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Abstract 

         Temperature transmitter is one of the most important 

transmitters in the nuclear reactor it is used for RTD (Resistance 

Temperature Detector) signal conditioning. It has built-in current 

excitation, instrumentation amplifier, linearization and current output 

circuitry which amplifies the RTD signal and gives linearization to it. 

It is a part of a system to get temperature and monitoring it. This 

system is very cost and complicated. In this work a digital system is 

implemented by using microcontroller techniques that replaces the 

existing system, one chip (PIC16f877) is used to build a digital 

system, which is more accurate and give more performance and low 

costs.RTD is the sensing element of temperature, its resistance 

increases with temperature. There are many types of transmitters in 

the reactor such as temperature, pressure, level and flow but 

temperature one is chosen because of temperature is one of the most 

important parameters in process control. Accurate measurements of 

the temperature are not easy and to obtain accuracies better than 0.5 

oC great care is needed. PIC (Programmable Interface Controller) 

microcontroller is used for interfacing the transmitter for its major 

advantages, the built-in A/D converter and EEPROM of PIC16f 877 

is used in our research, the PIC is programmed by using C language, 

Mikro-C compiler and PROTEUS are used for designing the circuit 

and simulating it. The temperature is read in digital form and 

displayed on LCD, stored the upper limit, lower limit in the EEPROM 

of the PIC. 
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CHAPTER 1 

 INTRODUCTION 

        In this study, a digital system is implemented by using 

microcontroller techniques; temperature is taken as an example. 

Digital systems have more advantage than the analog one; they are 

more accurate and give more performance and low costs. There are 

many types of transmitters in the reactor but temperature one is 

chosen in this work because temperature measurements and control 

are vital in many industrial processes and accurate control of the 

temperature is not easy, resistance temperature detector (RTD) 

sensors are used for sensing temperature because they are considered 

to be the most accurate and stable sensors. 

     C Language is used in programming microcontrollerI mikroC J�K 

compiler (mikro -C Version (!pt�) soLware) is used for compiling the 

program, mikroC is a powerful, feature rich development tool for 

programmable interface controller (P"C) micros. "t is designed to 

provide the programmer with the easiest possible solution for 

developing applications for embedded systems, without 

compromising performance or control. 

        PROTEUS is used for designing and simulating the system 

(version �pt� sp�).  The strength of its architecture has allowed us to 

integrate first conventional graph based simulation and now - with 

PROTEUS VSM - interactive circuit simulation into the design 
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environment. :or the first time ever it is possible to draw a complete 

circuit for a micro-controller based system and then test it 

interactively, all from within the same piece of software. Meanwhile, 

"S"S retains a host of features aimed at the PC( design, so that the 

same design can be exported for production with )RES or other PC( 

layout software. 

        Programmable Interface Controllers (PICs) [2] are a family of 

microcontrollers by microchip technology. PIC microcontrollers have 

attractive features and they are suitable for a wide range of 

applications. The PIC was the first widely available device to use 

flash memory, which makes it ideal for experimental work. Flash 

memory allows the program to be replaced quickly and easily with a 

new version. It is now commonplace, not least in our USB memory 

sticks, but also in a wide range of electronic systems where user data 

need to be retained during power down. Cheap flash memory 

microcontrollers have transformed the teaching of microelectronics – 

they are re-usable and the internal architecture is fixed, making them 

easier to explain. It is one of the most important developments in 

electronics since the invention of the microprocessor itself. It can be 

used in many applications, used to implement GPRS [3] based 

positioning system. The system is implemented using the microchip 

PIC 16F877A microcontroller. The small instruction set of the PIC is 

also a major advantage – only 35 instructions to learn. Compare that 

with a complex processor such as the Pentium, which is quite 

terrifying compared with the PIC.  The quality of the PIC technical 

documentation is also a major factor. Microcontrollers contain all the 
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components required for a processor system in one chip: a CPU, 

memory and I/O. A complete system can therefore be built using one 

MCU chip and a few I/O devices such as a keypad, display and other 

interfacing circuits. 

:or these reasons, the P"C was used into our search. P"C ��:!�� is 

used. This is now used widely as a more advanced teaching device, 

because it has a full complement of interfaces< analog input, serial 

ports, slave port and so on, plus a good range of hardware timers.  

 

1.1 Practical Temperature Measurements 

Temperature measurements and control are vital in many 

industrial processes. Accurate control of the temperature is essential 

in nearly all chemical processes. In some applications, an accuracy of 

around 5-10 oC may be acceptable. There are also some industrial 

applications which require accuracy temperature 4-1 oC accuracy. 

Temperature sensors come in many different forms and a number of 

techniques have evolved for the measurement of temperature. There 

are new forms of sensors which require no contact with the medium 

whose temperature is to be sensed. The majority of sensors still 

require touching the solid, liquid, or the gas whose temperature is to 

be measured.  

1.1.1 Types of Temperature Sensors 

There are many types of sensors to measure the temperature [2]. 

Some sensors such as the thermocouples, RTDs, and thermistors are 

the older classical sensors and they are used extensively due to their 

big advantages. The new generation of sensors such as the integrated 
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circuit sensors and radiation thermometry devices are popular only for 

limited applications. The choice of a sensor depends on the accuracy, 

the temperature range, speed of response, thermal coupling, the 

environment (chemical, electrical, or physical), and the cost.  

Temperature sensors types 

 

 

 

 

Thermocouples       RTD                 thermistor               integrated circuit  

-270 to +2600 oC          -200 to 600
 o

C         -50 to +200
 o

C             -40 to +125
 o

C 

Fig. (1.1) Temperature sensors types 
 

As shown in Figure (1.1), thermocouples are best suited to very 

low and very high temperature measurements. The typical measuring 

range is -270 oC to +2600 oC Thermocouples are low cost and very 

robust. They can be used in most chemical and physical 

environments. External power is not required to operate them and the 

typical accuracy is ±1oC. RTDs are used in medium range 

temperatures, ranging from -200 oC to +600 oC they offer high 

accuracy, typically ±0.2oC, RTDs can usually be used in most 

chemical and physical environments, but they are not as robust as the 

thermocouples. The operation of RTDs [4] require external power. 

Thermistors are used in low to medium temperature applications, 

ranging from -50oC to+200oC they are not as robust as the 

thermocouples or the RTDs and they can’t easily be used in chemical 

environments. Thermistors are low cost and their accuracy is around 



 

 

��

±0.2oC. Semiconductor sensors are used in low temperature 

applications, ranging from -40 oC to about +125 oC Their thermal 

coupling with the environment is not very good and the accuracy is 

around +1oC Semiconductors are low cost and some models offer 

digital outputs, enabling them to be directly connected to computer 

equipment without the need of A/D converters. Radiation 

thermometry devices measure the radiation emitted by hot objects, 

based upon the emissivity of the object. But the emissivity is usually 

not known accurately, and additionally it may vary with time, making 

accurate conversion of radiation to temperature difficult. Also, 

radiation from outside the field of view may enter the measuring 

device, resulting in errors in the conversion. Radiation thermometry 

devices have the advantages that they can be used to measure 

temperatures in a wide range (450 oC to 2000 oC with accuracy better 

than 0.5%. Radiation thermometry requires special signal processing 

hardware and software and is not covered in this work. The 

advantages and disadvantages of various types of temperature sensors 

are given in Table 1.1. 
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Table 1.1 Comparison of temperature sensors 
sensor advantages disadvantages Sensor shape 

Thermocouple Wide operating 
Temperature range 
Low cost 
Rugged 
 

Nonlinear 
Low sensitivity 
Reference junction 
compensation 
required 
Subject to electrical 
noise 

 

RTD Linear 
Wide operating 
Temperature range 
High stability 

Slow response time 
Expensive 
Current source 
required 
Sensitive to shock 

 

Thermistor Fast response time 
Low cost 
Small size 
Large change in 
resistance vs 
temperature 
 

Nonlinear 
Current source 
required 
Limiting operating 
temperature range 
Not easily 
interchangeable 
without recalibration 

 

Integrated 
circuit 

Highly linear 
Low cost 
 
Digital output 
sensors 
Can be directly 
connected to a 
microprocessor 
without an A/D 
converter 

Limited operating 
temperature range 
Voltage or current 
source required 
Self heating errors 
Not good thermal 
coupling with the 
environment 

 

 

1.1.2 Measurement errors 

There could be several sources of errors during the measurement 

of temperature. Some important errors are described in this section. 
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1.1.2.1 Sensor self heating 

RTDs, thermistors, and semiconductor sensors require an 

external power supply so that a reading can be taken. This external 

power can cause the sensor to heat, causing an error in the reading. 

The effect of self heating depends on the size of the sensor and the 

amount of power dissipated by the sensor. Self heating can be 

avoided by using the lowest possible external power, or by calibrating 

the self heating into the measurement.  

1.1.2.2 Electrical noise 

Electrical noise can introduce errors into the measurement. 

Thermocouples produce extremely low voltages and as a result of 

this, noise can easily enter into the measurement. This noise can be 

minimized by using low-pass filters, avoiding ground loops, and 

keeping the sensors and the lead wires away from electrical 

machinery. 

1.1.2.3 Thermal coupling 

It is important that the sensor used makes a good thermal contact 

with the measuring surface. If the surface has a thermal gradient (e.g. 

as a result of poor thermal conductivity) then the placement of the 

sensor should be chosen with care. If the sensor is used in a liquid, the 

liquid should be stirred to cause a uniform heat distribution. 

Semiconductor sensors usually suffer from good thermal contact 

since they are not easily mountable to the surface whose temperature 

is to be measured. 

1.1.2.4 Sensor time constant 
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This can be another source of error. Every type of sensor has a 

time constant such that it takes time for a sensor to respond to a 

change in the external temperature. The time constant is defined as 

the time it takes for the output to reach 63% of its final steady-state 

value. Errors due to the sensor time constant can be minimized by 

improving the thermal coupling, or by using a sensor with a small 

time constant. 

 

1.1.2.5 Sensor leads 

Sensor leads are usually copper and therefore they are excellent 

heat conductors. These wires can lead to errors in measurements if 

placed in an environment with a temperature different to the 

measured surface temperature. These errors can be minimized by 

using thin wires, or by taking care in placing the lead wires. 

1.1.3 Selecting a temperature sensor 

Selecting the appropriate sensor is not always easy. This depends 

on factors such as the temperature range, required accuracy, 

environment, speed of response, ease of use, cost, interchangeability 

and so on. Traditionally, thermocouples are used in high temperature 

chemical industries such as glass and plastic processes. 

Environmental applications, electronics hobby market, and 

automotive industries generally use thermistors or integrated circuit 

sensors. RTDs are commonly used in lower temperature, higher 

precision chemical industries. 

1.2 Introduction to Microcontrollers 
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Today, we see many industrial and domestic products like remote 

controllers, telephone bill printing machines, automatic power 

regulators, microwave ovens, engines, indicating and measuring 

instruments and similar products. Automation is needed to facilitate 

the process or mechanism for its operation and control. Data storage 

and processing is an integral part of any automatic control system. 

The need is to have a device, so called ‘microcontroller’, [5] which 

allows controlling the timing and sequencing of these machines and 

processes. Further, with the help of microcontroller, it is possible to 

carry out simple arithmetic and logical operations. Any system that 

has a remote controller, almost certainly contains a microcontroller. 

 

 

 

 

 

 

 

 

 

 

Fig. (1.2) General Block Diagram of a Microcontroller. 
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All these functional blocks on a single integrated circuit (IC) results 

into a reduced size of control board, low power consumption, more 

reliability and ease of integration within an application design. 

Microcontrollers are single-chip microcomputers, more suited for 

control and automation of machines and processes. Microcontrollers 

have central processing unit (CPU), memory, input/ output ports 

(I/O), timers and counters, analog- to-digital converter (ADC), 

digital-to-analog converter (DAC), serial ports, interrupt logic, 

oscillator circuitry and many more functional blocks on chip.  

Figure (1.2) shows a general block diagram of a microcontroller. 

Automation, and provides more flexibility. The device can be 

programmed to make the system intelligent. This is possible because 

of the data processing and memory capability of microcontrollers 

.some of the commonly used microcontrollers are Intel MCS-

51,MCS-96,Motrola68HC12 family, microchips peripheral interface 

controller(PIC) family of microcontrollers 16CXX,17CXX,etc. 

1.2.1 Embedded versus external memory devices  

Embedded devices are becoming very popular now-a-days. Such 

a device [6] has all functional blocks on chip, including the program 

and data memory. There is no external data / address bus provided. 

For example, ATMEL 89C2051 is one example of embedded 

controller, which has timers/ counters, on-chip RAM, EEPROM,I/Os, 

a precision comparator along with CPU and timing and control unit. 

The code is executed from the internal program memory only 

however; we see normally that devices like 8031 from MCS-51 
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family need external program memory interface. These devices are 

external memory devices. 

 

1.2.2   8-BIT and 16-BIT Microcontrollers  

Several features define the word length of a processor. One can 

define an 8-bit microcontroller in a much broader sense, as a device 

which has most of its registers 8-bit wide. There is almost no direct 

dependency of this definition on the width of the data address bus. 

For example, 8088 has8-bit microcontroller family. MCS-96 is a 16 

bit microcontroller family. From the application point of view, it is 

very important to decide if an 8-bit or a 16-bit microcontroller is to be 

used in a typical design. 8-bit microcontrollers have dominated over 

the 16-bit microcontrollers. The reason that many designers are 

familiar with 8-bit microcontrollers and 16-bit operations can always 

be performed on 8-bit controllers, by writing suitable programs. 

