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= Gas analyzers
= Airflow measurement and control units
*Environment measurement and control units
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Fig. 1. Outline of data acquisition
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Table 1. Equipments and specifications

Input

. . C i
Units Products (Output) Resolution on::;‘r?smn Channels
range
10 Controllers Contec, 1/0 Controller Module,
CPU-CA20(FIT)GY
(Number of
Contec, Isolated Analog Input . conversion
10 Modul DC 0-5V 12-bit 8
odute Module, ADI12-8(FIT)GY : channelsx10
+20) psec
Contec, Isolated Digital Input
10 Modul - - < .
O Module Module, DI-32(FIT)GY DC 12-24V 1msec 32
Contec, Isolated Digital Output
10 Module DC 12-48V - < 1msec. 32
! Module, DO-32(FIT)GY
Power suopl Contec, AC-DC Power Supplies,
PPl POW-AD13GY
Power supply Keyence, Compact Switching Power DC 24V

Supply, MS2-H50

Measure? Access to /O

v
Calculation

End

isplay

A
Integration

iy

Yes

i Output ?
Write to utpul
CSV files

Wait 1 sec.

V.

U :
=)

Fig. 2. Flowchart for data collection
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Mol WIEDEE o Tz WY AT A THSILHEIZ AFOETOT—=7IZ2o0VWTH, HEDEBLOZD
OVTHIEDH L tREEZBI R L, WIFhofilcs BEEXES 1ICZIFEML2EEELZTLIwERbR
WTbFEZEL -7 (Table 2), 72 (Table 3)o MR O IZOWTIE, YFDA Y >~
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Table 2. Correlation coefficient, relative error, difference of measurements, and result of paired
t-test from data collected with new and existing system.

Difference of

. Correlation Relative )
Animal Item . measurements Paired t-test
coefficient error, % .
between systems
O, consumption 0.99574 0.7+0.3 27.9+10.8 *
. CO, production 0.99763 0.5+0.2 23.3£12.2 *
Lactating cow .
CH, production 0.99971 0.5+0.2 21413 *
Heat production 0.99562 0.6£0.2 564+230 *
O, consumption 0.99997 0.3+0.2 —6.2+5.9 *
CO, production 0.99998 0.310.2 —6.6£6.2 *
Dry cow .
CH, production 0.99997 0.3+0.2 —0.5+0.6 *
Heat production 0.99998 0.3+0.2 —130+112 *
O, consumption 0.99991 0.2+0.1 0.3+0.3 *
G CO, production 0.99997 0.1+0.1 0.3+0.2 *
oat
CH, production 0.99999 0.3+0.1 0.1+0.0 *
Heat production 0.99994 0.1+0.1 745 *

'Data were calculated as (new system)-(existing system). O, consumption, CO, and CH, production were
shown in L. Heat productions were shown in kJ.

*p<0.01
Table 3. Test of systematic error of the data collected with new system.
Animal Item Test for slope and intercept" inte?\?:f f(;c:'nsfllggz(gue

O, consumption y =0.9829 x + 101.1107 (r* = 0.9915) 0.9427 ~ 1.0231

Lactating cow CO, production y = 0.9822 x + 111.3264 (r* = 0.9953) 0.9523 ~ 1.0122
CH, production y = 1.0056 x — 0.4539 (r* = 0.9994) 0.9949 ~ 1.0163
Heat production y = 0.9824 x + 2205.5554 (r* = 0.9913) 0.9416 ~ 1.0231
O, consumption y = 0.9960 x + 2.4493 (r* = 0.9999) 0.9933 ~ 0.9987

Dry cow CO, production y =0.9949 x + 5.7408 (r* = 1.0000) 0.9926 ~ 0.9972
CH, production y =0.9960 x + 0.3903 (r* = 0.9999) 0.9931 ~ 0.9988
Heat production y = 0.9957 x + 71.9088 (r* = 1.0000) 0.9935 ~ 0.9979
O, consumption y =0.9994 x + 0.5158 (r* = 0.9998) 0.9915 ~ 1.0072
CO, production y =1.0022 x — 0.2792 (r* = 0.9999) 0.9979 ~ 1.0065

