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ABSTRACT

This study was conducted to select the sensors for measuring temperature,
relative humidity, and air velocity among the major environmental factors affecting
the pig productivity as a part of the study for the optimum production system
model development of pig-housing. The study results are summarized as the
follows:

Two sensors, HMP233l. and HANI, were tested for measuring temperature and
relative humidity. Test results were analyzed by the statistical methods. And the
sensor, HMP233L was selected as a proper sensor for temperature and relative
humidity measurement.

An air velocity sensor was tested. Test results showed that its accuracy was
low and incongruent for the air velocity measurement when it was lower than

4m/s.

Key Word : Environmental control system, Pig-housing, Sensor

INTRODUCTION

In view of the difficult economic situation such as WTQO and high wages, for
the livestock industry, it is necessary to prepare the international competitive power
by the efficient mechanization and automation which can reduce the production
costs. And for the sake of it, an optimum production model should be developed to
synthesize the production and management systems of livestock. Pigs are used to
use the energy produced by the feed when the environmental temperature is under
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the lower critical temnperature and their productivity is declined in the heat
environment. The reproductivity of female pig is decreased in proportion to the
period of exposure to heat environment. For the boar, the quality of sperm and the
fertilization of artificial insemination are deteriorated in the short span of the high
thermal stress(D’Arece et al., 1970).

According to Choi(1989), the increasement of relative humidity can only decrease
the productivity of livestock under the high air temperature.

For the pigs weighing 40-170kg, if the air velocity was increased from 0.2m/s
to 15m/s in the environmental temperature ranges of 10-32C, the feed
requirements for the unit increment of weight was increased and the average
weight increment per day was decreased. But, in the environmental temperature
ranges of 35-387T, if the air velocity was increased, the rate of weight increment
was improved(Bond et al., 1965).

Since the gases of HCl and NH; have the effect on loss of appetite, the
productivity of pigs is declined in the gaseous environment. Also, NH3z has the
effect on reduction sexual maturity, and HCl increases the abortive birth(Nordstrom
and Magquitty, 1976).

Hence the major environmental factors such as temperature, relative humidity,
air velocity, and noxious gases should be controlled.

The effects of several types of pig housing on the productivity and economics
were studied for the pig farms in the Indiana State of U.S.A. of which climate
conditions were similar to the Korean weather. According to performance results,
the windowless pig housing having partially slotted floor was most economical
among the tested pig-housings(Kadlec et al., 1966).

Therefore, this study was carried to develop an optimum environmental control
model for controlling temperature, relative humidity, air velocity, and noxious gases
of the windowless pig-housing. The concrete objectives of this study were as the
followings:

1) To select the sensors for measuring temperature, relative humidity, and air
velocity among the major environmental factors affecting the productivity of pigs.

2) To perform a selection examination for the sensors studied, and decide the
most suitable sensors for controlling the environment of pig~housing.

MATERIALS AND METHODS

1. Major environmental factors and sensors to be selected

The major environmental factors affecting the productivity and health of pigs
are temperature, relative humidity, noxious gases(NHs, CO:), and ventilation rates
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(air velocity). Temperature was reported as a most important factor among them.
Therefore, those factors are considered as the factors to be controlled in this study,
and sensors for measuring them were determined to be examined. The
specifications of such sensors made in the inside and outside of the country were
compared and investigated with each other based on the several conditions such as
national climate conditions, environment of pig-housing, optimal breeding conditions.
Then one or two kinds of sensors were decided to be tested for each
environmental factors. They are HMP233L and HANI for temperature and relative
humidity, and NTK for air velocity. Their specifications are shown in Table 1, 2,
and 3.

2. Experimental equipment and measurement system

1) Instrumentation for temperature and relative humidity

In order to maintain that temperature and relative humidity were constant, an
environment chamber (Woo Joo Science Ltd. : Model THC-C-1) was used. By this
chamber, temperature could be controlled from -50C to 100TC; and 25 - 9% for
relative humidity. The stability of temperature control was *£05T; and *3% for
RH.

Probes of temperature and relative humidity sensors were installed at inside of
environmental chamber, and signal processing circuits were set up at outside of it.
As a reference point, a liquid-in-glass thermometer and a wet bulb and dry bulb
psychrometer were installed in the environment chamber.

