creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

.:_31—}:1 /\]. 31—,?4 =5

WS FYAN EE AL
qolE &4 AT

Development of Multi—sensor Module

for Broiler and Data Application

2022 d 2 €

ANegsta et
OSERECELE R SERESE L ik

g A =



SA& dEAAN BE L
oy &8 AT
Development of Multi—sensor Module

for Broiler and Data Application

o] ERE T A9 EEOE ASY
2021 d 12 €

d44 % 9 F (@)
2994 o F & ()
4 4 P F & (@




Mr

g

AANA

oL}

Al HE A s

ol
3

Bl7F S7hgkel wel, gt 4wl

4
e

I

2ol
i

FAAL 71 WEo] o] FofX|aL Q. o]# 3t AntE FAAL V]

7l

fe13
=

o WEAE 3l

o] 7]

S El
—1

Al

o

AZE BUE R 488

AAE A

(o)
E 5

s

3l Amn}

o Aol = ol

)l

+

7} Modbus

A5
=

5
R,

ot

7§ st aat

Al 2B S

0] =
AA Lo

THEE &85k

252 3D

Al

il
%

Q.

N
Mo

el

7A
o\

J)
fite)

s

el

ﬁo
B

g{IowN, A9

¥ dolHE

4

=
=

—_
file)

=

e S AR WS G B F Al

8747 d°lH

29

2l <

o A 2

A A W=

A g

4

=
T



el
g

o
0
o3

HEAor AAE dEAdA 25 YeAx:

AAs,

KN
=

A€

Fck 1 A

S

o

o

0
o

T A

SR

80.62+1.06 = g},

80.18£1.08,

B
file)

o

ol

J)

U FHo ==k}

FA A W=

o] o]
= =

mdof o3,

il =5

1o

5]

= B

of wEgeR YehuA FHgloH,

S o

R* #ko] 0.8965 % UbElLY,

&

o o

4

%
+

5

o7
o

N

p—

ol
o

JXIO

ﬁA

SAAL HEAA,

2vlE

F89]

533

:2020—-22274

Ll

St
o}



L AL ettt e b e aneae 1
L1 AT M7 e 1
1.2, FAET A oo 5
1.3, AT BEAT M 7

R e U 9
2.1. 37 AT A D A e 9
2.2, B E AT ettt 12
2.3. 374 WFE 8 71E AN A e, 19
2.4. &7 EUEZ A YEYT e 20
2.5. AA BT AMGT e 22

3. AT UE E H e 27
3.1, FAL B ettt 27
3.2. FA B A EE e 30
3.3. HElAA EE WH9 371 5 CFD 24 e 41

3.4. SAA WF 873 AF 4 dBTAF 45 24 59 ....43

4. AT D TF e 47
4.1. BEIAA ZES CFD B4 oo 47
4.2. SAAN UF 3 ASA L QEFAF 45 2L 52

B Bttt ettt rean 66

iii



.. 67

B
iy

™

__AU

.. 75

2N 03] o= 1o AP

v



List of Tables

Table 1 THI range and heat satisfaction of workers

(Hubbard et al., 1999) oo 16
Table 2 Optimal THI ranges for ROSS 708 at different
ages (Aviagen, 2014) oo 17

Table 3 Device specifications of the MQ136 H2S Sensor 31
Table 4 Device specifications of the MQ137 NH3 Sensor31
Table 5 Device specifications of the SCD30 Sensor........ 32
Table 6 Device specifications of the SPS30 Particulate

Y = A g 1Y 0 11 o) ST T TR RPN 32
Table 7 Device specifications of the VEML7700 Ambient
LGNt S OIS OT e, 33

