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SUMMARY

I. Title of Study

Development of Environmental Control System Models for Automated

Korean Swine Housing

II. Results of Study

This study was conducted from Dec. 1995 to Dec, 1998{for three years)
to develop models of environmental éontrol system for automated Korean
swine housing, which were suitable for maintaining the optimum
environment for swine production under the Korean complex environment
such that the temperatures and relative humidities of Korean climate are
used to be out of optimum ranges of those for swine production, From
this study, several significant results were obtained and they could be
summarized as the followings:

1) The management systems of swine production can be classified as
four models. They are Model I, Modelll, Modellll, ModeilV for a family
type specialized farm(1.5 men). Model I is for farrow to finish by
150-170 sows: Modelll is for farrow to finish by 130-150 sows: Modellll
is for breeding by 270-320 sows: ModellV is for farrowing, rearing,
fattening by 900-1000 farrows and 1400-1600 growing-finishing sows.

2) The ventilation methods were investigated for each housing type.
There was no problems for the foreign-made housing type, but proper

ventilation rates should be determined and controlled for that under

- 11 -



Korean climate. For the domestic housing type, it was proven that the
heating wmethods for winter and the cooliﬁg one for summer should be
improved. And models fof moisture and heat production were developed
using the weights and temperatures of pigs in order to determine and
control the ventilation rates of windowless swine housing from the heat
balance equation, mass balance equation, and CO; removal rates. The
factors of environmental control were temperature, relative humidity,
CO;. and NHy gas.

3) Sensors for environmental measurements of swine housing were
selected based on the analysis of Korean climate and environmental
conditions of swine housing. For temperature and relative humidity
measurement, sensor HMP233L was selected: NIK for air velocity: HANI for
COz: TS-1000 for NHq.

4) Taking into account the growth forecasting model of swine
enterprise, Korean climate, and other given conditions, the typicai
Korean swine housing models were developed. The following effects would
be expected from the models developed. a) These are proper for swine
production under the Korean climate conditions., b) Optimum environment
could be provided for swine for its each growing stages. c)
Environmental controls and waste treatment could be closely connected
and integrated. d) Labor requirement could be reduced by the effective
layout. But, for the models developed, performance tests should be
carried out at the actual swine production systems and facilities
automation systems are supposed to be developed for the models
simultaneously in the future,

5) Color images of 24 bits were acquired by the pattern of swine

temperature control actions and those were transformed to binary-coded

12 -



data, Then an algorithm was developed for analyzing the binary-coded
data, which can reduce color image, separate the pigs not contacted each
other, be labelling, remove noise, and count the number of labels., The
hardware of image processing system consisted of color CCD camera({Model

 W-CBP410), image processing board(Model : DrF3153), and a
computer{Model : 586 Pentium), The software was programmed by
LabWindows/CVI, When the image processing system developed was tested
for real pigs under 10.0 1lx light, the patterns of swine temperature
control actions could be completely classified

6) The algorithm of environmental control system includes the
following functions: a) Classifying the patterns of swine temperature
control actions using the processed image, b) Measurement of
concentrations of harmful gases{CO; and NH¢}, ¢} Measurement of inside
relative humidity and outside temperature of swine housing, d)
Determination of ventilation rates and controlling ventilation fans and
slotted inlet, e) Operations of heater and air-cooler, f) Operation of
alarm system in case of electrical power failure, Program was coded byv
LabWindows/CVI, The hardware of environmental control systems consisted
of PC, image processing board{DT3153), color CCD camera, ACL-8112PG,
sensors, ventilation fans, SSR, power supply, and stepping motor, The
software consisted of several functions such as: basic data inputs,
setting measurement channel, calibration, graphic display of measured
data, monitoring environmental conditions during operation, display of
image processing results on monitor, transformation automatic. controls
to manual controls, and etc.

7) Performance of the integrated environmental control system

developed was tested at swine farm. The test results showed that all
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factors of environmental control were maintained at optimum levels,
Therefore, it was proven that the developed system had an excellent
performance, The weight gain per day of the controlled environment
housing was somewhat higher than that of the custom housing during test
period, Specially there was a significant difference statistically
during summer{P<0.05), Feed efficiency of the controlled environment
housing was higher than that of the custom housing regardless of season,
but the significant differences were found statistically for winter and
summer(P<0.05). After rearing piglets at the controlled environment for
about 30 days for winter and summer, respectively, they were reared at
the custom housing until finishing weight. These test data showed that
the weight gain, feed efficiency, and quality of pork were better than
those of the custom housing statistically(P<0.05). Specially all the
swine reared at the controlled environment housing ai nursery stage
received A grade, The above results showed that environment control was
necessary for swine production during nursery and growing period.

8) Economical analysis results showed that the average production cost
per unit weight of pork of the controlled environment building was less
than that of the custom building. And it was more economical that
rearing pigs at the controlled environmental building during nursery and
growing period. For the 500 sow herd, the difference of the average
production costs between the controlled environment building and the
custom building was 126 wons/kg. Therefore, in order the controlled
environment building to have a competitive power, the size of sow herd

should be more than 500 sows.
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el ytch,

a3y # 5(1996)0] i, AF3 FA Aa"Y Mx AFL o
FEAANE 80%2 & WHol F4AFROAE 11.1~28.6%2 uf$ 4
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ol g i3l FEAG TIH FU ] A RA} EHATE By vk
ol Bakap whAlel ST WAl HES] dERAN U9y 5 B 4AS
ZA- HastER, ST ARY RANE J2E B Wy 24
Al=3ta ejstoich

ZAHs7tel AL FEAA Y] oM U= ZHAXE Hoig Zo]
7] $13t (F)chil Kol RES FES BUU wUINEE ez g
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th A AL AY LS P vl ole 4 B Ee =414
A 253 AdY 2YH AFE £E, HAAI] Sl wet $x} 6§
o] elM wri7te] AFAHQ uiaols & Aee] HA qria xisEgion
B a7 123 AL Y As3 EAAEE gt o ey A
dUE ZEPeld 2P A b A7) wiZelth
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A2 2l et FENGY @Y 2
1. X278 Avet 98,

7h. AR ZL71Y] 4]

F 2.12 19659 ofF 1995W7tx] A 30do] AX felvel S/ B4t
3} v @S Liehd Fojtt

196510 27,261M/Tofl B3 3a7]e] F AH[F2 1995¢ol=
301, 217W/TO & 304y Setol 11. 187t F7iElgdlen, Sx|3L7]= 55, 88IM/T
ol A 661, 710M/TO 2 11.8uv), 2|3 ©317]= 14, 458M/TollA 268,076M/TOE
2 1859t F71= ATt

e 7izte] 29l 199 AR Vs 1.0KgollA 6.7kg, HX|ZI]=
2.0kgoll Al 14.8kg 22|31 ©37lE 0.5kg§l]/~1 6.0kgo 2 ZF7is]| .

SH4019 TEI F71e tE &FY F 48% JRRd Hx|17t A
st B]E2 AR 55%8] +E224 ol A FAI= T

3hpl R Fo) Aatsy E3 A&H oz Frixlel gheu}, 1980tk Ftel A
EWA ] yle] it I AuFE FFHAIA Rt A7 ¥ U
of ol&s&f sttt #2719 AFE AR A3 §FY FALF s HA
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2 2.1 SR B d &y Fol (9] @ F2=W/T, 12 P=kg)
+ & F 4 3 % F 2 ¥
£
%) #3271 HAR] (" 27 Al
2 27 37 . A 1 1l ak 1d ak 19 ¥ 1d
3 2% o 23 o %3 o 33 o}
1965 27,261 | 55,881 14,458 97,600 | 27,261 {1.0] 55,881 2.0| 14,458 10,5 97,600 | 3.4
............ (27.9) | (57.3) | (14.8) | (100.0) | (27.9) | | (57.3) |  |(148) o) |
1870 37,340 | 82,546] 45,177 165063 | 37,340 |1.2] 82,546 2.6 45,177 1.4} 165,063 | 5.3
(22.6) | (50.0) | 27.4) | (100.0) | (22.6) (50.0) (27.4) (100.0) |
1975 70,292 | 106,723 | 55,5941 232,609 | 70,292 |2.0] 98,848 ] 2.8} 55,534 1 1.6] 224,734 | 6.4
________ (30.2) | (45.9) | (23.9) | (100.0) | (31,3) (44.0) .| | a0 |
1980 93,235 | 253,181 | 90,456 | 418,887 99,974 | 2.6| 241,842 | 6.3| 90,865 (2,4] 432,682 !11.3
___________ (22.3) | (56.1) | (21.6) | (100.0) | (23.1) (55.9) (21.0) (100.0) |
1985 116,859 | 345,298 | 126,246 | 588,403 120,342 |2,9]346,274 | 8.4126,246 [3.1] 592,862 |14.4
............ (19.8) | (s8.7) | (21.5) | (100.0) | (203) | |(s84) | |@3] | 1000) |
1990 94,284 § 506,507 | 171,698 | 773,123 176,988 14.11504,799 111.8]171,698 | 4.0] 853,485 |19.9
____________ (12.3) | (65.5) | (22.2) | (100.0) | (20.7) (58.1) (20.1) (100.0) |
1991 98,529 | 498,867 | 206,520 | 803,916 | 223,270 |5.2} 510,848 111.8 206,520 | 4.8] 940,628 |21.7
{12,3) | (62.0) | (25.7) | (100.0) | (23.7) (54.3) (22.0) (100.0)
1992 99,577 { 601,296 | 231,470 | 932,343 | 226,891 {5.2] 584,953 [13.4 {231,470 15.3} 1,043,314 123.9
a0 | (ed45) | (24.8) | (100.0) | (21.7) (56.1) (22.2) (100.0) |
1993 129,625 | 618,427 ;239,280 | 987,332 232,998 15.3613,215113.9 240,766 | 5.5) 1,086,973 | 24.7
418.1) 1 (82.6) | (24.3) | (100.0) | (21.4) _{56.4) . {22.2) (100.0) |
1994 147,274 | 621,180 | 242,597 | 1,011,051 | 269,811 1 6.1} 632,500 [ 14.2 | 246,300 | 5.5{ 1,148,611 {25.8
(14.6) | (61.4) | (24.0) | (100.0) | (23,5) {55.1) {21.4) (100.0)°
...... 154,722 | 639,336 | 263,105 | 1,057,163 | 301,217 | 6.7| 661,710 | 14.7 | 268,076 | 6.0 1,231,003 | 27.4
1995 (14.6) | (60.5) | (24.9) | (100.0) | (24.5) (53.7) (21.8) (100.0)

g - $YFLY FUENE L £IAR, 4 A=

F S5 AN QR 4w

L =AY Faus

2

182 BR71E4.

B mse 40e B2 118 Aulx}y}ag WY Auale] AELEZE o

NBAZE A 27 "ozl 4nxprhg, Sx|ar]e] Barg
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712 @ AT F They A - FAF 2AEe g3 ¥E U=tk I
U 2 dFolde ARt 7Hedta BAAA Az 4o AYEE &
Heghe Aqelste] x| 27]e FR US| iyt 4 A =shsct

£ 2HoA o]§H AgE 1975€olA 1994d7tx] 204 T4 AAE =
Zolnj, o]F 10d Ty A - FI|2 ro] SALLEH AU S4&
mpetax} seich. EE o] 8 gL dEHoHY ARE AASI 2l
1908 GNP A7lole 1980d, F7lole 199049 WA E 7L 744
tiEeolEstgen, stdxtge U 7I&o 3 AA AFe £¥A £
WA 42 Tl Z Yol Estaict.

Fo8e] Y34 Bele 45 U 7MY BEAE A 2 5 & ¥
Tt ohu 2l BA7|ZHe Weld Jule Adgdy At AL vaE sty
s i o] dBALA 2A=Ygt vl Qe Log-Log+E ol &3
o, of &4 BAA FYEZT et Y+ Felol vis) 7HY 2 AL
[R3137¢= 3

olo} 7 7|&o] sl A HA2rle Fe¥FE ThEI AT

H

l

—_—

19759 £ E 1984 W 7tx| 2] X8 & o]&& +o¥¢FD

1nQn=6. 7176+0. 78271nl."*-0. 69221nPn**+0. 1367 1nPy, (2-1)
(4.846) (6.423) (-6.523) (0.504)
R = 0.98 F = 181.33"

1985 HE] 1994U71x| o] AR E o] &% ¥
1nQn=0. 8764+0. 4641 1n1."*-0. 08681nPh+0. 60001nPy,’ (2-2)
(0.400) (3.313)  (-0.377) (2.537)
R® = 0.91 F = 22.560™

(e TR
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P = t AX2] H227] £H]2} 714
Poo = t AX2] 2{317] &8]2} 714

1] (2-1)AofA AtEEE, HR 278 LA5EEXE 0.7884 oE} 29

dygicty 7p8Y o, I 1A% GWPrt 10% Foidel wliel Hx2r19
£H|F2 7.8% FriE S-S onich B HA 1719 JHARMYAE -0.69
2 ojEl o] AUt ZHFY o, Hx27] JHHo| 1035l utel
H22718] $8+& 6.9%7F ZA2HALE ujgct. 28y HA 27 $09
37l 7t bl tjdt AR AE 0. 142N BAF §A4LS Yehgx|
Wolth ol B4 g ZIztel Fulal 3] st ®ixlmr] shze] €4
¢ Aol E HAoBA v)e} HA 227} 247] HEY 2uASS FAEsT
U7l wigo] 7Y AE etHch

T (2-2)AolM ABEE Han7]e] ASVHAE 046084 oAtrr}
SA vEisten, Hxjazle] ANsE g4 xE -0.098 4 I8 wolm 54
HoR® Fo4E Holx qotrh ol § B47I2el HA:Y 4z} 7}
Aol vl AL FAFIL FULE £Eo] FAE ] HA 27 Lu]apst
Aol wstol] S| a7t UASHA dB8S P gy WEoe gt
ok 2 "xas] £29 277 e oy axEdAE 0,602
2A odEct A UElded FARLER f4E uUrhiadenl, ol:
A oY 71zl 3 MUY +d3t FFel FriHoEN FUan)
A% HAL7| chAgo] duiF ez wol7] wiEel Uehd Az {5¥
=2

F 2.2& B4 oy e el dRdFe) B d3dd g 48
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of chgt &5 W 714 egA & vjay Folth

R 2.2 Hx27] £22 B8AZX v

45 72 2aere X
SEXN 2472

‘ﬂ'ai] ‘%l’ﬁﬁ] 5_]_'_;7_7] %}17]

FHAl3hl) 1961 ~1977 1.0773 -1.4743 0.2166 0.5751

243 1975~1984 0.7828 -0.6922 0.1367 -

Z17A32]2) | 1980~1990 | 0.7427 -0. 3594 - -

2dF 1985~ 1995 0. 4641 -0.0868 0.6000 -

F 1) sAlg, g3Fate] FAEN, g2 FAATY, 1980, p25
2) AR, ES5TF W AR Byl ¥ A7,
VI 2N G A8(1), TIHNF I, 1992, p39.
28 - ZYFY, FUE MY L FFAR, 4 A=

E 2.2004 AuEE, 1960dc] ZutoljA] 1970d Fu7tA] &, I 1U%
GNP7} 1,0008 miuto]dld Al7lole HA|317]9] F20f thRt &S8P} 7}
Aebg X7} 24z} 1,073 -1.472A4 A7) 87t 253 71Hof of 2
g er Aol @Abe Honh I@ul 198594 1994 Alolols HX| 7] 4
29 25 9 717 vEX7} 24z} 0.463 -0.092 4 i vIEFE QA Y-S
Bolx gtk EAMthy 7iTe] el JIkesF &, FAZL wAsta =1
50| ZUERA HA DY) AT JHATEAI} FAHe R lolx]
€ uletEAd 8488 Bola gl

olo} 2 BMAE Y wl, FF FULF| A&HoE YAt 3
et HA 2718 £2= HAL Lo] £F Frtel wiet A BHHes F
745l k& Zolehes &) 7hesitt

zgk Hx 27 28 AN HHREAIL drke AL AR 827} o
= 35 Ak sNY £ oot Iy ol iR JHAe A%

o
g,
N
N

-
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ol Atks A& fnjshs Zes8M Hxarle] F3ol £FHos wHEHY
e By oz Anjaprize] HES A deld £ U232 M E of
U ek

I 254l wel Hx|arle] M) JHHo] it aAREA= BA
EotAlE 84S Uehla A& ¥l ol 1980t] FulolF 7|9 $9)0]
Fuigol whel H=31712 JtFel 4sE w HAarle sa7t T +Us
a27le] 2fs] thAlER Q7] wiEe] 7|U¥ Ao yerdch wheld FF
Wik Hzar]e] dBAA AFHE e HA 2ol stHaE e E8
HA 2719t A 37ige] 717 gl FEAPESE Y oo Fis]ole}
Y Zolch

2. H=|a171e] A4t 22

F 2.32 HX Y ASFEE ARSI} AT BEXFolE Jeid ¥
oltt.

