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lulaspeulnsaiaes Jufindeyanaonszeziian 14 U diwlsaniniindon 5 U laun gaumad
AAudS eondidumes CO, yuvdnly uageandainan iudeyann 5wl 92 4,032 una v
manaaeuiinlddiuiu 22 ves Wuldfiudes 10 Wes warldls 12 Wes Vsniduianmsfsaudems
dodlwluiudl 7 wag 14 wansAnwnudn gamgiiedsnasnmsilneyil 37.15 = 0.38 °C (CV = 1.01%)

ANMNTUAUISIAAY 60.45 + 2.01 %RH Auudy CO, WinTuos1adudunssan 405,57 ppm i

695.87 ppm Tudns1 22.71 ppm sadu (R2 = 0.996) Bn5INTTRNVDIAIBOURABATEEETINIAETINOYT
Yovaw 68.18 lnellvfisnnnissonvesiisounaenszesiinfasas 75.00 ganiilafiudesiisesas
60.00 Meswunmsgadeiaseunulrlifidelenay 13,64 fsounesserdusosas 9.09 uazisou
meluudensesar 9.09 nansidouandliifuinszuud dnlySaludif Waunduaninsofnw

anmanaedlaegraanies wazwuilty CO, aunsalddumdinimunnssiosulaegraiiusydnsnm
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Abstract

This study aimed to: 1) analyze and report the environmental conditions inside an loT-
based automatic egg incubator over a 14-day period, with particular emphasis on CO,
accumulation trends; 2) compare embryo survival rates between native indigenous chickens
and layer chickens during the first 14 days of incubation; and 3) classify the stages and patterns
of embryonic mortality throughout the incubation period. The developed incubator was
controlled by a microcontroller and continuously recorded five environmental variables,
including temperature, relative humidity, CO, concentration, egg-turning angle, and fan speed,
at 5-minute intervals over 14 days, yielding a total of 4,032 records. A total of 22 eggs were
incubated, comprising 10 indigenous chicken eggs and 12-layer chicken eggs. Embryonic
development was assessed through candling on days 7 and 14. The results revealed that the
mean incubation temperature was 37.15 + 0.38 °C (CV = 1.01%), while the mean relative
humidity was 60.45 + 2.01 %RH. CO, concentration exhibited a linear increase from 405.57
ppm to 695.87 ppm, at a rate of 22.71 ppm per day (R? = 0.996). The overall embryo survival
rate throughout the incubation period was 68.18%, with layer chickens exhibiting a higher
survival rate (75.00%) than indigenous chickens (60.00%). Classification of embryonic losses
indicated that 13.64% of eggs were infertile, 9.09% experienced early embryonic mortality,
and 9.09% resulted in late embryonic mortality. These findings demonstrate that the

developed loT-based automatic egg incubator can maintain stable environmental conditions.

Keywords: Automated incubator, IoT environmental control, Hatchability
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widnludagtuasioussuuamuaudiunldlunsavauaninwinseunislulianueaiosuin
fadu uiiladeduaninuindon 1wy gamgll mnTuduivg maszuiserna wagnsndnlydua
Tnonsaiomsianvesiisouazdnsnsitnesn (Decuypere & Bruggeman, 2007) Tnggamaiid
wanzavdmsunsiinliluszes 18 Fuusn oglurag 37.50-37.70 °C uagenuBuduindlurag 19 fu
W3NYeIN1sHNAITREUTENN 60% (33A AMNE uazAny, 2568) UadermuanInwInaeumeng?
Jefodusmudsddyidosldiumsaueuegavinzay
Tutagtuiimanvanssiddeiiimaluladidundislunismuauanmwindenneluginls
shemstmelulad Intemet of Things (IoT) AaelsianusainnuuazauANanMwIndeslugiln
¥ogramiuguazsoiiomann 24 218 1WusLYBS Prabowo et al. (2024) fiaua3oadinls
anludAlagldszuunlunuwuy Proportional Integral Derivative (PID) 593U loT Lﬁamuqﬁﬂm
gaumniilugag 37.10-37.70 °C Ideguafios vaugd aum Wayidaana uag alsed yydnan
(2567) Tumstmuad eafinlaisnluialngldinadanisuszanananmuvuivalniisyuuanansa
AuAugunnilioglutig 37.00-37.80 °C wagmnuTuduivslugag 60-65% ldogsdiussansam
TuBnuuamnavils Giri et al. (2025) fiwunszuugilnlisaaiozlner Machine leaming ultnsiady
Iiidemerugiinliiinuguiielulasreulnsaass NodeMCU lumsaunugamgiiliniog i
36°C uazAuBuil 32% fléruannsfnnuuarauaussuuanszeylnaiuBume finsuuilede
lpfunisudaieunazaunsausuansasuauneludlaviui s1uves Chidiebere et al. (2025) 1ol
waila ANFIS Tuszuudiinligaasssdmiunssnmannzivnzauiigndmsunisialala szuu
anusamuAugmgl mutu sedufnenisusulasenlduagmandnlldogiusiugigs Tuvsi
UVBA A8 @1MNDY wazamz (2567) laldluga Wi-Fi ESP8266 sauiuiduiges DS18B20 uay
DHT22 dw§unisaunuiedesfinldsnluliliiigumailiasisening 37-38 ssmwaifoa waxil
AuBulAsTi sendng 55-75 wWedidud daelidnanissenvesliainnisilnluedosgandmuuy
533077 30 Wosidusd uenangumgiuararudunielugiinls anududuvesarivoulaeenled
(cO,) melugitniudnmilshifaddyosnisiauiaseu Tuan1izsssusi CO, vosullivmeiln
laflsedugatia 4,000 ppm s?iqqaﬂdwmmﬁmammﬁﬁ"ﬂﬂﬁﬂismm 400 ppm 94 10 1 Twanuves
Liu et al. (2022) numaifiasedu Co, Tigedu 1% ludadunasuasveanisitnaiuisaisenis
Waueisizdsou wavanszeznainsiinesnldlaglinsenudesnsinisiinesn Tuvaed
Decuypere et al. (2001) 85unginsazauves CO, nusssuvIRluginduiuslagnsaiudnsinis
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1. gaunqdl (Temperature) Aadaiwuiges DHT22 ens1aTngamgilugiinuuuiFealnd
Avungaum i mangsening 36.50-37.50 ssmaldiea (°0) szuulvinnuiounievasnlnuuin
100 0 Tngazdansvhaudegumgiinazis 37.50 ssmwadoa uazSuhauilogumgdansi
N1 36.50 BIAYALTYE