Table 8 Response times of each sensor in complex

environment sensor Module...........ccovvvvviiiiiiieeeereiinininns 38
Table 9 The distribution of the airflow vector over the

entire VOIUME . ..o 47
Table 10 The distribution of temperature over the entire

VOIUINIE ittt 48
Table 11 Model Summary of broiler body weight gain ....61
Table 12 ANOVA Analysis of broiler body weight gain...62
Table 13 Coefficients of broiler body weight gain

prediction MOAel ..o, 62



List of Figures

Figure 1 Comparison on sensor fusion and multi—sensor
integration (Elmenreich, 2002) ..oooviieeeeieeeeeeeeeeeeeen, 23
Figure 2 Overview of smart broiler house KUM—-3000...27
Figure 3 Overview of broiler cages and manure belts ..... 28
Figure 4 Simplified configuration of KUM—3000 system 29
Figure 5 Indexes of each cell in cage system.......c........... 29
Figure 6 Overview of environmental sensors utilized in the
EXPECTIITICIIT ettt e, 30
Figure 7 Overview of Arduino MEGA 2560 equipment.... 34
Figure 8 Overview of SmartLink equipment ..................... 34
Figure 9 Register map of complex environment sensor
module data implemented according to KS X 3267 ....36
Figure 10 Configuration of designed complex environment
sensor module and gateway .......oeeeviiiiiiiiiinnie i, 37
Figure 11 3D model of the complex environment sensor
module enclOSUIe . ......uuuiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeee 39
Figure 12 Area of the enclosure; (a) fan attachment part,
(b) MQ136, MQ137 sensor, (c) SPS30 sensor, (d)
SCD30 sensor attachment part, (e) wall part for
distinguishing board and sensors and (f) Arduino Mega
2560 board attachment Part ....c.eeeeeeeeeeeeeeeeeceieeeeeeeenn. 40
Figure 13 The final implementation form of the complex

environment sensor module......coeveueieiiieiiiiieenn, 41

vi A= 1H



Figure 14 3D modeling of complex environment sensor
module used for CFD analy SIS .ooviviiiiiiiiiiiiiiieieenne, 42
Figure 15 Floor plan of the overall winter broiler breeding
system; (a) Kerosene stove, (b) and (¢) complex
SENSOr MOAUIES wuvvuiiiiieeeeiiiiiiiiiee e 44
Figure 16 Installation of the (a) complex environment
sensor module and (b) SmartLink equipment............. 45
Figure 17 CFD analysis results of airflow and temperature
distribution in the complex environment sensor
module; (a) temperature sensor, (b) gas sensor, and
(C) tOp Of the ENCLOSUIE «uuueeeeeeeeeee e 50

Figure 18 Measured temperature data from position IN and

Figure 19 Measured relative humidity data from position
IN and OUT oo 54
Figure 20 Measured THI data from position IN and OUT 55
Figure 21 Measured carbon dioxide concentration data
from position IN and OUT ..., 56
Figure 22 Measured PM10 concentration data from
position IN and OUT ..., 57
Figure 23 Measured hydrogen sulfide data from position
IN and OUT oo 58

Figure 24 Measured ammonia data from position IN and

vii M =TH



Figure 26 Comparison on predicted DBWG and actual

viii ; 1 B 1]| n-:ﬂ 7



1. A&

1.1. 47 ¥~

A AAAACcR FR2U197F FF el weh, 7Hg dielA 9

H

2020d 7]+ 647,000te.®, Hd oi¥] 1.55%7F S7leke= &,

S E okl TR FEO® oAAA JIHH(MAFRA,

2020). FA AMFWEAE FANG, AlolAY, Tl wEHFEoR
Aol gow, &AE 1 AV Forw wHAy A9 ge
s 3 =2 Wrz Aady, AADy 71$S 2435
ol# 9] THAGEE o] dnkA oty

Al w2 o] SAAE S Folvl flsEl, "uETx
SAALSE REAbEstE AIARS Fl ThSES WAk ARGShaL

Atk ole & IS AASA fax w2 o JHAE



oldg ztu Qlth. gy Wy SAAA= HE, A", AR
SO R RE thekst Fxlo] wAyste] ¥ 7ol oFstElt(Donham et

3= #7714 mlA 2R g9

=)
[\l
[}
(=
\]
N—
o

>~
>
=2
—_l
2
3

o
U
=
o
o
H
om
o>
i}
-
30
N
2
Mo
-3
ne
[-'E
g
=

Fog A%z &89 + Svk(Lietal, 2009; Ni et al., 2012).
S we SEA ¥ AlsEERA 2EWsted id A5Ho

ol Eluehel o] 3T A5 Aws I A &A1t

o, Adsts Ae U A vEE €A He wzs
FEolnh. Aeel @4 i A8 Fxc wet A/ ITF=

2L =X (THI, temperature humidity index)”7} oW, o]=
Zxulc} Zb7] orE ARl o2 AFEH(Habeeb et al., 2018;
Purswell et al., 2012).