E 2.300A AmBH, 1975delE HA] AH571e] 98.6%7F Tt 105 alut
& ASstgden ol 77 AR HAlE 92 Uzl AN H=]e] 64.9%E
2pxjstaich. 1980l AMRFRe G oAsigdct 105 ngke AL
she B2t AA HRARRE71 94.6% E oo 1005 olae AMR 3=
F7he A9 0.4%oll Expstdct 19803 olF HR|ANRS] 7R3} Az} of
FoixHA 1990dol= 107 njebE ARSshe 5718 ol& BUle] A4
d]go] z+z} 73.6%2} 4.3%2 7rAshACh
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E 2.3 HA ASAEYE AR L ASFF BEX S|
(ere] @ % %)
S Tl
100 - =%
- 1~9 [10~29/30~49!50~99 500% "I
¥ - ¥ - o] 4 AL &
= _
=
Alg b2 198,61 1.0 0.2 0,1 0.0 - 100
1975 1.9
AV SS9 64.8 7.6 3.1 4.2 |20.3 - 100
AV 94.61 4.0 0.6 0.5 0.3 { 0.0 | 100
1980 3.9
AV 54013761 14.3 | 5.4 8.8 |16.3]17.7 | 100
AP IY R | 87,1 7.4 1.8 2.0 1.7 | 0.2 | 100
1985 11.4
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sl ol 2 AREQ] ASHPo] FEZ D WS Vol vie Fay 2
= + A3z} shch

gt tigt 4 EEAE JRRul AREAY] 2HsH P ko] F3A 3

b
oS

e

[N

8S Y JeE Uehd 35S 2= &3I{AH L v|8EY T rEL
F& Fololon o] ¥4 ZA= i Az Zrl
Y, = 98.069 + 0.452X," (2-4)
(1.808)
R = 0.180 F Value = 3.270™*
Y, = 3.013 - 0.052X," (2-5)
(1.654)
R? = 0.180 F Value = 2.704"*

W T Valueq!, # : 10% &8 $2ol4 23U

A7A, Y1 = AESIHEEE
Y = B]&RE FH ARLTE
Xy = ALY BI)AAdol cijt Dunmy H4
(A=Hs-2 1 742

gle] (2-4)2ol A X8 B I|AS 0.45271 Yulshs R A=A 37
Aol AHEEE B¢ A= E3H8/380] 0.45% EJE HodH 4 UL
&, 223 (2-5)4AM X & FRFHIAS -0.0527 Juish= RS AHeH
" BIIAEOA ALFH xHEo] WA EALAIA AHEE AREETE ¥ &A] AlR
878S 0.05% XQE AT & 5 9les Uehh: Aol ayu &£ A
o] ARAS(RY) 7L 23] 0.182 A ni$ WA UelktE bl ole A" E3
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lo
N

= HHgoln 1 Jlejgol lg Wil fhBol 7|4l
g ez wosA EAHA F8e AFEch

Y B AHFE £l HA Y u[SES Pt Bol olYA B
€ oS Brl FAMoE ANRD YelH EREIME Pohi) s
ZAHs7HE Z9RYe wit 71208 BERstd F8 slaxEy A
ot BEFEMNE ARSAE v, 2 As F 2.1000 UEhd sle} o)

ZAHE 7k AN Aabdo] mhe & Rog Urlyr ok ol
YoM E R uiet ol ZAMR 5719 FlESFol YAE L4t AR
w3 glon £43 FES YWHOET MIWol ARSI Uk MARIIE
GHA L gl Frtoly) WELE L)

E 210004 BE ATE b RE @ u]SEo] thEt garge] HEA
S AA F7he) FFAYEC} ohh ¢BY Ao Yeldon, BIE sl
FZAUHRCHE A5 $4U oE Usiyrh B RE
sh= ol el Zba 8% J1&xEY U ol8HI 9 a
b olf-74(PSY, Pigs per sow in year): AZE w7ie] BFA3ZFHo| BT
57t WFAAo] uls) 3,954 & Ao Uehyr},

T 417] ZABsTHE A4 AHEHSZ0] oEl Srlo] st BAHo
N Ee A57lY FUAEF 19T A BESE 8752 ADE 7
BE 72.1%0] vls} 21.6FL Wakn, AH 2AFH 50| JHy WL BIE
S7te] 52,650 HIsINE B 415U B ROT Uriith Akl B
UrF 1Y AARESE 037524 LELE 1,508 7208 Hakgi}
d 14059 RE 327} "k wleld A7t 7lg £204 A S8 =i}
A4 A5 Prhd PRELCE 1.5¢00] AHrbsT RELS 14058 84 4
HY 4+ e BE S MAMETLE U YA $ U Aow
Hct,

AAEARS] 7] Aol T3 AAFAAY waloln xHEALS] HyAE A4

o] At ATFo &3t 127 $71Y FUkF 149 BT QANRESFE

X

fd

BHEEE vl
=
f .

=
2E 59
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72. 1524 1.5¢008 st 109%8 #27F Fct. wetd Asrt 28
N&42dAE A3 £ O Urid £4xF 1.5¢0] ARK7EsR
REZ o|F A AMY 4 AL Fo|rL

E 2,10 HAE g v =] Fo FAAH AUY vz

ALE B1E A A

& B BE A 7} =7} =7t =7t
ks ks B

REFQARZ AT 25.3 23.9 22.5 23.2

F o 2ol {54 (PSY) 24, .7 22.1 20.8 21.3
REHAR(HA) 2.4 2.3 2.2 2.3

ol s s 82.7 80.1 77.3 78.5
o FEAbA e 11.6 11.3 10.9 1.1

BB aabse 10.6 10. 4 10.1 10.2

4l o Fol 5+ 10.3 9.6 9.3 9.4
ol F & & (ER-01H) 97,2 92.7 92 4 92.2

A= 237 & (o] F-AE) 98.2 98.5 98.0 98.1

< ByFolHUA(Q) 20.7 22.0 22.7 22.6
749U LFARHE 94.9 807 82.9 .82.5

u] A8 4+l 4= (NPSD) 45.1 50.7 58.6 54.3

58 10% YARES 93.7 72.1 52.6 58.0

v A ¥ A2 EAL(g) 870 785 755 759

bl ARLTE 2.7 2.9 3.0 3.0
£ i & =AD& 1.4 1.4 1.4 1.4
= 23td3(d) 165 170 172.0 171.7
2 3tA1 A 5 (k) 105 105 103.5 103.5

Z 1) As7te Bubabel xpEALY By|AlMdo] F¥AAEeln] A ExbY ExA e
Aol edgaloln 2AHs7HE 2 AR tifE AFHol 1B ¥
574,

2) AZLE S7He AHEARY BI|Ald o] RNl AHEALY FxA 2 A
Mol &z L 23w YHA H7HER(12%871)

3) BA§ B7H= AEALE vl FEL A HAEAY BIAdol AsiHolw 7} |
A48 2Hgst FE7t ol ¢ vyt w712 U(28% 71
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4. 4% A5nd

ol dollA AmE uiel o] FEAIYC] FUAA FAYE UFT] flAME
Z e FEItet g3 Bajol Elulsiy g FRe} B4 Yidde
Mg 57t AAgolof Trl. wely AFEHE JAR h= fE] et YELNY
o] 3ol & 7HEE T VUYE Z3A 4AEELS ¢ A 232 3
o] BN AE FYste] dAgchd ¥ 2,11 2 X 2,129} Po] A& £

o1& Zojrh

4714 FAH o] BUL FUxF 1.5¢00] Hi ErEale] &y A
GE Pel2A O HA 8% VAR ¥ @ HAAR(¥ SR 7127
Eo HE A4 st @ AE - 4 - HKAR St PRSI,

Thet 27b AAAQA FEAYY ZRIZ AAES $1 8w £F HUE
F3 ZAET AL AT AFS 7193 HAAE FAYeHN FESH:
Ao] ujgtalsich.

A Adyele dUAYY YARYL ® 219 2 13 1¥, 7
H HAAER Sriel J1EA HKAE Bt HARYS E 2129 MEH NV
golth o714 7143 HAAD Felo 4PRYLS EAAMY A zhL
JlER HANE QE 5y mye] WAEA 2uz S8 s, o A

ol whel 28E £ S Zolrh
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~170| xp ]
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24 o A AaReE daae &
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uE | eda | w3 del(Slurry)  WAlo] Ags)
e || R | Ee | ANE o, QUL HSEALE o
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it gael Pl WY
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aa |38 R e | Ax% © HAEAS} 24 - ¥ KA
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=y 1z0-1| =M Aqaw |7 6% (208 4 de e
m|50% | TR L Al-In @ 84 - SEA BrNe
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e = A2¥ | g4 180l ol AdolEA FY
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AR (A T AHE 7be ¥ RQ
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212 FYUXF 1.54E& &2 AJIFECEY AE - 54 -
B X AVEF)Y d&EEY

€4 #1848 A4

A% as I
i = 4] A= 24 T |82 7 E}
s = | 4e | 39 Hel | -g=
uf &gl S0 Y d8Ud F /89 &
us 22 _
L2 AR et 4881 HN 2T
AxpEHA - Aalg
ol 2349 & EAMYol ulel £ R Eow
&4 Al&ed
HAL Aba] €4t Al U4-3l(compartment system), F
=4 AR vE 270 FHEE HAlo] Y 27| o
m .
- 320% 2 83 S Al Fsol ¢
Hu} a}x}% &4 seel _g:‘%], @ '\%:\’_}%*}E ‘;TI"'%‘ 12 - 14%
Lis =3 e (-3 -
=1} Zo} = A o] FR(AA] EHFAELS 350

400F)71 § A4,

@ ANEANY 24 - HFENE
23
el 8 9 baeqlans| us | ean BEe Adss, FAYE 29

- 1.000% AT lsjof KQuIKEALS BrRAD
v lax < Jidal Z2ABINE 2UY 4
ol % qe 2.
asl FE |24 ® AEY Y3} B 72
e 1400 | HE | e | gy 127148 FE A RRsThe
= 1,800 NES s | == 77 dA=o] All-In, All-Out 3]
4 :
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A4d 2 2

HZT 5ol F2 vzl HAY & € AAFRIE F43] WA gt o
37 828 £5 9 714 ®HYgo] F43] Wolxla glom HAMR Y 7
23y} Ao AL gl FR¥rfo] e} tiRR ks £3E B
7t vl 2RE 9 =FAMEE BA vEha it} ZFJulE FRHY
of wie} B v]& FAFR glch it FEHr) oE A2FAIL =FE
Z2AR-gol FFEHR oden, HAY BAaSS AL + s #F W 7]
N FEole 28U ZH FF BAZAY BAY Bdle o= uf¢
o &3t AdAolch

ZBe FRZh= Yo} B BGE FAlol olE 4 glojok ¥rh o]
& ¢aliMe AlRFe], kA T3 B2 =FHIAHA Ad B, B2
T B2 ALV AT Ado] UIFHLR dAE + e AAFeln
FEAA A5 AlA”lo] FFFEook Ut oA AAE JHEE S A
d G 222 4% A& B2 ol 87E 3 A AAE Edo|th

agu o7l Z23ke A2 ol 3P BUolE T4 AEE - 71AE:
A, =% @ EXHLEHA EAL ALRA FAYFTAES 238l HEF
Q zgol 7Hes slof sinj, Ex, APAINE L3 Y 5 9lojo} dtx,
Az, Jabgd BLE AR A BFo] REE 5 A EA AlAolofof
2, ulm, AdFAl] o ARH S-S HAHRHo 2N Ade] AAN| G|
FAEAZ A8 el TE BASY 23 Ht J|e] H4H 4 glojof
gitke Zojch. metd FF AGEHe dFolAe olel 2 ARE HOy
+&8 4 e B doA & A7 & FZIEL HYY A3 Aa
Ho| sitE]ojof & Zojrt.
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12k719] 201, QEAE] AMAEHe] oY REYT T}, VIIANR

3R] 11(1), T3 FAPB G EH, 1995, pp 125 -138

Bg, 92 FENYL WHAE BHE LQPEAA Yoty 7, U

A2, thRrr=3E], 1990. 12, pp 76-102
B, HKE Ay WP sl Uy AT, VIZUAGU
3(1), @IZNAAUS], 1987, pp 138151

L ENE, EAde W BN IANRIUNR 6(1), YRR
g ¥ts], 1990, pp 112-121

L uas, ERel APREe AU, VIPE A7 A 88 FEAY
A%, 1989, 10, pp 65-70
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23.

24.

25.

26.

27,

28.

ojdd, FLBABAAhZ o] JFEZAY Me) vln, dAgEAR, 3
For=13] 1996, 2, pp 118-123
o] =4 dey 9 Y823 Arfe] o2 BAE oy, 9P

fad
oo

3

QFEAL, FIFSE=EALY, 1991, 9, pp 104-109
olgH, H=lo] |AHLAI I Fe], YVUYE, UPUPEHS], 1996.10,
pp 165-171

OZFE, FAUPEF R EAE. UVLE, iy YEYH, 1996, 2, pp
114-117

FFY, FEBIEN AEE BU FAYAUYeL, ARYEST, TF
P}EA73E, 1988. 3, pp 97-109

T8, EARRZE A B da], 4BYECE, UIFPEATY,
1989. 12, pp 105-108

B934, 1990dc] IFFEAGL] WA A, dAGEGE, WIFYEA
3], 1990. 1, pp 120-125

BRE, UMY e VIFES AR Hil, YBYE, yPE
¥, 1996. 5, pp 92-95

BR8] 49, B FeiFe] SEAN Mejzal, diRGEYHY, 1995
2339, FENML g - 7|A By MY AY A2, THHAHH
B3R 8(1), VIH[AAZ SR, 1992, pp 93 -116

P393, FAE 71 § 348, 3PS Y, 1980 -199.
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PEd, tiE GEZ Gl oM FFHe A ALY, TIH
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AN 3 &
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Al 7EE 2EAN0 2

A
~

HI

Ad A A

£ Ustel FEAGL /AUHE ulo|ste A4de) AR U AFHE o
Fol 2z AP 23] o ¢ Hi Aol Ak A LI st
o2 ¢ FEAYL] FY, FxFol o Al e, AT A dejy A
Ab 87 59 Altie AUzt oA ExbHQ s Y R 58 et s
2 380 4 g Aolrh

%02 AAFAIIF(W0) YT Y 5 FAE odAE d7A oA
ZA ZWYL & SES YA AL U LAY A} L 25
35 Folo] gahule] Asta, £%9 AL WAL 4 Uk ¥IY Ex
s olof Myt A BFA ] Al o] Wesitl

OHEE B dFE Iy B ¥F HAAe AAg BNPos i)
wety] elstel saEgon, O A A7 Bae r}ea} P}

1. thEFQ B §¥EE 7] 2y BAyn

2. %7 2 ) Aol £Q& BMYch

3. BRHE T2IPUG o] fstel ME3t 2xof whel WIS AU 4 Q)
=5 Sy 2ug s

#2d s 9 Yy

€ d79 5L mA o EAs] flste] chEat 2 Fxjo] o3 &
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+& $3stsct
1. 43 ZXAE 2
chazf (], H3, o
HRE), S, fxAe], 22 ¥y A% 58 A £ IS 2
AR E 2Mgstacl
2. A o A3

EHA EAE X3 o F7 9 AGYEES A AHeg A%
¥ o] Y o = FHA AU =3 B3I olH), n=FAl A
Hdd FHEFUY FEAAS BA(AYE dF), 23 32 FEAAMAU o
Y (A 9F)S AR dA3sigc
3. ZA} iy

1996 9€F S WESIH AR F XA RAFE FHeR A

Basjgon, ZAgHol uugt syl tHldE Wi YEos nusia
o,

AH3Y A2 d 23

1 QEXGE] BAC] el
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Azl el BRFEe] g Fo¥3} {HY Exdels tAlE 2 xlelst
gdaeu, ol&z FUY EATC: B7], ddy ”4°ﬂ*1 g AolE YEl
Ut E 3.1). 38 EAHEuEH 713)Y F9+= 44 UHd FRE
AI2A ZAR7] ALRS &3 Wy YA E §3-7l e 2dy 9 7
AR YA E st dey, FUyg EAlY Bee AQBINE F=2
o] &3la winjE $F712 ZAVIE AFJIT Pt P wiepEnt 24
Bdgie 7hesta EA FH2 vidahE AA 439 U3 Ade 239
F&E 4 PYolden, W2 o] YEE MRSt ZAES AT
o XGole 2ZJFHE E& TN WHoldrt. VY EAlAME
A e M2 e 53& veidddcl. 508 Exlde 713dEo
(evaporative cooler)& AR&3ta dlou, {YPPdlAM: EW $ITHES
FA02 X3l ZASETES AR FAlo HAY F FEo ¢S ¢
3tA 71 WH S ol &3ta glodch

5ol EAE AYstas EAMY 2%, €5 ¥7%, f37tL ol #
3 8T £FIY ME HlZ 4T £ ddoy old REd it E £
ARL g Ao YERAM o HAY 4 gt

I ExlY A9 & BAAS ooyt e Uetd] Ado] Uy ¥
o] FAE|ojof 3t FUY EALY Z9E ALH M 45HY 4
Wwubyol & of JjAdEojol & AeE vt gct
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E 3.1 EXFEE ¥

- %0 g %49 T Uy
3 7] ukal 2 A 8 7 227 EX it 5
e ° (:§719)
euwy | s wews| oo =4

2] o] ¥ vl e g
+¥(d ),
WA ‘%ac'»l"—}-vl ula) sus ual %% (duct),
(%“ ’%"%) A sprinkler
(&)
8 Al =22 ZubE A 2 E
AL g pn | o 00
=3 BLHE
(&l 8% 210om) | ($dE 75mm)
o 3
>4 g AL 2 Zut g 7 ¥ 300na,
) BAHE
whed 2y (Sl d$ 140n0) | (LT 750n)
Figis
g&3gE ¢
v} et faeE Ag Eglol s} _
: Ectau =
YUE a4 HA(2AN) a4
PUE Y " a4
SR —
Bol)g,l x}.% ” ” .g.z},‘
{4 E
. E-4 2 A}_._;
(u1%) =
F4ua 248, US UE uE
o g
(2% -—=nl)
A &9 PP .
(g um i
AFX)
BT A& 1,556,000 1,100,000 325, 000
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EAY] F8E A EAR BHEAS FUg =
EAl2 &S] gty #Wrds £ 71X §82 Exlel o
sto] #7IRAS JpUstan oy FUY EA4 FeE Aol i
ol 7122 @YW (heat balance equation) 5-& S8t Hrf W
B1&E F35710E vig 2t BAEAY Fee A (3-1)olM Ry
A(3-4)71A8) NES o] gdled Eahe] o) W a4 HWrEe 23 4
olti(2}, 1989: Albright, 1990).
Ha BIFE FHI0] EAY 2%, g% 9 gibrtAe] 2 58 3
FEo2 FA57] QIR A4 BAFORA oy Al(3-2)~(3-4)8] 34o]
AP BTl Ha HU|Fe] Hrt

- (JUA + FP(T; — T)

Q= 1006 0(T; — Ty (3-1)

o714, Q = Y #I, o¥s
qs = HxoA WAL E FEL, W
TUA = A%, HA, 2UE, FEoSRE £AUSL heat
loss conductance, W/K

F = EARH g8 JAK1.5 W/kK)

P = EAl] FH4dol, n

Ti = A 93719 &%, K

= 4} 4§27y 2%, K

p = MYF 3719 UE, ke/n’

H]

g~ (XUA+FP(Ti—T,)
Qtem - 10060( Ti_ To) (3‘2)
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- M -
Qm - p(H Ha) (3 3)

_ COE
Qo0 = C0,~ COY

A7]M, Qs = EAMY 2EE JEL
& = B SEE VIS
G = =AY BAMIA BEE JELE T 4 BIE
n*/s
m, = HXJOIA UPE = LY, ke/s
pi = EAMY F71UE, kg/m3
H = Sk 3719 dulgs, keskg
Ho = €Al % 3719 Huigs, kerke
€O, = %A}Lﬂ Lo R o Ay

COi = EARY AL H B,
m®[m*(10° ppm)

C0, = Exbe o] BalL SR,

(345ppm = 345% 10~ m®/ m®)

Hef @ Ha BIE FH3] ¢ Fe Z2adg AUsts] ¢lsted
H=e AFE 220 g & U %@%‘ W 7S ¥ 3.2 % ¥ 3.33
go] 7dst .