Goat CH, production y =1.0001 x + 0.0618* (r* = 1.0000) 0.9978 ~ 1.0025
Heat production y =1.0011 x + 0.6724 (r* = 0.9999) 0.9949 ~ 1.0072

'Slope and intercept values were tested from regression of the data from new system on the data from
existing system.
*p<0.05
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BE#M 1 AEAHAT—2EMEE

&5 %R 5 TV a— Vv EV 2= ID F ¥ » 4V No
A BT AGHEE L 02 I AR 7Fu s A ADI12-8(FIT)GY 0 0
A BT AGHTERE 1 CO2 7 AUERE 7Hu s A ADI12-8(FIT)GY 0 1
AZETAGHEE 1 CHA T AR 7Hu s A ADI12-8(FIT)GY 0 2
A BT AGHTEE 2 02 I AR 7rar Al ADI12-8(FIT)GY 0 3
A BT AGHHEE 2 CO2 T AERE 7Hua s AT ADI12-8(FIT)GY 0 4
A B AGHTEERE 2 CHA T AYERE TFuaz Al ADI12-8(FIT)GY 0 5
AEF ¥ oN—1 #EXE TFuaz Al ADI12-8(FIT)GY 0 6
AZEF v oN—2 ERE YRV IN) ADI12-8(FIT)GY 0 7
AZEF v N—3 BERE VYN ADI12-8(FIT)GY 1 0
AZEF v ryN— 4 HEE VRN ADI12-8(FIT)GY 1 1
AZEF ¥ yN— 1N Bk e REP VNI ADI12-8(FIT)GY 1 2
AZEF ¥ N— 2 Bk Ve RET VNI ADI12-8(FIT)GY 1 3
ASEF v v N— 3N EEKRE 7ru s g ADI12-8(FIT)GY 1 4
AEF v v N— 4 EEERIRE VRN ADI12-8(FIT)GY 1 5
AZF v ooN—1 I EEkigRE TFazAh ADI12-8(FIT)GY 1 6
AZEF v ooN—2 I wEkigRE TFazAh ADI12-8(FIT)GY 1 7
AET ¥ ooN— 3O BRI 7Fus A ADI12-8(FIT)GY 2 0
AZEF v oN— 4 ERRIREE 7Fus Al ADI12-8(FIT)GY 2 1
AZET v N— 1N AHFREE 7Fus Al ADI12-8(FIT)GY 2 2
AZET v N—2H AHFREE 7Fus Al ADI12-8(FIT)GY 2 3
AZET v N—3H AHFREE RN ADI12-8(FIT)GY 2 4
AZET v N— 4N AHRHREE 7Fu s A ADI12-8(FIT)GY 2 5
AZETF X 8= 1O HIxHEE 7Hu s A ADI12-8(FIT)GY 2 6
AZEF v 8= 2 I AR E V=N ADI12-8(FIT)GY 2 7
AZEF v 8= 3 HIT HEE V=N ADI12-8(FIT)GY 3 0
AZEF v N— 4T MR VRV N ADI12-8(FIT)GY 3 1
A EFEEREN IR 7Hua s AT ADI12-8(FIT)GY 3 2
A SEFEEREN MR 7Hua s A ADI12-8(FIT)GY 3 3
VR BRI TFuaz Al ADI12-8(FIT)GY 3 4
AV AR R RN ADI12-8(FIT)GY 3 5
KEE RN ADI12-8(FIT)GY 3 6
7\%’1‘)?%% 1 A MY—24 015K FIE VAT DI-32(FIT)GY 4 0
AMTEEE L A M) — A 02 FEIR FIH VAT DI-32(FIT)GY 4 1
ASHERE L A MY — 4 03 IR TUEIWAT] DI-32(FIT)GY 4 2
AW 1 A MY — 2 04 3R FUE VAT DI-32(FIT)GY 4 3
ﬁ‘xﬁ}ﬁ%%ﬁ 1 A MY —2 05N FYE VAT DI-32(FIT)GY 4 4
‘N‘ﬁ%’% 1 A MY —2 06 &R FYF VAT DI-32(FIT)GY 4 5
SNTEERE 1L A N — 4 07 IR FUH VAT DI-32(FIT)GY 4 6
)J\frﬁ'iz‘l_ A b)) — 2 08 R FYE VAT DI-32(FIT)GY 4 7
ﬁ\xéa*frﬁ%‘éfé 1 A M1 —2 0941 FYE VAT DI-32(FIT)GY 4 10
HAGHTEEE 1 A B — 4 10 IR FYUE VAT DI-32(FIT)GY 4 1
HAGHTEE 1 A A VL HER FUY VAT DI-32(FIT)GY 4 12
AGHEEE L A4 2 A28V ER FUY VAT DI-32(FIT)GY 4 13
HAGHTEE 1 7 R FYUY VAT DI-32(FIT)GY 4 14
HAGHEE L 7 A28 R TV NVAT DI-32(FIT)GY 4 15
HAGHTEE 1 53T — N CH TV NVAT DI-32(FIT)GY 4 16
HAGHTEEE 1 53— K HC T NVAT) DI-32(FIT)GY 4 17
HAGHEE L e — FFE) T NAT DI-32(FIT)GY 4 20