o] S48 AR delt, 72 f8 A wEe o



farming) 71&& #&3 AvtE FAF V]so] F4HI Qv o

NNAE Asststa dFdHE VIAE AR AoeA sk
71%oltk (Berckmans, 2017). o8 7=, tAE deolHE
g8t w9E olete AHeAd, HAY F¢(digital
agriculture)ol2tal FE271% vk (Klerkx et al, 2019). A
okl ozl HAY F% VEs E83 AnE SAAL
U eeld  FESA Hdow, olgfd AmntE  SAAMAM =

AR, AARITFEEA, aFEA S oA AETI7E Al o8

Oll

A4 8l Asdoz Aozt HH, W A A7 SH 8

@7 dolele] Welel me AEHoR Aojsh o] oM Th(Kim et

>

Sk, AlA Lokl = AlA e e ddoew, oy AAME
shute] std FEjE Adste], But H34<l HeolHE vEL
715, AAEE] AAo R AfdAA olE FFAE Sl

HEJAIA E3F(multi—sensor integration) 7]&=S &8st Ut}

ole} FAFStHEAME Ktk HFHl Wow= Al §3(sensor

: S

el



fusion) 7]&o] 9low, ol sHEAQd AMA HolEHE Aztslo]
Hop =2 2EEE AY A2 9guE Zte dHoHE
FAYA7IE VlER, @A sdEokIAE EUHY &5
drgFe Mdesd de &85 Uvk(Blank et al, 2012

Elmenreich, 2002).



1.2. EAA3 H9A

A T 7149 =42 F3 Fnhs vdogs suow
sh= snbE g7 J)%e] ¥ mgHeAn glou, oldg
%9 £9e Adsts od gAH Y BAPE] ek,

A, el AR He} gl ke AN FEE FA £
W g sk oldts BAMl Ytk AntE SAMNE £
a4, 7 87 delHE Fdske WAL A4 ole A% Az
S el AN Wl FAA ] BRSUAE FEd
AAE AR B Hel, §AA Ph B KA 9F % =)

of oJxstA] @A Aol HAY A7 dpEo] o] Ay

Hol wWARFe] wEde EAlFel Stk dxg dEe
At To AxR 8= THIZE 3low, ol A%

cEAR Y FEARE Agsto] AtE oF shr] wiEel, ol

5 SE-ROE.



71% ARV A YEA|AE (farm  information management
system) oA FREol  sjHd dert Sk webA oed
SRl EFE o= 3ol AAH AF, FAtelAM=
THIE &3 A7t ErbsaiA™, dAZd 5o &=
AA B

UAZ, SAF U $AARE o] &3 52%] Awste] gid A4+
ol FHH I Lo}, ot JRE &Rt Abge] tid 1w
ARE AFstes SWel st A= obd wEettheE EAIF 0]
Atk et AvtE g gk Zvirh Eaolk =t ol

B2 ARES ogA FEsteAel gt oEie] wTAsk:E 7,

webA, AnE SAALA SFAME aEHor AdE F

6 M 21



1.3. 97 33 B9

2

B
oy
,.__HO
B

o

ol
&
ﬁo
o
<

—_—

™

<]

2A, Ads] dAE Al Hrof

o

e

]

kel

X

o

o)
=

’

5

122 AAA =,

o
1l

Fe

A

B

7F2A¢1 NH;, CO, H.S %, 17

3

O

w9

PMio)

-2 (particulate matter,

AAFA 9 8 (computational fluid dynamics; CFD)

ojy

ﬁo
B

=]
5

A IFEALL AM WA FEZE SAA W

oy

A

A ol A

=
S =

A

g3,

A
A

N =

9

ol

o)
k<l

2

B3

=
=

FAeE #g#ke] THI

b R

)

A7 Al

S BAI A

8733k,



ApEstol 28

]
=

Al o]

ol

A AYE

[e]
E=1

Tk, AlA o=,

5
Rl

g s FH7t

[ A

s

o & 2=y THI

ol



Z 3t} (Beker et al.,, 2004; Miles et al., 2004). o]z]st
dEYoles F2 SAY wjdEZEE WAstH, 53] AR HEE
83 Ha Al 3E5E2 BT Zhao et al., 2016). S 9

