
 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347 - 6435 (Online) Volume 2, Issue 4, April 2014) 

85 

 

Microcontroller Based High Resolution Temperature 

Monitoring Data Acquisition System with Graphical User 

Interface 

Jayanta Kumar Nath
1
, Sharmila Nath

2
, Kanak Chandra Sarmah

3
 

Department of Instrumentation, Gauhati University, Guwahati - 781014, Assam, India 

Abstract— In this article implementation of a temperature 

monitoring system using 8-bit Freescale semiconductor 

microcontroller MC9S08JM60 which is intended for general 

purpose application was described. The firmware was 

developed in DEMO9S08JM60 low-cost development system 

by PE Microcomputer Systems Inc. supporting Freescale 

MC9S08JM60 microcontrollers. The microcontroller 

firmware was developed in Freescale CodeWarrior Studio 

integrated development environment in C. The programmable 

I2C based Digital Temperature Sensor TMP275 is used for 

sensing the temperature. The microcontroller reads the digital 

temperature output of the sensor via the 2-wire I2C interface 

and displays the same on the PC serial console. The graphical 

user interface (GUI) system running in the PC allows the user 

to set the temperature threshold and other parameters for 

acquiring the temperature data. The Temperature Sensor 

TMP275 is capable to measure the temperature with a 

resolution of 0.0625°C (typical value)  and provides accuracy 

of 0.0625°C (typical value)  and 1°C (maximum) over a range 

of -40°C till +125°C. The system has been designed to measure 

the temperature over a range of -40°C till +125°C. The 

ambient temperature over a specified range was measured 

repeatedly and a number of observation was made. The 

experimental results shows consistently same results and 

shows that the system has higher reliability and precision.   

Keywords— Embedded system, Freescale MC9S08JM60 

microcontroller, Graphical user interface(GUI), 

LabVIEW(Laboratory Virtual Instruments Engineering 

Workbench), TMP275.  

I. INTRODUCTION 

Temperature sensing forms an integral part of any 

industrial monitoring system. It is becoming more 

prevalent in the food industry, medicines, catering and 

supermarkets. It is a widely used parameter in any given 

process controlled environment. Earlier many attempts 

were made to develop a temperature monitoring system 

based on analog temperature sensors, thermocouples, 

resistance temperature detectors (RTD), thermistors, but 

the timing, response time and accuracy were insufficient.  

 

In case of industrial applications where very high 

sensitivity sensing of temperature change is required we 

require a temperature monitoring system which can detect a 

small change in temperature with reasonably short response 

time. In the proposed temperature monitoring system a 

digital temperature sensor TMP275 of Texas Instruments is 

used to sense the ambient temperature that gives out the 

digital value of the temperature with a resolution of 

0.0625°C. It is interfaced to an 8-bit Freescale 

Semiconductor Microcontroller MC9S08JM60 via an I2C 

bus. The I2C master is implemented using two GPIO pins 

of the microcontroller that interfaces with the I2C slave 

interface of the temperature sensor. The microcontroller 

continuously transmits the temperature value to the serial 

port of a PC via its built-in UART. The temperature data is 

displayed real time graphically on the PC monitor. An 

application in LABVIEW is developed that is used to 

display the data on the PC’s monitor. The microcontroller 

firmware was created in Freescale CodeWarrior Studio 

integrated development environment in C. A graphical user 

interface(GUI) is implemented in LabVIEW(Laboratory 

Virtual Instrument Engineering Workbench) where the user 

can set the temperature threshold value and other data 

acquisition parameters. If the current temperature acquired 

is more than the temperature to be monitored then the GUI 

system indicates with the help of an LED. 

II. HARDWARE ARCHITECTURE 

The building blocks of the system comprise the digital 

temperature sensor, microcontroller, TTL-to-RS-232 

converter and the PC. The microcontroller communicates 

with the sensor via the I2C bus. The sensor detects the 

ambient temperature and upon being initialised by the 

microcontroller converts the temperature into digital value 

and stores in the internal register of the sensor. The 

microcontroller reads the internal temperature register and 

sends it to the PC via the serial port. A LABVIEW 

application running in the PC displays the temperature 

graphically in real time.  
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Figure 1. Block Diagram 

 
Figure 2. Test setup 

A. Temperature sensor 

TMP275 is 0.5°C accurate, two-wire, serial output 

temperature sensor available in a tiny 8-pin SOIC surface 

mount device package. It is capable of reading temperature 

with a resolution of 0.0625°C. It is specified to operate 

over a range of -40°C till +125°C. The microcontroller 

reads the digital value of the temperature measured via its 

two wire serial interface. The I2C slave address pins A2, 

A1 and A0 of the sensor is connected to ground in the 

hardware design so that it has a slave address of 0x90 for 

write and 0x91 for read.  The temperature register reserves 

12 bit for the temperature value. Most significant bit is used 

for sign and 11 bits are used for magnitude. On the positive 

side, the 11 bits being all ones represent 127.9375°C. 

