











Sensors & Transducers Journal, Vol. 96, Issue 9, September 2008, pp. 93-103

Fig. 2. The chipset state machines diagram.

Fig. 3. A VHDL list in one process that implements the all PWM channels.

5. Drivers and Software

The communication between the PC and the chipset is achieved by a simple protocol. From the
programmer’s point of view, one needs three low-level functions (drivers): setAddress, writeData, and
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readData to establish communication between the PC and the chipset. Above this low-level layer, the
user needs a data acquisition library to translate the digital data to a real value (duty-cycle,
temperature, etc.). These functions can be written in an assembly, C or any other high level language.
We used C language to write both the low-level drivers and the data acquisition library. Fig. 4 and Fig.
5 show the low-level drivers that communicate with the parallel port in EPP mode and the data
acquisition library.

#include <utility.h>
// Base address of parallel port
static unsigned Base = 0x378;

static const int idle = 0x04;
/************************************/

volid resetCard ()

outp(Base+2, 0x00);
outp (Base+2, 1idle);

/************************************/
volid setAddr (int addr)

outp(Base+3, addr) ;

/************************************/

vold writeData (int data)

{

outp (Base+4, data);

/************************************/
int readData ()

{

return (inp (Base+4) ) ;

/************************************/

Fig. 4. The low-level drivers to communicate with the parallel port in EPP mode.

For the PC to control the system, we built a Graphical User Interface (GUI) using a National
Instrument LabWindows CVI, as shown in Fig. 6. In this panel one sees a four strip chart - one for
each control channel, targets temperature, PID coefficients, control type, TECs current, and sampled
interval. The control type can choose from a list that includes: Open-Loop, On-Off, Proportional,
Integral, Differential, as well as any of their combinations. As mentioned above, the PID loop is
implemented by software, this means that the compensation expression is very flexible and in principal
can even be a non-linear expression. The type of compensation and coefficient values should be
determined by the user, as this will depend on the thermal response of the object and the TEC
properties [12, 13, 14].
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typedef unsigned char byte;
#include "EppDriver.h"

ttdefine READ TIME OUT 1000
#tdefine TIME OUT ERROR -1.0

#define MAX VOLT IN 5.00
#define ADCL 0x00
#define ADCH 0x01
#tdefine ADCS 0x02
#tdefine PWM1 0x03
#define PWM2 0x04
#define PWM3 0x05
#define PWM4 0x06
#tdefine ENABLE 0x07

/**************************************************************/

double AnalogIn{byte Chan)

#define BIP 0
#tdefine RNG 0
tdefine ACO 0
#define PD10 1

1 - Bipolar 0 - Unipolar

1 - 10V 0 - 5V

0 - Internal Acquisition

Normal Operation & Internal Clock

short temp;

byte lo, hi;

int time = READ TIME_OUT;

setAddr (ADCS) ;

writeData ( (PD10<<6) | (ACQ<<5) | (RNG<<4) | (BIP<<3) | (Chan&0x07)) ;

while (readData() & 0x01l) // Wait for Int
if (time-- == 0) return (TIME_OUT_ERROR} ;

setAddr (ADCL) ;
lo = readData();
setAddr (ADCH) ;
hi = readData();

temp = (short) ((hi<<8) | lo);
temp <<= 4; temp >>= 4; // expand the sign bit
return({ (double) (temp * MAX VOLT_ IN / 4096.0) ) ;

/**************************************************************/

void PwmWriteDutyCycle (char Chan, byte Duty)

setAddr (PWM1l+Chan-1) ;
writeData (Duty) ;

/**************************************************************/

void PWMEnable (char Ena)

setAddr (ENABLE) ;
writeData (Ena) ;

/**************************************************************/

Fig. 5. The C language data acquisition library.
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Fig. 6. The Graphical User Interface of the control program consists: four strip chart - one for each control
channel, targets temperature, PID coefficients, control type, TEC current, and sampled interval. The control type
can choose from a list that includes: Open-Loop, On-Off, Proportional, Integral, Differential, as well as any of
these combinations.