2. Aududuing (Relative humidity) findsiwutees DHT22 Lo ¥ad1a11ud udusimsly
18 %RH fuuaa L mIsEIng 50-55% Wensranuinaudusiinit 50% lulaseealnsa
aesadiliyatuniunmenyiiuiiefiuuiinasgesnilluoinia warasngayhauiiierutiugs
AU 55%

3. yunanlydnlugd® (Egg-Turning angle) aﬂé’?ﬂmaLma':f%ﬂﬂﬁﬁal,ﬁammmmnﬁmmmﬁﬂﬁ'
u 45 93 Taglsiaudalud@nng 1 $2lus vhaouduindeunaln 1 undidesey ietesiulaily
eeuRafiuFenty

4. Aasinanszu1eeINa (Fan speed) YANAANTEUIEDINIATUIAAIULEITOU 1,200
seuUsiou? (RPM) Berimunlivhnsssuismnufeuiieligamaiiasiinuiifmunls

5. puuduasuaulneenlas (CO,) Andamuwed CCS811 lonsainmududuvesiiie
Asuaulaeanlenluniig ppm
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wafigauugiiuenyindivung Muusdnany lwn aeiug (Breed) gnudadiiidu 0 (Native:

fiudloe) uaz 1 (Layer: 1Al9) waz wadedlyl (Candling) Sufl 7 uaz 14 wlandu binary indicator 67

wusimnenanisiln (Hatch Result) dvuadu 1 dwsumsitngnsa wag 0 dmsulddisa

= ¥ a ¢
M13199 1 Yadeyalun1siasiei

fianUs AN95U"8 /MIATUIN

Breed aneugla 0 = Native, 1 = Layer
Fgg Weight Yraminlareudin (9) Raw measured value
Candling D7 wadedlniul 7 0 = Clear, 1 = Fertile

Candling D14
Temp_mean
Temp_std
Temp_out_pct
Humidity _mean
Humidity _std
CO, mean
CO, max

Hatch_ Result

wadedlyliuil 14
gumnfinde (C)
S.D. gaungil
% Langaumgiinugiaii
ATuBuduimsiads (%RH)
S.D. Ay
CO, Wit (ppm)
CO, a@3dn (ppm)

Nan1sin

0 = Quit, 1 = Living
Mean of all 4,032 sensor readings
Standard deviation of temperature
Derived: time fraction outside 36.5-37.5°C
Mean of humidity readings
Standard deviation of humidity
Mean CO, concentration
Maximum CO, observed over incubation

1 = Hatch success, 0 = Hatch failure
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NAN1539
anmundeuneluginlinaan 14 Tu

ssuuwuesTuiindeyaanmiandesmn 5 1 maen 14 Ju wui1 gamnlindenasnszezian
msilneg 37.15 + 038 °C InefiAnduszavs msuusifu (QV) 1iles 1.01% uandiifiudaefiosnings
vesszuUmUANgamMnd Arududiivdiadveyfisosay 6045 + 201 ageninsmuauiiiivun (50-