1.2.3 CISC and RISC processors 

Complex instruction set computers (CISC) and reduced 

instruction set computers (RISC) are common terminologies used 

while talking about microcontrollers or microprocessors. CISC 

processors have large number of instructions. A larger instruction set 

helps assembly language programmers by providing flexibility to 

write effective and short programs. The objective of CISC 

architecture is to write a program in as few lines of assembly 

language code as possible. This is made possible by developing 

processor hardware that can understand and execute a number of 

operations. Programmers want to have fewer, simpler and faster 
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instructions, than the large, complex and slower CISC instructions. 

This is however, at the cost of writing more instructions to 

accomplish a task. One advantage of RISC chips require lesser 

hardware implementation, which makes them simpler to design and 

hence lesser cost of production. And it is easier to write optimized 

compilers, because of a small number of instructions. One example of 

RISC microcontrollers is the popular PIC family of microcontrollers 

by microchip. 

1.2.4 Harvard and Von Neumann architectures  

There are two major classes of computer architectures, Harvard 

architecture and von Neumann architecture. Many special designs of 

microcontrollers and DSP use Harvard architecture. Harvard 

architecture uses separate memories for program and data with their 

independent address and data buses. Because of two different streams 

of data and address, there is no need to have any time division 

multiplexing of address and data buses. Not only the architecture 

supports parallel buses for address and data, but also it allows a 

different internal organization such that instruction can be pre-fetched 

and decoded while multiple data are being fetched and operated on. 

Further, the data bus may have different size than the address bus. 

This allows the optimal bus widths of the data and address buses for 

fast execution of the instruction. PIC microcontrollers by microchip 

use Harvard archicteure. In von Neumann architecture, programs and 

data share the same memory space. Von Neumann architecture allows 

storing or modifying the programs easily. However, the code storage 

may not be optimal and requires multiple fetches to form the 
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instruction. Program and data fetches are done using time division 

multiplexing which affect the performance.  

This thesis consists of five chapters,  

Chapter 2: introduce a multiple purpose reactor system, its 

configuration, its main systems, instrumentation, and the existing 

circuit of temperature transmitter,  

Chapter 3: introduce RTD sensor, its principles, its theory of 

operation and its practical circuit, 

Also, about PIC microcontrollers architecture, their registers, their 

memories and their instructions,  

And also, about analog to digital and real-time clocks, A/D converters 

in general, A/D modules in microcontroller ,its registers and how to 

implement it in a program , 

Chapter 4:  introduce the simulation circuit, system design, results 

analysis and experimental work.  

Chapter 5: gives the conclusion and references. 
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CHAPTER 2 

MULTIPLE PURPOSE REACTOR SYSTEM  

 

2.1 INSTRUMENTATION and CONTROL 

      From the (instrumentation and control) I&C point of view, the 

(Multiple Purpose Reactor) MPR, includes two main systems: 

a) Supervision & Control System (SCS) 

      The SCS includes all the components required for reactor [7] 

process control during normal operation and plant incidents. 

b) Reactor Protection System (RPS) 

      The RPS encloses all electrical and mechanical devices and 

circuits involved in generating those initial signals associated with 

protective functions [8] that are carry out by the safety systems 

actuation. Figure (2.1) shows a context diagram.  A defense in depth 

strategy is followed.  As related to the control of the reactor power the 

following level of actions [9] are implemented by the SCS; 
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• Automatic regulation to compensate deviation from a preset set 

point is carried out by the Automatic Reactor Power Control 

System (ARPCS) 

•  Alarms are triggered to call for operator attention  

• If certain conditions are not satisfied, two limitation actions are 

executed; 

- Power reduction  

- Automatic insertion of the four safety rods  

      Independent of the SCS, the RPS will shutdown the reactor when 

any of the safety system settings of the first or the second shutdown 

systems is reached. 

                 

Operators

Reactor Systems

SCS RPS

I / O I / O

I / O I / O

I

 
Fig. (2.1) I&C Context Diagram 

SCS (Supervision & Control System), RPS (Reactor Protection System) 
 

2.2 Reactor protection system(RPS) 
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     The RPS design follows two basic requirements: 

• It provides an independent and reliable system that monitors the 

safety variables and initiates appropriate protective actions if any 

of such variables reaches the Safety Setting. 

• The Reactor Protection System brings the reactor to a safe 

condition in the event of anticipated operational occurrence 

(incidents) and accident conditions. 

Architecture 

      The Reactor Protection System is configured with three 

independent redundancies; each is composed of three major devices 

as can be seen in Figure (2.2). 

• Sensors and transducers 

• Conditioning modules 

• Trip Unit 

      Each redundancy performs the monitoring of the safety variables. 

There is a measurement channel [10] for each safety variable. 

Different components (e.g. transducers), measurement principles and 

methods are employed according to the process variable to be 

monitored. The measurement channels may be grouped as follows: 

• Nuclear channels: Start-Up and Power channel. 

• Process channels to monitor the thermal-hydraulic variables. 

• Radioprotection channels to monitor area radiation. 

• Special purpose channels: seismic, test loop facilities monitoring 

and miscellaneous. 
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      In addition the system includes two redundant and independent 

gating logic units per protective action to form the actuation signals. 

These units are called Voting and Protective Logics and are also 

shown in Figure (2.2). 

      The output signals of the logic units, depending on their logical 

status, triggers the protective actions to be carry out by the safety 

actuation systems. 
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Fig. (2.2) Reactor Protection System. 
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      The RPS also includes the protection interlocks to supervise the 

operational configuration changes of the safety systems. 

The power requirements of the RPS are satisfied by means of three 

uninterrupted power supplies (one per redundancy). 

Sensors and transducers 

      The sensors and transducers acquire the safety process [11, 12] 

variables from the plant and convert them to electrical signals. They 

are used as inputs for the initiation of the protective actions or 

protection interlocks.  

Conditioning Modules 

      The Conditioning Modules perform the interface between the 

sensors and transducers and the digital/analog inputs of the Field 

Units. Those secondary variables that are derived from the signals of 

the transducers are obtained by different types of conditioning 

modules. 

      The Trip Unit (TU) is a microprocessor based data acquisition 

[13] and comparison device that acquires the safety variables and 

compares them with the safety system settings.  Based on the result of 

the comparison, individual trip outputs, for each signal of a safety 

variable, are fed by the TU into the Voting and Protective Logic Unit 

(VPLU) in order to initiate a protective action accordingly.   The TU 

is configured around a Single Board Computer (SBC). The 

communication link between the SBC and the Input / Output modules 

is the STD-Bus (IEEE 961 Standard Microcomputer Bus). 

The Trip Units Figure (2.3) has the following modules interconnected 

via the STD-Bus: 
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• SBC based on the 80286 microprocessor 

• Digital Input / Output module 

• Analog to digital converter 

• Field Bus communication channel interface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.3) Trip Unit Architecture. 
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      The TU is configured as an embedded system [13] where the 

signals processing sequence is stored in a standalone program. The 

physical support is a non-volatile type memory (ROM) to preclude 

modifications, even by the CPU itself, and to assure very fast access 

time and high reliability of the storage media. The intermediate 

variables are stored in read/write type memory (RAM). Error 

detection codes are used to supervise the integrity of the program and 

data stored in the ROM / RAM memory. 

The main functions of TU consist of: 

• Signals' acquisition from the conditioning modules 

• Processing the analog signals to convert them to digital format 

• Carrying out the comparisons; first with the admissible    

electrical levels and after that, with the Safety System Settings. 

• Transmission, via individual outputs, the result of the 

comparisons to the voting and protective logic. 

The SBC includes a watchdog timer that must be strobed within 

certain time period.  An external watchdog is also provided to lead the 

whole system to a failsafe condition in case of a critical failure; in this 

case an SCRAM is requested.  The safety system settings are set in 

the Safety Settings Input Panel (SSIU) and are transferred to a 

predefined RAM memory bank when the TU is powered on. The 

transfer is done via a special purpose parallel port. The SSIU is a 

peripheral device connected to the TU and it is used to set the safety 

system settings to their trigger thresholds. It contains a front panel 

with numeric inputs (in engineering units) for each safety variable.  
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When the TU reads the Safety System Settings (SSS) it verifies that 

they are within the admissible ranges predefined. The storage of the 

SSS is an off-line operation and the TU disables the modifications of 

the settings while the reactor is in operation mode. 

The transfer of information between the TU and the SCS is done 

through a dual port memory. The transference of information is only 

one way (TU → SCS).  All the address, control and data lines that 

link the TU with the dual port memory are connected through optical 

isolators.  This means there is no electric connection between the TU 

and the Dual Port Memory (SCS). 

Voting and Protective Logic Unit (VPLU) 

      The VPLU carries out the processing of the logic signals, coming 

from the field unit, to generate the trigger signals for the safety 

actuation systems. 

 

2.2.1 Conventional instrumentation 

      Conventional instrumentation is the instrumentation [14] used to 

measure variables other than seismic and radiation. This 

instrumentation includes sensors to measure: 

• Pressure 

• Differential pressure 

• Water level 

• Flow 

• Temperature 

• Differential temperature 

• Valve position 
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     The measurements for the safety system are done by three 

redundant sensors. The signals from sensors belonging to the safety 

chains are sent to the interconnection terminal panel of the trip unit by 

three different paths in order to avoid the occurrence of common 

mode failures. The signals from redundant sensors will be handled by 

coincidence logic with a two out three success criterion. This 

coincidence logic is implemented in the VPLU .In those cases where 

measurements are sent both to the safety logics and to the supervision 

and control system, sensors and transmitters common to both systems 

are used, a galvanic isolation is done from the signal going to the 

control system. The signals originated in the transmitters are wired up 

to analogical input modules belonging to the corresponding trip unit. 

The signals from field contacts are sent directly to digital 

conditioning module. The electric paths and process measurements 

belonging to each of the redundant channels of a same measurement, 

are different, in order to avoid common cause failures. 

Field instruments 

      The instruments used in the reactor, except otherwise stated, are 

of the general purpose industrial type. The field transmitters [15] are 

of the "two wires" type, with an output current of 4 to 20 mA. The 

electric connection of the transmitters up to the field connectioning 

box is done using instrumentation standard materials. General 

purpose instrumentation is used except in those applications when 

higher specifications are required. When this occurs, special 

specifications are recorded on the Instrument Data sheet. 
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For under water measurements made in the Reactor Pool, electrical 

signals are wired over mounting plates on the wall until they reach the 

instrumentation channel Stainless steel sheathed with alumina 

isolation is used within the Reactor Pool under the pool water level 

Once inside the instrumentation channel, each redundant 

measurement is laid out by a different path until it reach the junction 

box at the open end of pool level. All accessories used for signal's lay 

out into the reactor pool are made of stainless steel. 

Parameters measured 

The following variables are measured to feed into the supervision and 

control system and the reactor protection system field units: 

* Core inlet coolant temperature 

 * Core outlet coolant temperature  

 * Differential temperature through the core  

 * Differential pressure through the core 

 * Core cooling circuit flap valves position 

 * Reactor tank water level 

 * First shutdown system air pressure 

 * Second shutdown system Gadolinium tanks level 

 * Second shutdown system Gadolinium tanks pressure 

 * Chimney water injection water tanks level 

Figure (2.4) presents a P&I diagram of the conventional 

instrumentation and signals related to the core and core cooling 

system. This Figure shows the importance of temperature in the 

reactor system.  
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• Temperature measurement materials 

Detectors to be used are stainless steel sheathed, Alumina isolated 

RTD. 

• Core inlet coolant temperature 

Core inlet coolant temperature is measured at the inlet coolant 

collector. 

Detectors used are PT-100 thermo Three redundant measuring 

channels are provided. Each redundant measuring channel includes a 

PT-100 resistance temperature detector specified in accordance to 

DIN 43760 Class A. 

The measurement range is 0 °C / 100 °C.  

Permitted deviation better than ± 0.8 °C 

Response time (typical) 5 sec 

 

PT-100 temperature detectors are connected to RTD to current 

converters at the Conditioning Unit. These converters provide a 4 to 

20 mA output signal. 

The current signals provided by the RTD detectors are wired to the 

Trip Unit and processed by Analog Input modules. The TU each 

incoming signal is processed by the ADC. The result of the 

comparison against the Safety System Setting is now sent to the 

Voting and Protective Logic Unit (VPLU). 

• Core outlet coolant temperature 

Core outlet coolant temperature is measured at the control rod 

guide box level. 
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Fig. (2.4) Core Related Conventional Instrumentation. 
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Detectors used are of the PT-100 RTD type, specified in accordance 

to DIN 43760 Class A. Three redundant channels are used. 

The measurement range is 0 °C / 100 °C.  

Permitted deviation better than ± 0.8 °C 

Response time (typical) 5 sec 

Signals delivered by RTD are processed by RTD to current converters 

at the CDU. Out coming signals are wired to AI Module at the TU, 

then processed by the ADC and after signal isolation sent by a 

different path to the VPLU. 

• Core coolant differential temperature (out-in) 

Core inlet coolant temperature is also measured into the inlet 

coolant collector for core differential temperature measurement 

purposes. Core outlet coolant temperature for differential 

temperature purposes, is measured in the same position that those 

used for outlet coolant temperature.  

Detectors used are PT-100 thermo resistances, specified in 

accordance to DIN 43760 Class A. Three redundant measuring 

channels are provided. 

The measurement range is 0 °C / 40 °C  

Accuracy better than 1°C 

Response time (typical) 5 sec 

Core outlet coolant temperature for differential temperature is 

measured at the control rod guide box level. Three redundant 

measuring channels are used for differential temperature 

measurement.RTD detectors output signals are processed by 

differential temperature to current converters at the CDU. 
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Converter's output signals are wired to the TU where are processed by 

the ADC, then to the VPLU. 