RS HPE R K P SGE RN J6 1 B 8T 7 — & IR UEESEE 0O 3%

(EEEZN &5 EV a2 V& EVa2—)VID F ¥~ ) No
I AGHEE 1 R T NAT DI-32(FIT)GY 4 21
HAGHHE L HE)F = v 7 T EIVAT] DI-32(FIT)GY 4 22
AW L HERIE FYZ VAT DI-32(FIT)GY 4 23
IAGHEEE 1 BRI T NAT) DI-32(FIT)GY 4 24
HAGHFEEL 02T LY FYZIVATS DI-32(FIT)GY 4 25
HAGHFEE L cCo2hTL Y FYZIVAT DI-32(FIT)GY 4 26
HAGHEEEL CHATF T L Y T IVAT DI-32(FIT)GY 4 27
HAGHEEEL 7)o r TV Y NVAT) DI-32(FIT)GY 4 30
HAGHTEENE 1 BT FYy VAT DI-32(FIT)GY 4 31
HAGHEEE 2 A M1 — 24 01 3R TV VAT DI-32(FIT)GY 4 32
7 x'ﬁ TEGE 2 A M1 — 24 02 3R] TV INVAT DI-32(FIT)GY 4 33
AHTEEE 2 A M) — 4 03 HIR FUE VAT DI-32(FIT)GY 4 34
AR 2 A M) — 4 04 IR FYI VAT DI-32(FIT)GY 4 35
AR 2 A M) — A 05 BIR FYE VAT DI-32(FIT)GY 4 36
X/\frﬁ%ﬁ 2 A M1 — 2406 R TV VAT DI-32(FIT)GY 4 37
W AGHTEENE 2 A B 1) — 4 07 38R FYUY VAT DI-32(FIT)GY 5 0
HAGHTEEE 2 A B 1) — 4 08 33EIR FUE VAT DI-32(FIT)GY 5 1
HAGHEEE 2 A b1 — 24 09 2R TV IVAT] DI-32(FIT)GY 5 2
AHEEE 2 A M) — 4 10 HIR FUYNVAT DI-32(FIT)GY 5 3
HAGHTEE 2 A4 v EHER FYUYNVAT DI-32(FIT)GY 5 4
HAGHREE 2 A A ¥ A 3# IR TV INVAT] DI-32(FIT)GY 5 5
ﬁ‘x/\ffﬁ-”* 7L uER FYINAT DI-32(FIT)GY 5 6
T‘%E TT AN GER T NAT) DI-32(FIT)GY 5 7
wxﬂff‘z'%fﬁz 53— K CH T NAT DI-32(FIT)GY 5 10
HAGHTEEE 2 S3HTE— K HC 7YY VAT DI-32(FIT)GY 5 1
HAGHEEE 2 SHE— FFEH) FYZ VAT DI-32(FIT)GY 5 12
AT 2 PRSP T NAT DI-32(FIT)GY 5 13
SN2 HEf T v T EIVAT] DI-32(FIT)GY 5 14
ATt 2 HENRIE TIEIVAT] DI-32(FIT)GY 5 15
SINTEEE 2 BOEH T IWVAT] DI-32(FIT)GY 5 16
SHTEEE2 029 TL vy FYy VAT DI-32(FIT)GY 5 17
GNTEE 2 CcO2HTL VY FUE VAT DI-32(FIT)GY 5 20
GNTEE 2 CHATF T L VY FUE VAT DI-32(FIT)GY 5 21
ﬁ?lﬁ EE2 Ty FYI VAT DI-32(FIT)GY 5 22
AGIHTEE 2 BRI FYI VAT DI-32(FIT)GY 5 23
AGHTEERE 1 4 SW 2L (INT) FYE VAN DI-32(FIT)GY 5 24
7 X”Vr FHE1 AM)—uF vz (INT) FUE VAT DI-32(FIT)GY 5 25
AR L RIEF = v 7 (INT) FUE VAT DI-32(FIT)GY 5 26
AR 1 BOEEH (INT) FUE VAT DI-32(FIT)GY 5 27