B FRYoel Bk ofyt ] 2AHCRREH F TS A

=

go t] T udt VA SollM ik, Ry olel o]ibstEa o
s, A 7 A AAEEES Flsked Sod A REA

223 H(Li et al, 2009; Ni et al, 2012). & o]AlglelAs

20% BEOA 47 T

f
b
e
i}
o,
o
L
=
il
e
2
ol
49,
X,
i,
K

40%2 FEolA 158 ol w=EFH H %

rlr
5
>~
=
o
o
rr
e
>

2,
)

WAk A ok (Gerritzen et al., 2007; Gerritzen et al., 2000). %=
okl M= F3tral 5 9N F ARERA FEsta o
SAL Aol Hol, AR S T Apolol o, S3pi
SEZF AR JEA 2 FAdAel 9ol d A=A A

=¥ A= 9=t} (Dai & Blanes—Vidal, 2013; Kim et al., 2008).

9 fx ! _ulll_ 1_]|



AR A B ZAAEe kS BrEE] flEiA e ofel g #E
oAl oty webd UF #3749 HAFLES wdsly] A E,
NHs, CO», 1231 HoS9| sk7h o3 Ax=A #838kA €t

el 1Al Rk ofyel, GAlelAE A AEHA A wg

ot s b diywe 7 JAls 18~20 T 4 FH
TR HAska glew, 7] Fe 2RV I ol HelA
e pAe AgE, AarE 8l vt Aged e/lge] 2

BAgAel geS WA ®td(Ensminger & Oldfield, 1990).
SAANA A AEwUA Ao FoAA F Ag, dAo] ofalA
dsol sk, 2 oz &4 dAHEA (ROS; Reactive
oxygen species)©] WAAH L YT kst A|Agjo] o AE o] x4,
ad gl DNAe] AFs7E dojuk UiF A7lel ool yErA
gk m=e 3h A, A Tsel oAlE I BlZAIY #go]

Asisol 4% Lxs EFE Aol b Bk S Fw

=
~N
e
o,
o

2
of\
r®
o
o,
i

-
9

AA =W, A3 ZFell ol

TFol "s ZhAA FHa YAl vE3e =714 " 1

o]

oz,

o] % W FLUF Fox =3k A EolA d Hfels,
WA 2xzm AXS 2ETE 5 GUA Hol A= Aol o=/
Ht}(Farag & Alagawany, 2018).

ol f AT A vl BABAR BA AgH,

10 A & ‘_]l

Bl



| —

R

o}
Dust

°©

AlAFel| A Y
Organic

Ft} (Neghab et al.,

hus

o

'I!"

Lol AR 2R el Al

st
0]17] 3

R

T

kS

o

2

= °Fl

3 N
=

Al

I 714 & dEET T

1<

sl

i

=
=

9

71E
2 =F
Syndrome) ©] 2}

ol
e

Hu-o

Meluzzi and Sirri

il
Y
T

o
Nd

T

=

i
E

o

SR

[e)

=

Jols=7F

A
o

19

°

Y5 A%E
vAe, 2

e,

Pt

T,

S

o]

=9l
(2017)

SES

A~ =
-

°©

Xiong et al.

EREEE
A o

0

g
N

3
HH

ofi

11



Abre flste] JiEgleH, T A the Eq. 13 29 (Thom,

THI = tgp, + 0.36tg, + 41.2, (1
where
THI = temperature humidity index
tar = dry bulb temperature, C

tep = dew point temperature, C

A Axe AtE A2 Fol wek vE2r, 29 el v

Eq. 29} #o] yebdt} (Buffington et al., 1981).

BGHI = t),5 + 0.36t4, + 41.2, (2)
where
BGHI = black globe humidity index

tre = black globe temperature, C

12 d &-t}] &



2t} (Brown—Brandl et al., 1997; Tao & Xin, 2003; Xin et al.,

1992; Zulovich & DeShazer, 1990).