2.3 Transmitter circuit in MPR 

In MPR the temperature transmitter consists of the RTD sensor and 

the transmitter which mainly consists of XTR103 (a special IC) which 

is used for RTD signal conditioning. It has built-in current excitation, 

instrumentation amplifier linearization and current output circuitry on 

a single chip. 

 

           (XTR103) 

 

Fig. (2.5) Transmitter Circuit for RTD Signal conditioning. 

 

 

 

 



 

 

��

Figure (2.5) shows the basic circuit of the transmitter of the MPR 

system, as seen the transmitter has special integrated circuit  

 (XTR103) and some resistors adjusted to achieve the output current 

from 4mA to 20mA.  

 

• General block diagram of MPR Conventional 
Instrumentation System: 

As seen in Figure (2.6) there are many sensors in the reactor; 

temperature, pressure, level and flow. Signals from sensors goes to 

transmitters , the outputs of them are 4 to 20 mA ,this current is taken 

across resistor to give voltage after that this voltage is taken to a 

analog input module(EL-085) to get 0 to 5 voltage range to be 

suitable for the analog to digital converter then to interface to see 

values on displays. This is a general brief descripsion of the reactor 

system. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.6) General  Block Diagram of  MPR Conventional 
Instrumentation System. 
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2.4 MPR temperature system 

Figure(2.7) shows the block diagram of MPR temperature system, the 

output of the transmitter is 4 to 20 mA , The current signals provided 

by the RTD detectors are wired to the Trip Unit and processed by 

Analog Input modules (EL-085) to get 0 to 5 voltage range to be 

suitable for the analog to digital converter which is(VL1295) in this 

system.This converted voltage goes to a microprocessor which has a 

software to convert it to a temperature degrees seeing it on displays. 

This is a breif description of the existing MPR temperaure system. 

 

 

 

 
 
 
 
 
 
  

 
 

Fig. (2.7) Block Diagram of  Multiple Purpose Reactor Temperature 
System. 
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CHAPTER 3 

SYSTEM ELEMENTS DESCRIPTION  

  

3.1 RTD Temperature Sensors 

3.1.1 RTD principles 

Resistance Temperature Detector (RTD) is a temperature sensing 

device whose resistance increases with temperature. It operates on the 

principle that the electrical resistance of metals change with 

temperature. Figure (3.1) shows the sensor of the RTD  

 

 

                                        RTD sensor 

Fig. (3.1) RTD Temperature Sensor 
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Planar resistance temperature detector (RTD) can be manufactured 

with microelectronics processing techniques [16]. However, the 

manufactured planar resistor requires an extra step for adjustment of 

the 0degC reference resistance R 0. 

In practice metals with high melting points which can withstand 

the effects of corrosion, and those with high resistivity are used for 

temperature sensing.  The resistivity of some commonly used RTD 

metals are indicated in Table 3.1[17]. 

 
Table 3.1 Resistivity of Some RTD Metals at (T= 0) 

 

metal silver copper gold tungsten nickel platinum 

Resistivity  

(10-8Ω.m)    

1.467 1.54 2.05 4.82 6.16 9.6 

From this table we can be noticed that; 

• Gold and silver have low resistivities and as a result their resistances 

are relatively low, making the measurement difficult. 

• Copper has low resistivity but is sometimes used because of its low 

cost. 

• The most commonly used RTDs are made of nickel, platinum, or 

nickel alloys. 

- Nickel sensors are used in cost sensitive applications such as 

consumer goods and they have a limited temperature range. 

- Nickel alloys, such as nickel-iron is lower in cost than the pure 

nickel and in addition it has a higher operating temperature. 

- Platinum is by far the most common RTD material, mainly because 

of its high resistivity and long term stability in air. 
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RTDs have excellent accuracies over a wide temperature range 

and some RTDs have accuracies better than 0.001 oC with drift less 

than 0.1oC/year 

RTDs are difficult to measure [18] because of their low 

resistances and only slight changes with temperature, usually in the 

order of 0.40 Ω/oc.   

RTDs are resistive devices and a current must pass through the 

device so that the voltage across the device can be measured. This 

current can cause the RTD to self-heat and consequently it can 

introduce errors into the measurement.  This self-heat can be 

minimized by using the smallest possible excitation current. The 

amount of self-heat also depends on where and how the sensor is 

used.  An RTD can self-heat much quicker in still air than in a 

moving liquid.  

To accurately measure such small changes in resistance, special 

circuit configurations are usually needed.  Because, long leads could 

cause errors as it introduces extra resistance to the circuit.  

In order to achieve high stability and accuracy, RTD sensors 

must be contamination free. Below about 250cْ the contamination is 

not much of a problem, but above this temperature, special 

manufacturing techniques are used to minimize the contamination of 

the RTD element. 

 The RTD sensors are usually manufactured in two forms:  

* Wire wound RTDs are made by winding a very fine strand of 

platinum wire into a coil shape around a non-conducting material 

(e.g. ceramic or glass) until the required resistance is obtained. 
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The assembly is then treated to protect short-circuit and to provide 

vibration resistance.   

Although the wire wound RTDs are very stable, the thermal contact 

between the platinum and the measured point is not very good and 

results in slow thermal response.  

* Thin film RTDs are made by depositing a layer of platinum in a 

resistance pattern on a ceramic substrate. The film is treated to have 

the required resistance and then coated with glass or epoxy for 

moisture resistance and to provide vibration resistance.  

Thin film RTDs have the advantages that they provide a fast thermal 

response, are less sensitive to vibration, and they cost less than their 

wire wound counterparts. Thin film RTDs can also provide a higher 

resistance for a given size 

Thin film RTDs are less stable than the wire wound ones but they are 

becoming very popular as a result of their considerably lower costs. 

3.1.2   RTD temperature resistance relationship 

The resistance of metal is defined as; 

RT = R0  [1 + α (T- To)]                                                                (3.2.a) 

 Where  

RT  is the resistance of the metal at temperature T oC   

R0  is the resistance of the metal at temperature 0 oC 

α    is the temperature coefficient of resistance 

T   is the temperature (oC) 

To  is a constant (oC) 

Setting T0 to 0oc, equation 3.2.a becomes;  
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RT = R0  [1 + α T]                                                                         (3.2.b) 

This equation is a simplified model of the RTD temperature-

resistance relationship.  

     From equation (3.2.b), effect of temperature on length and cross 

sectional area of the metal can be neglected. By using curve fitting 

technique, the relationship between resistivity of the platinum and the 

temperature in the range studied is approximately linear with good 

agreement and this relation is: [19] 

ρ = (0.04021340806 * t + 9.671677086)*10-8                     (3.2.c) 

     In practice, temperature-resistance relationship of the RTDs is 

approximated by an equation known as the Callendar-Van Dusen 

equation [20] which gives very accurate results.  

RT = Ro [1 + a T + b T2 + c (T - 100)3]                                       (3.3.a) 

Where, a, b, and c are constants which depend upon the material.  

Above 0oc, the constant c is equal to zero therefore, Eq.3.3.a can be 

approximated to;  

RT = R0  [1 + a T + b T2 ]                                                              (3.3.b)  

From this equation the relation between temperature and 

relative resistance (Rt/R0) can be drawn. Figure (3.2) shows this 

relation, from the Figure it can be noticed that, from T=0 to 100 oc the 

relationship between Rt/R0 and T can be considered linear. 
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Fig. (3.2) Relation between Temperature and Relative 
Resistance 

 

In practice it is required to calculate the positive temperature 

from knowledge of the RTD resistance. From Eq.3.3.b, the value of T 

is;    

T = {-a + [ a2 + 4 b (RT /R0  - 1)]0.5} / 2b                                   (3.4)  

 

3.1.3 RTD Standards 

Platinum RTDs conform to either two standard types; [21] 

i- The IEC/DIN standard defines pure platinum which is 

contaminated with other platinum group metals.  
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ii- The reference-grade platinum is made from 99.99% pure platinum.  

      The main difference is in the purity of the platinum used.  

The most commonly used international RTD standard is the IEC 

751 which is based on platinum RTDs with a resistance of 100 Ω at 

0OC and α parameter of 0.00385. 

3.1.4 Practical RTD Circuits 

Platinum RTDs are very low resistance devices and they produce 

very little resistance changes for large temperature changes. (A 1oc 

temperature change will cause a 0.385 Ω change in resistance) so, 

even a small error in measurement of the resistance can cause a large 

error in the measurement of the temperature.  

A high excitation current however should be avoided since it 

could give rise to self-heating of the sensor. The resistance of the 

wires leading to the sensor could give rise to errors when long wires 

are used. RTDs are usually used in bridge circuits for precision 

temperature measurement applications. Various practical RTD 

circuits are given in this section. 

 

 

 

 

Simple current source circuit 

Figure (3.3) shows a simple RTD current source circuit where a 

constant current source I is used to pass a current through the RTD.  

The voltage across the RTD is measured and then the resistance of the 
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RTD is calculated. The temperature can then be found by using 

Eq.3.4.   

This circuit has the disadvantage that the resistance of the wires 

could add to the measured resistance and hence it could cause errors 

in the measurement.   

Care should also be taken not to pass a large current through the 

RTD since this can cause self heating of the RTD and hence change 

of its resistance. 

If the sensor element is unable to dissipate this heat, it will cause 

the resistance of the element to increase and hence an artificially high 

temperature will be reported. 

Simple voltage source circuit 

Figure (3.4) shows how an excitation current can be passed 

through an RTD by using a constant voltage source. This circuit 

suffers from the same problems as the one in Figure (3.3) the voltage 

across the RTD element is: 

VT  = VS   RT / ( RS + RT)                                                               (3.5.a) 

And the resistance of the RTD element can be calculated as: 

RT = RS  VT/ (VS - VT )                                                                  (3.5.b) 
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                                                             Rs 

      I 

                                                 Vs                           RT                   VT 

        RT                                VT 

 

 

Fig. (3.3) Simple Current Source             Fig. (3.4) Simple Voltage Source 
                  RTD circuit                                        RTD circuit  
 

Four-wire RTD measurement 

It is used to compensate for the resistance of the lead wires (when 

lead wires greater than about 5 m long),   

As shown in Figure (3.5), in the four-wire measurement method, 

one pair of wires carry the current through the RTD, the other pair 

senses the voltage across the RTD.  Resistances RL1 and RL4 are the 

lead wires carrying the current and resistances RL2 and RL3 are the 

lead wires for measuring the voltage across the RTD. Since only 

negligible current flows through the sensing wires (voltage 

measurement device having a very high internal resistance), the lead 

resistances RL2 and RL3 can be neglected. Four-wire RTD 

measurement gives very accurate results and is the preferred method 

for accurate, precision RTD temperature measurement applications. 
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                                                   RL1 

                                                             RL2 

                      I                             Vo                            RT 

                                                                RL3 

                                                       RL4 

Fig. (3.5) Four-wire RTD Circuit 

 
 
Simple RTD bridge circuit 

As shown in Figure (3.6), a simple Wheatstone bridge circuit can 

be used with the RTD at one of the legs of the bridge.  

                                                   RL1 

                                                              

                      Vs             R1              Vo                        RT 

                                         R2             R3                     RL2 

                                                        

Fig. (3.6) Simple RTD Bridge Circuit 

As the temperature changes so does the resistance of the RTD 

and the output voltage of the bridge. This circuit has the disadvantage 

that the lead resistances RL1 and RL2 add to the resistance of the RTD, 

giving an error in the measurement. 
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Three-wire RTD bridge circuit 

As shown in Figure (3.7), RL1 and RL3 carry the bridge current. 

When the bridge is balanced, no current flows through RL2 and thus 

the lead resistance RL2 does not introduce any errors into the 

measurement. The effects of RL1 and RL3 at different legs of the 

bridge cancel out since they have the same lengths and are made up of 

the same material. 

  
                               RL1 

                        R1                                      RL2                 RT 

Vs         V0                              RL3 

    R2  R3    Lead resistances 

Circuit equations: 
R1+RL1+RT+RL2= R2+R3+RL3+RL2, R1= R2 

RT= R3 
Fig. (3.7) Three-Wire RTD Bridge Circuit. 

 

3.2   Mid-Range PIC Architecture 

The mid-range PICs [21] that have achieved greater success and 

popularity. In addition, as the PIC architecture increases in 

complexity and power, so does the size, intricacy, and cost of the 

devices.PIC microcontrollers are used in many applications such 

as:[22] for online monitoring and fiber fault identification in optical 

fiber communication. For this propose the PIC microcontroller is used 

control any optical switch connected to it  
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For many purposes an 80-pin PIC with 64Kbytes of program 

memory, 1K ERPOM, 70 I/O ports, 16 A/D channels, is more 

complex than necessary.  

In fact, some high-end PICs appear to be closer to micro-

processors than to microcontrollers. Furthermore, the programming 

complexity of these high-end PICs is also much greater than their 

mid-range counterparts because their instruction set has double the 

number of instructions and the assembly language itself is more 

difficult to learn and follow.  

Finally, the circuits in which we typically find the high-end 

devices are more advanced and elaborate and their design requires 

greater engineering skills.  

For these reasons, and for the natural space limitations of a single 

volume, we do not discuss the high-performance family or 8-bit PICs 

or any of the 16-bit products.  

It can be argued that the baseline PICs do find extensive use and 

are quite practical for many applications. Although this is true, the 

baseline PICs are quite similar in architecture and programming to 

their mid-range relatives.  

In most cases the difference between a baseline and mid-range 

device is that the low-end one lacks some features or has less program 

space or storage.  