AR 1 HERIE (INT) FYUY VAT DI-32(FIT)GY 5 30
AGrFrEEiE 2 Sw 2k (INT) FUY VAT DI-32(FIT)GY 5 31
HAGHEE2 A M) —LF v 2 (INT) FYUY VAT DI-32(FIT)GY 5 32
H AW 2 AIEF = v 7 (INT) YUY NVAT DI-32(FIT)GY 5 33
7 7\/\70? il 2 ROEAEFIC (INT) TV NVAT) DI-32(FIT)GY 5 34
AGrHTEEE 2 HEIE (INT) FYZ VAT DI-32(FIT)GY 5 35
AZEF ¥ rN—1 @KL yY K T NAT DI-32(FIT)GY 5 36
AZEF ¥ onN—1 #@ELrY H T NAT DI-32(FIT)GY 5 37
AZEF ¥ rN—1 @KL yY /b T NVAT) DI-32(FIT)GY 6 0
AT Y IN—2 #ERLYY R FYZ VAT DI-32(FIT)GY 6 1
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A new data acquisition system for respiration trial system on metabolism laboratory in

National Institute of Livestock and Grassland Science

Kouji HIGUCHIY, Yousuke KOBAYASHIV, Itoko NONAKA? and Osamu ENISHI?

YEndocrinology and Metabolism Research Team

2Livestock Research Team on Global Warming

Summary

A new data acquisition system for open-circuit indirect calorimetry has been constructed and validated. Equipments
of the system are consisting with commercially-available computer and input-output control units. The function of the
software is specialized to monitor and calculate the respiration trial data under personal computer system, and the design
of the software is oriented to simplicity, flexibility and user-friendliness. When the respiration trial data acquired from
this system were compared with the data from existing system, the relative errors were very low (0.1~0.7 = 0.1~0.3 %),
the correlations were very high (r = 0.99562~0.99997), and few systematic errors were found. The data obtained from
this system were sufficient, thus, it is assumed that the function of new system is equivalent to the existing system.

Furthermore, the new system has flexibility for expansion or reformation of apparatus in the future use.

Key words : open-circuit indirect calorimetry, ruminants



