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Abstract

An economical and practical thermometer interface for the IBM compatible
personal computer (PC) has been developed. It can indicate temperature
changes as little as 0.4'C and covers a temperature range of zero to 100'C.
Those involved in scientific studies can use it not only as a temperature
recorder/display but also as a temperature controller.

Keywords Interfacing PC, Temperature Monitoring and Control, PC-based Instrumerita-

tion.

1. Introduction

Many types of temperature sensors are used in various fields to monitor
temperature or to control the temperature of processes. Tere are many ways
to measure temperature with different temperature sensors based on different
principles. (Dixey, 1991; Hutchings, 1995; Pathan, 1995; Scolio, 2000;

Tompkins, 1992). If a device has a temperature sensor and other necessary

components to display the temperature, it is a thermometer Sometimes it also
incorporates a computer and a controller. Temperature sensors normally
produce an analog voltage proportional to the temperature of a system. ne
output from many transducers is quite small in value. Computers deal wifli
digital singals in two-state voltage levels. The objectives of the hardware

interface are to raise the level of the analog signal and to make an actual

conversion from analog to digital form. Then data can be sampled into the

computer with the aid of software for further analysis or processing
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2. Practical Thermometer Interface

The circuit diagram of Figure shows the thermometer interface based on an
LM35DZ temperature sensor. The output voltage range of the M35DZ IC
I is zero to one volt, which is small compared to an input voltage range of zero
to 24 V for the analog-to-digital converter (ADQ unit. The output from the
IC is amplified by the non-inverting operational amplifier IC2 and then fed
to the input c' the ADC. Amplification by a factor of 22 provides an output
voltage range of zero to 22 V which makes better use of the ADC's resolution.
Finally the ADC unit is interfaced to the PC's LPT port. A Turbo C++ program
(genevaled) will do the task of signal processing, data logging and displaying
real-time temperature reading on the monitor.

3. Functional Description

LM35DZ Temperature Sensor

The LM35DZ is a three terminal device which has a standard T092 plastic
encapsulation and very simple to use as a temperature sensor. The supply
voltage V+ is applied to two eadout wires and the sensor output voltage U.
is taken from the third. Figure 2 provides connection details for this device
viewed with the eadout wires pointing away from the observer.

out (us)

V+ OV

Figure 2 Connection details for the LM35DZ (viewed from above)

Temperature T can be measured within a range of 0 to I O'C. The supply
voltage V+ range is 4 to 10 V and with a current consumption of only about
56 pA, there is minimal self-heating. The graph in Figure 2 shows the sensor
output voltage, U. between the output pin and the ground pin of this device
as a function of the temperature T.

Us changes from zero at O'C to one volt at 100T. This sensor has a
resolution of 10 mV. This mean that it can conveniently provide an output
voltage of 0.01 V per T with no offset voltage at all.
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Figure 3 Characteristic curve of the M35DZ temperature sensor

Signal Conditioning Amplification

Modification or conditioning on the analog signals from the sensor IC should
be performed prior to the analog-to-digital conversion process. A highly
desirable end product of conditioning is that the likely range of the analog
signal will now fairly closely match the input voltage range of the ADC. This
will ensure the best possible resolution being obtained. The amplifier gain is
determined by considering how much the largest analog input must be
amplified in order to develop the full scale input to the ADC. That is, gain A
can be given by the relation.

A full-scale ADC input

maximum analog sensor output

For the LM35DZ temperature sensor and the software-based ADC unit in this
system,

A 2.4 2.4
1

IC2 is the amplifier stage. R2 is the offset null control for IC2, and it is
also used to deal with the minor offset voltage problem of IC 1. The negative
feedback network for IC2 consists'of Rl, VRI and R2. Here VRI is adjusted
to provide a voltage gain of 22. In practice, VR2 is adjusted for optimum
accuracy at a low temperature, and VR I is set for optimum accuracy at a high
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temperature. Amplification by a factor of 22 provides an output voltage
range of zero to 22 V which makes better use oftlic ADC's resolution.

ADC wit a Successive Approximation b)gic Prograin

Itis necessary to install an ADC unitin the LPT port of the PC. The unitcosists
of a voltage comparator, a digital-to-analo(y converter DAC) and a sucessivet�
approdximation logic (SAL) program. This circuit is powered by an external
5 V source ai d SAL is implemented by a Turbo C+ program routine.

The SAL routine will pass through the loop times. The first time trough
the loop, the 1 outportb (8 8 8, 12 8) 11 sends 128 10 = 1000,0000 2to Port

888. Then the DAC (ZN428 IC5) produces an analog output, V test of 128/255
times the full-scale value of 2.4 V. The comparator CA3140 IC3) answers the
question whether V t us tis greater than the conditioned sensor voltage Vin or not.
The 1 inportb 889) " checks the comparator's output answer, tests the
effect of each bit and resets it when necessary. If Vt.t is less than Vn' IN of
Port 889 is low and the nextbitis added to the successive approximation. Here

19210 I 00 0000 2 is sent to Port 888. If Vtest is greater than V 9 then IN of
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Figure 4 Computer reading vs analog input voltage for software-based ADC unit
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Port 889 is high and the latest bit is reset. The 11outportb 888, 64) "
sends 64,0 = 0100 0000 2to Port 888. After passes through the loop, the
software concersion is finished and the program is ready to take the next data.