So someone familiar with the mid-range devices can easily port 

their knowledge to any of the simpler baseline products.  

This conclusion has been to limit the coverage to the mid-range 

family of PICs. Within this family it has been concentrated on the two 
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most used, documented, and popular PICs: the 16F84 (also 16F84A) 

and the 16F877. The F84 sets the lower limit of complexity and 

sophistications and the F877 the higher limit. 

Figure (3.8) shows the internal structure of PIC 16F877, as seen 

in the figure, it has central processing unit (CPU), memory, input/ 

output ports (I/O), timers and counters, analog- to-digital converter 

(ADC), digital-to-analog converter (DAC), serial ports, interrupt 

logic, oscillator circuitry and many more functional blocks on chip. 
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Fig. (3.8) PIC16F874 and PIC16F877 Block Diagram 

 

3.2.1 Processor architecture and design 

PIC [23] microcontrollers are unique in many ways. We start by 

mentioning several general characteristics of the PIC: Harvard 

architecture, RISC processor design, single-word instructions, 
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machine, data memory configuration, and characteristic instruction 

formats. 

Harvard Architecture 

The PIC microcontrollers do not use the conventional von 

Neumann architecture but a different hardware design often referred 

to as Harvard architecture.  

Originally, Harvard architecture referred to a computer design in 

which data and instruction used different signal paths and storage 

areas. In other words, data and instructions are not located in the same 

memory area but in separate ones.  

One consequence of the traditional von Neumann architecture is 

that the processor can either read or write instructions or data but 

cannot do both at the same time, since both instructions and data use 

the same signal lines.  

In a machine with Harvard architecture, on the other hand, the 

processor can read and write instructions and data to and from 

memory at the same time.  

This results in a faster, albeit more complex, machine. Figure (3.9) 

shows the program and data memory space in a mid-range PIC. 

The most recent arguments in favor of the Harvard architecture are 

based on the access speed to main memory. Making a CPU faster 

while memory accesses remain at the same speed represents little 

total gain, especially if many memory accesses are required.  

This situation is often referred to as the von Neumann bottleneck 

and machines that suffer from it are said to be memory bound.  
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Fig. (3.9) Mid-range PIC Memory (Harvard Architecture). 

Several generations of microcontrollers, including the Microchip 

PICs, have been based on the Harvard architecture. These processors 

have separate storage for program and data and a reduced instruction 

set. The midranges PICs, in particular, have 8-bit data words but 

either 12-, 14-, or 16-bit program instructions. Since the instruction 

size is much wider than the data size, an instruction can contain a full-

size data constant. 

Single-word Instructions 

One of the consequences of the PIC’s Harvard architecture is that 

the instructions can be wider than the 8-bit data size. Since the device 

has separate buses for instructions and data, it is possible for 

instructions to be sized differently than data items.  

Being able to vary the number of bits in each instruction opcode 

makes possible the optimization of program memory and the use of 

single-word instructions that can be fetched in one bus cycle.  

In the mid-range PICs each instruction is 14-bits wide and every 

fetch operation brings into the execution unit one complete operation 

code. Since each instruction takes up one 14-bit word, the number of 

words of program memory in a device exactly equals the number of 
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program instructions that can be stored. In a von Neumann machine, 

instruction storage and fetching becomes a much more complicated 

issue. Since von Neumann instructions can span multiple bytes, there 

is no assurance that each program memory location contains the first 

opcode of a multi-byte instruction. As in conventional processors, the 

PIC architecture has a two-stage instruction pipeline; however, since 

the fetch of the current instruction and the execution of the previous 

one can overlap in time, one complete instruction is fetched and 

executed at every machine cycle. This is known as instruction 

pipelining.  

Since each instruction is 14-bits wide and the program memory 

bus is also 14-bits wide, each instruction contains all the necessary 

information, so it can be executed without any additional fetching.  

The one exception is when an instruction modifies the contents of 

the program counter. In this case, a new instruction must be fetched, 

requiring an additional machine cycle. The PIC clocking system is 

designed so that an instruction is fetched, decoded, and executed 

every four clock cycles. In this manner, a PIC equipped with a 4MHz 

oscillator clock beats at a rate of 0.25µs. Since each instruction 

executes at every four clock cycles, each instruction takes 1µs. 
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Instruction Format 

All members of the mid-range family of PICs have 14-bit 

instructions [24] and a set of 35 instructions.  

The format for the instructions follows three different patterns: 

byte-oriented, bit-oriented, and literal and control instructions. The 

opcode field has variable number of bits in the PIC instruction set.  

This scheme allows implementing 35 different instructions while 

using a minimum of the 14 available opcode bits.  

Also note that instructions that reference a file register do so in a 

7-bit field. The numerical range of seven bits is 128 values. For this 

reason, the mid-range PICs that address more than 128 data memory 

locations must resort to banking techniques.  

In this case, a bit or bit field in the STATUS register serves to 

select the bank currently addressed. A similar situation arises when 

addressing program memory with an 11-bit field. Eleven bits allow 

2048 addresses, so if a PIC is to have more than 2K program memory 

it is necessary to adopt a paging scheme in which a special function 

register is used to select the memory page where the instruction is 

located. Paging is required only in devices that exceed the 2K 

program space limit that can be encoded in 11 bits. 

 

Mid-range device versions 

The device names used by Microchip use different encodings to 

represent different versions of the various devices. For example, the 

first letter following the family affiliation designator represents the 

memory type of the device, as follows: 
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1. The letter C, as in PIC16Cxxx, refers to devices with EPROM type 

memory. 

2. The letters CR, as in PIC16CRxxx, refer to devices with ROM type 

memory. 

3. The letter F, as in PIC16Fxxx, refers to devices with flash memory. 

 The letter L immediately following the affiliation designator refers to 

devices with an extended voltage range. For example, the 

PIC16LFxxx designation corresponds to devices with extended 

voltage range. 

3.2.2 Mid-Range CPU and instruction set 

In a digital system, the central processing unit (CPU) is the 

component that executes the program instructions and processes data. 

It provides the fundamental functionality of a digital system and is 

responsible for its programmability. In the PIC architecture, the CPU 

is the part of the device [25] which fetches and executes the 

instructions contained in a program. 

The arithmetic-logic unit (ALU) is the CPU element that performs 

arithmetic, bitwise, and logical operations. It also controls the bits in 

the STATUS register as they are changed by the execution of the 

various program instructions. For example, if the result of executing 

an instruction is zero, the ALU sets the zero bit in the STATUS 

register. 
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Mid-Range Instruction Set 

The mid-range PIC instruction set consists of 35 instructions 

[26], divided into three general groups: 

1. Byte-oriented and byte-wise file register operations 

2. Bit-oriented and bit-wise file register operations 

3. Literal and control instructions 

STATUS and OPTION Registers 

The STATUS register is one of the SFRs in the mid-range PICs. 

The bits in this register reflect the arithmetic status of the ALU, the 

RESET status, and the bits that select which memory bank is 

currently being accessed. Because the bank selection bits are in the 

STATUS register it must be present and at the same relative position 

in every bank.  Table 3.2 is a bitmap of the STATUS register. 

 

Table 3.2 Status Register 

Bits 7 6 5 4 3 2 1 0 

 IRP RP-1 RP-0 T0 PD Z DC C 

 

 

Bit 7 IRP:   

       Register Bank Select bit (used for indirect addressing) 

       1 = Bank 2, 3 (0x100 - 0x1ff) 

       0 = Bank 0, 1 (0x000 - 0xff) 

For devices with only Bank0 and Bank1 the IRP bit is reserved, 

always maintain this   bit clear. 

Bit 6:5 RP-1, RP-0: 
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       Register Bank Select bits (used for direct addressing) 

       11 = Bank 3 (0x180 - 0x1ff) 

       10 = Bank 2 (0x100 - 0xx17f) 

       01 = Bank 1 (0x80 - 0xff) 

       00 = Bank 0 (0x00 - 0x7f) 

       Each bank is 128 bytes. For devices with only  Bank0 and Bank1 

the IRP bit is reserved, always maintain this bit clear. 

Bit 4 TO: 

        Time-out bit 

        1 = After power-up, CLRWDT instruction, or SLEEP instruction 

        0 = A WDT time-out occurred 

Bit 3 PD:  

        Power-down bit 

        1 = After power-up or by the CLRWDT instruction 

        0 = By execution of the SLEEP instruction 

Bit 2 Z:   

        Zero bit 

        1 = The result of an operation is zero 

        0 = The result of an operation is not zero 

Bit 1 DC:  

       Digit carry/borrow bit for ADDWF, ADDLW, SUBLW, and 

       SUBWF instructions. For borrow the polarity is reversed. 

        

       1 = A carry-out from the 4th bit of the result 

       0 = No carry-out from the 4th bit of the result 
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Bit 0 C:  

       Carry/borrow bit for ADDWF, ADDLW, SUBLW, and 

       SUBWF instructions 

       1 = A carry-out from the most significant bit 

       0 = No carry-out from the most significant bit 

The STATUS register can be the destination for any instruction. If it 

is, and the Z, DC, or C bits are affected, then the write operation to 

these bits is disabled. In addition, the TO and PD bits are not writable. 

Some instructions may have an unexpected action on the STATUS 

register bits, for example, the instruction Clrf STATUS clears the 

upper 3 bits, sets the Z bit, and leaves all other bits unchanged.  

For this reason, it is recommended that only instructions that do not 

change the Z, C, and DC bits be used to alter the STATUS register. 

The only ones that qualify are BCF, BSF, SWAPF, and MOVWF. 

The OPTION register: 

The OPTION register is actually named the OPTION_REG to 

avoid name clash with the option instruction. The OPTION_REG 

register contains several bits related to interrupts, the internal timers, 

and the watchdog timer. Table 3.3 is a bitmap of the OPTION_REG 

register. 
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Table 3.3 Option Register 

Bits 7 6 5 4 3 2 1 0 

 RPBU INTEDG TOCS TOSE PSA PS2 PS1 PS0 

 

 

Bit 7 RPBU:  

       PORTB Pull-up Enable bit 

       1 = PORTB pull-ups are disabled 

       0 = PORTB pull-ups are enabled by individual port latch values 

Bit 6 INTEDG: 

       Interrupt Edge Select bit 

       1 = Interrupt on rising edge of INT pin 

       0 = Interrupt on falling edge of INT pin 

Bit 5 TOCS:        

        TMR0 Clock Source Select bit 

        1 = Transition on T0CKI pin 

        0 = Internal instruction cycle clock (CLKOUT) 

Bit 4 TOSE:  

         TMR0 Source Edge Select bit 

          1 = Increment on high-to-low transition on T0CKI pin 

          0 = Increment on low-to-high transition on T0CKI pin 

Bit 3 PSA:   

           Prescaler Assignment bit 

           1 = Prescaler is assigned to the WDT 

           0 = Prescaler is assigned to the Timer0 

 

Bit 2-0 PS2:PS0: 



 

 

��

            Prescaler Rate Select bits 

3.2.3   EEPROM Data Storage 

EEPROM (pronounced double-e PROM or e-squared PROM) 

stands for electrically- erasable programmable read-only memory. 

EEPROM is used in computers and digital devices as non-volatile 

storage. EEPROM is not RAM, since RAM is volatile and EEPROM 

retains its data after power is removed. EEPROM is found in USB 

flash drives and in the non-volatile storage of several 

microcontrollers, including many PICs. 

One advantage of EEPROM is that it can be erased and written 

electrically [27], without removing the chip. The predecessor 

technology, named EPROM, required that the chip be removed from 

the circuit and placed under ultraviolet light. EEPROM simplifies the 

erasing and re-writing process. EEPROM data memory refers to both 

on-board EEPROM memory and to EEPROM memory ICs as 

separate circuit components. In general, EEPROM elements are 

classified according to their electrical interfaces into serial and 

parallel. 

Most EEPROM memories used in PICs are serial EEPROMs, 

also called SEEPROMs. The typical use of serial EEPROM on-board 

memory and EEPROM on ICs is in the storage of passwords, codes, 

configuration settings, and other information to be remembered after 

the system is turned off. For example, a PIC-based security system 

can use EEPROM memory to store the system password. Since 

EEPROM can be written, the user can change this password and the 

new one will also be remembered. 
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EEPROM in Mid-Range PICs 

The mid-range PICs are equipped with EEPROM memory in 

three possible sizes: 64 bytes, 128 bytes, and 256 bytes. EEPROM 

memory allows read and write operations. This memory is not 

mapped into the processor’s data or program area, but in a separate 

block that is addressed through some SFRs. The registers related to 

EEPROM operations are: 

1. EECON1 

2. EECON2 (not a physically implemented register) 

3. EEDATA 

4. EEADR 

EECON1 contains the control bits, and EECON2 is used to initiate 

the EEPROM read and write operations. The 8-bit data item to be 

written must first be stored in the EEDATA register, while the 

address of the location in EEPROM memory is stored in the EEADR 

register. The EEPROM address space always starts at 0x00 and 

extends linearly to maximum in the device. When a write operation is 

performed, the contents of the EEPROM location are automatically 

erased. The EEPROM memory used in PICs is rated for high 

erase/write cycles.  

 

3.2.4  Data memory organization 

The structure and organization of data memory in the PIC 

hardware [28] also has some unique and interesting features. The 

programmer accustomed to the flat, addressable memory space of the 

von Neumann computer with its multiple machine registers may 
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require some time in order to gain familiarity with the PIC’s data 

formats. 

The w register 

PICs have only one addressable register called the work register 

or the w register. The CISC programmer who is used to having 

multiple general purpose registers into which data can be moved and 

later retrieved has to become used to a single machine register that 

takes part in practically every instruction. Add to this the lack of an 

addressable stack into which data can be pushed and popped, and you 

see that PIC programming is a different paradigm. 