THL,0, urkeys = 0-74tap + 026t (3)
THItom turkeys = 0.42tqp + 0.58t,,, (4)
THl}gyers = 0.6tap + 0.4t (5)
THIp iters = 0.85t4, + 0.15t,,, (6)

where
THIiom turkeys = THI of tom turkeys
THIhen turkeys = THI of hen turkeys
THIayers = THI of layers
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FTLE twd S EEY et Ak ATLE w9 FUHE
RHZF Zolfe o, thet 22 £48 B3 4725 tod 73

 SITH(ASHRAE, 2017).

Inpys = C,T ™1+ Cy + C3T + C4T? + CsT3 + CoIn T (7)

Pw = RH - py,s(tap) (8)
Pw
W = 0.62198 (9)
— Pw
t
Wy = 0.62198—Pwstwn) (10)
p— pws(twb)

_ (2501 — 2.381t,,,)Ws" — 1.006(tap — typ)

(11)
2501 + 1.805¢t,, — 4.186t,,

where

T = absolute temperature, K=C+273.15

C1 = —5800.2006
Ce = 1.3914993
Cs = —0.048640239

Cys = 4.17648x107°

Cs = —1.44521x107®
Cs = 6.5459673
pw = partial pressure of water vapor, Pa

RH = relative humidity

DPws = saturation pressure, Pa
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tap = dry bulb temperature, C

W = humidity ratio, kgw/kgda

p = atmospheric pressure, 101325 Pa
W = saturation humidity ratio, kgw/kgda

tws = wet bulb temperature, C

ot ta® RH7} FojAZZ Eq. 2~4% S8 pw, W e
Axtald 4= lom, twe A% Eq. 5, 62 W} W] #AAS

Fal, tw=tawolA AlF S
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o] wrgFe] teratione G35}

THIbroilers (12)

= (1.8t + 32) — [(0.55 — 0.0055RH)(1.8T — 26.8)]

A FPHFARRANNE FF] AR 90 Bq. 125 F8-40]
%o THIZ A&, ol2 715 Ak Aol /|44 us 861

ITHINIAS, 2016). o]€A AF&%+ THIS W weE 29
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Table 1 THI range and heat satisfaction of workers (Hubbard et
al., 1999)

THI Range Description
THIL74 Satisfactory

Unsatisfactory
74 <THIK79

Resuilts on decrease of work efficiency

Extreme situation
THI>84
Results on extreme health problem

b
S
Ho
N
ofN

kel ROSS 708 Fof thsh Ad#HH S-7 9

0
ek #HAeo 7] &

Ft

o]
‘_ET
C A 4% 9 THI M9 Table 284 7o)

e (Aviagen, 2014).
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Table 2 Optimal THI ranges for ROSS 708 at different ages
(Aviagen, 2014)

Age of birds, d THI ranges
Lower Upper
1 78 84
3 76 81
6 73 80
9 72 78
12 72 77
15 70 75
18 68 74
21 67 73
24 65 71
27 64 70

web o]ydt THI F24S &85t AAztez THI #
AbEsidokd, Sl ko]l AR W SA1e] A4 THI WHJAE
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(a) Sensor fusion (b} Multisensor integration

Figure 1 Comparison on sensor fusion and multi—sensor

integration (Elmenreich, 2002)
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3. A7 U @ By

3.1. A FAA
BoATE A% 2AF @idreEA A KUM-3000

Ala71E ggete] 138t (Fig. 2).

Figure 2 Overview of smart broiler house KUM—3000

KUM—-3000-2 H# & AlelA] AALz, AHIY Wi 3592

SAE S Qe ACIA et A WEE FaL, T oshde] AR
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Aulolo] MWEZ M3 Fxolty. HA Aoy AVE
18x4.0x3.75 molw, 27§9] sgol7]utt}t Zkupolzl AHx|wo] Ql=
T22 o]FoAd Itk (Fig. 3). KUM—-30009 #AoJA AlAEE
tsletd A Ats W S5 228 @y olo] 94" F4 U
o7l (A, dwte] W3R, ZetaE LYow