7Y AFT L EE YHuH
A¥e Z2oPa o, 3L 3JUPE FFY £ de
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7R3t ek,

Ad 9 AEE 97] 2= HrigEE FAsteR stdey ¢l uat
8 71¥Fzz0] 3tE7] M2 BTAHAE, TE7 HA -20TFE0]|7] wigol A
o, 4 I HEA 7] 229 HR WA ol& USS FEsAE A
ANYog HLgshed & Felst gleelzt Bk

ExeY] BRI RE F2 229 FEolH oldx FIWIIARM F
[o]

, gREUol7kA (e 30ppm), EHAEZFA(F 5000ppm

-—

),
oA
L ol2ajolut Aol 4yl WRel ABH AFHNE shrle 2Y A
o2 BZAWUTH weld TIAE Aol 4 Uk Ha By|dold THE &
HIFAE S B7IE ol3tE RAIY £ U o BEisirt

Ao PSS AW L5 W WKTAUL Aoz} Yoy} thHE
16~20Col3, 45X 70~80% U2 RAIE ATt

BAA 2AE X, $E ¥ TblAntg nstgen, o5 47
Zol wE o) VY Q Ha BrRe FHsHHL B}
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E 3.2 HAY HFE &0 & £& U4
+&(ng/kg - s)
A & (kg)
MP = Ag+ A\ T+A; TP+ AT
Ag 616.7819x 107
Ay 174.4416x10™ .
20 r=0, 9998
Ay -879.0041 X10™°
A3 518.4516% 107"
Ao 403.4120x10™
Ay 159, 3450 x 10™ .
40 4=0. 9982
Ag 165.3610%x107°
A3 148.0962%x 107"
Ao 283.3598 % 107°
A 121.9254x10°* .
60 : r=0, 9978
Az -734.8853% 107
Az 281.4749 %107
Ag 323.3824x10°
A -362.4412% 107 ‘
80 r=0, 9992
Az 126.9898x10™°
Az 103.7026 X107
Ao 203.3699x10™
Ay 151.5180x10™ ]
100 4=0. 9978
Az -853.8599x 10"
Az ' 259,2390% 107
Ao 246.6647x10°
A -746.9694x 107 _
140 r=0, 9980
Az 487.2255%107°
A3 -370.2298x107°
Ao 176.6884 x10™
Ay 169.4945x 107 ‘
180 r*=0, 9998
Az -241.2171x10°
As 962.8652x 10

- 68 -




#® 3.3 H=2 ASE

exol WE 39 WY =Y

2 (kg) Ll A (Wkg)
g

THP = By+ B, T+ B, T+ B; T®
Bg 666,6694x107*

20 B, -174.6990x 10 '20. 9968

r =y,

B, 487.2501 x10°
B3 -370.2776 X107’
Bo 450.0157x10'?

40 B, -110.0014%x 107 ‘-0 9998

r =9,

B, 200.0120%107°
Bs -222.7745x 1071
Bo 380.0221 x10°*
B, -109.9978x10™° ,

60 ~ r‘=0.9998
B, 199.9875x 10
B3 225.1890x 107"
Bo 343.3762x10°¢
B, -126.8757 %10 )

80 — r“=0, 9980
B; 407.9246 %10
Ba -518.4972x 10’
Bo 310. 0557 x 10
B, -115.0769x10°* ]

100 — r‘=0. 9950
B, 361.8899 %10
Bs -444 4172x10°’
Bo 226.7207 X 10°¢
B, -821.7085x10™" .

140 = r‘=0.9988
B, 177.7893 X 10
B3 -148.1691 x 107"
Bo 240,0291 X 10°*
B -624.5993x 10" .

180 — r‘=0.9986
B, 190.5033 %10
B3 122.2171 x 107
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2] Uzl e g8 283A JAS 9 AFEHE ol ik
€ AU, ]2 AL ¥ E £ e TIFE EAle olof Ay A
BB A|£%e g RE sl gt} ol & A3k Iy Exlg
HA BFEAC] ALFE AYstrlo] A E41 REEE B 2 EAMy

% 8] 2@d ) Aol 29 Busin, AFH Z2awug olgslel A
F3 exol wel BABS ANY 4+ AEF 4847 U AUty slstel
susiglon, A3E eoted ties

2 dodou gl vt oo Ayg
810l %%EM HojHojo} 3t, FIUF Etel Fee ASE iy
2 AFEY el Adselor & Aoz eyt

2. d¥FYFEA, EYFTYRES o davta wiHE Y B 5o
ERE F3EAY WL Y F ASAHAE ¢ A=E HAY AFH
220 W £ ¥ FdY U 2dg Ayt

3. Ehbrtankg Aojstd tiE #3 7ta7t HEEEA o3tE fAHE=
Rog ZAEZ] wife] B 202 2=, FE, I trlaE

1. #Eg. 1989, HUAEESY 7). cfFE3pAL
2. Albright, L. D. 1990. Environment Control for Animals and Plants, The

American Society of Agricultural Engineers, St. Joseph. MI, USA,
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M e SEHF AS M e

Ad A A

gt g MAFGZIZ(W0)Y ZYF VY T BA oA AZKAA
2 ABYL e FAE G AL O ZEAA JA W AE
515 Eslo] Aam|E Ao} sin, o]& slME JHHY B & B T
& 3% B 5 A= A3 A AR 2ddo] Wasic}

313UAILE o]slolA FELS M {57 H3lq AlgReUAIE AR
Aoz Ag3td, b BRAME U] 5o ZAHEE it FYo| &
Hech EY 4RSS & BAY 2717060 vl HAG Ho] HAFH,
4R % £ &5 2EgaE FYAR} AF A FAY £¥E
o] Jd& S LJepdtHD Arce et al., 1970).

AU 37 B 37 LEAMT ik 4R TH(Choi, 1989).

40~170kgQ! H=xj2] B¢ 10~32C2 2= Hel HelA 37 $=& 0.20/s
oA 1.5w/s2 F7HAF1E tiel FAY ey A5l FUi 49 BE F
Akl 7taTt dojyton, 35T} 38T A Lo E BV 4=EE SV
A7 ZAgo] /1A TcHBond et al., 1965).

S3brao} AEYoks A&E AHAIIEE gibde] Wojach gEuo}
4R 44e AL KMEAE FUE F7HAIUCHNordstron and

Mcquitty, 1976).

weld 2E, 4%, %, f37ta2 & Fo BFadel iyt Aojrt e

ol

sich.

3 B3 7|9} FARE 02e) IndianaFol HHT $FS thgos
W APREA, 2IE it BREA, ¥¥ Bulg FRE, 83 Bui
_1?__

A2} So] Hxje] Fatdzt Aol X ¥ FUIRE Aol 3}

~ 71 -



A F& Bule FREA 71 BAgo] &adrHKadlec et al., 1966).

JgEE € 47 25, S5 T MEE §F F ¥EeUL A
5 - Aolsh=d] Wag HAME AUty sty $£3=don, I3 AU
AFe] 3 the3} Zrh

. A2 e el 43S nA
& d3gch

2. A3Y AAol U Hs ANES st A¥E aqg Edz EA
8% AFol o]l8E + AL AME Ayl

A

rir
rx

T2 873 242 A&Y 5+ A

r{r

A2d AlgFA @ Yy

o] A3} AR Yol VL nAe Fo VY UL &, FE
#3l Fha(Abbs, dRUol Zi&), BIRH(FE) Foln, 53] ol Fo
A7 Fa 245 25U 2o BaFAdrh meld &, §%, @i
e, QEUet ks, ARG B Aol 29U0% sx, olAW WA ol
24 ASFE + Ue WHES A8 o IMZ ZAFsdct g3y ¥
22, B B3, HF A BFE 238t WM A JES e

=

7t EAROIM Y 2F 8F
- 25 : 0C oy
- AtEE 1 0~100%
- M2} . paximum 280 particles/ml{Nicks et al,, 1993)
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U Extefollae] 2tE B
- 2% -15~40T

- A% - 0~100%

ot 2gus

- Ehat7lkA 0 0~2, 000ppm

- otxijo}l 7tA ¢ 0~150ppn

- 5% 0~5w/s

gr1el A J1Eol 2ste) Fuiy] AE Ao AlgE vn EEDG F B
ZAol 2AHZ 1~2F58 AME A o e R sl o] MAEY Hud
F 4.1~4.5¢} Z}

Table 4.1. Specifications of the temperature sensors
| . Model
Lren HMP233L HANI

\ +0.17T *£0.3C

; ac

couracy {at +20T) (at -10~+50T)

About 15 seconds

R time(90% -

esponse time( ) (at +20T)

Measuring range -40~+80°TC -10~+50C
i Timperature dependence £0.005C /T )

cf output

Operating temperature 40~ +60°C 20~ +60T

range

\nal . DC 4~20wA and DC 0~5v

A tputs ~

nalog outpu 0C 0~ 5V
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Table 4.2. Specifications of the relative humidity sensors

Model
lten
HMP233L HANI
maxioum achievable accuracy
when calibrated against high
quality,
certified humidity standards:
+ 1%RH{0 ~ 90%RH}
+ 3%RH
Accuracy 4 2%RH{ 90 ~ 100%RH)
{av 30~30%)
when calibrated against salt
solutions
{ASTM E104-85) :
+ 2%RH{ 0~ 90%)
+ 3%RH(90 ~ 1 00%RH)
Response
time About 15 seconds{at +207T) -
(90%)
Measuring
0~ 100%RH 0~ 100%RH
range
Operating
temperature -40~+607T ~-20~+607C
range
Analog outputs DC 4~20mA and DC 0~ 5V DC 0~5V
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Table 4.3. Specification of the wind velocity sensor

[tem

NTK duct type anemometer

Accuracy

Linearity :

Temperature dependency :

+2.5% F.S.(at 25TC)

Direction dependency :

+3% F.S.
(horizontal to surface)

+3% F.S.

Response time(90%)

About 5 seconds

Measuring range

0~20n/s

Operating temperature

range

0~50T

Analog outputs

DC 4~20mA and DC 0~10V

Table 4.4. Specifications of the C0; gas sensors

Item

Model

HANI

GMW120

Accuracy

+25ppm

*+20ppn + 2% of reading
(at + 20C)

Response time

About 20 seconds

About 60 seconds

(90%)
Measuring range 0~2,000ppm 0~2,000ppm
Operating
temperature - -10~+35T
range
Analog outputs DC 0~2V DC 4~20mA and DC 0~ 10V
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Table 4.5. Specification of the ammonia gas sensor

Item TS-1000
Type Electrochemical type-
Accuraqy -
Response time(90%) About 30 seconds
Measuring range 0~150ppm
Operating temperature range -10~+45TC
Operating relative humidity range 20 ~95%
Analog outputs DC 4~20mA

2. AERA

7h 2x2 FE WA AIEREA

A A 71E HeYold 252 58 dFA G5 B AES 3§}
71 913t H2YEI(F282 A} ¢ Model THC-C-1)E o] &3} c) o] &
gh27]0] HelE Mo, &xl -50~100Co|H, 45L& 25~95%0|t}, @l

2522 AFEL +0.5Coln], =& P> £3% RHolr}

2EAM Y FEAAY Z2HE F2YFI|U X5, AZHeHEE
2o dA|stedct.

NE ZEEAR £22EEAE A st F2HG el A5
on, o] $£22EF=AY U3 SFEAAM YIS vlastyct

L & A AHBA

$5 +5E SHILA AME 73] Sl whE BF 300om®] flow
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;T)

nozzle meterol ZAt# nhiwlEH(FA KM, d& ME)E A4S F
Astdct

FT U&FY $371E 8E5Y =V EF71(2.2kW, IMC-30B)ol]l BASto
ZA3=F 3Tl :

4 N ZE2HE flow.nozzle meter?] & Fto] X|A|H WA &
izt nheojeld] k& vlaste] FAstoct

e &

th gRZRA AA AP A

U Fol BA7hA BEE AR /AL deloll A ghatzkAs AN
o] S &35 flsted 17 4-13f o] M (chamber)E A2}ttt o]
Auje] AAL 0.018 »°(210mm(W) X 300mm(L) X 290mm(H))o)}lm, Aujoj
AAY wE ZAL UF o] Tmolch kA WiE L£EE 200/sE IR
& o] 7kA wids Ao AF g vasirody 23.72 5¢ tAE W)
22719 AN A} B stago] wEEHE RAes ANFHATE uhebA
PTEFARNATAoN AZY FE7H2Y Hxet MUY =71 22 4
Boll A 2837 ¢iste] EZIIAE 200/58] BBEER 302 F¢ wiEA
T WUBg o} ByPAdelo] YA gk olet o] 53] eI ohE &

AEA AN B EA st

2l @EUol 7tA AN AEAH

a3 4-18] MBS o] &slo] BhlZlA Ay whizl B wHog gryo}
7t2 APE stath. BEs Al 2o YRUol AN T He T2k §

2-& 500ml/min FEZ FA317] §iste] 2B ui2 Yo Mg HA| st
A ZTh
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Fig. 4.1. Experimental apparatus for measuring

concentration of C0; gas,

oh, A& A&

UBY BFBloME WM 22 Al Ml uEoll QB ¥H
Stoll A AF7IT FU WM &YUS ALY ¥ BIFLS ALY o] BF
UE &SPl olg3lodol ¥l weld, 1Y 4-29} T2 PC A& AAH
& 738t 2} AAe] EYAE BT BU AST ¥ HIUL Al
=4S stden, £XEQ o= LabWindows/CVIZ Z}Ad sttt
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586 Computer

A/D board
(Model : DR1010)

Sensors

Fig. 4.2. PC based measurement systems for sensor

performance tests,

AH3d A3 @ 2%

1. 2442 4

or

EAI 2] 2E VP E sl -13~+37Te 2= W4} 8~93% s
E HflelM LEAAY P& ABY Az 2% 4.3~4.49 Zrh
HMP233L2 (&) 2= A8 HslolA B S Rt st HANIE 22C
ol/goll A uh-e FFE3tAcTh R HMP233L2} HANIo| ctiste] A Z(V)z}
AZHE(LE © C) Alole] HAEMI $42 g zhz} 0.99952} 0. 9624
ojglon, EFEWMx} k2 ztz} 0.29512 2.6744ol¢lt}. uwhela] HMP233LTlo)
225 A&sted AP oz F4HAc
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Temperature (°C)

Fig.

Temperature (°C)

Fig.

ﬁé&:omﬁﬁab‘g&g

Y = -43.0166+24, 6525XV

r’ = 0.9995
s.d. = 0.2951
12 17 22 27 32
Cuput of the termperature sensor (V)

4. 3. Results of performance test of temperature

sensor HMP233L.

40
35| |
w -
25 =
20 -
v
0 -
5 =
0
5 Y = -24.2469+14,5032 XV
0 rf =0.9624
5 s.d, = 2,6744
20 — L 4 L d .
05 1 15 2 25 3 35 4
Ouput of the temperature sensor (V)

4. 4. Results of performance test of temperature

sensor HANI,
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sV
i)y

zHAMe B

SEAM B A8 Hele ZE 6N FRAMY S AEY A3
t 2% 4.5~4.62F Zth HWP233LE A(Z) ZUEE A8 HHAdM FHy
& Bt Wt HNIE A(Z2) Zugs A8 delolA e £3¥sig
th 3|5l HMP233L2} HANIOf thdte] Al 2 (V)2 AFHEL(ZiEE : %)
Alole] FIEANY 4418 rP3he 2tz 0.99763F 0.91140]¢lon, FEMx}
2 zrzb 1.57402F 9.71410]%t}. wheld HMP233Lute] AL EE AZst=
ol Yy Aoz EAMFdch

w »
" o’
B

70 +

3 >

z 9F

'té 0+ [ ]

E ]

e 40t

g

& v

Y = -24,2613+24. 2738 XV

2or 2 = 0.9976
0 s.d. = 1.5740
0 1 1 1 1 1 1 1

1 15 2 25 3 35 4 45 5
Ouput of the relative humidity sensor (V)

Fig. 4.5. Results of performance test of relative

humidity sensor HMP233L.