 

The data registers 

PIC’s data memory consists of registers, also called file registers. 

These behave more like conventional variables, and can be addressed 

directly and indirectly. All data registers are 8-bits. Data registers 

come in two types: general purpose registers (GPRs) and special 

function registers (SFRs). 

The SFRs: The special function registers [29] are defined by the 

device architecture and have reserved names. For example, the TMR0 

register is part of the system timer, the STATUS register holds 

several processor flags, and the INTCON register is used in 

controlling interrupts. Some SFRs can be written and read and others 

are read-only. Some reserved and not-implemented SFR bits always 

read as zero. Two SFR registers, which are used in indirect 

addressing, have special characteristics: one of them (the indirect 

address register) is not a physical register, and the other one (the FSR 
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register) is used to initialize the indirect pointer. The SFR are 

allocated starting at the lowest RAM address (address 0). The general 

purpose registers do not start at the same address offset in each bank. 

However, there is a common area that extends from 0x70 to 0x7f that 

is accessible no matter which bank is selected. In applications that 

require frequent bank switching, this 16-byte area is very valuable 

real-estate since user variables created in it are accessible no matter 

which bank is currently selected. Bank is selected. GPRs created 

outside this common area are only accessible when the corresponding 

bank is selected.  

Figure (3.10) is a map of the register file in the 16F87x family. 

Note in this Figure that the general purpose registers do not start at 

the same address offset in each bank. The registers in boldface in this 

Figure are accessible from any bank. These registers, such as 

STATUS and the indirect addressing registers FSR and INDF are 

bank-independent. Also, some registers are mirrored in more than one 

bank. For example, the PORTB register is accessible in bank 0 and in 

bank 2, and the TRISB register in bank 1 and bank 3. The mirrored 

registers are designed to simplify data access and minimize bank 

changes in applications. 
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Fig. (3.10) 16F87x File Register Map 
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The GPRs: General purpose registers are created and named by 

the programmer and must be allocated in the reserved memory space. 

In the 16F84A all GPRs are mapped to the same memory area, no 

matter in which bank they are defined. The GPR memory space 

actually extends from 0x0c to 0x4f (68 bytes). A different situation 

exists in the 16F87x PICs, in which only 16 bytes of GPR space is 

mirrored in all three banks. This is the memory referred to as the 

common area. In the 16F87x the total available GPR space is as 

follows: 

BANK 0 (96 bytes), BANK 1 (80 bytes), BANK2 (96 bytes)              

and BANK3 (96 bytes) so, Total = 368 bytes 

3.2.5   Mid-range I/O and Peripheral Modules 

Mid-range devices contain special modules to implement 

peripheral and I/O functions [30]. The more complex the device the 

more peripheral modules are likely to be present. For example, a 

simple mid-range PIC like the 16F84A contains few peripheral 

modules specifically, EEPROM data memory, I/O ports, and a timer 

module. The 16F87x PICs, on the other hand, in addition to I/O ports, 

EEPROM, and three individual timers, have a parallel slave port, a 

WPM (capture and compare) module, an MSSP (master synchronous 

serial port) module, a USART (universal asynchronous/synchronous 

receiver and transmitter) module, and an A/D (analog-to-digital 

converter) module. Other members of the mid-range family have 

additional or different peripheral and I/O modules. In the following 

sections, we briefly describe the architecture of the most common 

peripheral modules. 
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I/O Ports 

Ports provide PICs access to the outside world and are mapped to 

physical pins on the device. In some mid-range PICs some port pins 

for I/O ports are multiplexed with alternate functions of peripheral 

modules. When a peripheral module is enabled, that pin ceases to be a 

general purpose I/O. 

Port pins can be configured either as input or output, that is, general 

ports are bidirectional. Each port has a corresponding TRIS register 

which determines if a port is designated as input or output. A value of 

1 in the port’s TRIS register makes the port an input and a value of 0 

makes the mapped port an output. Typically, input ports are used in 

communicating with input devices, such as switches, keypads, and 

input data lines from hardware devices. Output ports are used in 

communicating with output devices, such as LEDs, seven-segment 

displays, LCDs (liquid-crystal displays), and data output lines to 

hardware devices. Although port pins are bitmapped, they are read 

and written as a unit. For example, the PORTA register holds the 

status of the eight pins possibly mapped to Port-A, while writing to 

PORTA writes to the port latches. Write operations to ports are 

actually read-modify-write operations. In other words, the port pins 

are first read, then the value is modified, and then written to the port’s 

data latch. Some of the port pins are multiplexed; for example, pin 

RA4 is multiplexed with the Timer0 module clock input; therefore, it 

is labeled RA4/T0CKI pin. Other PORTA pins are multiplexed with 

analog inputs and with other peripheral functions. The device data 
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sheets contain information about the functions assigned to each 

device pin. 

 

3.3 Analog to Digital and Real-time Clocks 

Digits are a human invention; nature does not count or measure 

using numbers. Natural forces and phenomena are measured by using 

digital representations [31], but the forces and phenomena themselves 

are continuous. Time, pressure, voltage, current, temperature, 

humidity, gravitational attraction, all exist as continuous entities 

which we measure  volts, pounds, hours, amperes, or degrees, so as to 

better understand them and to be able to perform numerical 

calculations. In this sense, natural phenomena occur in analog 

quantities. Sometimes they are digitized so as to facilitate 

measurements and manipulations.  

For example, a potentiometer in an electrical circuit allows 

reducing the voltage level from the circuit maximum to ground, or 

zero level. In order to measure and control the action of the 

potentiometer, we need to quantify its action by producing a digital 

value within the physical range of the circuit; that is, we need to 

convert an analog quantity that varies continuously between 0 and 5 

volts, to a discrete digital value range. If, in this case, the voltage 

range of the potentiometer is from 5 to 0 volts, we can digitize its 

action into a numeric range of 0 to 500 units, or measure the angle or 

rotation of the potentiometer disk in degrees from 0 to 180.  

The device that performs either conversion is called an A/D or 

analog- to-digital converter. The reverse process, digital-to-analog, is 
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also necessary, although not as often as A/D. In this chapter we 

explore A/D conversions in PIC software and hardware. 

 

3.3.1 A/D Converters 

In electronics, the typical A/D or ADC converter is a device that 

takes a voltage input and returns a binary digital number. Figure 

(3.11) is a block diagram of an A/D converter. The electronic A/D 

converter requires an input in the form of an electrical voltage [32]. 

Non-electric quantities must be changed into a voltage level before 

the conversion can be performed. The device that performs this 

conversion is called a transducer. 

For example, a digital barometer must be equipped with a transducer 

that converts the measurement into voltage levels. The voltage levels 

can then be fed into an A/D converter and the result output in digital 

form. 

Converter Resolution 

An ideal A/D converter outputs into an infinite number of 

discrete steps that exactly represent the analog quantity. Needless to 

say, such a device cannot exist, and a real A/D. converter must be 

limited to a numeric range .For example, the device in Figure (3.11) 

outputs a voltage range of 0 to +5 volts in four binary digits that 

represent values between 0 and 15. Another A/D converter may 

produce output in eight binary digits, and another in sixteen binary 

digits. The number of discrete values in the conversion is called the 

resolution. The converter’s resolution is usually expressed in bits. 

Figure (3.12) represents an A/D converter with a voltage range of 0 to 
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+5 volts and a resolution of three bits, the number of intervals is odd, 

so the quantizer is mid-tread. 

 

 

Fig. (3.11) A/D Converter Block Diagram 

 

Fig. (3.12) Converter Quantization Error. 

Suppose that a value of 2.5 volts were input into the A/D converter in 

Figure (3.12). Since the output has a resolution in the range 0 to 7, the 

converter’s output would be either 4 or 5. The non-linear 

characteristic of the output determines a quantization error that 
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increases as the converter resolution decreases. Converters used in 

PIC circuits have a resolution of either 8, 10, or 12 bits.  

In each case the output range, or quantization level, is 0 to 255, 0 

to 1023, or 0 to 4095. The voltage resolution of the converter is its 

maximum voltage range divided by the number of quantization levels. 

In our case the device with a voltage range of 5 volts and a range of 

1023 levels has a voltage resolution of  

Voltage resolution = 5/1023 = 4.88 mV. 

 

3.3.2  ADC Configuration 

The analog-to-digital converter performs accurately only if the 

input voltage is within the converter’s valid range. This range is 

usually selected by setting high and low voltage references on 

converter pins [33]. For example, if +4 volts is input into the 

converter’s positive reference pin and +2 volts into the negative 

reference pin, then the converter’s voltage range lies between these 

values.  

In many PIC applications the converter range is selected as the 

system’s supply voltage and ground, that is, +5 and 0 volts. When a 

different range is externally referenced, there is a general restriction 

that the range cannot exceed the system’s positive and negative limits 

(Vdd and Vss). Also, a minimum difference is required between the 

high and low voltage references.  

The output of the ADC is a digital representation of the original 

analog signal. In this context, the term quantization refers to 

subdividing a range into small but measurable increments. The 
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quantization process can introduce a quantization error, which is 

similar to a rounding error.  

The time required for the holding capacitor on the ADC to charge 

is called the acquisition time. The holding capacitor on the ADC must 

be given sufficient time to settle to the analog input voltage level 

before the actual conversion is initiated. Otherwise, the conversion is 

not accurate.  

The acquisition time is determined by the impedance of the 

internal multiplexer and that of the analog source. The exact 

acquisition time can be determined from the device’s data sheet, 

although 10K ohms are the maximum recommended source 

impedance for 8- and 10-bit converters and 2.5K ohms for 12-bit 

converters. Most analog-to-digital converters in PIC applications, 

either internal or external, are of the successive approximation type.  

The successive approximation algorithm performs a conversion 

on one bit at a time, beginning with the most significant bit and 

ending with the least significant bit. To determine each bit in the 

range, the value of the input signal is tested to see if it is in the upper 

or lower portion of this range. If in the upper portion, the conversion 

bit is a 1, otherwise it is a 0. The next most significant bit is then 

tested in the lower half of the remaining range.  

The process is continued until the least-significant bit has been 

determined. 
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3.3.3 PIC On-Board A/D Hardware 

A few years ago, A/D conversions always required the use of 

devices such as ADC0831, the LTC1298, and the MAX 190 and 

MAX 191. Nowadays, many PIC microcontrollers come with 

onboard A/D hardware. One of the advantages of using onboard A/D 

converters is saving interface lines.  In the PIC world, where I/O lines 

are often in short supply, this advantage is not insignificant. At the 

time we are writing, PICs equipped with A/D converters have either 

8- or 10-bit resolution and can receive analog input in 2 to 16 

different channels. The 16F877 with eight analog input channels at a 

10-bit resolution is discussed. Nowadays, these PICs are easy to 

obtain. On the other hand, if the resolution required exceeds 10-bits 

then the designer has to resort to an independent A/D IC, such as the 

LTC1298, which has a 12-bit resolution, or to others with even higher 

numbers of output bits. 

 

A/D Module on the 16F87x 

The PICs of the 16F87x family are equipped with an analog-to-

digital converter module. The number of lines depends on the specific 

version of the device: 28-pin devices have five A/D lines and all 

others have eight lines. The converters use a sample and hold 

capacitor to store the analog charge and perform a successive 

approximation algorithm to produce the digital result.  

The converter resolution is 10 bits, which are stored in two 8-bit 

registers. One of the registers has only four significant bits.  
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The A/D module has high- and low-voltage reference inputs that 

are selected by software. The module can operate while the processor 

is in SLEEP mode, but only if the A/D clock pulse is derived from its 

internal RC oscillator.  

The module contains four registers accessible to the application: 

• ADRESH - Result High Register 

• ADRESL - Result Low Register 

• ADCON0 - Control Register 0 

• ADCON1 - Control Register 1 

Of these, it is the ADCON0 register that controls most of the 

operations of the A/D module. Port-A pins RA0 to RA5 and Port-E 

pins RE0 to RE2 are multiplexed as analog input pins into the A/C 

module. In the 28-pin versions of the 16F87x, port pins RA0 to RA5 

provide the five input channels. In all other implementations of the 

16F87X, Port-E pins RE0 to RE2 provide the three additional 

channels. 

Figure (3.13) shows the registers associated with A/D module 

operations. 
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Fig. (3.13) Registers Related to A/D Module Operations 
 

The ADCON0 Register 

The ADCON0 register is located in bank 0, at address 0x1f. 

Seven of the eight bits are meaningful in A/D control and status 

operations. Figure (3.14) is a bitmap of the ADCON0 register. In this 

figure, bits 7 and 6, labeled ADSC1 and ADSC0, are the selection bits 

for the A/D conversion clock. The conversion time per bit is defined 

as TAD in PIC documentation. A/D conversion requires a minimum 

of 12 TAD in a 10-bit ADC. The source of the A/D conversion clock 

is software selected. The four possible options for TAD are: 

1. Fosc/2 

2. Fosc/8 

3. Fosc/32 

4. Internal A/D module RC oscillator (varies between 2 and 6 µs) 
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Fig. (3.14) ADCON0 Register Bitmap 

Bit 7-6 ADCS1:ADCS0:     A/D Conversion Clock Select bits 
        00 = FOSC/2 
        01 = FOSC/8 
        10 = FOSC/32 
        11 = FRC (internal A/D module RC oscillator) 

Bit 5-3 CHS2:CHS0:  Analog Channel Select bits 
        000 = channel 0, (RA0=AN0) 
        001 = channel 1, (RA1=AN1) 
        010 = channel 2, (RA2=AN2) 
        011 = channel 3, (RA3=AN3) 
        100 = channel 4, (RA5=AN4) 
        101 = channel 5, (RE0=AN5) | not active 
        110 = channel 6, (RE1=AN6) | in 28-pin 
        111 = channel 7, (RE2=AN7) | 16F87x PICS 

Bit 2 GO/DONE:  
        A/D On bit 
        1 = A/D converter module is operating 
        0 = A/D converter module is shut-off and consumes no power 

Bit 1 Unimplemented: Read as '0' 

Bit 0 ADON:  A/D Conversion Status bit If ADON = 1: 
        1 = A/D conversion in progress (setting this bit starts the A/D 

conversion) 
        0 = A/D conversion not in progress (this bit is automatically 

cleared by hardware when the A/D conversion is complete) 
 

The conversion time is the analog-to-digital clock period 

multiplied by the number of bits of resolution in the converter, plus 

the two to three additional clock periods for settling time, as specified 

in the data sheet of the specific device. The various sources for the 

analog-to-digital converter clock represent the main oscillator 
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frequency divided by 2, 8, or 32. The third choice is the use of a 

dedicated internal RC clock that has a typical period of 2 to 6 µs. 