SAZE Aghs AR WE, T AREE 9 JxRe 4
HHo=7 o]Fo)x] Quh(Fig. 4). 1 folx 7|5 943 HgE 4

Fo, At Aud £ ) A% BE, A4S A% 2w

Figure 3 Overview of broiler cages and manure belts
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Figure 4 Simplified configuration of KUM—3000 system
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Al~F3° =2 g A5t (Fig. 5).
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Figure 5 Indexes of each cell in cage system
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Table 3 Device specifications of the MQ136 H2S Sensor

Parameter Description

Sensor Type Semiconductor (Catalytic Combustion)

Target Hydrogen Sulfide (H:S)

Detection
1 - 200 ppm
range

Sensitivity  Rs(in air)/Rs (60ppm H:S) =3

Table 4 Device specifications of the MQ137 NHs Sensor

Parameter Description

Sensor Type Semiconductor (Catalytic Combustion)

Target Ammonia Gas (NHj3)
Detection
5 - 500 ppm
range

Sensitivity Rs(in air)/Rs (50ppm NHj3) =2




Table 5 Device specifications of the SCD30 Sensor

Parameter

Description

Sensor Type

Semiconductor (NDIR)

Target

Carbon Dioxide (COy),

Temperature, Relative Humidity

COZ2 measurement range

0 - 40,000 ppm = (30 ppm+3%)

Response time

20s

Humidity measurement

range

0%RH — 100%RH *=2%RH

Temperature

measurement range

-40C - 70C £0.3T

Table 6 Device specifications of the SPS30 Particulate Matter

Sensor

Parameter

Description

Sensor Type

Semiconductor (Laser Scattering)

Target

Particulate Matter (PMio, PMos,
PM4, Pl\/ho)

Mass concentration range

0 - 1,000 pg/m®

Mass concentration

resolution

1 p g/m‘%

Sampling interval

1s

392 21l



Table 7 Device specifications of the VEML7700 Ambient Light

Sensor
Parameter Description
Sensor Type Semiconductor (Photodiode)
Target Ambient Light

Ambient light range 0 — 120,000 Ix

Ambient light resolution 0.0036 Ix

Output code 16 bit, I?C

A AMMELS 238 AFEQ Arduino MEGA 2560 (Arduino,
I[taly) ol AA=o] AAS FFHes Al Agd As &3
dolgE =4 % AFsoh(Fig. 7). Arduino HEe] 7]5#
HolH= & o &% FH3FE<S SmartLink (FarmOS, Korea)
Zle] RS485 REWA WA o g AAdHEY(Fig. 8). 181 FAl
LFE d¥lstr] 8, MicroSD 7FE RES F7H8 02 A4d3s}e,
FHE dolgrt AoJEY o2 dolr}r] o]A  MicroSD =<

HolHE Agstes a3l
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Figure 8 Overview of SmartLink equipment
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Info@auon of i 3 3 a ; a : 5
Egquipments
Oreanizati Protocel Number of
. anization rotocol e
Information gCode Company Code| Product Type | Product Code Version Connected Serial Number
Equiments
Type Uint 16bit Umnt 16bit Utnt 16bit Uint 16bit Unt 16bit Uint 16bit Uint 32bit
Value 1 g 1 1 1001 5 0
Information of
Comnected 101 102 103 104 105
Products
Equipment .
Code #1 Equipment . ... | Equipment #4 Equi ?{K
. s Equipment #3 ) Code #5
Information | (Temperature, | Code #2 (H,S (Muminance i
i “" | (NH; Sensor) (Particulate
Humidity and Sensor) Sensor)
Matter Sensor)
CO; Sensor)
Type Ulnt 16bit Ulnt 16bit Ulnt 16bit Ulnt 16bit Ulnt 16bit
Value 1 2 11 41 42
Node State 202
Information Node State
Type Uint 16bit
Information of _
203 204 205 206 207 208 209 210 211 212 213 214
Sensors
Information Temperature Sensor Value Temperature Humidity Sensor Value Humidity CQO; Sensor Value €0, Seasor H,S Sensor Value H,S Sensor
Sensor State Sensor State State State
Type Float 32bit Utnt 16bit Float 32bit Uint 16bit Float 32bit Ulnt 16bit Float 32bit Uint 16bit
Information of _
215 216 217 218 219 220 221 222 223
Sensors
NH; § Tumin, Particulate Matter Sensor Particulate
Information NH; Sensor Value 3 SENSr Thiminance Sensor Value ance . Matter Sensor
State Sensor State Value
State
Type Float 32bit Unt 16bit Float 32bit Ut 16bit Float 32bit Utnt 16bit