- 81 -



90k ' 4
L g

80 -
. 0}
£
= 80F
o
ER
2 o}
2
T

Y = -47.6971+33.9411 XV

2 r? = 0.9114

© s.d. = 9.7141

0 i i L i,

15 2 25 3 35 4

Quput of the relative humidity sensor (V)

Fig. 4.6. Results of performance test of relative

humidity sensor HANI,

=

3. 3&HA2 B

2n/s o)3te] F4 HelolA F&HAMY HuS AP A ¥ 4.7
Zon, AN (V) AZHF(ZS @ ws) Alole] HAEME 49| 1’
Zkol 0.9956, FEFEHapr} 037272 Ueht Exh) 348 &3 sted Ay
2oz EAEcL
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g 15 |
=

8

2

T u .

£ 4L

= Y = -0.04985 + V*°!7¢
rf = 0.9956
s.d. = 0.3727

05 1 'Y 1 1 1
0 05 1 15 2 25 3
Ouput of the wind velocity sensor (V)

Fig. 4.7. Results of performance test of wind

velocity sensor NTK,

4, BHA7EA AL B

EENMAAZRY - PIF SR} H=(304, 931, 1,370, 1,851
pem) & 7|ESEFPLE 3t HeS AT A} 1Y 4.8~4.99 Ul
HANI Aale} oMW120 Aol chsted AN HF(V)3} AFSHS(I7tE 5=
: ppm) Atole] B|FEMIE A2l F3ro] 0.99992) 0.84642 UElRIOn, E
23} gho] 1.0052, 257.765622 2tz Ueh} EMrtA B5E AZslsdl
HANI AlAjgto] H¥y Aoz FA=ch
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Concentration of CO2 gas (ppm)

Fig.

Concentration of CO2 gas (ppm)

Fig.

H H

Y = 10.2159+951. 7432 XV
r? = 0.9999
s.d. = 1,0052

H 1 H i i i

86 07

08 M1 3 1B 17 18
Quput of the CC2 sensor (V)

4.8. Results of performance test ofACOz sensor HANI,

8

8

8

2 n
i Y = -793.9982+212, 3597 XV
. r’ = 0.8464
/ s.d. = 257.7656
4 5 6 7 8 9 0 1
Cupit of the CO2 sensor (V)

4.9, Results of performance test of 0, sensor GMW120
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5. ¢RUo} 7t& AWM B%

EEMA(AZRY 0 TIEEARATY)Y 5E(28.3, 40.0, 75.8 ppm)E
NEFEULE 314 TS-1000 AN E 7HA 2 deAldS ¢ Az 39 4.1
0~4.129} Zrh 37 4,102 BA7ta AE i SU3 Yo AHs
A =i ARE AN (V) AFHEF(YRYot 712 SE ¢ ppm) Ao
o] HAPEMT 219 FZto] 0.9996, EZHxte] gho] 0.51842 7tz Lyelyt
th 3¥ 4,112 &= e o ¢RUo} 7tA HA2 M WHIHE B3}
71 #1819 40.0ppn®] EFE7IAE JHAI HoigE 60%2] B Aelol sirtke
AE 2AE& THE F AEY A3Ad, 271 Rotde ulel &¥gto] &
7mV(e} 0.386ppm)8] Atol§ UEehA oL ol BABE 2 golrt. ¥
4,12 = Hilo] wE ¢RUo} JtA A % wHHE EA435) 95t
75.8ppme] EEIAE JIX I & 25.5Ce HAFAelol Jlrke A 2AS
BE F AEY AR, SEIL wobdol uwel &¥gtol o 14nv(d
0.828ppm)2] x}ol& UElIoU ol RABlE &£ go|gr). otz T
A8 Azg 243 8 of TS-1000 AME EARY ¢RUol 7tA BE AFo
Ayt oz wichct
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Concentration of ammonia (ppm)

20 k Y = -62,4188+55, 2261 XV
r? = 0,9996
s.d. = 0.5184
0 i L 3 3 i3 ] i A
16 17 18 8- 2 21 22 23 24 25
Quput of the amymonia sensor (V)

Fig. 4.10. Results of performance test of ammonia

sensor TS-1000,

15

05

Ouput of the ammonia gas sensor (V)

0 1 1 (| L 1 1 1 1 L

24 25 26 27 B 2V 33V N R BV 3H
Termperature in the chamber £ C)

Fig. 4.11. Effects of temperatures on the performance of

ammonia gas sensor TS-1000.
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15

T

05

Ouput of the ammonia gas sensor (V)

0 1 1 i 1
40 50 60 70 80 20

Relative humidity in the chamber (%)

Fig. 4.12. Effects of relative humidities on the performance

of ammonia gas sensor TS-1000.

A4d 22

£ At HAY Bidel & nAE T2 FHFAAE ASFY F A=
AMAME Adsty] sk w3 ded AE A4E 293hd oh2at Zth
1. =AML HMP233L3} HANIE 7H32 4%& AEf s, HMP233LS -1
3~+37C9 2% HelolN FHYES Rd WSl HANIE 22T o]idolA
u]-¢ F-3Ystact wield HMP233Lte] L& AEshodl H¥d ez F
=] et
2. £EMAE HMP233L3} HANIE 7HX2 H%& Al¥stgdiul, HMP233Le
) AEHEL(8~93%)ollA Y-S Rl st HANIE A S¥He
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o4 of¢ ¥3HYE Bodch wepd HMP233Lo]l FE& ASst=d ALY
Reog EAEqrch

3. NIK SGAME 7HAI 20/s 01319 AKolA B A1EY A3fe] 9o
3t, AA (V) ASHEP(3S 1 ws) Aol HAEAY 419 r2 g
o] 0.9956, EEHA} gho] 0.37272 Yeht EAl 48 &3sk=d Yy
Rog EAMsgict

4. BRAt7EA A= HANIO} GMWI20S 7}212 7t& %3k 0~2,000ppn H ¢
oA deg AFstdEd, 44 (V)Y AZFEF(LTAU7IL 5= : ppo)
Apol] BB $ale] AZhe] 0.9999%} 0.8464, EZBIX} o] 1.0052,
257.76562.8 z}z} L}EL} HANI Alajuto] Mgt 2o s XHME|eic)

5. ¢REUol 7tA AAQl TS-10002 25 59 S HE Ux 4%
th Z2]a 7tA B5E3% 0~80ppn HelolN Z5E AlYE Azle] s, A
A EF(V)2 AFEF(EREU 712 5 : pen) Alo]9] HIFZHT +AY
#3kol 0.9986, EZHxte] zlol 0.51842 2tz Lieh} ¢EUo} 7tA B E
Azl 23 Heoz A= ct '

A5d AR

1. Bond, T.E., Heitman, Jr., and C.F. Kelly. 1965. Effects of increased
air velocities on heat and moisture loss and growth of swine.
Transactions of the ASAE 8(2) : 167-169.

2. Choi, H.R. 1989, Ventilation of Agricultural Structures, Daekwhang
Publ isher,

3. D’Arce, R.D., H.S. Teague, W.L. Roller, AP, Grifo, Jr. and W.M,
Palmer. 1970. Effect of short-term elevated dry-bulb and dew-point

temperature on the cycling gilt, Journal of Animal Science 30
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ABZGL 4% ol& Bl 71EH HANE w719} /1S WSAE 57}
o 4% of& R stk oleh ol ANY 4 olE =] HYR
FEo HelT WIY Eal Apusojo} Bk,

mebd, 2 d7E 9ol Uet FENGY 4% o3 2l Fol4 &y A
dele] duAG L WA, A=A, uSAEY 4% 4 2dE JEe
2 sto] ARSTANE Hiy VAL WEE ABelL, BAA] ¥ Bue
Bo] FgHos AAN, HgHY wAE B x5S ARY 4 Q=
B3y B4 2L syl glstd s ol
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Xz

FARE 350 ~400F(FF 12~14%) FR9 EyH=EA Hel2 dAstd

RIS EAF Al e &R E S 23ty F 5.3.32 Ul
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¥ 5.3 2dm £ #8E AAY 4%

A A

INEE W3
° | Amgd 2 4+ Exye | #7245

avga | us &de 2= | B3 AxE

£} (A-54) | 239w A 2=

EmEap | wxis ERES &ae 23 Az

2) 2d Vo oj&nd

2d V(ZHE 900~1,0005, &4 -8]RE 1,400~1,6005F AR)= =

g =E4¥ # =S dASAc
2HES] Tl &3t T 12-1458 29 UAA
go] ALL-IN, ALL-OUT 2d-& 13{3to] HASIST)
R Vo] EAL AldY &REEE 2051 & 5.4.2 ATk

F7HRAM) e} A4

fa

¥ 54 2dNe Ex 58 A4 A4F

A A
EAMY ¥ 2
Atz 3o F + A n-EFE
A=A AxME ysE &gz 3 Axts
£ -ul % ARE s &3z == Zs A
EAp = | (28 A3y A8

2. Aed7|E

EARAE AN ZEA8AE AE AR BT AR A} S AL
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SR F, AEAAEAE, EWE 2599, ASBIE T AE AR RE
ZPZ St SYE7 L BRFshe FARSHARY ALINES V€L
sl om, olo] chat MM NS E 55~ ¥ 573 1Y 5.1(H=R : BE
Az}l

E 5.5 AY/ExRY &

& = | £ A ® 7 F 3 €
. 20003y BRI 2.4
2E A 2.2
HeE 5 NeANB(FYSLI) | A 11 2.2y
H abajgp 105 ” 105
g ol fF4 9.6% " 9.6F
231 48 .
98. 52 98. 5%
(o] §-F2u1) * *
RE 57 A3 0 KE
A% . 215
s T T
&3t AlF 110kg g 110kg
&3 o 1804 Fivled L 180
RE A 2AE 30% 7184 cjuinl & 30%
FRE AUE 80% FRE AAFS iy 80%
FLE | zavens
SERRTS 1757 | FR ol | T
1%
% 1. AZFFBNE
2. ZENSE]S ¢ 80%
3. 2% n$eiRE (20%)2 AAFE 37
4



F 5.6, A A&A o] B J2

Algd 4
Al & g A E
()
£ = uh 365
A
dAE 297 107
E
EE|  |OREE £8712 | 10
A}
THE {2 90
12 P W il 7
Hut=y
& 7z 21
AHE R Ap-& 7] 2 46
S EY A&7 53
vl & EY Alg T 60

ARG A

(414

a595(d)
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3. BRAANE

712, &=, iy, 29, 4FE 5t J1dase ¥ 5 odon olg g4+
A guict 2l Exbs olE 71884 E F §83oF FAFola F¥AHA
Ald Ao =Fo] § ZHolr},

7. wdsE
AZAHE FEANEY AU 48, AFste AZEI Ho 1
4 BF7ee EAY wd4ES Wl JlEos BRUT

8. m3el 19 WAL /1Eoe B U3 AR 2 v 45
oth. & EE J1E0E UAAE ABST TAS ARSAU Aoy AA

¥ 5.8, 19 FH72 7€ FALETE (Rt)

19 BIFNE 3 A A 7NF 3
0ColAt 9 12 Mild zone

0 ~ -10T 9~14 16 Moderate zone
-10Col 5} 14 23 Cold zone
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¥ 59 MdALNZZA

A7z HAA7I2BEA | AT | AR HdEss | 4AL T5
2w tn (C) TAC (2.5%) R.H. (%) V (m/sec)
% E -10.7 -7.1 55.3 3.8
& A -17.9 -13.3 69.7 1.7
7 = -10.8 -7.2 56.4 3.7
A & -14.0 -10.0 65.2 2.8
¢l £} -13.4 -8 4 67.4 4.6
& £ = -6.5 -3.4 70.5 4.6
T o -16.5 -12.1 70.4 1.7
A At -12.9 -9.0 74.0 2.6
el F -16.9 -12.4 72.0 1.9
2 A -13.9 -9.9 71.7 1.7
2 F A -13.3 -9.3 65.8 4.1
x 5} -9.7 -6.2 58.2 3.2
= At -10,1 -6.5 2.4 4.4
ch 7 -10.9 -7.2 60.2 3.1
A * -11,8 -8.0 73.3 1.1
3 At -9.2 -5.8 63.2 3.1
3 F -10.0 -6.5 7.7 2.6
- At -7.9 -4.6 55.3 4.8
2 = -7.2 -4.0 62.5 2.9
= X -6.5 -3.4 74.5 5.1
o & -7.6 -4.4 61.5 5.1
| F -1.7 -0.8 73.2 5.2
A4 #} X -2.2 -0.3 67.4 3.6
Z + -10.4 -6.8 64.9 1.5

¥ 1) SdFA AxbgA

t:d to
ta—t

X

t = - x 1.2
a

A7t ¢ DI FA (o)
x : gtdzje] dAEE (kcal/m-h-TC)
a @ FHEAYE (kcal/mh-C = 5.0, 4-6)
ta - to: AU LX(T)
te ! AUXEFALE (T)
1.2 0 4PE (20% 3-8)

2) @5 AAAELE ASH AHAYIRA (Technical Advisory
Committee 2.5%) &-2%,
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U #BIEAE

FAhloles B4 AT F71E AG FF3lok st a2Alole FH Lol
B 2EE HAIlE €& FANNeE wi&do} sh, A=y FII K}
&5 A Asiof Rrh. ol Al}E A= whEF Y w2 "y
ol BINE HASIA FAIStHE AR BIIYAY AP ARUAE IFH

71%& A3 stoio} gict.

HBolyrloe 2 7IA] (Natural Ventilation System), 7]A37]=}Al
(Mechanical Ventilation System) 12|31 AHJIAIZH7|urog pHIF 2
o ARG Edhl BABE(B)E AAUHE ol &shs A
o] UAANES HAY EAF BhE o] A Yajolth, Eap)
71E 2o YoAFAL miFE yE A o= JAYE ol &3t Yalg 7
AR Aoletstn AEA BIIYAE A B JARIYAE 4%
Begos olget wAE Wyt

B71gae B o182 HW QWAL AE 751 (3kg) o142
FAl (RUE AY) ofAE AL F& PAolekn shn Qoo olmd Ay
AAME &4, HFEFE, dAUE 4 FHERE, SERE Bl U E
Abe AHARIAS AASIE oY, EEEat ojfAlE
BI19A S 2 &3t oUA]FF3t B JIA™RS A RES ATl

BolRE A%k 1€ ¥ 5.10.3 & 5.11.8 27kx] W]o] glom &
AZEZEAT B/ MY 712 E 5.11.0] FEF ok

E 5102 &9 & 5.8. 0 3] AL T FHFEANA ARSTHAE 7
2BEE 12% 7 AAZIEB7Zoln EAMRAIIL R 1272
Tz F|ne 2= {AT} AHFER oj2AE FFAFI] $l3A
HEel 2A(¥YE)7t 4oy ot

fr rr
™
]
¢
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E 5.10. EAY Y &-FE §AIE

AR EE &&= 25T
ey 7I2EE  |RASELE FAEAY BIZ A - 9
(kg) |[A271 |27 RH % H o LEX7E
() | () (/1IN (AT (o)
180 12 25 85 1 95 4
150 12 25 85 10 85 4
125 12 25 85 10 75 4
90 16 25 85 8 65 4
70 16 25 85 7 55 4
50 16 25 85 6 45 4
30 18 25 85 5 36 4
20 20 25 85 4 28 4
10 20 25 85 2.5 18 4
EERE| 16 25 85 25 167 4
¥ BEE + AT 1 RS Ex olHF ol Y HL(AR)e Adg o
F 5.11. ASAE 4o BI(SARI)E (F9F)
7] ¥ [cfm (mw/min) ]
A A A F (ke)
A & 7 3 & 7 a1 & 7
EE + R}E 182 20 (0.5660) | +60 = 80 (2.264) |+420=500(14.150)
271 2t € | 5.4-13.6 | 2(0.0566) |+ 8 =10 (0.283) | +15=25 (0.7075)
2} £ | 13.6-34.0 | 3 (0.0849) | +12 = 15 (0.425) | +20=35 (0.9905)
& 4 £ | 34.0-68.0 | 7(0.1981) |+17 = 24 (0.6792) | +51=75 (2.1225)
8] & £ |68.0-100.0 | 10 (0.2830) | +25 = 35 (0.991) |+85=120 (3.5960)
UAE(FNE) 147 12 (0.3396) | +28 = 40 (1.132) |+110=150 (4.245)
FEE(+HA) 182 14 (0.3960) | +36 = 50 (1.415) |+250=300 (8.490)
% 1) cfm = 122 14HIE (I1nd = 35.34YIE)

2) +BA] 22z 7|35l wet F7RA Folof st B

] a2k

3) EREA} #ILE

(lcfm = 0.0283cmm)
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stEd £l ASTUAE RALES HASL Jo mE
Aex BEe} 7hewd Fol AFH oMo} Y.