Since the conversion time is determined by the system clock, a faster 

clock results in a faster conversion time. 

The A/D conversion clock must be selected to ensure a minimum 

Tad time of 1.6 µs. The formula for converting processor speed (in 

MHz) into Tad microseconds is as follows: 

Tad=1/ Tosc/Tdiv 

Where  

Tad   is A/D conversion time,  

Tosc  is the oscillator clock frequency in MHz,  

Tdiv  is the divisor determined by bits ADSC1 and ADSC0 of the           

        ADCON0 register. 

For example, in a PIC running at 5MHz if we select the Tosc/8 option 

(divisor equal 8) the A/D conversion time per bit is calculated as 

follows: 

Tad= 1/5/8=1.6 µs 

In this case, the minimum recommended conversion speed of 1.6 

µs is achieved. However, in a PIC with an oscillator speed of 10MHz, 

this option produces a conversion speed of 0.8 µs, less than the 

recommended minimum. In this case we would have to select the 

divisor 32 option, giving a conversion speed of 3.2 µs. 

In Table 3.4, converter speeds of less than 1.6 µs or higher than 

10 µs are not recommended. Recall that the Tad speed of the 

converter is calculated per bit, so the total conversion time in a 10-bit 

device (such as the 16F87x) is approximately the Tad speed 
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multiplied by 10 bits, plus 3 additional cycles. Therefore, a device 

operating at a Tad speed of 1.6 µs requires 1.6 µs * 13, or 20.8 µs for 

the entire conversion. 

Table 3.4 A/D converter tad at various oscillator speeds 

 

Bits CHS2 to CHS0 in the ADCON0 register (see Figure 3.14) 

determine which of the analog channels is selected. This is required, 

since there are several channels for analog input but only one A/2 

converter circuitry. So the setting of this bit field determines which of 

six or eight possible channels is currently read by the A/D converter.  

An application can change the setting of these bits in order to 

read several analog inputs in succession.  

Bit 2 of the ADCON0 register, labeled GO/DONE, is both a 

control and a status bit. Setting the GO/DONE bit starts A/D 

conversion.  

Once conversion has started, the bit indicates if it is still in 

progress. Code can test the status of the GO/DONE bit in order to 

determine if conversion has concluded.  

Bit 0 of the ADCON0 register turns the A/D module on and 

off. The initialization routine of an A/D-enabled application turns on 

this bit. Programs that do not use the A/D conversion module leave 

the bit off to conserve power. 
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The ADCON1 Register 

The ADCON1 register also plays an important role in 

programming the A/D module.  

Bit 7 of the ADCON1 register is used to determine the bit 

justification of the digital result. This is possible because the 10-bit 

result is returned in two 8-bit registers; therefore, the six unused bits 

can be placed either on the left- or the right-hand side of the 16-bit 

result.  

If ADCON1 bit 7 is set then the result is right-justified; otherwise 

it is left-justified. Figure (3.15) shows the location of the significant 

bits. 

 

Fig. (3.15) Location of the Significant Bits 
 

One common use of right justification is to reduce the number of 

significant bits in the conversion result. For example, an application 

on the 16F877 that uses the A/D conversion module requires only 8-

bit accuracy in the result. In this case, code can left-justify the 

conversion result, read the ADRESH register, and ignore the low-

order bits in the ADRESL register. By ignoring the two low-order 
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bits, the 10-bit accuracy of the A/D hardware is reduced to eight bits 

and the converter performs as an 8-bit accuracy unit. 

The bit field labeled PCFG3 to PCFG0 in the ADCON1 register 

determines port configuration as analog or digital and the mapping of 

the positive and negative voltage reference pins. The number of 

possible combinations is limited by the four bits allocated to this 

field, so the programmer and circuit designer must select the option 

that is most suited to the application when the ideal one is not 

available. Table 3.5 shows the port configuration options. For 

example, there is a circuit that calls for two analog inputs, wired to 

ports RA0 and RA1, with no reference voltages. In Table 3.6, we can 

find two options that select ports RA0 and RA1 and are analog inputs: 

these are the ones selected with PCFG bits 0100 and 0101.  

The first option also selects port RA3 as analog input, even 

though not required in this case. The second one also selects port RA3 

as a positive voltage reference, also not required. Either option works 

in this case; however, any pin configured for analog input produces 

incorrect results if used as a digital source. Therefore, a channel 

configured for analog input cannot be used for non-analog purposes. 

On the other hand, a channel configured for digital input should not 

be used for analog data since extra current is consumed by the 

hardware. Finally, channels to be used for analog-to-digital 

conversion must be configured for input in the corresponding TRIS 

register. 
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SLEEP Mode Operation 

The A/D module can be made to operate in SLEEP mode. As 

mentioned previously, SLEEP mode operation requires that the A/D 

clock source be set to RC by setting both ADCS bits in the ADCON0 

register. When the RC clock source is selected, the A/D module waits 

one instruction cycle before starting the conversion. During this 

period, the SLEEP instruction is executed, thus eliminating all digital 

switching noise from the conversion. The completion of the 

conversion is detected by testing the GO/DONE bit.  If a different 

clock source is selected, then a SLEEP instruction causes the 

conversion-in-progress to be aborted and the A/D module to be turned 

off. 
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Table 3.5 A/D converter port configuration options 

 

 

 

 

 

 

 

 

 

Finally Programming the A/D module consists of the following 

steps: 
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1. Configure the PIC I/O lines to be used in the conversion. All 

analog lines are initialized as input in the corresponding TRIS 

registers. 

2. Select the ports to be used in the conversion by setting the PCFGx 

bits in the ADCON1 register. Selects right- or left-justification. 

3. Select the analog channels, select the A/D conversion clock, and 

enable the A/D module. 

4. Wait the acquisition time. 

5. Initiate the conversion by setting the GO/DONE bit in the 

ADCON0 register. 

6. Wait for the conversion to complete. 

7. Read and store the digital result. 
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CHAPTER 4 

SYSTEM DESIGN AND RESULTS 
 

The description of the circuit is presented in this chapter. 

PROTEUS software is used (version7pt4sp3) for the simulation the 

strength of its architecture has allowed us to integrate first 

conventional graph based simulation and now - with PROTEUS VSM 

- interactive circuit simulation into the design environment. It is 

possible to draw a complete circuit for a microcontroller based system 

and then test it interactively, all from within the same piece of 

software. Meanwhile, ISIS retains a host of features aimed at the PCB 

designer, so that the same design can be exported for production with 

ARES or other PCB layout software. 

 C language is used J��-��K for writing the program, mikro-Ccompiler  

SoLware (version !pt�) for its feature. MikroC allows you to quickly  

develop and deploy complex applications< 

• Write C source code using the built-in Code Editor (Code and 

Parameter Assistants, Syntax Highlighting, Auto Correct, 

Code Templates, and more…)  

• Use the included mikroC libraries to dramatically speed up the 

development: data acquisition, memory, displays, conversions, 

communications… Practically all P12, P16, and P18 chips are 

supported.  
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• Monitor your program structure, variables, and functions in 

the Code Explorer.  

• Generate commented, human-readable assembly, and standard 

HEX compatible with all programmers.  

• Inspect program flow and debug executable logic with the 

integrated Debugger.  

• Get detailed reports and graphs: RAM and ROM map, code 

statistics, assembly listing, calling tree, and more…  

• We have provided plenty of examples for you to expand, 

develop, and use as building bricks in your projects. Copy 

them entirely if you deem fit – that’s why we included them 

with the compiler.  

4.1 block diagram of the system 

Figure (4.1) shows the block diagram of the system, it is considered 

an A/D measurement system which contained signal conditioning 

block (operational amplifier), sample-and-hold block, A/D converter 

block and system controller block (these blocks contained in the 

microcontroller block) then the digital output displayed on LCD. 

 

 

 

 

Fig. (4.1) Block Diagram of the System. 
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4.1.1 RTD sensor 

Resistance temperature detectors measure temperature more 

directly.RTD is selected when sensitivity and flexibility are 

important. PT-100 RTD has a temperature coefficient of resistance of 

0.0038Ω/Ω/oC and 100 Ω resistance at 0 oC. It can be used to measure 

the temperature in the range -200 to 660 oC. Normally a constant 

current of around 1 mA is passed through the RTD and the voltage 

across it is measured using a high-impedance voltmeter. This type of 

measurement is called as four- wire transmitter.  

 

          -Ro A + [R2
oA

2 - 4 Ro B (Ro-RT)] 0.5 
T =                                                                                                 (4-1) 
                                   2 Ro B                                                 
Where 

T  is the temperature,  

R0  is the resistance at 0oC,  

RT  is the resistance at T oC  and,  

A, B are constants 

 

4.1.2 Operational amplifier 

This is 741 op-amp [38-39] which used to amplify the RTD 

voltage; it is adjusted to give gain (5) its output goes to the 

microcontroller. 

4.1.3 PIC16F877 

This is the main block of the system .The PIC16F877 [40-41] 

contains a 8192 • 14 Flash EEPROM, 368 bytes of data RAM, 256 

bytes of EEPROM, 33 I/O port pins, 8 channels of A/D converters, 
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I2C and SPI bus compatible pins, PWM output, capture and compare 

registers, parallel slave port pins, power-on reset, watchdog timer, 

power-saving sleep mode, brown-out detection circuitry, in-circuit 

programming support, USART, timers, and 14 sources of interrupts, 

including an external interrupt and various internal interrupt sources. 

The amount of program memory provided by the PIC16F877 should 

be sufficient for many temperature monitoring and control 

applications. These applications also need large data memories since 

most of the operations use non-integer, floating point arithmetic, 

requiting several bytes to store a single variable in the data memory. 

Its built-in A/D converter is used to digitize the RTD voltage then 

calculate T and display it on the LCD. 

4.1.4 LCD 
Liquid crystal display is the digital display which used to monitor the 

temperature; it is LM016L (16*2) display [42]. 

4.2 Circuit Diagram of the System 

4.2.1 Circuit Description 

Figure (4.2) shows the schematic diagram of the circuit, In this 

circuit, a (5) volt constant power supply and resistor 1K are used to 

give exciting current to RTD which was replaced by resistor has the 

same values. The voltage of RTD is goes to the noninverting leg in 

741-OP-AMP which adjusted to give gain (5), the output of it goes to 

ANI0 of PIC16F877 controller which its A/D converter was 

configured, LCD display was configured and it is connected to port B 

of the microcontroller, to monitor the temperature and used a led to 

give Alarm if the temperature is greater than or less than valid limit. 
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Fig. (4.2) Circuit Diagram of the System. 

 

4.2.2 Operation of the Circuit 

From the circuit diagram: 

R5= V5.R1/ 5-V5                                                                              (4-2) 

Where  

R5  is RTD resistance,  

V5  is the voltage across the RTD, and 

R1= 1kΩ. 

Thus:  

R5= 1000.V5 / (5-V5)         Ω 

From equations (4.1) and (4.2) with  

R0 = 100 Ω, A=3.9083*10-3  and  B= -5.775*10-7 

Thus,  
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          -0.39083 + [0.15274 – 2310*10-7 (RT -100)] 0.5 
T =                                                                                                  (4-3) 
                                   -1155*10-7 
Thus, if RT is known, we can calculate the temperature from Eq.4-3. 

4.2.3 Circuit PDL 

Start 

Configure portA as input 

Configure portB as output  

Configure LCD 

Configure A/D converter 

DO forever 

Read analog data of RTD (voltage) from channel 0 

Calculate RTD resistance using equation (4-2) 

Calculate the temperature t using equation (4-3) 

Format the temperature for the display 

Display the temperature on LCD 

Wait for 1 second 

END DO 

Store upper limit & lower limit in EEPROM 

If temperature greater than upper limit, LED ON 

If temperature less than lower limit, LED OFF 

If temperature between upper limit & lower limit, LED TOGLLE 

END 
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4.3 EXPERMINTAL work 

4.3.1 Hardware Requirements are:- 

• microcontroller programmer; 

• microcontroller development board or breadboard with the 

required components; 

• microcontroller chips; 

• personal computer; 

A microcontroller programmer is connected to a PC and is used to 

download the program to the target microcontroller program memory. 

Its model is (BK PRECISION) and data is transferred to 

microcontroller by parrel cable, hexadecimal code is loaded to the 

EEPROM of it. 

The system is initially built and tested on a test board. The system is 

to be used in industrial applications, so a printed circuit board design 

of the system is created. 

