]

Ministry of Agriculture, F.A.R.A. 2025. Livestock product grading detailed criteria [Notice No. 2025-23].
Sejong, South Korea: Ministry of Agriculture, Food and Rural Affairs.

PadillaR., Netto S. L., Da Silva E. A. 2020. A survey on performance metrics for object-detection algorithms.
In: 2020 International Conference on Systems, Signals and Image Processing (IWSSIP). IEEE, 237-242.

Park H., Stefanski L. 1998. Relative-error prediction. Statistics & Probability Letters 40:227-236.

Journal of Agricultural Machinery Engineering 5(2) June 2025 56



Image-Based Measurement of Egg Minor Axis Length Using YOLO models

Pham, D. D. & SUH, Y. S. 2017. Remote length measurement system using a single point laser distance
sensor and an inertial measurement unit. Computer Standards & Interfaces, 50, 153-159.

Redmon J., Diwala 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, 2016. 779-788.
Rho T.-G., Song D.-B., Park D.-S., Cho E., Kim G., Cho B.-K. 2023. Design and fabrication of a
surface-adaptive ultrasonic transducer for egg quality evaluation. Journal of the Korean Society for

Nondestructive Testing 43:367-376. [in Korean]

Rho T G, Cho B K. 2024. Non-destructive evaluation of physicochemical properties for egg freshness: A
review. Agriculture 14:2049.

Rohr A., Liddécke K., Drusch S., Miller M. J., Alvensleben R. 2005. Food quality and safety—-consumer
perception and public health concern. Food Control 16:649-655.

Rondoni A., Asioli D., Millan E. 2020. Consumer behaviour, perceptions, and preferences towards eggs: A
review of the literature and discussion of industry implications. Trends in Food Science & Technology
106:391-401.

Xu S., Wang H., Liang X., Lu H. 2024. Research progress on methods for improving the stability of
non-destructive testing of agricultural product quality. Foods 13:3917.

Ye Y., Li X., Wang X., Su Z., Ding L., Zhang D. 2025. Recognition of small defects in shearography based on
improved YOLO network. Optics & Laser Technology 184:112524.

Zhao, Y., Shi, H., Chen, X., Li, X. & WANG, C. An overview of object detection and tracking. 2015 IEEE
International Conference on Information and Automation, 2015. IEEE, 280-286.

Journal of Agricultural Machinery Engineering 5(2) June 2025 57



