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Abstract 

   The temperature gradient is an 

important physical parameter that 

describes the direction and rate at which 

temperature changes. Temperature 

gradient is used in the applications of 

meteorology, weathering, climatology. The 

development of temperature gradient 

systems are seemed to be obsolete. In this 

paper, an embedded temperature profiling 

system is proposed suitable for various 

applications. This low power high speed 

system works with a microcontroller. Four 

temperature sensors are attached in a 

probe  to measure the relative 

temperature  A graphical user interface is 

developed to manipulate  the temperature 

values . This system is successfully 

implemented in the soil testing of 

agriculture field. This system is also 

proposed to detect the water content of 

other planet. 

Key words :Temperature gradient,  

profiling system, embedded system, serial 

port,  

1.  Introduction 

Temperature is a critical factor in 

many processes and must be often measured. 

Temperature profile is often required on a 

regular basis for agriculture, forestry, 

fisheries and also certain space 

applications.Soil temperature can help in the 

timing of seeding operations during spring. 

Once the seeds are planted, germination must 

be uniform. If the soil is too cool, 

germination will be delayed. It can also result 

in seed damage and may even be necessary 

to reseed. If the soil temperature is too warm 

during spring, it may be better to seed earlier. 

Soil temperatures are measured twice daily-

morning and evening. The daily temperature 

is the average between the two readings. 

 Temperature is also an important 

factor that determines water quality. It also 

influences certain other parameters that can 

alter the physical and chemical properties of 

water. For example, water temperature can 

affect the biological activities of aquatic 

organisms, because their habitats are 

determined by the temperature. Some 

organisms flourish in warmer temperature, 
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while some others in cooler regions. There is 

a direct relationship between metabolic rate 

and water temperature.Temperature gradient 

obtained from boreholes are used in many 

fields of engineering, exploration and 

research such as gas and fluid production 

engineering, exploration of hydrocarbons and 

ore minerals etc.. The thermal conductivity 

of these rocks is inversely proportional to 

temperature gradient. 

 For space applications, it is a crucial 

device, able to detect the presence of lunar 

water. The device uses this temperature 

profiling system together with an imaging 

spectrometer for the purpose. Various 

techniques for temperature measurement 

have been existing. In this paper, an 

engineering model in PIC microcontroller is 

proposed to implement the design and 

MATLAB at the front end to monitor the 

temperature. 

 This paper is organized as  follows: 

Section II introduces the block diagram and 

components description. Section III gives the 

circuit diagram. Result and Conclusions are 

given in section IV and V respectively. 

II. Block diagram & Component 

Description 
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The block diagram representation of 

temperature profiling system is shown above. 

The initial block consist of about 4-5 

temperature sensors spaced 10cm apart. 

These sensors are connected to the ADC 

through the channel selector. Analog to 

Digital Converter (ADC) converts these 

analog signals to digital format. The output 

of ADC is fed to a microcontroller. It 

controls the entire system and transmit the 

digital signals to serial port. The output of 

ADC in hexadecimal representation can be 

displayed  on an LCD display.  It is then 

calibrated to temperature  which can then be 

viewed on MATLAB. 

The temperature sensors used for this 

design are LM35 series.  Its output voltage is 

directly proportional to Celsius temperature. 

It does not require any external calibration 

when compared to other temperature sensors 

whose outputs are calibrated in Kelvin. Other 

advantages include wide operating range of -

55C to 150C, low cost and ability to use with 

single power supply or with plus and minus 

power supply. Interfacing the sensors with 

the control circuitry is also easy because of 

its low output impedance, linear output and 

precise calibration. 

The microcontroller used for the 

purpose is PIC18F4523. It is a 28 pin IC 

available in PDIP package. Special features 

of this IC include 12 bit analog to digital 

converter, memory endurance, self 

programmability, extended instruction set, 

enhanced CCP module, enhanced 

addressable USART and extended watchdog 

timer. Out these, the following are used in 

this temperature profiling system: 

• 12 bit Analog to Digital Converter. It has 

a programmable acquisition time so that a 

channel can be selected and conversion 
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can be started without waiting for the 

sampling period. Although the 

for a 12 bit converter, an 8  bit converter 

is sufficient for the proposed design.

• Enhanced Addressable USART. This 

serial communication module follows 

RS232 operation. It also include 

automatic baud rate detection and a 16 bit 

Baud rate generator for improving the 

resolution. 
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The hexadecimal output from the A/D 

Converter is displayed on LM016L LCD. It is 

characterized by 16 character * 2 line gray 

colour display with a single power supply. 

III.  Circuit Diagram
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The circuit diagram is designed using 

Proteus 7.1. Proteus is more then just a 

schematic package. It has a powerful design 
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The circuit diagram is designed using 

Proteus 7.1. Proteus is more then just a 

schematic package. It has a powerful design 

environment and defines most aspects of 

drawing.. Creation of schematics or complex 

designs for simulation or for PCB designing 

can be easily accomplished using Proteus. It 

allows hierarchy within design, a component 

within the design can be represented by a 

further circuit. 

     The assembly code for th

developed in MPLAB. It is used for the 

development of embedded systems with PIC 

microcontrollers. The assembly code can be 

subdivided into different sections such as 

interfacing the temperature sensors, 

interfacing the LCD, configuring the ADC 

module and configuring the enhanced 

addressable USART. 

end of the system is created using MATLAB 

graphical user interface(GUI).
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environment and defines most aspects of 

Creation of schematics or complex 

designs for simulation or for PCB designing 

can be easily accomplished using Proteus. It 

allows hierarchy within design, a component 

within the design can be represented by a 

The assembly code for the system is 

developed in MPLAB. It is used for the 

development of embedded systems with PIC 

microcontrollers. The assembly code can be 

subdivided into different sections such as 

interfacing the temperature sensors, 

interfacing the LCD, configuring the ADC 

module and configuring the enhanced 

addressable USART.               Finally, front 

end of the system is created using MATLAB 

graphical user interface(GUI).
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DISCUSSIONS
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The front end of the system created using 

MATLAB graphical user interface (GUI) is 

shown above. It shows four readings 

corresponding to the four sensors. To 

conclude, the proposed system is a low 

power, low cost, high speed system which 

can be used for a wide range of applications. 

As mentioned in section I, it can be used in 

the field of agriculture, fisheries, research and 

exploration. In future, as one step further, 

methane sensors can be  used along with 

temperature sensors to identify the presence 

of hydrocarbons or petrochemicals within a 

surface, or humidity sensors can be used to 

measure the amount of water content in the 

soil which is a critical parameter for 

agriculture.

V.  Conclusion 

Temperature profiling system is designed 

and developed using microcontroller. The 

design was done by studying all the 

requirements of temperature gradient 

analysis. Timing analysis was done to fix 

feasible operating frequency of the controller. 

A front end GUI was also designed and 

developed in MATLAB  and Visual Basic for 

testing of the system. The GUI developed in 

visual basic can be installed  for field testing. 

The front end in The data format is collected 

through two software in same manner and a 

common database is used for saving the data.  

The different models were designed to 

ascertain the reliability and precision of the 

developed system. The system was 

successfully tested at different thermal 

conditions.                                           
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