Figure 9 Register map of complex environment sensor module data implemented according to KS X 3267
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HEzA o7 A oA SmartLink FH|o] A% AN =29
HAES T3l Aoz 53 HolgHE &9 W 7|SeA ¥,

7 PAE e o] o] S0l 2tk (Fig. 10).

~

Sensor Alal Sensor Alb1

Sel Alcl
n'ﬁ: coi) {Lux) TCP/IP
SmartLink

Sensor A1d1 [l Sensor Alel
(NHs) (pM)

I

\

Sensor Ala2
Sensor Alc2
(T, RH, CO,)

Sensor A1d2 | Sensor Ale2
(NH;) (pM)

Module 2

Sensor Alb2
(Lux)

Arduino Board 2 SmartLink

Figure 10 Configuration of designed complex environment sensor

module and gateway
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Table 8 Response times of each sensor in complex environment

sensor module

Sensor Name Measuring Parameter Response Time
Temperature (T) 10 s
SCD30 Relative Humidity (RH) 8s
Carbon Dioxide (COy) 20 s
SPS30 Particulate Matter (PM) 8s
VEML7700 [luminance (Lux) 100 ms

30 s (normal state)
MQ136 Hydrogen Sulfide (H»S) 1 s (when pre—
heated)
30 s (normal state)
MQ137 Ammonia (NH3) 1 s (when pre—
heated)

2ES 0E 23 9 94Ey AAE 98l 3D =ZdH (DP200,
Sindoh) & &85} 8% AlA ASFEZA e FAH).

AN JIEFEA ARE gt 3D Ede Autodesk
Inventor (Autodesk, USA) X2 3HS &3] vy o]
TS A (Fig. 11). o]% 3 =d3 PLA A IHuEE
ga5t AMFE AT Zekrg JAFZAE E93e, g
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Figure 11 3D model of the complex environment sensor module

enclosure

AZ7 A U= AN 4F5F9 Arduino REVF F2=E I3

29n FE AL 2= FHe F71%9 fano]l F3H

0 ALt



Q7| H-&2 o]F o Xt} (Fig. 12). ¥Wi7]% fand 2%, CEFM-5010V—
143-260-20(CUI Devices, USA) AZS& Fdgstg o, 9
AEL 50x50 mm 719 A3 fano®, AAHL 12VDC

NEow 13.8CFMe] 7] & 7M. olwl £7]%9h EA4A

R c &)
ON .
’ 3 @)

> °

Figure 12 Area of the enclosure; (a) fan attachment part, (b)
MQ136, MQ137 sensor, (c) SPS30 sensor, (d) SCD30 sensor
attachment part, (e) wall part for distinguishing board and

sensors and (f) Arduino Mega 2560 board attachment part
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Figure 13 The final

implementation form of the complex
environment sensor module

3.3. Agl4A BE UFY ¥7] % CFD &4

A8 WEAA BE U 27 fE FUE stetas] 9,
7

ol FdE dEEAS 3D EEE H|Est, 74

a. ==

3D Ed2 Autodesk Inventors &g3sle] REZslw

&8sttt (Fig. 14).
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Figure 14 3D modeling of complex environment sensor module

used for CFD analysis
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AN v 22 dHE @4 dHolelE 4t (Fig. 16),
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Figure 16 Installation of the (a) complex environment sensor

module and (b) SmartLink equipment
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21t} (Table 9, 10).

Table 9 The distribution of the airflow vector over the entire

volume

Value Range [cm/s] Percent Volume
0.00 — 92.68 87.99
92.68 — 185.36 8.06
185.36 — 278.04 2.22
278.04 — 370.73 0.82
370.73 — 463.41 0.56
463.41 — 556.09 0.20
556.09 — 648.77 0.04
648.77 — 741.45 0.03
741.45 — 834.13 0.02
834.13 — 926.81 0.02
926.81 — 1019.49 0.01
1019.49 — 1112.18 0.01
1112.18 — 1853.63 0.02
Total 100

b Fa 1|
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Table 10 The distribution of temperature over the entire volume