Therefore one LSBit represent 0.0625°C. On the negative 

side the sensor can measure a maximum negative value of -

40°C. The device takes a time interval of 220ms (typical) 

for converting into 12 bit digital value of the temperature. 

The I2C slave interface of TMP275 uses standard I2C 

protocol to communicate with the I2C master interface of 

the microcontroller. All bytes are transmitted MSB first. It 

is operated at fast mode at a frequency of 100kHz. The 

sensing of TMP275 is the chip itself. Thermal paths run 

through the package leads as well as the plastic package.  

 

The lower thermal resistance of the metal causes the 

leads to provide the primary thermal path. If it is used for 

surface temperature measurement  then a thermally 

conductive adhesive should be used between the IC 

package and the surface of which the temperature is to be 

measured. This will help in achieving better accuracy. IC 

temperature sensor have the advantages of low cost, small 

size and high linearity. However it has certain 

disadvantages: limited operating temperature range (-40°C 

till +125°C), self heating error, and poor thermal coupling 

with the environment. 

B. Microcontroller 

The system uses 8-bit Freescale semiconductor 

microcontroller MC9S08JM60. The CPU runs at a core 

frequency of 48MHz and the internal bus at 24MHz. One 

of the built-in UART is used for serial communication with 

the external peripheral devices. The microcontroller 

measures the temperature and transmits the same via its 

serial port to the external PC. Two GPIO pins of port C, 

PTC0 and PTC1 are used for I2C clock and I2C data lines 

to communicate with the temperature sensor. 

III. SOFTWARE ARCHITECTURE 

A. Small embedded operating system 

The microcontroller has two built-in 16-bit timers. One 

of the timer is configured to generate an interrupt( a ‘tick’) 

to the processor at regular and precise interval of 2ms. The 

interrupt service routine is used as the scheduler. The 

simple operating system architecture used in designing the 

software has two key features: A time-triggered 

architecture and a co-operative scheduling algorithm. The 

time-triggered approach has an advantage that it results in a 

system that has a predictable behaviour. A pre-emptive or 

time sliced approach is used so that from the perspective of 

the user, the OS appears to be running multiple tasks at the 

same time. 

B. Serial port driver 

A memory buffer is implemented to hold the data that 

needs to be transmitted via the UART. The serial port 

functions are executed on a periodic basis by the OS. This 

approach is advantageous in case of transmission of longer 

strings which might take longer time than the tick interval 

and stall the execution of other tasks. On a periodic basis 

the serial port functions are executed by the scheduler that 

checks the buffer and if there are any characters in the 

buffer ready to be send then the same are transmitted.  
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The code has been designed to read the sensor and 

transmit the temperature value on receiving a read 

temperature command from the PC to which the 

microcontroller is connected through the serial port. The 

speed of transmission via the serial port is 9600 bps. 

IV. DATA ACQUISITION 

A. LabVIEW developing module 

A serial communication is established between the 

microcontroller and the PC. The temperature measured by 

the microcontroller is transmitted by the latter to the PC 

upon receiving a read temperature command from the 

LABVIEW application running in the PC. The LABVIEW 

application that runs on the PC, displays the temperature 

with the real time stamp graphically. It also logs the data in 

the hard-drive of the computer. The temperature is read at a 

rate controlled by the LABVIEW application. While 

reconstructing the temperature waveform on the PC 

monitor screen, a knob that is designed in the LABVIEW 

application allows the user to control the sampling rate. 

The interrupt service routine that measures and transmit the 

temperature is executed at an interval of 5ms. However a 

delay of 200ms is inserted between each read command 

issued by the LABVIEW application for reading the 

temperature. Therefore the maximum sampling rate is 5 

samples per second. The block diagram contains the 

graphical source code or block diagram code of the 

LabVIEW. 