A PC is required mainly for two purposes during the development of 

a microcontroller based project: the program is developed and 

compiled on the PC(C language and MikroC compiler was used for 

developing the project , (from the compiler it was found that : used 

ROM : 2770(33%), free ROM : 5421(67%),used RAM : 116(31%) 

and free RAM : 252(69%))  , and the PC is used to transfer the code 

to the device programmer so that the program memory of the target 

microcontroller can be loaded with the program. 
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4.3.2 Specifications 

The system is required to have the following specifications: 

Temperature range:       10ºc to 100 ºc accurate to a few ºc 

Sensor:                          Platinum RTD (replaced by variable Resistor) 

Display type:                 LCD 

Display format:             6 characters, displayed as "nn.m C" 

Display update:             1 second 

System:                          Microcontroller based 

 

4.3.3 Experimental circuit: 

As seen in Figure (4.2) variable resistor of 200Ω is used as input 

(instead of RTD sensor: 100Ω      0°c, 138.5 Ω       100 °c), 

PIC16F877 microcontroller is used to digitize the signal and display 

temperature on LCD. The circuit analysis was described in sections 

(4.2.1, 4.2.2). Figures (4.3, 4.4) show the system on the test board as 

seen in Figure (4.3), the LED was lighting because the temperature 

was above the limited range (100°c), in Figure (4.4) the LED was 

toggling because the temperature was between (10°c, 100°c) so the 

operation of the circuit is verified on the test board and it works good. 

Figure (4.5) shows the printed circuit board of the system 
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Fig. (4.3) the System on the Test Board 
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Fig. (4.4) the System on the Test Board with Led Toggling 
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Fig. (4.5) Printed Circuit Board of The System. 
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4.4 Results and Discussion 

First, the hexadecimal code of the program is loaded to the 

microcontroller. Then run it and registered various ranges of 

temperature transmitters in the reactor ranges (10-100) ْC, (10-70) ْC 

and (0-50) ْ C.These ranges found in various systems in the reactor. 

Table(4-1) shows the comparison between simulated, experimental, 

field and reference values of temperature range(10-100)Cْ, in this 

table reading of system 0200-TT-034 was taken, the percentage error 

was calculated (with respect to span and reference values of 

temperature) for experimental, field and simulated values of 

temperature, when simulated and experimental values of temperature 

are compared, the percentage of error for simulation and experimental 

is better than the field one(i.e. percentage of error for experimental 

and simulation is less than the field one(in seven values of 

temperature). Figures(4.6,4.7,4.8) show plot of field, simulation, 

experimental and reference values of temperature, experimental, field 

and simulation error%(with respect to reference values of temperature 

and span) between input resistance and output temperature. As seen in 

Figure (4.6) the relation between input resistance and output 

temperature for Tr, Tf, Ts and Tp is considered linear, we can 

distinguish between them if colors are used. It starts from 100Ω 

because the RTD is (pt100) i.e. has 100Ω at 0cْ. 

. 
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Table (4-1) A Values of Resistance & Temperature in Field, Practical & 
Simulation for range (10-100) oc. 

R Tref 
(1) Tf

(2) Ts
(3) Tp

(4) 

103.9 10 10.26 10.37 10.299 
107.4 19 19.49 18.972 18.891 
110.9 28 28.28 28.266 28.275 
114.38 37 37.55 37.018 37.009 
117.85 46 46.04 45.847 45.915 
121.32 55 55.57 55.394 55.371 
124.77 64 64.1 64.386 64.297 
128.22 73 73.58 72.807 72.891 
131.66 82 81.85 81.957 81.976 
135.08 91 91.83 91.185 91.213 
138.50 100 99.96 99.839 99.861 

Table (4-1) B  
R TP  

error% 

TF  

error % 

TS  

error% 

103.9 2.99 2.6 3.7 
107.4 -0.57368 2.57895 -0.1474 
110.9 0.98214 1 0.95 
114.38 0.02432 1.48649 0.04865 
117.85 -0.18478 0.08696 -0.3326 
121.32 0.67454 1.03636 0.71636 
124.77 0.46406 0.15625 0.60312 
128.22 -0.149315 0.79452 -0.2644 
131.66 -0.02926 -0.1829 -0.061 
135.08 0.234066 0.91209 0.2033 
138.50 -0.139 -0.04 -0.17 

Table (4-1) C  
R TP error(s)% TF error(s)% TS error(s)% 

103.9 0.33222 0.28889 0.4111 
107.4 -0.12111 0.54444 -0.031 
110.9 0.30555 0.31111 0.2956 
114.38 0.01 0.61111 0.02 
117.85 -0.09444 0.04444 -0.17 
121.32 0.41222 0.63333 0.4378 
124.77 0.33 0.11111 0.4289 
128.22 -0.12111 0.64444 -0.214 
131.66 -0.02667 -0.1667 -0.056 
135.08 0.23667 0.92222 0.2056 
138.50 -0.15444 -0.0444 -0.189 

(1)reference temperature from tables, (2) field temperature from MPR, (3) simulated 
temperature from program, (4) Practical temperature 
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Fig. (4.6) Relation between Input Resistance & Output Temperature Range (10-100) oC. 

 

 

 

 

 

 

Fig. (4.7) Relation between Practical, Field and Simulated Error%  
Referenced to Reference Temperature range (10-100) oC. 

 

 

 

 

 

 

 

 
Fig. (4.8) Relation between Practical, Field and Simulated Error%  

Referenced to Span Temperature Range (10-100) oC. 
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Table (4-2) shows the comparison between simulated, experimental, 

field and reference values of temperature range(10-70)Cْ, in this table 

reading of system 0200-TT-007 was taken, the percentage error was 

calculated (with respect to span and reference values of temperature) 

for experimental, field and simulated values of temperature, when 

simulated and experimental values of temperature are compared, the 

percentage of error for simulation and experimental is better than the 

field one(i.e. percentage of error for experimental and simulation is 

less than the field one (in eight values of 

temperature)).Figures(4.9,4.10,4.11) show plot of field, simulation, 

experimental and reference values of temperature, experimental, field 

and simulation error %( with respect to reference values of 

temperature and span) between input resistance and output 

temperature. As seen in Figure (4.9) the relation between input 

resistance and output temperature for Tr , Tf, Ts and Tp is considered 

linear, we can distinguish between them if colors are used. It starts 

from 100Ω because the RTD is (pt100) i.e. has 100Ω at 0cْ. 
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Table (4-2) A Values of Resistance & Temperature in Field, Practical & 
Simulation for range (10-70) oc. 

R Tref
(1) Tf

(2) Ts
(3) Tp

(4) 

103.90 10 10.26 10.370 10.299 

106.16 16 16.27 15.893 15.913 

108.47 22 21.19 22.059 22.072 

110.90 28 27.14 28.266 28.275 

113.09 34 34.4 33.884 33.872 

115.54 40 39.09 40.162 40.153 

117.71 46 46.01 45.848 45.915 

120.16 52 51.01 52.202 52.192 

122.33 58 57.43 57.955 57.975 

124.77 64 63.17 64.386 64.297 

127.07 70 69.97 70.209 70.197 

Table (4-2) B 

R TP error% TF error % TS error% 

103.90 2.99 2.6 3.74 

106.16 -0.54375 1.6875 -0.66875 

108.47 0.32727 -3.68182 0.272272 

110.90 0.98214 -3.07143 0.95 

113.09 -0.37647 1.17647 -0.341176 

115.54 0.3825 -2.275 0.405 

117.71 -0.18478 0.02174 -0.330434 

120.16 0.36923 -1.90385 0.388461 

122.33 -0.04310 -0.98276 -0.077586 

124.77 0.46406 -1.29688 0.603125 

127.07 0.28143 -0.04286 0.298571 

Table (4-2) C 

R TP error(s)% TF error(s)% TS error(s)% 

103.9 0.49833 0.43333333 0.62333 
107.4 -0.145 0.45 -0.1783 
110.9 0.12 -1.35 0.09983 
114.38 0.45833 -1.43333333 0.44333 
117.85 -0.21333 0.66666666 -0.1933 
121.32 0.255 -1.51666666 0.27 
124.77 -0.14166 0.01666666 -0.2533 
128.22 0.32 -1.65 0.33666 
131.66 -0.04166 -0.95 -0.075 
135.08 0.495 -1.38333333 0.64333 
138.50 0.32833 -0.05 0.34833 

(1) Reference temperature from tables, (2) field temperature from MPR, (3) simulated 
temperature from program, (4) Practical temperature 
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Fig. (4.9) Relation between Input Resistance & Output Temperature range (10-70)cْ. 

 

 

 

 

 

 

Fig. (4.10) Relation between Practical, Field and Simulated error%  
    Referenced to Reference Temperature range (10-70) oC. 

 

 

 

               
 
 
 
 
 
 

Fig. (4.11) Relation between Practical, Field and Simulated error% 
Referenced to span temperature range (10-70) oC. 
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Table (4-3) shows the comparison between simulated, experimental, 

field and reference values of temperature range(0-50)Cْ, in this table 

reading of system 0620-TT-032 was taken, the percentage error was 

calculated (with respect to span and reference values of temperature) 

for experimental, field and simulated values of temperature, when 

simulated and experimental values of temperature are compared, the 

percentage of error for simulation and experimental is better than the 

field one (i.e. percentage of error for simulation and practical is less 

than the field one(in six values of temperature)).Figures(4.12, 4.13, 

4.14) show plot of field, simulation, experimental and reference 

values of temperature, experimental, field and simulation error %( 

with respect to reference values of temperature and span) between 

input resistance and output temperature. As seen in Figure (4.12) the 

relation between input resistance and output temperature for Tr, Tf, Ts 

and Tp is considered linear, we can distinguish between them if colors 

are used. It starts from 100Ω because the RTD is (pt100) i.e. has 

100Ω at 0cْ.  
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Table (4-3) A Values of Resistance & Temperature in Field, Practical & 
Simulation for range (0-50) oc. 

R Tref
(1) Tf

(2) Ts
(3) Tp

(4) 

100.000 0 0.7 0.0335 0.0314 

101.925 5 4.69 4.886 4.897 

103.900 10 10.16 10.370 10.298 

105.775 15 14.79 15.278 15.198 

107.700 20 20.12 20.205 20.216 

109.625 25 24.66 25.158 25.135 

111.550 30 30.2 30.135 30.098 

113.610 35 35.23 35.136 35.157 

115.540 40 40.6 40.162 40.201 

117.470 45 45.65 45.214 45.198 

119.400 50 49.98 50.291 50.218 

Table (4-3) B 

R TP error% TF error % TS error% 

100.000 #DIV/0! #DIV/0! #DIV/0! 

101.925 -2.06 -6.2 -2.28 

103.900 2.98 1.6 3.7 

105.775 1.32 -1.4 1.85333 

107.700 1.08 0.6 1.025 

109.625 0.54 -1.36 0.632 

111.550 0.32667 0.6667 0.45 

113.610 0.44857 0.6571 0.38857 

115.540 0.5025 1.5 0.405 

117.470 0.44 1.444 0.47555 

119.400 0.436 -0.04 0.582 

Table (4-3) C 

R TP error(s)% TF error(s)% TS error(s)% 

100.000 0.0628 1.4 0.067 

101.925 -0.206 -0.62 -0.228 

103.900 0.596 0.32 0.74 

105.775 0.396 -0.42 0.556 

107.700 0.432 0.24 0.41 

109.625 0.27 -0.68 0.316 

111.550 0.196 0.4 0.27 

113.610 0.314 0.46 0.272 

115.540 0.402 1.2 0.324 

117.470 0.396 1.3 0.428 

119.400 0.436 -0.04 0.582 
(1) Reference temperature from tables, (2) field temperature from MPR, (3) simulated 
temperature from program, (4) Practical temperature 
 



 

 

��! 

 

 

 

 

 
 

Fig. (4.12) Relation between Input Resistance & Output Temperature range (0-50) oC. 

 

 

 

 

 

 

Fig. (4.13) Relation between Practical, Field and Simulated error%  
Referenced to Reference Temperature range (0-50) oC. 

 

 

 

 

 

 

 
Fig. (4.14) Relation between Practical, Field and Simulated error%  

Referenced to Span Temperature range (0-50) oC. 
 