The software-based ADC unit gives the computer a number N which is
proportional to the potential VM at its input (See Figure 4). Generally an input
of I V produces a reading of 103. This is an 8-bit number (range to 255).
Effectively the ADC is working on a scale of to 255 with an accuracy of I
in 256 although its voltages used are in the range to 24 V.

The analog voltage U. developed across the sensor is amplified by 22 and
then translated into the 8-bit data word, N by the ADC. Since the transfer
characteristics of the ADC and the sensor are linear, simple ration and
proportion may be used to relate these quantities.

N Virl

255 2.4

N U x 22S
255 2.4

N O. IT x. 22

255 2.4

T 0.4 N

The lowest temperature measured by this system can be calculated for N 1.

T = 0.4'C

4. Performance Testing

The performance of the developed unit was tested in a temperature control
which can maintain a system (a small room or a small chamber) at a constant
temperature. he required temperature is initially preset. Then the predeter-
mined temperature is compared to the thermometer reading. In case of the
temperature beyond 27'C (room temperature) it is necessary to emit a control
signal from the ou5 (pin 17) of the PC's LPT port. The statement must be
added in the program.

if (a>27) outportb (890,O)
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Here a is the teamperature monitored by the PC through the sensor. Since
out 3 is normally inverted, the output becomes high. This control signal
drives the two function medium power relay through a driver unit. The driver
unit as shown in Figure (a) consists of a buffer using BC 549 transistor and
a common emitter ciurcuit using TIP I 10.

- 24

Diode Relay

W BC549
Control signal

(out 3 W TIP 110

I Ok I 0 3 9

(> -0 GND
(a)

owe0
+-4 r n

CO

(AC 220 V)L O-
N Fan ami

(b) (C)

Figure 5 (a) Control circuit
(b) Relay function I for heating and cooling
(c) Relay function 2 for alarm

Previously Relay Function I Figure 5 (b) gives power to the heating
element (light bulb). At the same time the cooling element (fan) is switched
off and Relay Function 2 Figure 5(c) cuts the Alarm Unit from the power
source.

At the temperature just higher than 27'C, the high control bit from out3
changes the relay over the previous condition. Relay function I now cuts off
the power for heating and turns on the power for cooling. Simultaneously
Relay function 2 activates the alarm. If it comes back to the state below 27C,
then the low control bit from 5&3 turns both Relay functions into the normal
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conditions. (heating element ON, cooling OFF and alarm OFF). Tempearture
of the room can thus be regulated in this way.

5. Conclusion

Even though the full cost of converting the PC to such a thermometer interface
is low it is extremely flexible to use. By connecting the computer to a large
TV it provides a continuous record of the temperature clearly visible to all the
people in the room. Time taken to record the temperature can be variably
preset from the minimum interval of I minute to the maximum of 24 hours.

Since a file of time and temperature readings is made during an experi-
ment, an immediate graph of the results can be given. The quick turn round
of results is useful in allowing an experiment to be repeated immediately if
necesary. The software interface can finally provide a file of results on disk
and a hardcopy on printer (See Table 1).

For high temperature and high power applications, suitable sensors,
interfaces and high power switches (relays) should be used. It is better to use
optical isolators in place of relays in control units.
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Table 1. The output of logged data

TEMPERATURE RECORD

Date :8-11-200
Start time :14:15
End time: 14:58
Sampling time (min): I

Time Temperature Time Temperature

14:15:00 23 14: 37 : 00 38
14:16:00 23 14:38:00 62
14:17:00 5 14: 39 : 00 18
14:18:00 22 14:40: 00 34
14: 19:00 11 14:41:00 12
14: 20: 00 27 14:42: 00 38
14: 21:00 5 14:43: 00 22
14: 22: 00 31 14: 44: 00 48
14: 23 : 00 12 14: 45 : 00 24
14: 24: 00 47 14: 46: 00 38
14: 25 : 00 12 14: 47: 00 24
14: 26: 00 50 14: 48 : 00 51
14: 27:00 24 14:49: 00 1 1
14: 28 : 00 37 14: 50: 00 37
14: 29: 00 13 14:51:00 9
14: 30: 00 53 14: 52 00 37
14: 31 : 00 31 14: 53 00 I 
14: 32: 00 47 14: 54: 00 23
14: 33 : 00 24 14: 55: 00 5
14: 34: 00 49 14: 56: 00 22
14: 35 00 34 14: 57: 00 I 
14: 36 00 69 14: 58: 00 22