Fig. 7 is the programming list of the PID compensation loop that receives the error and calculates the
compensation value in duty cycle units (-250 to +250). In all cases we send the absolute value of this
value to the PWM controller, while the sign determines the direction of the current in the bridge.

The analog acquisition time of the controller is about 20 pus — much faster than the feedback-sampled
interval, thus, there is no difficulty in simultaneously controlling all 4 channels. Moreover, since the
loop sampling time is very short, we can average the sampled data 10 times for each point (to reduce
the noise) and still then freeing the personal computer resources for other applications.

6. Expanding to 32 Channels

As one can understand, the design described above consists of 4 channels. Since we implemented the
design by VHDL and PLD, it is therefore very simple to expand this controller to include more
channels — using stronger CPLD. In order to expand the controller to 32 channels one is required to
adjust the following:

= Replace the programmable logic device - U; by a stronger one — CY37512.

= Duplicate the entire analog and power units 8 times, using common data bus and separate chip
selects.

= Expand the address register in the chipset to 64 addresses instead of 8 addresses.

= Change the loop index — K —in Fig. 3 from 7 to 63.

= Expand the commands in states WRn and RD1 of the state machine for 64 addresses.
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/*************************************/
int PID2Pwm{double pid)

{

if {(pid » 250.0) return (250} ;
if {(pid < -250.0) return (-250)};
return ({(int)pid);

/*************************************/

int CalculatePID{double err, int mode)

static double eP, el, eD;
static double lasterr, divErr;

if (mode==8) / /ON\OFF
return ((err>0.0) ? 200 : -200);

sumErr += err*dt;
divErr (err-lasterr) /dt;
lasterr err;

eP=el=eD=0.0;
if (mode & (1l<<0)) //P
eP = xP*err;

if (mode & (l<<1)) //I
el = xI*sumErr;

if (mode & (l<<2)) //D
eD = xD*divErr;

return (PID2Pwm{(eP+el+eD)) ;

}

/*************************************/

Fig. 7. The programming list of the PID compensation loop that gets the error and calculates the compensation
value in duty cycle units (-250 to +250).

As a result, the overall circuit is very compact in size (20 cm*/channel) and very low in cost (10$ per
channel) as compared to any commercial product.

7. Results

The controller, described here, can be used by any system that basically requires 1 to 32 channels of
temperature control. We used the controller to regulate the temperature of water, including bacteria, in
2 inches Petri dish. We used a 1 inch 15V/2A TEC [15] as a heater/cooler element; when a 25x25x0.4
mm piece of copper with a heat capacity of ~ 1 J/C® is attached to the cold side of a TEC while its hot
side is attached to the heat sink. The Petri dish is clamped to the copper piece when the temperature of
this copper is sampled by the thermistor [7].

Fig. 8 shows a typical temperature time response produced by the TEC, at room temperature of 25 °C,
when applying a 37 °C as the target temperature and using PID control. The feedback sampled interval
was 0.1 sec and the data acquisition averaging is 10. The figure and data analysis show that the
accuracy is better than 0.1°C while the stabilization time is about 2 minutes.
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Fig. 8. A typical temperature time response produced by a TEC connected to the controller, at room temperature
of 25 °C, when setting 37 °C as the target temperature. This figure shows that the stabilization time is about 2
minutes while the accuracy is around 0.1 °C.

8. Conclusion

In conclusion, we have demonstrated the complete design of a multi channels (4-32) PID controller for
TEC that compatible to the several kinds of temperature sensors which can be used for systems that
involve several channels of temperature control governed by a personal computer. Since we
implemented the digital design by VHDL and PLD, it was therefore very simple to expand this
controller to 32 channels, at the same time keeping the circuit very compact in size and at a very low
cost compared to any commercial product.
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