[y % Y & 1 & o aNY o v Y 1 o
55%) naen 14 U azwmﬂwmmWszwmmmmwmummmamﬂmmuﬂmmmum

M13199 2 AadiFmndiwesauauanmuinaeunelugiinaaen 14 Tu

W1nas Alade + SD Aegn AEeEn CV (%)
Temperature (°C) 37.15 +0.38 36.50 37.80 1.01
Humidity (%) 60.45 + 2.01 57.00 64.00 3.33
CO, (ppm) 549.99 + 86.84 389.00 711.00 15.78
Turning Angle () 0.00 +45.00 +45.00 24 p¥y/ %
Fan Speed (rpm) 1,200 1,200 1,200 0.00

aaduduves CO, numsiind uegesal esuavasiauean 405.57 ppm lutuusnvasnis
Vnaedauia 69587 pprm Wuiuil 18 Shsnsiindu 22.71 ppm sietu (intercept = 375.19, R? = 0.996,

[y

p < 0.001) Feaoardaiiunmsiasydulnvasiteauniisnmvnglaiiuunues

M1519% 3 Aade CO, snetunigludiinaaen 14 Tu

Fudt CO, Mean + SD (ppm) Judi CO, Mean + SD (ppm)
1 405.57 + 6.42 8 552.02 + 7.98
2 423.03 + 8.06 9 573.60 = 7.96
3 444.60 + 8.63 10 594.71 + 8.26
4 466.05 + 8.43 11 615.92 + 7.88
5 487.12 + 8.07 12 658.87 + 8.00
6 509.28 + 8.07 13 680.14 + 8.10
7 530.34 + 8.17 14 695.87 + 5.26
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M19197 4 wansiinliuanisgadeigeudiunauaenus

nan1sUseiiiy lnmwidies (n=10) nld (n=12) 374 (n=22) Souay
19iiide (Candling D7) 8 (80.00%) 11 (91.67%) 19 86.36%
Wlifide (Clear D7) 2 (20.00%) 1(8.33%) 3 13.64%
meszezfu (Quit D14) 1 (10.00%) 1(8.33%) 2 9.09%
meluden 1 (10.00%) 1(8.33%) 2 9.09%
And5a 6 (60.00%) 9 (75.00%) 15 68.18%

mssuunUszamnisaadesisaunuin lulufiwefndu 13.64% vedlavianun msmeves
gouszevau (Yuf 7-14) Amdu 9.09% wazieoumeluuden MasTud 14) Aadu 9.09% laglnlay
(Layen @8m31n13iindn5a 75.00% geninlinuidies (Native) i 60.00% ogslsinnu Wevedousae

Fisher's exact test Wuinasuane s snaaluidednnynieedia (p = 0.651) F9071aLilaNINYUIN

Fae 19 NTULIAEN

HavasUlnlYENRUsaransTin
= = ] 5 [ la v { ' { o o & a9 Y 1 N [y
danSsuieudminlysuduseningenay wul nquiiindisaiuvtinluwie 56.64 nfu
waznguilnlidnse Suwninede 5434 n3u winquitiindnSeesdiawisganinszsaina 2.30 N3 us
W eneageuanAnae Independent sample t-test WU ANLLANAIAINA T Tud A ynsedia (¢ =
1.503, df = 20, p = 0.148) wenanidud savumasgiuvesng i inlidnsegenin uansdeniy

wUsuniweavtinfigendtlunguil Feeraviouisenuvannvianevesamnivilvluldilnesn

a = P - o la v ! ' o & | 1o &
A1919N 5 LUﬁEJULV]EJ‘U‘U"IWUF]VLGULill@ua%‘qu\‘iﬂaqmﬁﬂa’]LﬁQLLagﬂQN‘Wﬂ‘lﬂJa’]Lﬁﬂ

wan1sn N Ywiniage + SD (g) p-value
nquitndsa 15 56.64 + 2.94
. e 0.148
nauilnlddnse 7 56.36 + 4.12
n13aAUTI8Na

nan133deuansliiiuinszuug inlefivszdnsamlunssnwaninwindeuiiaiesnaen
spepia 14 U gaumiiaie 37.15 °C A1 CV = 1.01% Faiieulariu Prabowo et al., (2024) Al4
5¥UU PID control Yuge muANgumvgiledd 37.1-37.7 °C lndlAgsiunanisnaasulunisiaun

K Y wa v a = ¢ Ay v
LﬂiaQﬂﬂIGUaWIUNWIWEJIGULj/]ﬂu@ﬂqﬁﬂjguqamaﬂqwLLUULﬁﬂaimuwiguuaflmfﬁﬂﬂ')Uﬂquﬂaﬂiwag

Tue34 37.00-37.80°C (suuau Wigyeydmana war anlsaul ygyAndf, 2567) uag 1aug1 @15nN09 uae
Aty (2567) NenuauiaTesiinlydnluliAlideamgilviasisendng 37-38 semgaideod Gausddn

Aedsvesnungilunisveassiagdniandmuneunsgiuegiantes uidinsegludiseensulad
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