2) Instrumentation for air velocity

For measuring air velocity, an ASME flow nozzle of 300mm diameter and a
probe of air velocity sensor were installed at the center of a cylinder. Then an
inclined-tube manometer(Okano Co., Japan; Model KM) was connected to flow
nozzle to measure the pressure difference. The air flow rates were varied by a
speed variable motor(2.2kW, IMC-30B)

3) Measurement systems

The measurement system for this study was consisted as Figure 1, and the
measurement software was programmed by C language.

RESULTS AND DISCUSSION

1. Performance of temperature sensors
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The test results of temperature sensors are shown in Table 4 and 5. In these
tests, as a reference point, a liquid-in-glass thermometer was used. Since there
were temperature deviation between the reference points and the measured results
of two kinds of sensor, HMP233L and HANI, two sensors were calibrated and
tested. Then the test results were analyzed by the paired sample t-test statistically.
Its results showed that there were no significant differences among the measuring
methods.

The relationships of the estimated value and the observed value of HMP233L
and HANI were analyzed for temperature by the linear regression and R? values
were 0.9735 and 0.9652, respectively. Therefore, it was turned out that both sensors
were proper to measure temperature of pig-housing. But, the standard deviations of
two sensors were compared in this study, which were 0265 for HMP233L and
0529 for HANI. Based on the lower standard deviation value, HMP233L was
selected as a proper sensor for temperature measurement.

2. Performance of relative humidity sensors

The test results of relative humidity sensors are shown in Table 6 and 7. In
these tests, as a reference point, a wet bulb and dry bulb psychrometer was used.
Since there were relative humidity deviation between the reference points and the
measured results of two kinds of sensor, HMP233L and HANI, two sensors were
calibrated and tested. Then the test results were analyzed by the paired sample
t-test statistically, too. Its results showed that there were no significant differences
among the measuring methods.

The relationships of the estimated value and the observed value of HMP233L
and HANI were analyzed for relative humidity by the linear regression and R2
values were 09404 and 0.8980, respectively. Therefore, it was turned out that both
sensors were proper to measure relative humidity of pig-housing. But, the standard
deviations of two sensors were compared in this study, which were 4.215 for
HMPZ233L and 5886 for HANIL Based on the standard deviation value, only
HMP233L was selected for relative humidity sensors.

3. Performance of air velocity sensors

The test results of relative humidity sensor are shown in Table 8 Considering
the required air velocity of inside of pig-housing was less than 1m/s, the accuracy
of NPK air velocity sensor was too low for air velocity less than 4m/s to measure
it. Therefore it was analyzed that the sensor NPK would be not proper to measure
the air velocity. For air velocity measuring, other types of sensor will be tested
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more to find a suitable one.

CONCLUSIONS

This study was conducted to select the sensors for measuring temperature,
relative humidity, and air velocity among the major environmental factors affecting
the pig productivity as a part of the study for the optimum production system
model development of pig-housing. The study results are summarized as the
follows:

1) Two temperature sensors, HMP233l. and HANI, were tested for their
performances. The R? values were 09735 and 0.9652 for the relationships of the
inputs and the outputs of sensors, respectively. The standard deviations were 0.265
and 0529, respectively. Therefore, the sensor, HMP233L was selected as a proper
sensor for temperature measurement.

2) Two relative humidity sensors, HMP233L and HANI, were tested for their
performances. The R? values were 09404 and 0.8980 for the relationships of the
inputs and the outputs of sensors, respectively. The standard deviations were 4.215
and 5.886, respectively. Therefore, the sensor, HMP233L was selected as a proper
sensor for relative humidity measurement.

