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Abstract: This paper presents a web architecture based low cost virtual instrumentation
(VI) system to monitor and control the electrically heated water bath temperature. The
PIC16F877 based digital microcontroller is used as thermostat which controls and
monitors the temperature through internet-work model. The digital controller also allows
the user to monitor the network status as well as sensor (PT100) calibration data values.
The parallel port has been used to provide the control function and on-line display of
measuring temperature, set point as well as the control function output plots through the
parallel port. This bus interaction is realized in Visual Basic/Assembly Language and uses a
16 bit, 10 us sampling analog-to-digital converter (ADS 7805) for monitoring and
controlling the parameters of the temperature web enabled digital controller.
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INTRODUCTION

A large variety of data collection instruments designed specifically for computerized control and
operation were developed and made available on the commercial market, creating the field now called
“virtual instrumentation” (VI). Virtual instrumentation thus refers to the use of general purpose
computers and workstations, in combination with data collection hardware devices, and virtual
instrumentation software, to construct an integrated instrumentation system; in such a system the data
collection hardware devices, which incorporate sensing elements for detecting changes in the conditions
of test subjects, are intimately coupled to the computer, whereby the operations of the sensors are
controlled by the computer software, and the output of the data collection devices is displayed on the
computer screen, in a manner designed in software to be particularly useful to the user, for example by
the use of displays simulating in appearance the physical dials, meters and other data visualization
devices of traditional instruments.

The objective of this paper is to describe an embedded based digital controller to monitor and to
control the electrically heated water bath temperature through internet architecture. The controller is
built around the PIC16F877 on microcontroller board. The digital controller provides three primary
functions: controlling locally the process functioning as thermostat, reading as well as displaying the
digital temperature from the PT100 sensor and maintaining parallel communication with a computer.
This system includes a cost effective design solution with minimum hardware and maximum support of
software to achieve a user-friendly virtual instrumentation based programmable temperature controller,
to control temperature range from -200° C to 850° C, with menu driven support for selection of the
control functions. The advent of embedded based digital controller combined with user friendly software
program assures desired performance, simplicity, flexibility and reliability for temperature monitor and
control. The system includes both instrument server and internet server.

MATERIALS AND METHODS

The digital controller board consists of three modules. The first module PIC16F877 microcontroller is
a high performance RISC CPU with low power consumption, 8k words Flash program memory, 368 bytes
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of data memory (RAM) and 256 bytes of EPROM data memory, Watchdog Timer (WDT) with its own on-
chip RC oscillator for reliable operation, three timers (two 8 bit and one 16 bit), Two Capture (16 bit, max.
resolution is 12.5 ns) and Compare (16 bit, max. resolution is 200 ns), PWM modules and a Universal
Synchronous Asynchronous Receiver Transmitter (USART/SCI) with 9-bit address detection. The second
module is Platinum Resistance Thermometers (PRTs) which offer excellent accuracy over a wide
temperature range (from -200 to +850 °C). The principle of operation is to measure the resistance of a
platinum element. The most common type (PT100) has a resistance of 100 ohms at 0 °C and 138.4 ohms
at 100 °C. There are also PT1000 sensors that have a resistance of 25 ohms and 1000 ohms respectively
at 0 °C and these sensors offer an accuracy of #0.3 °C at 0°C. The microcontroller also reads the
temperature binary from the sensor. The third module is parallel port transmission/reception, with ADS
7805 which is a 16-Bit 10ps sampling CMOS analog-to-digital converter. The digital controller is
connected using parallel port to a personal computer on which the instrument application runs. Desired
temperature (reference) is introduced using a computer keyboard locally. This value is transmitted using
the parallel port from the computer to the digital controller. The source code for the microcontroller is
written in assembly language and front panel is designed using Microsoft Visual basic. The photocopy of
overall experimental system is shown in Fig. 1.

Fig. 1: Photocopy of experimental stup
RESULTS AND DISCUSSIONS

The instrument software application is written using visual basic that can run on Windows 98, 2000
and XP. The digital controller can be accessed directly by the instrument computer, which also has an
active part in the control of the water bath temperature. A user friendly calibration of sensor system is
also programmed within this digital controller. Thermal process can be monitored with or without the
advent of personal computer system through offline measurement system. The offline system is also
programmed within that of microcontroller. The instrument application is written in visual basic that has
the features including, microcontroller board interfacing through parallel port, setting up the digital
controller parameters and displaying and transmitting the state of the controller and the process
parameters. The digital controller system is tested with electronic heated water bath temperature system.
The Fig. 2 shows the automatic control scheme for the thermal process.
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Fig. 2: Block diagram for thermal control process

The regulator is implemented in the digital controller which is a relay with non-linear characteristics.
The relay outputs are on or off value by comparing the input (i.e.) error signal with the specified
thresholds. The analog-to-digital conversion is done using a 16 bit, 10 us ADC chip, the ADS7805. This
chip is cost effective, works well, and has a 16 bit resolution if not 16 bit accuracy. The ADS7805 is a
complete 16-bit sampling A/D using state-of-the art CMOS structures. It contains a complete 16-bit,
capacitor-based, successive approximation register (SAR) A/D with S/H, reference, clock, interface for
microprocessor use, and three-state output drivers. The ADS7805 is specified at a 100 kHz sampling rate,
and guaranteed over the full temperature range. Laser trimmed scaling resistors provide an industry
standard #10V input range, while the innovative design allows operation from a single +5V supply, with
power dissipation under 100mW. The 8-bit output from the ADS7805 is connected to the data lines of the
parallel port. An external clock assesses data from the interface, which communicates without any
external hardware for most digital signal processors, microcontrollers and personal computers. It reads
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the temperature data through the front-end hardware and sets the time triggering firing angle sequence
through parallel port and controls the temperature as per the software application. The software front-
panel consists of set temperature, temperature scale division, time scale division as well as on-off relay
controller which are shown in Fig. 3 and 4. The high or low byte output from the ADC can be selected by
the BYTE pin on the ADS7805 by the microcontroller.
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Fig. 4: Online temperature graphical output
The developed digital controller has the features such as, it has the provisions for set point tracking
and monitoring of system parameters either by online and/or offline functions (i.e.) with and/or without
the aid of personal computer and calibration of RT100 can be done at microcontroller itself instead of
altering the application program code.

The local digital controller has built in 20&4 LCD display to monitor and control the temperature
values.

CONCLUSIONS

Web architecture based low cost virtual instrumentation (VI) system to monitor and control the
electrically heated water bath temperature has been described. The parallel port has been used to
provide the control function and on-line display of measuring temperature, set point as well as the
control function output plots through the parallel port. This bus interaction is realized in Visual
Basic/Assembly Language and uses a 16 bit, 10 pus sampling analog-to-digital converter (ADS 7805) for
monitoring and controlling the parameters of the temperature web enabled digital controller.
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