Value Range [TC] Percent Volume

30 — 30.68 89.86
30.68 — 31.36 5.22
31.36 — 32.04 1.85
32.04 — 32.72 0.80
32.72 — 33.4 0.47
33.4 — 34.08 0.37
34.08 — 34.77 0.26
34.77 — 35.45 0.15
35.45 — 36.13 0.10
36.13 — 36.81 0.10
36.81 — 37.49 0.06
37.49 — 38.17 0.08
38.17 — 38.85 0.06
38.85 — 39.53 0.05
39.53 — 40.21 0.10
40.21 — 40.89 0.17
40.89 — 41.57 0.04
41.57 — 42.25 0.03
42.25 — 42.94 0.04
42.94 — 43.62 0.20
Total 100
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Figure 17 CFD analysis results of airflow and temperature
distribution in the complex environment sensor module; (a)

temperature sensor, (b) gas sensor, and (c) top of the enclosure
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Figure 18 Measured temperature data from position IN and OUT
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Table 11 Model Summary of broiler body weight gain

Model Summary

Std. Error of the

Adjusted R

R Square

R

Model

Estimate
5.76909

Square

0.828

0.897

.947¢

a. Predictors: (Constant), CO2_MAX, T_MAX
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Table 12 ANOVA Analysis of broiler body weight gain

ANOVA?
Sum of Mean
Model df F Sig.
Squares Square
Regression 865.186 2 432.593 12.998 .033P
1 Residual 99.847 3 33.282
Total 965.033 5

a. Dependent Variable: WEIGHTGAIN
b. Predictors: (Constant), CO2_MAX, T_MAX

Table 13 Coefficients of broiler body weight gain prediction

model
Coefficients?
Unstandardized Standardized
Model Coefficients st Coefficients t Sig.
Error
B Beta
(Constant) —7.405 16.540 —0.448 0.685
1 T_MAX 31.215 33.587 0.182 0.929 0421
CO2_MAX 0.048 0.011 0.874 4.467  0.021

a. Dependent Variable: WEIGHTGAIN
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Abstract

Development of Multi—sensor Module

for Broiler and Data Application

Inho Hwang
Biosystems Engineering
The Graduate School

Seoul National University

As the global COVID—19 pandemic situation has been
continued, the food consumption at home has increased as well.
As a result, the consumption of chicken has also increased
significantly recently. In order to breed broilers efficiently, the
development of precision livestock farming technology using
information and communications technology is being carried out
worldwide, in the form of smart broiler house. In order to adjust
precision livestock farming to broiler production, first of all, it
1s necessary to develop a system that can monitor the internal
environment in real time along with semi—automation of
production facilities. This research aims to develop a system
that can verify data measurement on the web through real—time
environmental data acquisition and Modbus communication, by

developing and utilizing a multi—sensor module that can be used

75 "':I'H-_E _'k.::_'l' | B 1



for real—time monitoring within the smart broiler house. The
multi—sensor module was built as mounted in the customized
plastic enclosure using a 3D printer, to use the sensors
efficiently. By checking air flow and temperature distribution
inside the multi—sensor module with computational fluid
dynamics analysis, the sensor data independence and accuracy
were verified, ensuring the performance of the developed
sensor module. Multi—sensor integration was used to calculate
temperature humidity index values which represent the thermal
stress environment of the smart broiler house. Based on the
environmental data measured at both ends of the breeding unit,
a predictive model of broilers’ daily body weight gain was
created by a multi—linear regression. As a result, it was

confirmed that the designed multi—sensor module could

guarantee the independence and accuracy of the sensors’ data,

and thus could be used without any problem in measuring
environmental data. Temperature humidity values measured at
two different points were 80.18%1.08 and 80.62%1.06,
respectively, indicating that both workers and broilers were
under high—temperature thermal stress. The daily body weight
gain prediction model established through multi—linear
regression was appeared to be the proportional sum of the
maximum daily temperature difference and the maximum daily
carbon dioxide generation from the breeding bed. The R-—
squared values of the model was 0.8965, indicating that the

prediction model had a high accurate prediction performance.

Keywords : DBroiler, Multi—sensor, Sensor Integration,
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Computational Fluid Dynamics, Daily Body Weight Gain, Multi—
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