3) An air velocity sensor was tested. Test results showed that its accuracy was
low and incongruent for the air velocity measurement when it was lower than

4m/s.
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Table 1. Specifications of the temperature sensors

Item

Model

HMP233L

HANI

Accuracy

£0.1C(at +207C)

+0.3C(at -10~+307TC)

Response time(90%)

About 15 seconds

(at +207C)
Measuring range -40~+80C -10~+50TC
Temperature dependence +0.005C/C _
of output
Operating temperature _yy_go1c 20~+60T
range
DC 4~20mA
Analogue outputs and DC 0~5V DC 0~5V
Relationship between T =2V -4 T=1V -2
. where, where,
environmental factor and .
output signal(voltage) T = temperature(C) T = temperature(C)
g V = voltage(V) V = voltage(V)
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Table 2. Specification of the relative humidity sensors

Model
Item
HMP233L HANI
maximum achievable accuracy
when calibrated against high
quality, certified humidity
standards :
i 0, —_~ 0,
Accuracy 196RH(0~50%6RH) +3%RH(at 30~90%)

+2%RH(90~100%RH

when calibrated against salt

solutions(ASTM E104-85) :
+2%RH(0~90%)
+3%RH(90~100%RH

Response time(90%) | About 15 seconds(at +20TC) -

Measuring range 0~100%RH 0~100%RH

Operating temperature
range

-40~+60TC -20~+60C

Analogue outputs DC 4~20mA and DC 0~5V | DC 0~5V

Relationship between| RH = 25V - 25 RH = 25V - 25
environmental  factor|where, where,

and output signal] RH = relative humidity(%) | RH = relative humidity(%)
(voltage) V = voltage(V) V = voltage(V)
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Table 3. Specification of the air velocity sensor

Item

NTK duct type anemometer

Accuracy

Linearity : £2.5% F.S.(at 25T)
Direction dependency :

+39% F.S.(horizontal to surface)
Temperature dependency : £3% F.S.

Response time(90%6)

About 5 seconds

Measuring range 0~20m/s

Operating temperature range | 0~50T

Analogue outputs DC 4~20mA and DC 0~10V
Relationship between Vel = 5V - 5

environmental factor and where, Vel = velocity(m/s)
output signal(Voltage) V = voltage(V)
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Table 4. Results of performence test of temperature sensor HMP233L.  (Unit : T)

Reference temp 28 55 107 130 138 161 200 200 219 256 306
Temp from equation 1.9 50 104 119 130 154 192 194 213 254 302
Calibrated temp 25 56 110 125 136 160 198 200 219 260 308

Revised equation T = 25V - 444 (r squared = 0.9735)
where, T = temperature(C); V = voltage(V)

Results of Not significant (standard deviation = 0.265)
statistical analysis

Table 5. Results of performence test of temperature sensor HANI  (Unit : C)

Reference temp 28 55 107 130 138 161 200 200 219 256 306
Value from equation 34 52 11.0 118 132 158 200 202 215 260 322
Calibrated temp 42 60 118 126 140 166 208 21.0 223 268 330

Revised equation T = 15V - 24.2 (r squared = 0.9652)
where, T = temperature(C); V = voltage(V)

Results of Not significant (standard deviation = 0.529)
statistical analysis

Table 6. Results of performence test of relative humidity sensor HMP233L
(Unit : %)

Psychrometric RH 458 49.7 523 603 640 653 675 713 716 829 930
RH from equation 329 394 425 474 528 504 572 668 649 813 918
Calibrated RH 399 464 495 544 598 664 642 738 719 833 988

Revised equation RH = 25V - 18 (r squared = 0.9404)
where, RH = relative humidity(%); V = voltage(V)

Results of Not significant (standard deviation = 4.215)
statistical analysis
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Table 7. Results of performence test of relative humidity sensor HANI (Unit : %)

Psychrometric RH 458 497 523 603 640 653 675 713 716 829 930
RH from equation 325 421 463 520 577 594 596 640 642 647 689
Calibrated RH 409 505 547 604 661 678 680 724 726 731 7713

Revised equation RH = 25V - 16,6 (r squared = 0.8980)
where, RH = relative humidity(%); V = voltage(V)

Results of Not significant (standard deviation = 5.886)
statistical analysis

Table 8. Results of performence test of wind velocity sensor NTK  (Unit : m/s)

Manometer 1.00 160 190 203 228 250 271 299 333 349 364
NTK -315 -0.70 049 128 160 162 162 163 162 161 163
486 Computer
A/D Converter

AMP & MUX Board
(PCLD-789D)

Sensors

Fig. 1. Measurement system
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