& EAmlee) stedAsEoln, E 5.13.& FAh) 2 BEL
dFFRE EAY FolTh,

Jdo

E 5.12. EAhutd I HANE

B HEx XX 2| A x|k

92 ME | e () }:;;r ! 3}37; & ‘%W‘/i)‘ °
24 - 13.6kg | 0.60-1.40nt/5 | 29.4 - 35.0C 323-430
13.6kg - 34.0kg| 0.10-0.20nf/+ | 21.1 - 29.4TC 38 269-323
34.0kg - 68.0kg| 0.20-0.28m*/F | 12.9 - 21.1T 38 269-323
68.0kg - 100kg | 0.28-0.32nf/5 | 10.0 - 12.9TC 46 215-269

% felvet ZlFoM e $HAY,

vpehhyg x| dbeth

gorEye] BETY, JUENINE

T

¥ 5.13. €971 &3%

AL & w© A ZujetEa} /
SELE (T) | gsm) warEn | Co e
23 g Hutet
26.6 1,000 -
RE + 2= 21.1 750 -
15.5 - 0.9
gl =
ol = 29. 4 90 -
(5.4 - 13.6kg)
=} = 23.8 90 S
(13.6 - 34kg) 18.3 - 113
J_
g -ulS el 12.7 150 -
(34.0 - 100kg)
UAE/FRE 12.7 250 -
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% 1) lkcal = 3.968 Btu
o] d FAXE AR <E} ¥I7} He JEoMY A
3) 2287 (COLD WEATHER RATE)ollM= o] F3x|8] 2u) 28 $3%.
4) AEFEE HE Y HEE stojof
5) R}F=79 (CREEP) 7}/l & me} 1728 3,

gl ReINE
Zxhge] 2x9 AEIED FElYo] whE AAYIES E 5.14.3 ¥

o] 7]&Rich

E 5.14. Ex HddY =&

a o z = BHE £03Y| WIF 2049
{foot-candles) (Watts/ft?) (Watts/ft?)
placl 15 0.6 2.4
Zp=ub 10 0.4 1.6
S0 S EY 5 0.2 0.8
o] B ArEY 15 0.6 2.4
AMEY 15 0.6 2.4

% 1 foot-candles = 10.76 Ix
1 Ix =tlla/nf

4. EWAADIE

k4

2}

it

i
o)
5

HAE A5t g VFZ N3} AEHA LI L, HASHA

2y g 4 e 4§ AFsjor Ut

et

gol FHxlofA gt FFF o] HIHMME A AL EdwAo]
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Rojglojof 5t Al PELS YR ZARR|x| eolol Wolx AL HA} whaba] |
om Al F&o] Folo} 5} RE ZZEL QtAY FZE MA|stolo}
gk,

T3 Evlo] HAH YY FRoE HISNAL By ARstR AR
SRS SHoRRIT wiH, F4l, 2)4), g4F 0] YASHA TREA shezE
s FE RABsI] gIT Sbolch,

T Eolq RojRi Ewe] FHoI ¥AL AR slgolt A Aa
ol WA A4 HY 4 At YOS AAY NFo| W 4= Atk

F 5.15. 2 & 5,16 nj=e] £d =9 H3yoln, X 517, & FAESEA
Az} ojFe] FAHAUE, FAV|EdF4Y FAARYE uj2¥ ooy By

¥ 515 AE(FRE, SVE )Y FY F2AF (n]F)

Z234E | AN&T B
AF 1 =%y 2537
T vletEnt | BB SatEn
(kg) F&5+ {cm)
{nf) {n)
25521 113~136 3.7 2.2 65 7}x]
ZFH= | AAiE | 136~226 4.4 2.7 6712
4% | 136~226 5.5 3.7 15 71.2 x 213
2= |113~136 1.8 1.3 6~12 55.8 x 182
dr=
AAE | 136~226 2.2 1.8 6~12 60.9 x 213
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X 516, 8. 89|85 EY FY F3EF (v]2)
“ch 35]_‘_2%
Az LT REes
(=8, AAesh)

Lb kg sq/ft m
15~30 6.8~13.6 1.7~2.5 0.15~0.23
30~60 13.6~27.2 3~4 0.27~0.37
60~100 27.2~45.4 5 0.46
100~150 45.4~68.1 6 0.55

150 ~220(&3}) 68.1~100 8 0.74
¥ A4E 15 & 1849 1-2F &% +=%
AL 15 J& 1EYY 1~2F 571 =&
¥ 5.17. &9t 4 71&
SAEEHEAE nj=e] Fdd3 Hi7led 34
T & ] ] CES
F4(m) |, F3(w) = FE(m) |,
i (nt/F) (/) (/%)
3 = 9.72 3.7~5.5 |3.2x2.4| 7.36
o|28! YAE |2.2Xx0.65| 1.43 [2.13x0.6| 1.3~2.2 [2.2X0.65{ 1.43
= 3.2x4.0
R R S MR 3.1 2.2~3.7 - 2.56
. {5%)
3.2%3.4
FHEE(ZAD 3.1 1.3~1.8 - 1.82
{(65)
BEotE | IR E | 2.4X1.7
- , o 4,08 2.7~4.4 12.4%x1.6| 3.84
=} XepmE (Jixl4)
2.4%1.4
Rp=uk 0.3 0.15~0.37 0.3
(115)
3.6%2.5
S48y 0.6 0.46~0.55 0.6
(155)
5%3
v} = 0.9 0.74 1.0
(15%)
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uh St dA JE

=dutee] Fels gt FAZol Y vigo] gt ¥el, FHYEC}
10cnB = St3o] wpigE A3t Pel, B4 ANE &2 71 Py
a2 SHEY 4§ SReE 7R FESUNHT X guz B
+ itk o] 471A] Held estuliye] 271x7) FEAYGY TEHA, A1y
3 A7 HE, dAv] B5, ExAY JAMNE FEBRUHE AR}
F43] golrle Fefolrh

AP E2AALL A RAole FoU FEERCTIE YT oo
He @Ho] AXH A27lo] HA] NZLETl Yol AAMo| rt. BEL
BERlM estE dAsHA] 2 F-E &3ty dane 2:10] 710

L o] ulgoll ofzHy 717t A8}t

ch ER=we A

TUEYS B3 ER7L o] FAR REZ} XHE0] A MY mlE=
U7 o] FAREL] AR HALER o] £HI|E5H= A|Mdojt}.

o] X2 BEZ} Apeo] £35h= olyx|RRe] ti2 s wiel ¥ =yl
A= H-B4YF o] & dA|H ofopRirh

AERLLIAEAY Yol AEE ol 83hs B4R YY, uige4d
Y, IEHeYYSol 2Uct

AER2FHEAYY Y A S v 25 AFE o] 83k B2
AA L Abgol 7HY goldtut 3 Y oluA] Fgo] W o] thA
olef, wlehehEAe AIMMEXE oy YA EsL s Fon oy
AEgx Frh

SUEY St Irle BREY A7), 2RI, Yy Sl gjal 2
N 27} detdict,

cUEYe] 52 R wet delAn, 3~4F o]fA] 220em, 53 o]
Al 240cnE FH el
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EUEY vl 2E AFAd] 249 kIt EXUSE vl FALE Fol
Ao uiEAlA oY, FALEE ulHe Z¢ 1/2471x] ST

gt BE(FT.84. &)W 9 A

UAES B3 dFd A7 JALEA Ae]she PHES wWol 2
olx glen, UNAFE ARSYHAY ol &4 Fo¥ A2 2 FTAM HAE
A58 i go] FE ARE Foisteio} 3, thelY Jlo] AsE ==
7t FARES el ulste] wlo] WASIRZE ool HAE Z]3lof Rt Y £
E2 B30l AHEA g9 g} FHo| HA| UEF Prl

SEYS i FF AL o857 "o F2Y WY S Fojof s
250l = B¢ WAL 4 A spIE Uk FEWH FEVLA 4
S e stn, el ol 140emold A= o] dutHolct,

ol S 8]{EHe] HA

SPELL o] FALEANA HSEWL R §U|Y] Azt HAE SR E
Po g2 olfHH AF 20k7IXE Mtk A28 JIEshe o7t wey 40
kgZhA & |72 FE3VIE ¥t

Bl S EYe 24| ol ¥ HAE 483 EYE A Uch

AFE FENMNE AV EYI u]SIEYE FER U BT gou
$24719 ulR7]E oyxl a3 o] APyt o7t 2R sHs¥ EA
Ex2 33 o fesith |

EatuletEwol Zt2o) MES] ¥]&& 1:2.5 ~1:37IA & 83t o)
=3

EF BESshule Ewoly 32 Enie of &3t v]&2 2.4~2.6 ¢ 1
olgf, ZAAIEE 1/24~1/162 3t2 &3tutehe A E vidtir} 2.5~3.0cn
Al &7tk

2471 FARA 71 W3 ERAA T2 e o HAES

o

fit
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2ol Fonj, HAZA=E HEE 7[E3t At Eo YulE Yol oF
d g dLen, ARE F2H SAINEF Yrh

g T8I 15U E 728 3n, £ B2 ARolF F
Ocn)E 71EL2E & ol In§ 7]EL% ¥t}

sto| F7] AAA] A7 ARA golE 24 4 AU FFVNE HHdte

H3d 2dd EAMEA
1 =1 EApEA
7} dART EUs 13

1) 2E 3d&

ol AR AtGrIexEY 71EY F9 REHAELES FYF LI 2000
do ZlexidolME 2.288 Aoy, £ RHsidodE EREAe} AHE
AR} BrjA Mol B AxEA s8] BE BE HAST 2432 2AEG
on, 23 B R IoME B3 Axte Aayos 733lq RE HASS
2.48 2 3}c}.

2) BA BESF e (FU8F 71E)

N

7 8% x 52% _ o4
2.4 (R= #A8) N

% Bul oAl Ax] RESE 150-17088 o&

- 107 -



3) AR A3
AT BEIAL 2.40] 23 BE I4FE 71208 AUE AAR
2 (A7l E, ALQARERAE, EYE 2544718 2 AokAe] 71 )

€ 383t} & 5.18. 3} o] Ar&sicth

X 5.18. BE 174F (F78F )] o AT

}
+ B A A 71 £ i Bl 3
= A
Tr
174 X 80% = 140F(2+3)
€ E 2

(174 -140)+17
RES A 24
AE 126 | &8
174 X 2.4 x (107Y+4A534)+365

RES HA+ 8%

ne

FHoINE 12 | 3ab
174% X 2.4 x 10¢ + 365
EEF AdE A5 P
FRE 16 | A}
1745 x 0.3 x 90 =+ 365 = 0.8
u| gZRE mEs HNus dus 454
.| EREE ~ . "
T l(mgatE) 174% X 2.4 X {(79+2190)+7¢} + 365
e | FUGANGA ETEY NEREN IRAETE
i I M5z Y

BES AL AL FH4E ARYs £54d
= 538
1745 % 2.4 X 10 X 0,96 X (46 + 3) + 365
REST HAZ ¥ KAEST F48 ARLds A5Y
LAEn 606
1745 X 2.4 X 9,6 X 0,985 X (53 + 3) =+ 365
2ES HAE v RAESF FY & AU &5Y
v-&-=% 692
1745 X 2.4 X 9.6 x 1 X (60 + 3) =+ 365
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4)

HAEYS

o Atz

BTl 23 "W Ewes R 519, 3} Yt}

X 5.19. BE 174F (F285)2 Ax|F 4o 3 Euts

2 | €W F3 |+g| wa gl
s ] s
Tl 2 71 |8 F (Fe|eus =g

9.72 ,
& = 2 1 2 10% 2 2
/5
A
@ QiE=| 126 (2.2%0.65] 1.43 1 1 | 126 " 139 140 |AE
&
= 2| Y ‘ .
12 " 3.1 | 4 3 - 3 3
A [ cf7lE
*r e =
16 3.1 | 4 4 10% 4.4 5
( 2+ A1)
Bt [th7|BE 2.4%1.7
40 4.08 | 1 40 - 40 40
=y iZgReE (U2 4=)
0.3
Z = u | 538 20 | 27 - 27 28 (2%
/5
0.6
£ A4 =9 | 606 20 | 31 10% 34 36 7
/5
0.9
v & = u | 692 20| 35 a 39 40 "
/5
¥ B4 SARELAEE ALY
L ulx] W oA
=AbE wiXE ARTAEE YAl-E-XHE-SA 8] 8-&3512) ThA|J} o] 2
of A=F wjx3tdz, FY AE U A f¥e EAE Adsy] sl g &=
ALE HUFER dAsiged, 8§ AAdAE BxAe AHE& 283tr] o

otct.

Exbd wix] Q) BREAYL 2y 5.2~ 2 5 12(2=R
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2112 EAbdA
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AA LT
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&

)
m

=
—

2E AL

2.281 8 7122 MdAE stglch

27t 68 x 523

142%

)

<Q
=

&

¥

xR ool A RELF 130-150F8 o4&

N

%
KR!

VLR AMSF7

Lt =
T

A}l
o

AFrE ZEHAE 2.29 A BE 142

U a5d7E Al 7€ F)

& 283t E 5.20. ¢ Po] A3}t

A (ABNEAE, AHAEAE,
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¥ 5.20, B2E 1425 (F 768 )] wtE A F+

Arzy
+ B bl At 7] &= Bj 31
4
s = 142 x 80% = 1145
= 2
(142 - 114) + 17
e 2E+ nA+ | 484 oo | os
e 1425 x 2.2 x  (107Q+A53) =365 I R
. BES H4+ 484 o s
i Lo b
1425 x 2.2 x 10 = 365
o BE+ 248 A8%d  due i Lan
T =
142% %X 0.3 x 909 + 365 =~ 0.8
= CH?IE_% oy
tees BES 38 W9+ 45 "
) B
al =y .
2k 1425 X 2.2 X {(70+21)+7Q} = 365
_|(ERaE T
S| e | FUSIARA BUEY ST GIRAETE
u} AT
° EEE FYsAUE
EE4 57 VA4S %48 ARYF 259
AHE ~ 403
1425 x2.2 X 10 X 0.96 X ( 46 + 3 ) + 365
P BES AL 8|8 AES SAHS MNRAF £5Y 454
°Y° ] 42%x 2.2 X 9.6 X 098 X (53 + 3)+365
gy | TET NS NSAEL S4E ARUs aRY |
= O
425 X 2.2 X 96 X 1 X (60 + 3)<365
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E 5.21. BEE 142F (FT65)Y HAF5o 3t Evps
!
A EEAR legl wae dAR?
+ & - +& AdA (¥
S| a7y dA |FT|EYs e ‘
9.72
< = 2 1 2 10% 2 2
m/5
A
QA= | 95 [2.2%0.65] 1.43 1 g5 4 105 105 |AE
=&
=& 7
= 9 ” ” 1 9 - 9 9 25
AH o7 E
To=(32h) | 14 3.1 4 3.5 - 4 4
2ot [H71R2E 2.4%1.7
30 4081 1 30 - 30 30
% (zgRE (=14)
0.3
R} =ub 403 15 27 - 27 28 [I15%
nt /%
0.6
S Ew 454 20 | 23 | 10% 26 26 |2%
m/5
0.9
4g=9 | 518 20 | 26 . 29 30 |«
nf/ 5
% BYFAL FNEEYASE Aoy

U i @ HE A

3 54
alotth
U gAY e

4
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Ul

AL EX

7}.

2H5-S 133l REF AL 2. 43 % st}

)

)

=
U

2(F7 145 7

% RUYI oA o] AlA] RELE 270~3205F2 o

)

BAF4E RENAS 2.40] B B

A (AL E, AEAEAE,

& #3lo] ¥ 5.22. 32} Po] AtEdlgrl
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‘a2
7 2 A X & 1 e
I
304 X 80x% = 244%
€ = 4
(304 - 244) + 17
RES+ AL +2d
QANE 220 | A8
304F X 2.4 X (107¥8+45%3¢)+365
BEs HA4L £8Y
FRYAE 20 | £&E
304F X 2.4 X 109 -+ 365
BES4 BAE ASY Ag
zR= 29 | A
304%F X 0.3 X 90 = 365 +~ 0.8
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a. cold b. comfort ¢, too warm

Fig. 6.1. Behaviors of pigs under the different environmental

conditions,
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Acquiring raw images of pigs

v

Binary image

v

Reducing binary image

Y

Separating slightly contacted pigs

v

Labeling

y

Removing noises

and

computing number of labels

Y

Classifying the pig’s behavior

Fig. 6.2. Flow chart for classifying the pig's behavior.
1. g74e] o]zt gl ehdd
Exle] F2 UNNFE B8t Wilo] ol Hoje, ol oA ¢
of Zx7 Edd¥ ¥t oliiel 101x Uigjo]r] wige] FU-& FivelE ol &

sto] GAE ¥EY F BYwre s wiP 2R S F4E BH

A Fstr7] 2eksich. 2y Ze} stejelE ol &l H5H g2 HA

- 121 -



2 EHol AUFLT A(6-1)2 ol &3l uiFcziey HAY F3&
BEA =7 + Ak webA et FieE o] &t 4L HEY ¥
AH(6-1)& ol§3td 4 HA(pixel )] B US A vk 8= 3ol 7I1E
L oldeld 1, 1 2lofl= 022 o] jirt

_ RtG+B (6-1)

q71A, 1

i

ZlalodAlel WX (Intensity @ 0~255)
Z A {Red : 0~255)

= A (Green @ 0~255)

= Z A (Blue : 0~255)

1

o W

Y] A= 640x480 olth. of & FAE o ZAE AHedtede
A717F AL S AHestetl 225 Aol visie Yoz g 4

] ol AFERS EYsted EHE 2HsiA] 4 FFole
dert gt weEtd 4SS Fadls dFEAE E8ste

S
A
2
e
b

A 25l k7] wiRol] oAl 1/4uQl 160X1200.8 &A%},
%, WS B4 oz 2y Eysid Z4d 4 BESL 1Y oiwt 12
I 9o 028 sl ZHAgiTh

B2 ol WatshA] e Adeizt B4 W ¥Eol FEHA U4z U 5
olZ ofzt M&sln U AUE Wyl olg} Po] FFIinE Qsto] WA
He JEMS Uasia A do A&l vistd Moy eg gy 1=
2 Aoz B2 AEAE 3o} 028 AHejshd Wastx] o4 HAE ¥
glg 4 glch

the3 22 wyhe (0,0)~(160,120)8 A6 tisle ¢atyog Ee

- 122 -



g FYUTLEH YasiA] 2 HAE Y 5 r)

a) 3% 6.3A zglol 1A p(i,j)E FHe= 2A(zk p(i,j-3),
p(i, j-2), p(i,J-
stof, whe} & Ex= 59 7zt HA o] BE lojd iR 1T sta o

o= 022 it giek Helgt Ao} 1ol b £4Z dojztz, 0o|H bo}

c £AE AYSIIL p(i, j+1)& ol F3td a AFE tha] Alzlgic)

1): $: pli,j+1), p(i,§+2), p(i,j+3))& Ztz} 3744 =24}

p(i-3,j-3) p(i-3,4)

pli-2,j-2) pli-2,§)

pli-1,j-1){ p(i-1,j)

pli.j-3) | pli,j-2) | p(i,j-1) p(i.J) p(i, j*+1) | p(i,j+2) | p(i, j+3)

pli+l,j) |p(i+l,j+1)

p(i+2.J) p(i+2,j+2)

p(i+3,j) p(i+3,j+3)

Fig. 6.3. Rectangular coordinate for processing image.
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Tabie 6.1. Specifications of CCD camera

ltem Model Specification
Image sensor 1/3” IT color CCD
Pick-up device 768(H) X 494(V)

) 525 line / 60 fields
Scanning
/ 30 frames
CCD Camera | WV-CBPA10 Horizontal frequency { 15.734kHz

Vertical frequency 59.94Hz
Resolution 480 TV-line
S/N ratio 50dB

Electronic shutter

1/60~1/15700 (9step)

Table 6.2. Specifications of image processing board

Item Model Specification
Video input 3 multiplexed NTSC/PAL/RS-170
. Real-time scaling and image
Processing ..
clipping
Resoluti Color level - 24bit
esolution
Frame Spatial - 640Xx480
DT31563
grabber Frame grab speed 1/30s
No one-board memory,
Memory uses PC system RAM for image
storage
Display Uses PCl display card for display
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Z 4318 0] low pass filtering?] BIE F7] wjEolc}.