 

1 0 0 1 0 4 1 0 8 1 1 2 1 1 6 1 2 0

I n p u t r e s i s t a n c e ( o h m )

- 1

-0 .5

0

0 .5

1

1 .5

P
er

ce
nt

ag
e

er
ro

r
fo

r
sp

an
%

r a n g e 0 - 5 0 o c
s o l id T p
d a s h e d T f
s o l id w it h � T s

 

1 0 0 10 4 1 08 1 1 2 1 1 6 1 2 0

In p u t re s istan c e (o h m )

-8

-6

-4

-2

0

2

4

P
er

ce
nt

ag
e

er
ro

r
%

ra ng e 0 -5 0 oc
so l id T p
das hed T f
so l id w ith � T s

 

1 0 0 1 0 4 1 0 8 1 1 2 1 1 6 1 2 0

In p u t r e sis ta n ce (o h m )

0

2 0

4 0

6 0

T
em

pe
ra

tu
re

o c

ra n g e 0 -5 0 oc
s o l id T re f
d a s h ed T f
s o l id w ith T s
d a s hed w ith T p

 



 

 

��4 

Mathematical equations for relation between resistance and 

temperature for various ranges of temperature are given in the 

following equations: 

Relation between Tr , Tf, Ts and Tp and R for range (10-100) oc: 

Tr= -  260.4399403 +2.601117966 R                                                    (4. 4.a) 

Tf = - 248.4942304  + 2.411201283 R + 0.0007692216082 R2                   (4.4.b) 

Ts = - 259.5132599 +2.594256929  R                                                    (4.4.c) 

Tp = - 259.8235657 +2.596783477  R                                                   (4.4.d) 

 

Relation between Tr , Tf , Ts and  Tp  and R  for range (10-70) oc 

Tr= 2.587979153 R - 258.8174838                                                       (4.5.a) 

Tf = 16032.18617 - 563.5072239 R + 7.368340777 R2 - 0.0425766007 R3 + 

9.214922645*10-5 R4                                                                              (4.5.b) 

Ts = - 259.0361997 + 2.59084497 R                                                     (4.5.c) 

Tp = - 259.004664 + 2.590513585 R                                                     (4.5.d) 

Relation between Tr , Tf , Ts and  Tp  and R  for range (0-50) oc 

Tr = - 257.3811507 + 2.574559081 R                                                    (4.6.a) 

Tf = -234.8916699  + 2.154213571 R + 0.001970248937 R2                (4.6.b) 

Ts = - 258.0441521 + 2.582152577 R                                                   (4.6.c) 

Tp = - 258.0777484  + 2.582275627 R                                                 (4.6.d) 

The relations for errors not occurs because their sharp changes, and so 

to calculate any errors we must be subtract the two equations instead 

of the complex equation of error. 
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For R=117.85Ω, from equations (4-4(a, b, c.d)), it was found: 

Tr = 46.1018 ْc, Tf = 46.3493cْ, Ts = 46.2199cْ, Tp = 46.2074cْ 

TF error % = 0.773, TS error%=-0.2562, TP error% =0.228996 

TF error % = 0.087, TS error%= -0.3326,     TP error% = 0.1848(from 

table (4-1)). 

For R=131.66 Ω, from equations (4-4(a, b, c.d)), it was found: 

Tr = 82.0233cْ, Tf = 82.2985cْ, Ts = 82.0466cْ, Tp = 82.0689cْ 

TF error % = 0.3356,  TS error%=-0.0285,    TP error% =0.0557 

TF error % = -0.1829, TS error%= -0.061, TP error% =-0.0293(from 

table (4-1)). 

If error percentages compared, it would found that the difference 

between them is small.  

Figures (4.15, 4.16, 4.17) show fitting curves of Tp, Tf, Ts, and Tr of 
above relations for ranges (10-100) oc, (10-70) oc, (0-50) oc. 

Table (4-4) shows the comparison between proposed system and 

MPR system, from the obtained results in tables (4-1, 4-2, 4-3); it was 

found that the proposed system is more accurate than the MPR 

system. From Figures (2.7, 4.1) it was found that the proposed system 

is cheaper than the MPR system. 

 

Table (4-4) Comparison between Existing System & Proposed System 

System property MPR system Proposed system 

Accuracy  Accurate(0.8cْ) More accurate(0.3cْ) 

Cost  expensive cheap 

Response Time  5sec. 5sec. 

Resolution  10 bit 10 bit 
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Fig. (4.15) fitting curves of Tref, Tf, Ts, Tp range (10-100) oC 

  

 

 

 

 

 

 
Fig. (4.16) fitting curves of Tref, Tf, Ts, Tp range (10-70) oC 

 

 

 

 

 

 

 

Fig. (4.17) fitting curves of Tref, Tf, Ts, Tp range (0-50) oC 
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CHAPTER (5) 

 CONCLUSION 

• Multiple purpose reactor system is a complicated and expensive 

system, in the work plane; this system will be re-implemented 

or re-designed with other techniques which give the same 

results easier and cheaper. 

•  In this work a digital system is implemented by using 

microcontroller techniques. 

• Temperature is taken as an example.  

• The complicated and much cost system is replaced by a system 

depends on one chip.  

• RTD is the sensing element of temperature, which its resistance 

increases with temperature, and it’s used when accuracy is 

needed.  

• RTD operates on the principle that the electrical resistance of 

metals changes with temperature.  

• In practice, metals with high melting points which can 

withstand the effects of corrosion and those with high 

resistivity are used for temperature sensing. 
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•  RTDs have excellent accuracies over a wide temperature range 

.The most commonly used international RTD standard is the 

IEC 751 which is based on platinum RTDs with a resistance 

of 100 Ω at 0OC and α parameter of 0.00385 and that is we 

used. 

• PIC (Programmable Interface Controller) microcontroller is 

used for interfacing the transmitter, which has attractive 

features and it is suitable for a wide range of applications. 

•  The PIC was the first widely available device to use flash 

memory, which makes it ideal for experimental work.  

• Flash memory allows the program to be replaced quickly and 

easily with a new version. 

• PIC16F877 is used, this is now used widely as a more advanced 

teaching device, because it has a full complement of 

interfaces: analog input, serial ports, slave port, built-in A/D 

converter and so on, plus a good range of hardware timers.  

• In this work, built-in A/D converter and EEPROM of the PIC 

are used. 

• The PIC is programmed by using C language, mikro-C compiler 

and PROTEUS is used for designing the circuit and 

simulating it.  
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• The hexadecimal code of the program is loaded to the 

microcontroller then run it and register various ranges of 

temperature transmitters in the reactor (ranges (10-100) ْ C, 

(10-70) ْ C and (0-50) ْ C. for range(10-100) ْ C reading of 

system 0200-TT-007was taken, for range(10-70) ْC reading of 

system0200-TT-034was taken and for range(0-50) ْC reading 

of system 0620-TT-032 was taken . 

•  Error% curves were plotted for these values, when field values, 

simulated and practical values of temperature are compared, 

the percentage of error for simulation and practical is better 

than the field one. 
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i. APPENDIX A 
RTD Temperature vs. Resistance Table 
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ii. APPENDIX  B 
C Program of the Project 

N deGne LE+ PORT(.:� 

NdeGne highOtemp ��� 

NdeGne lowOtemp �� 

void main() 

{ 

Qoat rtdv,rtdr,temp,y,LS(,data�,data�I 

unsigned char i,j,lcdJ�K,hiOQag,lowOQagI 

unsigned char temperatureJ��KI 

TR"S)R�X::I 

TR"S(R�I 

PORT)R�I 

PORT(R�I 

LcdOConGg(>PORT(,�,�,�,�,�, �,�)I 

LcdOcmd(LcdOclear)I 

LcdOout(�,�,"tempR")I 

delayOms(����)I 

LS(R ����.�/����.�I 

while(�){ 

rtdvR)+CORead(�)I 

 )+CO*�R�X!�I 
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while()+CO*�.GO){TI 

rtdvRrtdvULS(/�.���I 

rtdrRrtdvU����.�/(����.�-rtdv)I 

yR�.�����-(rtdr-���.�)U����.�e-�I 

if(yVR�)yRsqrt(y)I 

tempR(y-�.�4�!�)/(-�.�������)I 

//tempR(y-�.�4�!)/(-�.��������!)I 

:loatTostr (temp, temperature)I 

jR�I 

for(iR�IiWR��IiXX){ 

if (temperatureJiK!R' '){ 

lcdJjKRtemperatureJiKI 

jXXI 

T 

T 

LcdOout(�,�,lcd)I 

LcdOchrOcp('c')I 

+elayOms(����)I 

EEpromOwrite(�x�f,highOtemp)I 

delayOms(��)I 

EEpromOwrite(�x�f,lowOtemp)I 

delayOms(��)I 
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data�RtempI 

data�Rdata�I 

if(data�VhighOtemp) 

{hiOQagR�x[I 

 lowOQagR�IT 

 else 

if(data�WlowOtemp) 

{lowOQagR�x[I 

 hiOQagR�IT 

 else 

{lowOQagR�I 

 hiOQagR�IT 

if(hiOQagRR�x[) 

LE+R�I 

 else 

if(lowOQagRR�x[) 

LE+R�I 

else 

 LE+R~LE+I 

T 

T 
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iii. APPENDIX C 

PIC16F87X DATA SHEET 
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�s}Qا ��\U 

    ��y�gjت �� ا�r{gjا uأه sارة أ�{�jا �r{�  وى�tjا  .  e�fn� �� مs�|v�

 {�}� �h� ارة، ��|�ى{�jس اyv�j رةy�~ا ��i� ygر�� آyا� {f�}|j ew��

ه�ا اmo �r{gjء �¤ y£zم ���hjل ��h درeo ا�j}ارة .  �y��j efرة

s¦iا، و�so §h}� مy£tjه�ا ا ¤}jو yfgwر yn¨{و�. 

      �gijه�ا ا ��  ufg�� u� مy£z ©gwر {jو{|tوآ{}fgjا eft¦� e�rا�ª 

ه�ا اy£tjم . آygل yn¨{ij رyfgw وذp «jهyn|fg درeo ا�j}ارةوا���ت 

�y£z  sg|iم yء u� tª{�نوj�ª» � ا�tjوى  ا��y}� ��y�gjء اy£tjم ا�o�gjد ��

�h���i� مy£tjة و ه�ا اsوا� ewywو ر ewد ��  أداء د�o�gjا �¯yg� 

��y�gjا.�zأ ygاآsf¦i� �wوأ e�h}� �wأ . 

��y�gjت �� ا�r{gjة �¤ ا{fاع آ�zك أytوى     ه�tj²³ ، ا´jا �r{� �� 

 �u ا |yfر �}�r ا�j}ارة آygل و ذp «jن .�}�r ا��s|j و�}�r اvgj|�ى

 اyryf¦jت ا�hj e¦fwsj}ارة ¤ أهu اf³|gj}ات �� �efhg اj|�{u وا�j}ارة وا�sة �

ehnr efhg� µvfj. 

     u�s�|rام  اRTD  eoدة درyز� ¶� yn|و�y¦� دادm� �|jارة وا{�hj سyvآ�

|�sم �y�st �{�ن اeª�h�� ewsj و��h� �gi أyrس أن اy¦gjو�e  و �vا�j}ارة

 .اyighj efª{n}jدن ��|yª §h |�ف ا�j}ارة

 u�     s�|rماا ){jو{|tوآ{}f� «fª (ةs�sijا�� اmfggj ufg�|jس �� ه�ا اyr¸آ 

|eh¯yg  ��|�ى ��h ا��gjل �¤ ا~�yرات اgjا¹ryt� �|j اj{f} �¤ اy¦f��|jت،

�jوا efgw{jا �jةإ{�y�|� {f³jاآ}ة ا  ehnr �n� »mfg� y� uأه {�|i� �|jوا

،ei�{rو e¼�{�jاufg�|jه�ا ا �� ytد�yأ� �|jوا �h ة �� دا{fت آy��|و�� . 
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�� ��ufg اsjا¿}ة و��g ) ا�j}و�f¾( �� اe¼�{�j،) u�)�r اs�|rام e³j اjـ    

 ynj ةyآy��y}|� ة{¿دا urر efzy}�Àª Ágv� ى�jوا �¿ytª ة�¦j «jوذ ufg�|j eh�

 yn¨{ارة و�{�jا eoاءة در{wر« وy�| ا u¯ {jو{|tوآ{}fgjا  �h� sg|i� مy£z

efgwض ر{� e�y� �h�.  

      e�y� �h� efgwرة ر�Ã �� ارة{�jت اyoض در{iª م�¦z ا¿}ةsjه�ة ا ��

 {f³jاآ}ة ا�jارة �� ا{�hj �zدpا s�jوا ��wpا s�jا ¤�m�� ،efgwض ر{�

 . اذا زادت أو µhw درeo ا�j}ارة �¤ ه�ا ا�y�|�s�j}ة �¶ و�oد ا�zار

       «j�ªأداء{�ن�و uff¦� u�  ارة{�jت اyoض در{ij ��y}|� �gwم رy£z 

 �nrأ eft¦� و {f}ª �wأ e�h}|ª ��y�gjدة �� ا�o�gjا �¯yg� efjy� ewد ��i�

{f}ª. 

 ���yل آ��� evg  �h� ejyr{jى ا�|��: 

 .ع اejyr{j وأهfg|� و�i� e�s¦��¨�gjynj��� �vhv}ض :  ا���j اpول 

©zyjا ���jا  :   : �|g£zاض وأ{Äpد اsi|gjا ��y�gjم اy£tj §Ãو �gÅ�

 . اefvf¿{j ا�o�gjدة �ª و أ��mno واy£tjم ا�o�gjد yf¦j �ªس درyoت ا�j}ارة

Æjyjا ���jارة  :   ا{�jس اyv� ��y� ح{|¦gjم اy£tjت اyz�}� ض{i�

دوا¿}« اe�y¨~yª efhgij إ�j اfgj{}وآt|}وj} اs�|vgjم و�hg� e�{£z و 

���¼rو ذاآ}�� و �¿ytª e�{|¦gjا¿}ة اsjم �© اs�|vgjل . ا��� y´أ� �gÅو�

�|¼�{ªو {jو{|tوآ{}fgjا ©� ���¨ ef�fوآ efgwر �jإ eh¯yg|gjرات اy�~ا. 

¶ªا{jا ���jم �¶  :  اy£tjا ا�nj efhgijا È¿y|tjح وا{|¦gjم اy£tjا ufg�� مs¦�

Ãو yه�f�t� u¯ ¤ة و�yآy�gjا ©� ynhg� ef�fوآ efzو{|}j~ا¿}ة اshj ��y� §

 È¿y|tjا ezرy¦ى و�sgjا e�h|�� ت �}ارة�r{gj È¿y|tjا ¤� �´� yfhg�

ynhfhو�� efhgijا¿}ة اsjة واyآy�gjا ¤� yn�{f£zو ©hgijا ¶wا�jذة �¤ ا� ¸gjا . 

¾�y�jا ���jا :  ©� �¨{� u� y� �h� �fhi� �h� ى�|�� ejyr{jا. 
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