 
Figure 3. LabVIEW block diagram design 

B. Capture and display of temperature graphically 

Since the data is captured real time , the analyst can 

pinpoint for what duration the temperature is out of range 

of the required set-point temperature limit. In process 

control industrial applications where continuous monitoring 

of temperature is crucial, this kind of application will be 

helpful.  

The temperature sensor TMP275 communicates with the 

microcontroller via I2C bus. The I2C clock and I2C data 

signal lines are pulled up to +5V with 10K ohm resistors. 

The I2C bus can be shared between many slave devices and 

hence multiple temperature sensor devices TMP275 can be 

used to sense temperature at different points. The process 

of accessing TMP275 from the microcontroller via the I2C 

bus is as follows: Initialize TMP275 i.e., configuring the 

sensor for continuous conversion, 12-bit resolution, then 

read the temperature registers via the I2C standard protocol 

of read and write. 

 
Figure 4. Capture of temperature in real time 

 

Figure 5. Very high resolution capture of temperature change 

As can be seen, the above figure shows the measured 

temperature for a span of 100 seconds. The highest 

temperature measured is seen to be 23.969°C and lowest 

23.9065°C. Thus it can detect a fluctuation of temperature 

as low as 0.0625°C. 

C. Data storage 

Acquired data is to be processed and stored in hard-

drives of PC for future analysis and record purpose. 

Recorders and data loggers are used nowadays. In this 

proposed system acquired data are collected in LabVIEW 

and stored as files in hard-drives of PC in excel format. 
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TABLE I 

Data storage of temperature acquired by LabVIEW 

Date Time Temperature 

(°C) 

4/11/2014 3:05 PM 33.2559 

4/11/2014 3:06 PM 33.2559 

4/11/2014 3:07 PM 33.2559 

4/11/2014 3:08 PM 33.2559 

4/11/2014 3:09 PM 33.2559 

D. IC sensor compensation 

Temperature is measured from 0°C to 60°C with the 

microcontroller based system and compared with the 

measurement done by a standard mercury wall 

thermometer.  

 

Figure 6. Calibration curve 

 
Figure 7. Temperature error versus temperature curve of the sensor 

TMP275 

It is observed that from 0°C to 30°C the reading given 

by the microcontroller based system and the thermometer is 

nearly equal with an average difference of 0.3°C. Beyond 

30°C the difference of temperature readings between the 

microcontroller based system and the thermometer 

increases linearly. The error increases exponentially with 

temperature. The curve is linearized by applying least 

square method. The compensation is done by evaluating the 

equation at the temperature of interest(sensor output in 

degree celcius) and subtracting the result from the sensor 

output. The equation is computed by the microcontroller. 

Compensated Sensor Output = Sensor Output - sensor error 

V. EXPERIMENTAL RESULTS 

The system was functionally tested to measure the 

temperature over a range of 0°C to 75°C with a resolution 

of 0.0625°C. It has an operating temperature range of -

40°C till +125°C and provides accuracy of 0.0625°C 

(typical value) and 1°C (maximum) over a range of -40°C 

till +125°C. The sampling rate can be varied with the help 

of the knob ranging from a maximum value of 5Hz to a 

minimum of 0.5Hz. The number of acquired samples was 

100. Temperature was varied from 22°C to 50°C and 

results were noted down as shown in table II. 
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Table II 

Test results 

Temperature 

measured by data 

acquisition system in 

°C 

Temperature 

measured by 

standard 

thermometer in 

°C 

Relative error  

22.8438 23 0.1562 

24.84 25 0.16 

27.9075 28 0.0925 

31.3252 31 -0.3252 

34.05 34 -0.05 

37.01 37 -0.01 

39.95 40 0.05 

43.3 43 -0.3 

45.9 46 0.1 

50.03 50 -0.03 

VI. CONCLUSION 

Since the measurement system can measure the 

temperature with a resolution of 0.0625°C, this system can 

be used to monitor ambience where detection of precise 

temperature change is required.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is optimal for thermal management and thermal 

protection applications. Microcontroller based temperature 

measurement system can measure the temperature with 

much higher accuracy and stability. The response of 

microcontroller based temperature measurement system 

utilizing a digital temperature sensor is much faster 

compared to a conventional mercury based thermometer. 

The use of digital temperature sensor has enabled to get rid 

of external signal conditioning circuitry resulting in much 

simpler and reduced hardware components thereby 

increasing the overall reliability of the system. Application 

areas for such type of monitoring systems are industries, 

medical instruments, laboratories, PC hardware. 
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