(cold-1) (cold-2) {cold-3)

Fig. 6.4. Raw images of pigs under the cold environmental conditions.

Table 6.3. Major environmental factors under the cold environmental

conditions

Item cold-1 cold-2 cold-3
Air temperature(C) 14.5 14.8 15.4
Floor temperature(C) 13.8 13.8 14.0
Air velocity(m/s) 0.11 0.13 0.13
Relative humidity(%) 45,2 43.6 50.1
CO.( ppm) 1100.0 920.0 978.0
NH3( ppm) 4.3 3.5 3.6
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{comfort-1)

{comfort-2)

{comfort-3)

Fig. 6.5. Raw images of pigs under the comfortable environmental

conditions,

Table 6.4. Major environmental factors under the comfortable

environmental conditions

Item comfort-1 comfort-2 comfort-3
Air temperature(TC) 21.4 21.9 21.6
Floor temperature{ ) 19.0 18.6 20.1
Air velocity{m/s) 0.15 0.17 0.17
Relative humidity(%) 55.2 46.6 51.1
C02(ppm) 1119.0 890.0 993.0
NH3(ppm) 4.1 4.3 3.6
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(too warm-1) (too warm-2) (tod warm-3)

Fig. 6.6. Raw images of pigs under the too warm environmental

condi tions.

Table 6.5. Major environmental factors under the too warm environmental

conditions

Item too warm-1 too warm-2 too warm-3
Air temperature(T) 24,5 23.9 25.7
Floor temperature(C) 23.1 23.6 23.7
Air velocity(m/s) 0.18 0.18 0.20
Relative humidity(%) 65.2 70.6 64.1
C02(ppm) 751.0 690.0 786.0
NH3(ppm) 3.2 3.6 3.1

- 131 -



{cold-1) {cold-2) {cold-3)

Fig. 6.7. Processed binary images under the cold environmental

conditions.
(comfort-1) {comfort-2) (comfort-3)

Fig. 6.8. Processed binary images under the comfortable environmental

conditions,

(too warm-1) (too warm-1) (too warm-1)
Fig. 6.8, Processed binary images under the too warm environmental

conditions,
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{cold-1) {cold-2) {cold-3)
Fig. 6.10, Pigs images processed by separation method under the cold

environmental conditions.

LIS

{(comfort-1) {comfort-2) {comfort-3)
Fig. 6.11. Pigs images processed by separation method under

the comfortable environmental conditions,
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1V

(too warm-1) {too warm-2) {too warm-3)
Fig. 6.12. Pigs images processed by separation method under the too warm

environmental conditions.
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(cold-1) (cold-2) (cold-3)
Fig. 6.13. Central points of each label under the cold environmental

conditions,

(comfort-1) (comfort-2) (comfort-3)
Fig. 6.14. Central points of each label under the comfortable

environmental conditions.

(too warm-1) (too warm-2) {too warm-3)
Fig. 6.15. Central points of each label under the too warm

environmental conditions,

- 135 -




AH5d 2E

A7 el Ae 2d BFo| TASI VAL AolY wl Yo A
& 23 BES EFY £ U= WAL uslyl sl +usigon, o A
2o Az gostd the gk

I Hle 23 9542 MuE Ze} 4L HSY ¥ o]g ojus s,
ol o)W A NAL Gl B4, Wtz Be HA Rl U, ol

2 AA 9 2 £+ AL, 8F EF WA= ﬂﬁlv}—- dnel &S Austa
c}.

2. odabxal Ajale St=glolE Zebg oD sheleh(=Y : W-CBP410),
AdAe] H=(2Y : Dr3153), FFE|(586 Pentium)E FAslglen, T
282 LabWindows/CVI ¢loj g zpAdslgdct,

3. i FAAe] A Hxlo] H &l 10.01x0lA BEE EFUA
24z, FPEE YES VIIA SFY 4 Aok gEty AR GAdA e

AARE EAR B A o] ARl 8E £ 9l A= HriEdch

He6d sy

H

1. Boon, C. R. 1981. The effect of departures from lower critical
temperature on the group postural behavior of pigs. Anim, Prod, 33 :
71-79.

2, Geers, R,, H, Ville, V. Goedseels, M, Houkes, K. Goossens, G.
Parduyns and J, Van Bael. 1991. Environmental temperature control by
the pig's comport behavior through image analysis. Transactions of
the ASAE 34(6) : 2583-2586.

3. Geers, R., V. Goedseels, G, Parduyns, and G, Vercruysse, 1986, The

- 136 -



group postural behavior of growing pigs in relation to air velocity,
air and floor temperature. Appl. Anim, Behav. Sci. 16 : 353-362.

. Mount, L. E. 1978. The Climate Physiology of the Pig. Edward Arnold,
London,

. MWPS, 1991, Structures and Environment Handbook. Publication MWPS-8,
Midwest Plan Service, Iowa State University, Ames, IA.

. Shao, J., H. Xin and J. D. Harmon., 1996. Evaluating thermal comfort
behavior of young pigs by neural network. ASAE Paper No. 96-4058.
Wounters, P., R. Geers, G. Parduyns, K. Goossens, B. Truyen, V.
Goedseels and E, Van der Studyft. 1990. Image analysis parameters as

inputs for automatic environmental temperature control in the piglets

houses, Computer and Electronics in Agriculture 5 : 233-246.

- 137 -



MN7a EAF SEEEANO A|I2ES 74

A A

Al FARS AEs] g GEIRY Ble] WA woldel wet
Hohehe AMRNEo] HFHDL QAT T St EAAEL] 7)Ae} 253
ol BY A7 LEHOT ChVE FE AR Fgo] BIF FE @A) 3
G4 NS AMA %3 IGE o|gHT gt Aolth ol st FE
et GEAMS Mol QY ZA, 7% chEel J& Bal, Zelw A
gabe] 2] Sol wol WA otk

fxl 9o Uets @Ee] Fmsiet Woistel ohet A BHEA HFo]
SHojE L Qe Agelth B8 BRAel AW BH, il R Lo
oal w7 HASEE AEOT WA BIIAE AolsFE B
o] 2 o]SHI QUTh EY ALHol AFEA} FREAIAE HE 244
¥, LZPUAE shestel Fuj, YIE olgstol FHeg AAFE AeE
olct. ole} o] 7] LEWE TSt BAANE B Ae WS EAS
WAl 4 otk shtshd el HAT Azel BE WAL o4 F
M 27 eE7t 4% 3A ARE wAAAE &% 93 fta 27 &%
S5 ge dug nxy] gt EY 37 27} Tokm A B 9
o MZBLEI} P + Ak & /) L7} PAGE e BReLI} U
shaol whet A8 MZeEs} gebd 4 ek

Jel3 PC Be] QUsE AA-RFE-AARNE THE AdA] AA
o] ExjAMel AESte] BALSH WY Ao ARHLh Y Eab
Wil $AMo] 2 fal 7hast WA A U el Aiy F
& alAE WA gol Exjalr] WEol o Ustel AN FA M4 e

TAgel Y8R glch

ot

p——3

- 138 -



A 2 dFe g2 fel delold &Y FEEet Acistel miet go
B e FEEA AEsta, HAe AL = B s Y
Aoz BRFAE ¥ 4 At BY BHA ALHE NUs] SJte] +3
Elolon, AHQ A7 FA2 ok} gt

1. f3i 7:22} wRe] tiste] vFigo] 3y, HAe] M 2d Pl
At BREAE sted SEE F U WFMAE 0183l BRAAE
4 5 ole daEFE Edich

2. MUd daelEE ol&3te] EAL YR R E SUHLE AHo¥ #
A BAA] AAHEE FAHUCH

ute}

AH2d Aol dazlE

E4 Rel BE HUHLE sk 1@ YnFS 1 719 Ul
@ 73} o] & »1 1E 08T A 2E Y BF, 3 (DA
PR} 712)) FE A%, EA U¥e] SE AS, E4 9¥e) 2E A

%, %) 9A A, wprle 2, AV 23, - ¢8I e, BAA
ZR7) AF DAR FE=E Uk

- 139 -



Classifying the pig’'s behavior

!

Measuring concentrations of

C0; gas and NH; gas

v

Measuring indoor relative humidity

and outdoor temperature

v

Determining ventilation control stage

)

Controlling the exhaust fan and air inlet

Thermal comfortable behavior

N
Operating Operating
the heater the air-cooler

[ 1

Fig. 7.1. Flow chart for controlling inside environment

of windowless pig-housing.

- 140 -



1. BFEF

olu] gratelq MY ule} Yol Hx Y e ZH UE ERE A o
A%, dxe &4, Uaskx] Qe HA Fel, 2h¥a(labeling), ko=
(noise) AA F el 4 AY, B5 BF WA o Fol A},

Ae 23 BF 29 AR YA L 245 AU VE 5 Aoy wAs)
Astod 108 5 12 2ASE 1080] AA e 48 A4rsiel o] ZolA
7H gol VY eyl $8 TAZ s HAY AL 23 W5 EHAA

=
2. 83l 712 BE A
4} UFolA wdstel B} Az Aito] otdarg mAlE sl
izt gEUol Jla, fEl4z, UitHErs Fo] gtul, olZdAd 28
93 Qe Zlo] Wablast EUo Fhaolth weld §3) kA FolA
Rhbslas) REUo} 7lae] HERHE d4Ho AZstur)
3. B4l U SE A

Agole uje Azstod TF7) WSl WA shsAol WA Fvish,
B0l ThELE AUt ALR 2% U AN Sol WAsA Zasisl o

Fol HUISEE HA4ELE AU Wayo] olrh whetd Eab vhie) 4
HEEE Aoistr] sisted HiFES AXstadch

FE AL GBS 3 5 2zl Hkgste] AP e W S

- 141 -



o Me 23 WES A "eh o] o FY 299 U Ao AL 23
Holetn stol Ve F7MAIA BIIE sl R B Aol B ol
UAE w37l 0FS Webl ok oldY LRE WK U=S s
dstel Ae SEE AT ANLET} FUUALEYC} Yodl AL 2
Y5l BAGel HABIISS BIIE stolof Btk olgt Yol ALl WS
& A¥stedl AR A9 LEE 0§ Ustel A9 2EE AZACL

5. @7 wA AA

Hay Feldog Patsa Qe EARE wi7jd FoM EAL Uife] BF
Hilo] ulgl HALEE(rpn)E 2AY 4 A= VWS BHY, X H3o o}
gl 5THAE Z2AEE Aol glon, olHrl nAMIA 2AHE wir|WE P4t
2] o3 glth. ol sl #|y| GAE STHAE stdddl, 1ALt 5%HA
= #Ha #3783 o B1&E ZAP3IA2o{(MIPS, 1990), 2~4%tAl= 1~56
UAE 4583t AAstAch

Aol & ¥ 7 wAlE ¥ 7.29 &Moo et AR

(1) H=le] A 23 Y52 BFUch

(2) & 29 AL 23 B5Y e P4 1TAR Yo} et A9
=7t U ALE(15C) Rt ¥ e JFY Feet o 39y A
A BFdAtE o] 3t oA E 2 AT {AAFIY S8t 1Al
2 3 2eln Al 27 SIIAIEERCE $& Aol AR P9
BEY e 384, He 29 B5Y d SBAR Wk

(3) & 2L A& =23 ¥3d v HBWIE AL BY] DAE
JcoiE fA3h, o B9 Al 23 PEd des B s B 2
2 sktAR st WBwrlv g e BWUUE FAsAsa 8 dAE 1
AZ %l ‘

(4) 23 #3] 7129 =V A Lsx HI(C0; : 2,000ppm, NH; :

- 142 -



20ppn) & ZASIAS wie o] 3 e AFE B TARTE 1YA o

6. sf7]¥ =3

25 AMZ 22 W{HE ZA8t HASE(rpn)7t AHF 28 StHAR 2E
Hed HAY wi7je(29 ¢ SL-30)¢] AMAHZE sf=ste] PCE DC AY
(0~5V)& U712 HAKEE STARZ 2EH 4 =F siiich ol¢}
Zol A 2E sz F I Al PEE DC AL wirI1¥(RE -
SL-30)ell A7IsiEFL N VLSS STtAR =Asiolct

7. QAT 2
¢% Hu3t Ao] e . ol 4717¢ s

ol U778 BELLH, o
L 29y mEol s 0 Wl UolH SUAS zAHE AT S
ol g3t} zystgich. eiuksta B Aol wet As17e AW WAL 23
go=M AMY BT sk B EA U 37 el B HE
S 927l $EE Sws I AASH, B DA IA(RE )Y
Aol 42717t 43 AXolA EWs YES stz BI WA 59
(e 39)Y Beele 4877 48 BAAA =95t el ARL=g

w37] fgelgi).

—_—

- 143 -



Classifying the pig’s behavoir

Outdoor temperature <
critical low temperature

=

comfortable behavior

Concentrations
of CO; gas or NH; gas
> maximum allowable
concentration

A4

Ventilation control stage Ventilation control stage

=TS + 1 =TS

Fig. 7.2. Procedures for determining ventilation control stage.
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ACL-8112PG
pc ™
<
N A/D ‘ D/A 1 l B/0 l
| T
| P T
DT3153 Sensors SSR g Pover supply ! Stepping
L) -SSR | Power supply motor
Fan controller SSR {9 Power supply Stepping
cCcD - SSR | Power supply motor
Camera <SSR} Air-cooler
Fan
“{SSR (i heater

Fig. 7.3. Hardware of the environmental control systems,

AFe]| 133Hz, 64MB 586 Pentiumo] ARE-E elc).

darxz] Rzt coD shdelole Hx Y VHEEFE AT A A2H
o] Q¥ E ZAE Y DI31532 Lel§ W-CBP410 Bedo] ARgEich

ACL-8112PGE old®2 1 &9, tixd &y, Telx Elo|nE AMgste
BE 7152 HelsA AHEYE ¢ AES AAEY Multi-Function Board o]t}
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F 7.1. Specifications of ACL-8112PG board

Item Contents
Input channels 16 single-ended
Resclution 12 bit
Input range +5V etc
‘Analog input
Conversion time 8 usec
Accuracy 0.015% of reading T 1bit
Data throughput | 100kHz({maximum)
Qutput channel 2 double-buffered analog outputs
Resolution 12 bit
Analog output
Qutput range 0~5V or 0~10V
Linearity +1/2 bit LSB
Channel 16 TTL outputs
Low : Min., OV: Max. 0,4V
L. Output voltage
Digital Output High : Min, +2 4V
Low : Max. +0.5V at 8, 0OmA{sink)
Driving capacity
High : Min, 2.7V at 0.4mA(source)
1/0 base address 16 consecutive address location
General
Dimension 1620m X 124nn

D71 AE AAsted oy R 22E AH3] 98t ol&Een,
EAl UiRo] MAH 2% AAE BAA ] iy 4vS risked He
& EAL R 22F ASS17] $18te] o] &St

FE ANE 2= AN} npspxl2 EAb Wi Fol e, oFel
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8 FEeLRA Y FET Ao3lr] ¢ste] o&FAct

TG VA &% B2 9 FEoM Y 4S5 ASSH] ¢lsto ol &x

EbvtA Ao} )iRVol JhA AAE R 7128 $EE HE 55 He
oJUE Alojst=d] oy A&UE &1 st ol &= Adrt

8719 STHAIR AojE & SL-30(8 U AR S ol&stden, o9 J|& A}
@2 E 7.33 At} SL-302 % AEI A 4B F oA Prlew 4
BE& go2H 1,700rpn ool HIALEE STUHAR uiRol & £ Qlr) o
g Eo] % HAL 50%(850rpm)E 13 AHE AAE 100%(1, 700rpn) & dh
850rpmoll A 1,700rpn7lx] STHAZ HALEE 2IY 4 orh sizigle ¥HA
&%= ACL-8112PG E= D/AY-2] &t Ad-& F3lo PCE DC AYS ujr|fe
Aolrlo] AtgosH ZAF AT AZE HGLS 1AM 55HA o
z+z} 3.80v, 3.70V, 3.65V, 3.62v, 3.55V o|glc}.
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¥ 7.2. Sensors used for the environmental measurement

Measuring
Sensor Company Model Performance
range
T = -43.0166+24, 6525 X V
. where, T = Temperature(T)
Temperature -40~
VAISALA | HMP233L V = Output of the sensor
sensor +80°C
V)
(r* = 0.9995: s.d. = 0.2951)
RH = -24.2613+24.2738 XV
where, RH = Relative humidity
Relative 0 (%)
~ %
humidity | VAISALA | HMP233L
100% V = Output of the sensor
sensor
(V)
(r* = 0.9976: s.d. = 1.5740)
WV = -0.04985+V0. 51748
Wind NGK 0 where, W = Wind velocity(m/s)
velocity | SPARK NTK V = Output of the sensor
20m/s
sensor PLUG (v}
(r* = 0.9956: s.d. = 0.3727)
CCO2 = 10.2159+957, 7432 XV
vhere, CCO2 = Concentration of
€02 gas Mapo HANI 0~ €02 gas{ppm)
sensor |Technomax 2,000ppm V = Qutput of the sensor
V)
(r* = 0.9999: s.d. = 1.0052)
CNH3 = -B82.4188+55, 2261 XV
where, CNH3 = Concentration of
NH3 : 0~ NH3 gas
gas HANS | TS-1000 gas(ppn)
sensor 150ppm V = Output of the sensor
(V)
(rf = 0.9996: s.d. = 0.5184)
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M 7.3. Specifications of the exhaust fan

ltem Content
Model SL-30
Required power 1. 1kW
Diameter 500mm
Input voltage DC 0~5V
Maximum speed of revolution 1, 700rpm(60. Ocmm)
Manual setting range 5~100%
Automatic setting range 5~100%

0% 7.49 Fo] HEEE F433t0] U7F 712 stepping motorE A
ofstdth. DC 4~32V7t QUAZFEE A91x &S s} SSR(EH : SFD2412)L
o]-&3}o} power supply(Z® : VSF30-24: &8AY : DC 24V)of 78R &= AC
220VE ON/OFF o224 717 7AW7]Y] stepping motor( MR W)E 2HE4A]
ZAch 3A wWare grolA wet £ 7o) SSR, ¥ 78] power supply, 1|3
Yol(BY : MYASN)E AHE3ste] AHoistdrh. F 789 SSRE Zzt £ A9
pover supplyoll dZAE o] 231, power supply= 2tz F4E& delste e
olof dZx|o] glo}, 2 Yaojol AZAF Y U+ stepping motorS CWE CCW
2 AUk AHoj¥cl Iela HAZLEE stepping motors] HALKET]
4rpnql B E o83t Aoslnxl st HAAz HHE AR FU
stepping motord]] power supply® DC 24VE A7}t g Aofstoicl.
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Relay

ACL- SSR OMY4SN 24C DC)
Q12PG : R
=1 4 1 M } Q H
Powelx; ' 3 '

SFD2412 qufv’) ; o 5 Stepping

—1 3 2 - : . Motor
DO , 5 N
. —0
—— Po + __l ;
4 1 SW&

Q20 22;? I
S y
FD2412 p
1 3 2 -

Power Supply
(24V)

Fig. 7.4. Circuit for controlliing the stepping motor.

SSRE o] &3t} W - (h}lo] FFE = AC 220VE ON/OFF A|Zo=a -
Wrle] e Aojstddnh. Wil Wil E 7.491 7.50) vepd 23
o] AHEAY £¥S ARgstolrh. W7 whyzjold U ulge
dFojE FEH(200m) S Folo] EA N2 E7IES stalrch

H 7.4, Specifications of the air-cooler

Item Content
Model AW-537
Rated capacity 1,800kcal /h
Required power 700W
Energy consumption efficiency 2.57kcal /hW
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¥ 7.5. Specifications of the heater

Item Content
Model DFF-030R
Rated capacity 15, 000kcal/h
Fuel kerosene
Required power 100w
Specific fuel consumption 1.9¢2/h
Thermal efficiency 92%
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Relay
(MY4SN 24V DC)

: Battery
Power Power [~ ul : (DT 12V)
- 3 Q\\\O :
: 1
Source Supply .AJ ; ” i Buzzer
(sc22ov) || + , T |
(24v) ; (0C 12V}

Fig. 7.5. Circuit of the power failure alarm system,

X 7.6, Automation for the environmental control systems

Item Contents

Measurement of temperature,
Measurement relative humidity, air velocity,

concentrations of C02 gas and NH3 gas

Exhaust fan Speed control

Air inlet Opening and closing

Air-cooler and heater ON and OFF

Alarm system Alarm under power failure

2. AXEo]

#AA o 2 25 AARG 9|3 EE WL LabWindows/CVI o2 24
Haom, Zzael & AL O3 7.63 Ut
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Fig. 7.6. Main menu of the program for the environmental control

and automation systems.
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Fig. 8.1. Interior view of the conventional pig-housing,
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Fig. 8.2. Exterior view of the reconstructed experimental pig-housing

Fig. 8.3. Interior view of the experimental pig-housing.
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Fig. 8.4. Continuous slot inlet controlled by a stepping motor.
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Fig. 8.5. Pit ventilation duct in the experimental pig-housing.
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Table 8.1. Chemical composition of experimental diets

Item Diet 1" Diet II*
Chemical composition(%)
Crude protein - 17,5 15.0
Crude fat | 4.0 3.5
Crude fiber 6.0 7.0
Crude ash 8.0 8.0
Calcium 0.8 0.8
Phosphorus 0.8 0.5
DCP{%) 12.10 10.3
DE(kcal) 3,350 3,290.0

1) For pigs from 10 to 40kg
2) For pigs from 30 to 100kg
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Fig. 8.6. Daily changes of the temperature in a room

of the conventional pig-housing.
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Fig. 8.7. Daily changes of the temperature in a room

of the experimental pig-housing,
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Fig. 8.8. Daily changes of the relative humidity in a room

of the conventional pig-housing.
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Fig. 8.9. Daily changes of the relative humidity in a room

of the experimental pig-housing.
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fig. 8.10. Daily changes of the C0; and NH; gases in a room

of the conventional pig-housing.
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Fig. 8.11. Daily changes of the C0; gas in a room

of the experimental pig-housing.
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Fig. 8.12. Daily changes of the NH3 gas in a room

of the experimental pig-housing,
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Fig. 8.13. Daily changes of the temperature in a room

of the conventional pig-housing.
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Fig. 8.14. Daily changes of the temperature in a room

of the experimental pig-housing,

- 172 -



AR5 % AugEs I9 8.15004 AE 20.9~77.5.0% He]

oA fAIEgon, BFAEEE 78. 7%l Tl

BREAIAY U HUSES 3 8.150) Ushd Az} ol 45.0~
79.2% Bl fxFgen, o ul FF FgTE 64.3%0|ort. HAHI
E¢ H32 UE 2E7} 24TRT} H2 30.4TColg o} Auig=rt 80% o]3tol
FAHALRZ 2 Yuigzol ste] Babde ZAr gAe Ae=
siekglglon], HIF AiGEI} 64.3%2 th¥E AriFErt 60.0% ©]4 fA
ol HA2 Qg TF7) AFY U4 THedol Hod Rez EAFUc

AP EAol Aol i AuigEE O3 8.162 ol 46.6~85.7% HelollA
fAEideon, B AdgEE 69.1xoldch AR/ B¢ M2 YR 2=
7} 24CHE} B2 26.6Colgl ey tifE AigErl 80% o|3tellA FxI=
ong B2 gl ot B AVt Qoded, I Hus=rt
69.1%2 TlHE ATiEETt 60.0% ol A=l WA AY FTF7] AHY
whd JhsAdel uigldl Zog EAMEdch 1ela dPEALY FF AUEss
Bl #73A o] EAte] BF AhESETl 4.8% A UEl, = BRFA £
bS] AtigEr o @ H3E HgEd, ol HIE U AoE zid
th uter OB AlthEETL obF W BFoM AV HIE SHA HA R
HlEE7} 60% nigte g AN |AH7] g TEI] B Uy e
o] ol Zlojtl mield sl Al g 2F s uvidsojo} ¥
=53

R

- 173 -



Relative humidity (%)

Relative humidity (%)

of the conventional pig-housing,

0 3
05/18 [15%4] 024 o2 0530 (854474 /05 s/08 6/ 11 06/ 14
Day{month/day)
—a— Average indoor relative humiddy —m— Average outdoor refative humidity
—a— Maxrumincoor relative widy —pi— Maximum outdoor relative humidity
—o— Mnimumincoor relative humidity i Minrrum outdoor relative tumidity
Fig. 8.15. Daily changes of the relative humidity in a room

Fig. 8.16. Daily changes of the relative humidity in a room
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of the experimental pig-housing.
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Fig, 8.17. Daily changes of the C0; and NH3 gases in a room

of the conventional pig-housing.
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Fig. 8.18. Daily changes of the C0; gas in a room

of the experimental pig-housing.
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Fig. 8.19. Daily changes of the NH;3 gas in a room

“of the experimental pig-housing.
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Fig. 8.20. Daily changes of the temperature in a room

of the conventional pig-housing.
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Fig. 8.21. Daily changes of the temperature in a room

of the experimental pig-housing.
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Fig. 8.22. Daily changes of the relative humidity in a room

of the conventional pig-housing.
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Fig. 8.23. Daily changes of the relative humidity in a room

of the experimental pig-housing.
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8.24. Daily changes of the C0; and NH; gases in a room

of the conventional pig-housing.
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Fig. 8.25. Daily changes of the C0; gas in a room

of the experimental pig-housing,
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Fig. 8.26. Daily changes of the NH; gas in a room

of the experimental pig-housing.
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HE 437171 dfE A3 SRoA =dHo 24 AR Er AatE o,
Aol 47718 4=7} 4.7~5.10/s2 SAEHo| AFT|e} A} LR F7)
7b & ZYHo widHeRH Aoz | HIAL FT BWIE
(8.4408cum) 2 #7]€ wfo] F7|R52 H4 B/EE IE oo} 2o )
£E BE w9 37 YelE #BriEdon, o wf ¢JFre &5} 4.5~
5.0m/sZ x50l A OE Hyjs} Hcl

ol
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Fig. 8.27. Air flow under the minimum ventilation rate

Fig. 8.28. Air flow under the maximum ventilation rate
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7h AEEY A8 vin

ALEo SHES 0YUT AT A ¥ 8.29 Ul YW FARL #
BAHo] ErtollA 0.747kg2 2 e} BPEALL] 0.734kgel] vist A UE}
woLt fojFH xol= ¢lAcTHPL0.05). A2} AlZEHLL Mayrose S
(1992)2] Pork Industry Handbookel] 2]3}H, UFZA|ere 0,680kg o|AMY
o, ALRE &2 3.0(feed/gain) ©}3}Yd wh Excellent(mf-2 $-4=)of st}
3 HOMH 4 ok B AEAMNE BY ol F oAe 23] dESAIFol ol
{4 Excellent(m]$- 94:)of SiHETIL & 4 gt} AlRZ ol Yojd =
Aol EA A= 2.8642 LIEIL} BEALS] 3.3660] w]3] vl -3hA L}
Eltom, o] Excellento] 3P ZH o2 T AL Fozxad xlo)r)
AR E ACHPL0.05). o]e} T2 A= BRFA0] EANY 2 ¢ HRY ity
of ¥ nmXe= Fo BHLUYU 25, AUFE, 73 7tA 5 AFoE
Aojsl Fo2H JZEL FRloUA] EAdo] 97|26 F¥ L W AP Lo
Hlste] Holy] wiFolet Atmheh ¥ BHEA ) EAF FH 6.86¢
/day, HBIPF7} 7.66 L /dayZ BHA|o] EAPF @YFo v HA ejute
W, £ Al S5 xolz} A ATHPO. 05).

3t HAA o] EAIY AP EAPIA 30U AEY TR ZAXHS BBE
Aol B3HAZEA] AL F EsiAE dPEARL va YHg 2
E 8.3z Zrth ZiAAIF X FRAEFS F3] 4 A2l xolzt A=A o
UTHP0.05). 2Lt dGFAFE #HAFA o] EAlOA AISHAY A 2] Fol
A 0.873kg2 2 UEh} BTN ARRE AR A+ 0.828kgHct A U
ERITHPC0.05). ol3dt AL S E ZFA HARHFY A Fo] vSE

o] Fabgo] €¥E & Ao Algdrh
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¥ 8.2, ALSHY AU H

T & Y=} BRAAEAL
AH-F(pig) 12 12
B3 N AlF(ke) 31.64° 28. 68°
BF F& AF(ke) 53.66° 51.08°
B 42323 (kg/day) 0.734° 0.747°
AR B & (feed kg/gain kg) 3.366° 2.864°
B 49 S5%( L /day) 7.66° 6.86°

* ® with different superscripts showed significant differences{P<0.05).

X 8.3 AL AlH ¥ JYEAIMY AL H

T & BHEA B3 A o E AP
AP2F(pig) 12 12
B HAl AlF(ke) 31.64° 28.68°
B3 8 AF(kg) 98, 38° 99. 42°
B S5 A P (kg/day) 0.828" 0.878°

U Both groups of conventional pig-housing and experimental pig-housing
were fed at conventional pig-housing during finishing period (50-~100kg)
without environmental control system,

* ® with different superscripts showed significant differences(P<0.05).

v B A8 vl
A 45 ASEAE E 8.49 Uth AR FAHo] 45¢UY Y
go] glo] o] Al7le] gt F¥S FF317] #13l Diet 1 AIRE Foisiart

2 AE AAAE W FEAZToE FAHA Xo7t A gton
(P<0.05), EF dGFAZAME 2to]7t ¢IA Uetulth. ¥H Atz F ol 2
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AN #F A EAIZ 1.9942 HPEAL] v ¢431A LEiRt oLt BA A

3 A QoITHP0.05). 2t BHEAtet BYEAL] AP FA
gk gl AlF H 8-S Mayrose $(1992)2] Pork Industry Handbook 7]&Eoflx R
Excellent of ¥ F71 4 olch ole|yt A= 2 72| &
HEL A E 43S FA Qo EY BREA] AT} BHAA
EAtel BARI] Al AR v FTtA AA 2 AolF} ¢lA] s} At®
"ot 32 BFA EAF £ 5.25¢/day, BBF7} 10.67 £ /dayR
BEAe] EAZE B v HA Uelgten, F A2 fHQd 2]zt
A = LA THP0. 05

~—

¥ 8.4. €3 A3

T ¥ FYEAL B Aol E AL
AH&F4(pig) 15 15
B A AF(ke) 14.70° 16.10°
BF 8 AF(ke) 38.13° 39.26"
B dg35AF(ke/day) 0. 805° 0.795°
AtE A& (feed kg/gain kg) 2.050° 1.994°
B 49 S5B( £ /day) 10.67° 5.25°

% * B with different superscripts showed significant differences(P<0.05).

th GlEAel AAlE ¥l
d22 SQES AL E 8.5% Pt BAZOIE Diet NARE 2
Astgrt, EAYRS GBFHMFoIME BAAIEAIA 0.843ke 22 ekt

[YEAY 0.798kgoll wlste] A UElkted, F Azjto] FAHA /9
2go] A AUTHP.05). ERF AL EZol| oA BHA =AML 2.142
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2 Ueh} A3EAL] 2.4380] Hlste] A UEIWTHPL0.05). ol2&t B
9 5(1996)0] AFH BFREYS Z&E FHEA A 30kg FE] SHEL 7
F ARSRE AxEch d9FAR AlRE &0 idch olgh B o]
€ A58 € AEY BHAAEAL: image A2 S BHS =2
AL Aoistda, 3 5(1996) %tdzj2e} Door ventilation 7| o szut
HARLZHA & HEY RZAAEAY o] 43 Zog AgH}
H, BRA s e BYEAY dGFAHY Y AIEHELE Mayrose 5(1992)
9] Pork Indusfry Handbook 7]&ofA] B Excellent o) 3jwtHtiz 3}zict.
olet T2 = BUEAI B¢ HAY Witdol d¥S FE BHELUY
2R, AUEE 59 2713 Rolrta Fol S4EL Jol stressE 2§
sto] HF Aol St uls]  ABabdo] Woltin AlEE|EHl HE8H S E
Atgelo] BFEAIZE BAEE goldl felsicl ot = 5L
BA A0 =47 F 9.47 L /day, ¥l 14.13L/day® BRA o] EALL
B ol wls] HA Jelgen, £ AHelt o Holst U AT}
(P<0.05).

A, oFH 30UTY AIGAEEY i FAEES TR Aoz &
BEAA ARSE ¥ 234 F, dD3AY. =AANF, SAUEA, 8AS
S Ha 43S Bd 7 8.63 Yk MAAS ¢ FEANFS 73] 24 A
2|zt xtolrt AREA] JAUTHPC0.05). T2 dEFAPL @ A2HLS #
ZBA Ex A AR M| Rl 9431A UEIRE S (P0.05), AlRE &S
AR Fedel dBHAT EF oe], Y L ¢EFS AAY EXNF ol
ME BYPEA M ARRH Al vls] A UElRSm(P0.05), FiES
FUZ LA FAYFAY SAFFoR NFY KFAFFS BASIY vlad}
A& wi(, 1996) VBFAEAAA AT HAIL 4.41708 BP9
3.8330] u&} $4=81A LEFGITHPL0.05). ol A S4E A &
ABPL] FoA7} olF ulZE WrHA] FiHE 9 Kol S & ALE 4}
B, B(1998) % HxjY AA{Y ARVHL & 2 olle}l SIS ¥
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SAZTIAL sty & AF AX}E A shuAsiych

X 8.5, AEHE A8

* 2 AP EA BB A =AY
A& F4+(pig) 12 12
B Al AlS(kg) 25.43° 25.96°
B F& AS(ke) 49.39° 51.25°
B A5 (kg/day) 0.798° 0.843"
A} 2 H -8 (feed kg/gain kg) 2.438° 2.142°
B 49 S5%( £ /day) 14.13° 9.47°

%

® with different superscripts showed significant differences(P<0.05).

X 8.6. AFE AME F BUYEAIAY A8

+ & BPEA B3 A o} =AY

A& F4(pig) 12 12

B 7HA] A F(ke) 25.43° 25. 96"
B T2 AF(ke) 106, 34° 51,25
B dZ35A e (kg/day) 0.722° 0.731°
At E f & (feed kg/gain kg) 3.370° 3.208°
B7 =AFH(ke) 67.08"° 70. 00"
B A7 (an) 17.25° 18. 40°
APGSS] BF SAEZY 3.833° 4. 417

1) Both groups of conventional pig-housing and experimental pig-housing
were fed at conventional pig-housing during finishing period (50~100kg)

without environmental control system.
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2) Based on Animal Products Grading Service{APGS) of Korea National
Livestock Cooperatives Federation.

* ® with different superscripts showed significant differences(P<0.05).

2 A7 FEEA] BT oo mel BEEA] HYsin, € BF L

1 € Buol 7t §& BYHE Aoy ¢+ e BY

BRAel AAFE /MUY F ol Hee v AF AEE B Frsh]

siste] +¥Eglen, FA, &4, 2ex ﬂﬂli FEote] AEE AJE 8
A Tt

1. FEALL] A Eapd 257 Ao BAYe] thRE FPLES
¢ A2 FAIEe] HAE 4 B UHE 3l @ AEA
worg Ao Alg¥ded, BEA o EAMY Fe+e EAR %71 AEC
BAel AFLEE Aozt Hol HAIL 209 tE A 2EHYLE A
o] ] QotE Ao AlmEAdrh
2. A& 29 B5 UBEAY BAEA EA 2R AHugEst iR 6
of A=Yol AT T FI AFY el Hd Aez
oASolE JYWEAY F§ i 22 - LFLE FA =
Z2590e Ao weiEiglon, %73:1101 EAY BeE o

g2

mlm

BEAL] uiste] Aige] A7 A Aog uhE et

3. BRbZtas} Rl ZhAE AL Exlel @Al HEEE olsh
e HAHAT ol AR Bidol 4BV A 42 ez Y
Efutct.

4. BZAe] EAelMY F&2 HWRLTAA 0.3w/sHr} w2 0.11~
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0.23w/s UollA RAIFHen, [RA] EAtelAy UF7 §=71
5.20/s2 FAIE|27] wlFo] #77t Ao o]f3 Aog iy Act

5. AL BREA A7t BB EAL viste] thh A LEikted, A
3 gole A w27t AFHA A oLH(P0.05) AFolle FAA +
2 x}7} A= 2ATh(PCO. 05).

6. APREEZ Aol BAGCl BBPEA v BHF A EA FA U
eldon, Fole BAHA YAt ABHA Ak oLHPL0.05) ALzt AF
ole FAH FJA7t B AUTHP0.05),

7. AL} o Fel 04T AIBAES T F B YHoT B EA
A E3IAF7HA] AFSSte] @& ZAzjo] 3td, FAY, AREE, 28 &
A Fol BEF WYEARE vlstd HFA A EAEAA 43 THPL0.05).
53] BRAAEAEY B¢ SEFSHIONA dF-E ATFS Uedrh ol
ol =S ALY AFol BHA] Al AR 3971 B EAlolA
A5 ZeEcE AR, AlREE, J2a fd-o| $5HA vehdul AiE
L SHE Aol BZFA 7L B4 ALe® MK

A5d HIEZ

1. 2efd. 1996, €713E FAETIA. FYFT LY FUASSFUHR L

2. olHE, FY, o13d, ZFY, FY4s, JER, ol&XT. 1995 FEE
Ab A, AoiEutaL

3. A5, A3, AFEH, Z2EF. 1997, = AEH 2" (F)ES.

4. Boon, C. R. 1981, The effect of departures from lower critical
temperature on the group postural behavior of pigs. Anim, Prod. 33 :
71-79.

5. Breum, N. 0., H. Takai and H, B, Rom. 1990. Upward vs downward
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10.

11

12.

ventilation air flow in a swine house. Transactions of the ASAE 33(5)
© 1693-1699.
Geers, R., V. Goedseels, G. Parduyns, and G. Vercruysse. 1986. The
group postural behavior of growing pigs in relation to air velocity,
air and floor temperature. Appl. Anim, Behav. Sci. 16 : 353-362.
Grub, W., E. P. Foerster and L. F, Tribble. 1974. Swine building air
contaminant control with pit ventilation. Presented at the 1974
Winter Meeting, Paper No. 74-4532. ASAE, St. Joseph, MI.
MEPS. 1990. Mechanical ventilating systems for livestock housing,
MWPS-32, MidWest Plan Service, lowa State University, Ames.
MWPS. 1991. Structures and Environment Handbook, Publication MW#PS-8,
MidWest Plan Service, lowa State University, Ames, IA,
Pig International, 1997. Action plan against ventilation diseases.
Pig International 27(1) : 27-31.
Sainsbury, D. 1979. Livestock Health and Housing. Bailliere Tindall
Pub. London, England,
SAS. 1994, SAS user’s guide statistics SAS, Inst, Inc, Cary. NC,
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Mo s SN AAHS FRY 2N
A1 A

22 vete] FEAAS "2 ASRFE HAHeR fAPeEH P
2 AL FYAIIR, ARE fABIN, 2 =59S AR 5 e Y
Rl A2rlE A3 BaZ sta olrh olo] uiel JHYBF A AL
ol Mg MEstgen, ol& R HAs FRUFT AEE ¥ Aol
st AHojdszt AlGgHol ¢43HA Uyttt Ty AMeldst A
Fo] 3tA UEhd Zol= FAE EAo] o]Foix|=] ¢lew oh Hrh
st ZFQ FHoAM Foldo] A ko FEFTHE BIFRFA A Al
£8g o &3tx] QA H, ol il FEAIAL] UAe] olFH JIHE
sh2] B3HA Eol AZ XL Qe Alades YA o Zol] wfEel
T}

uhetad, £ A& AF A AAE EdE UE BPBFA] ALY
S4+8& 29 FHolA B flste] sy en, FAYA ALHFH2
T3 ¥k

1. gujet Higulo] AL T g} FFPE EMUrh

2. BFA e} AR Hrie A3 FAch

A2d AE L WY

1 Rahlg BAE 9T SRR B

2 Q7L BARIEA 373 BAEA 3] A2 12FMOTF 4T, 3
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E)g sl ABES AASIASLE 125 FRo) tsie] Fxjuge 24
3= Zol Fonlstgict. wietd chE dabEe] o3 oln] BuH HyFw
Ex 4B &HE wA A8 FAE EdE Exhulge B4siazt sia

t}.
2. 2A8|

2 HYolA ol 8¥d F£7 EYAAL JEos FAuIE BN Ao
ZARE SR A EA HAE dEstn, AEE E4 93 B9 E
A7tAz Hw AFeE A4 Folo] FNAFUulet FAXE AN £
olgoll th¥t oJAE Aatstddcth. el EARAER BRA I EAIA o] 8H
A BRA YA A GZHIE AP S o]8st] Absidrt. et o)
F&F Faoll thdt olxpet ZAIMGZuIE Hatsle] FaRFuE Albstgch

3. #En]

Wl oyl v]&(dd, 3y, dg), Algy], 223 fABfulE 3
w3t AL F o]ES absle] FHFHIE okt dY, HY, d=9
£20UAE Y Z3E EviE G NS AT ARSFR %A o
&3ty olyx] B8-S AAsiaR, ARLTEN dYFAPE JIELE AR
HE Alistdeon, §xR4u]E Adgge] o] A¥sIze] #uUdd AA=R
AE ZE AR AAdS] Tt ohe At os) Rug )
€S ol 83l FABPHE AAISIATE oot ol AEH oy ulg, A}
EH], FARSHE Pilste FWFHIE Foldct

4. HFAd
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BFAEAZL B e A¥E F] fEide AEEE
B kg FIFEAAEIE wlZE Wart ook wheld fjolA dP3E Aijol
o3 AlAtH Pulet WHHE o&dto] AP EALL VA A EA 1kgT
FFAEAE Pt

5. BAA oIS} AFSRE Hrjel 3}

A et AR Y J3HE EM8] fste AR W] n}
gt 7} a0 aFu|e} WHHIE 4G ALY 5 e £ 2dE AU
¥ olg 22 HHH AEAA 2EE AUst AR Hrje] niE 3
ZAAml el HHE Jeg=e E43drch

X

A3d Az 4 2

1 B8 £4E A ASE 2%

BRI EA 3237 BREA} 32| 242 12FH(F 4F, RIS FAIS
o AEE A7 diol o9} T ARHEE TAZ FrpIES A2
sh717 2tstelet. whebd 2 5(1995)3% 2 $(1996)0 ostw HPFme}
R E FRIT £ 65 X #FEol7] wiEel F7T 68 £ FEE JE
o2 BxHIEE MU A ARRRSE $AE&A T4 JIex| R
wjel At&Elglen), I Azke ¥ 9.1 Zth el BAEA N EAlY £
ARAE FA|EdT4Y WFAR sta, APEAL] £ AEAE & 4
e AAY BEASHoIM BP0 AEHI e HAHE 3t EX
A g AL A3} E 929 Zrh
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2 68 9 wAe AR

1.

H* 9.

o 7
< K .
ud
%m S| = ok IE|E 3
3 < -
- .
° LS
P
R0 |||
mﬁ it Hlg|®|oF|T
X || oo BT W | T

o] AP ThAE EAEA

222.0

392.0

615.0

848.0

0.48

0.73

1.33

1.57

0.30

0.60

1.15

1.44

11

15

11

15

42

42

2 £ 4}

A £ 2t

RAE}
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2. AN

2Ruels Fxjol TR olxt, A, REE, bz So| Tz
eyt Z¢ AIa REE7E Qi 2dEE a3y6E &g glof
217, AR, 22 A FUS 43 Flo oyt ojxte} EARAAE B
BRAAZAY AVgZHE 28ty

AN E Aidst] ¢t okt 22 b8 stqch

(1) B EA] 7134 spigdojci Ha71ad 34, 1997).

) B Aol At ' A&u] W AUl 465,000 08 (FA7|&d T
A, 1997), TUEA} By AZul @ Ayl 450, 0009 o).
(3) @ ol &EE 12.0%0] T}
) EAtE B A o] X YFARE 22t 203} 51 do|ct.
) ®7} 714 0%dojt}.

Hold 78 BREA B AFu] 9 Aduls EA AFGAE oy
L2 ZARE H[E&E ZAZ it 23 A 5(1997)0) 3 F3 68 £
gte] ARSRERE JIELR JpEd XY AEI EARAAG, 4 Fxe 4o
e @ 7HA(R 9.3)S ZAE BAEA ] FAo ZYulE A&y A3} xE=
Atel 3 EAL BF 1,6037Hdo] et

olgollA M WEE TAZ RN 7t £ 2F6E A&
A3e ¥ 9.4 9 E 959 Ut WA 2EANY FFEM|LI 4% FE 2
HulE vlastd, BYESAY] FFAE} 42 £ 3348 94,500,000
2 3,029¢ojglen, HABAEAY FFAME WP FPF 2Fu|E=
51,050,000 2} 2,057l &itt. oMY BZAJEALY €W T IAw K}
TP Y T 2 w7t 9728doly A Uehd olfE T AR
ztolofl 2Jste] Fx| Foiu|e} AHu|Jt APEAAN &A%Y wiEolct. t}
S22 SHEAY FFAmIE €7 £ 23uE vjastd, WBEALY
5283 €72 £ 34uE 130,000, 0008 2 3, 7478o]d on, A
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olEAre FFApE&2 € F vl 77,315,0008 2 2,664l
AHEARY BeAE BRI EA] € FE 2w R APEAY A F
g 2387t #A4 velstsd, ol Ysich

£ 9.3 NEAG Y KAEAo] 27 208HE 2 FH s @ AHF

AL 2=
E 2 o AQcfg 713
| ) (28)
2. 45 AN HMP233L 3 180
H e Pentium 166MHz 1 1,300
tlolg] 43 BE ACL-8112PG 1 530
CCh e} WV-CBP410 2 2,700
odAarajz] BE DT3153 1 1,400
7] SL-30 2 300
2|9 2y SW24 2 200
Owl super heater -
k7] (45, 000kcal /h, 160W 1 670
3.785 £ /h)
FWC-200
wink ) (65, 000kcal /h, 1 8,730
. 25, 3k¥)
% A - - 16,030
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E 9.4.2E AHSE S FRAE U A% FF 23
2 = 7S | d 28 | £ 23y
() (%) (/5/4)
F2 9,450,000 | 1,134,000 220
A% 9 A4 | 85,050,000 | 10,206,000 1,983
BB EA BRA o] A - - -
277t - - 826
A 94,500,000 | 11,340,000 3,029
52 3, 400,000 408, 000 79
A% 9 A4 | 31,620,000 | 3,794,400 737
BRA AL | BAA ] Al | 16,030,000 1,923,600 374
2713724 - - 867
A 51, 050, 000 6,126, 000 2,057
¥ 9.5 S¥E ASE AP FFRAE W Y4B £ 23y
2 x FFahlg | A 23w | £ 23
() () (/5/4)
F-A] 13, 000, 000 1, 560, 000 273
A& 9 A4 | 117,000,000 | 14,040,000 2,452
B EAL BRA ] XA - - -
27tz - - 1,022
2 130,000,000 | 15,600,000 3,747
=] 5,950, 000 714, 000 125
22 9 A4 55, 335, 000 6, 640, 200 1,160
BR A=A BAA A | 16,030,000 1,923, 600 336
77t 7] - - 1,043
27 77, 315,000 9,277,800 2,664
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3. #HEn)

HFHle oyl v &(AY, AY, dg7), ARy, {FARFHE FESHA
Atastgich. WBHIE ALsr) sistel ohe3t ¥ AHEE shach

(1) =xd Ao 4ujAYL 10Wo]ct.

(2) BREY ZA A5E AT £u]8HL2 10580},

(3) 8719 1che} 832 250F/cholct.

(4) b37) 1che] 88 500F/cholch.

(5) Aol A] vl B =9 WIE JIELE 1kihe 5,287.00]cl.

(6) FPoUA] 8] HURS JIELE 1k 11.3%d0]ch

(7) dRAYRA] H] &2 F/E 7|€2E 1kWhg 21.45%d0]ct

(8) BHEALL] AS AT FY fAE$ulE s15¢00(Z 5, 1995), #
BEAY B A7 £ fABFulE BREAY 705 8¢ 3610]ch

(9) 1kgd Ab&Hl= 408o]ct.

(10) Bdols Whir|zt A3 2AFEHR] gdon, ALHde st 4
2212re] 35% B¢ HEH I, JEBol: YuvIst ALAL 60% F A
"l

A%, 2, 1223 4F TU 24F YUY AHE 2AZ sl 32 64 £
T 3R 400U E o&E A3 E 9.6 Pl -

olAte] =xtZ el 8o E 8.20 M BE E 8.69 AYHAL 2AR F¢ 3
88 AET A3 ¥ 9.7~ 9.9 Ul F9 wFul:s A wAY
| BYEANA A Uelied, ol AlEulsl zrbgdulo] ch &,
S 2%t oA E HeE A du $3Y FF BRAEAY §Y
HEu|Hoh #ARPEALY] £ FEFI 691U B A Uehd olfE W
2 AR E gl oste] ALguIJ} wig Eok7] dWiEeldnth nejm Bhde ¢
g olUx|E HeE 3= ALMA 45HY 7 BRAAEAY £ 33
SolRch BYEAY £ FHEHIL 242 3,7914 1,449 BE A U

o o 2
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Eht olfie W ALRIEO 23l F/iH AbgEw]
of F7HE EARIAEY A7z o] AFHRAFL

vl R WA wotr] diEelsich

X 9.6, BHAAE T 2207

o We &
g =

AbE o] 2j3}

487 91 oy

+ & A (kWh) | A (kWh) | JE(kWh) | FAI(kWh)
A T 0.37 - - 0.37
(S8E)| 79 0.23 1,947.66 | 8,915.70 | 10,863.59
2 | @ - : - -
(ZH=) | BAR 0] - 1,922.22 - 1,922.22
d4g | ¥ - - - -
(&8E)| B9 - 12, 852. 00 - 12,852.00
£9.7. ALAU(0Y) ASA SHES] T FEy (sl )
E BYE} Bl Eat
Abg ] 30, 241 26,175
ol 7An) 489 304
LIR=AC] - _
A7E - 46
=R - 401
82| B 2] 30 43
St 2wz 30, 760 26, 969

- 201




H 9.8, $3(30Y) A8 A=Y 59 FHEEH] (a9 - 1)
7+ & AP EA BHA o EA
AL H] 18,597 18,842
A7y - -
R4 - -
s - 51
A B - -
2] B 4] 30 43
T S8 19, 627 18,936

T #¥EAL #B@Al EAL
ALE 8] 23,833 22,102
1z - -
SR - -
ANs - 304
o § o) - -
2] B 2n] 30 43
=} 2 Sy 23,863 22,449

AAERE BA lkgT
Abe] ABA] 1kg® HIEA
Hol= 60, AABoE 1

9¢l, g

S S vy A ¥ 9,103 Yol #Y
|2t BAA =AY A 1kgFd BHFAE4]| 7}
2 ALl 24480] YA LlElYicCh ERH
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Aol BAYSl BREAIN AGHE 29 BFAA BT BRI EA}
oA AFSEE Z9e BZAEIIL welth thal WalA Adol A 2
E3b SYES BRSA)A AR ANCHE BAMOEAGIN Algste
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