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ABSTRACT 

In recent years the noninvasive diagnosis method is more important to analysis the variant human parameters 

to prevent from various aspect available in the invasive methods. The objective of this work is to develop a low cost 

smart sensing system to sense the human relative skin temperature and sub-dermal skin fluid changes through non-

contact and non-invasive method for detecting thyroid. Thyroid can be classified as Hyper, Hypo and normal based 

on function of Thyroid gland secretion. It uses two different sensors to detect the relative skin temperature variation 

and sub-dermal skin fluid variation and the micro controller will process the variation detected by the sensors. A 

self-power non-contact thermopile sensor is used for detecting the relative skin temperature. IR transmitting and 

receiving unit is used for detecting the relative skin fluid. The measured parameters are analyzed and processed using 

the signal processing unit in the system and detect the thyroid function. 
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1. INTRODUCTION 

In thyroid detection, the radioactive method is used to detect the function from the thyroid gland image and 

it causes many problems. Example, thyroid diagnosis method during pregnancy period causes radiation risk to the 

patient and affects the fetus also. Account to the clinically proven fact, a person with normal thyroid gland operation 

will cause a 65 % energy absorption and 35 % heat emission. The classic symptom of poor thyroidism is being too 

cold and high thyroidism is being too hot based on the function of the thyroid gland. The thermal imaging is an 

example to the noninvasive method, the noncontact thermal camera acquire the thermal coefficient value of the 

presenting object. Thermal imaging has been applied in many fields in medicine, to identify the gland area 

temperature coefficient (Ahdy Helmy, 2008), including wound care (Jones, 2006), sport medicine (Bonnet, 2006), 

forensic medicine (Ammer and Ring, 2005), anaesthesiology (Lawson, 1993), peripheral vascular diseases (Aaueret, 

1991), Cancer diagnosis and breast diseases (Farrell, 1971). In this work is used noninvasive noncontact smart sensor 

for diagnosing thyroid. First part of this work is to detect the relative skin temperature. A single pixel IR thermopile 

sensor is used to detect the relative skin temperature variation. This sensor detects the thermal coefficient and the 

controller helps to display the temperature value in liquid crystal display. 

In the second part of this work, the IR transmitter produces the 950nm waves continually, these waves are 

detected by the IR receiver after penetrating the skin. The detector detects the value of the absorption of the IR light 

due to the sub-dermal skin fluid, the fluid variation present in the epidermis layers. The epidermis provides the energy 

requirements of the skin, with the effective epidermis area being controlled by cells energy formation and fluid 

activity of this layer. This anatomical activity is according with the endocrine gland function. The presence of the 

accumulation skin fluid depends on the general status of the body and it is controlled by hormones like the thyroid. 

This work is used to construct a simple handheld non-invasive cost efficient system to detect thyroid gland 

malfunction by measuring the relative skin temperature and sub-dermal skin fluid. The LCD is interfaced to micro 

controller for displaying the parameters sensed by the sensors. 

2. MATERIALS AND METHODOLOGY 

Temperature Sensor: The first part of this work is to construct a non-contact temperature sensor. The various kinds 

of temperature sensors are broadly available in market according to the medical standard. A noncontact sensing 

element is used for this work. The sensor is calibrated to the required standard of sensitivity, response, range, and 

accuracy. This smart sensor is used to measure various humans’ temperature with sensitivity of 0.02°C. It includes 

thermopile sensitive region, signal processing units and memory units. The thermopile detector is a self-powered 

temperature detector, it generate the output in the range of detected IR radiation range. 

The basic concept for the IR thermopile detector is the Planck’s Radiation energy law and it explains the 

radiation energy of the IR radiation for different temperature. Based on this law, the sensor detects the temperature 

variation of the different part of the object in front of the detecting area. The radiation energy is dependent upon the 

temperature, in the basis of Planck’s Law; the radiation energy near human body temperature is plotted in the figure.1. 
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Figure.1 Radiation energy of Human temperature under Planck’s Law 

The major application of this sensor is handheld thermometer for medical applications. This radiation 

difference can be observed by the sensor and the variation is displayed by the help of a microcontroller in the digital 

form.  

Change in the temperature value is stored in the above mentioned location. The following features are 

presenting with in this smart sensor. The smart sensor has feature like small in size, low cost, easy integration and 

operating temperature is in the range -40°C to 85°C 

Skin Fluid Sensor: The other part of the work is sub-dermal skin fluid detection. This is detected through an IR 

plethysmographic method. The 950nm IR continuous light wave is generated using IR LED; its operating voltage is 

5 volts. This light waves are transmitted through the sensing area like ear lobe. In the other end IR detector receives 

the light intensity passed through the area. Variation of intensity depends on fluid level. The IR waves with 

wavelength more than 850nm are attracted by the water molecules (Azlee Zabidi, 2009), so the absorption is based 

on the sub-dermal skin fluid value. The detected intensity value is converted to digital form and is displayed with the 

help of microcontroller. According to the instruction of the doctor the testing area is fixed to be lower lip, ear lobe 

and tip of the finger nail. These areas have low amount of interference when wave penetrates within it. The 950nm 

IR waves have reasonable water molecule absorption. The problem associated with the sensor is the temperature 

variation of the human body caused to change the fluid value. This will be used in the diagnosing of various disorders 

in thyroid gland.  

Processing System: The processing system is a microcontroller. It is a general purpose microcontroller, it process 

the receiving signals and display the output of the system using LCD display. The liquid crystal display interfacing 

unit include within the system. This controller should have efficient to communicate under I2C master slave method. 

This two wire transmission is more useful to add many transducers within two wires. Another feature of this 

microcontroller isserial communication with computer so the output data of the system also can store in computer. 

Another advantage of this is wide range of operating voltage. The sufficient power is given to the controller through 

9 volts/500 m Amps or 12 volts/500 m.Amps using battery or power adapter. The features of the microcontroller are 

given bellow.  

The microcontroller has advanced RICS architecture, programmable serial USART, 8 channels 10 bit ADC, 

high endurance non-volatile memory segments, internal calibrated oscillator, on-chip analog comparator and its 

operating temperature is in the range of -40°C to 85°C.  

The micro controller process the data’s coming from two different sensors. The temperature sensor 

communicates with the microcontroller SM Bus (I2C) method. The sensor gives analog signal and it processes the 

analog value and converts to digital form using inbuilt ADC. This process is continuously running with real time and 

all the data’s are transmit to computer in serial communication. 

3. RESULTS AND DISCUSSION 

Temperature Sensor: The output of the sensor is verified with the known temperature. For measuring the 

parameters the sensor is placed at a constant distance from the subject’s skin surface, distance is about 3mm from 

the sensing region of sensor. The temperature accuracy is 0.05°C and in the medical range of (25°C to 45°C) is 

0.02°C. The table.1, shows that values acquired from sensor and the error value from the original temperature range. 

According to this value, the relative skin temperature changes from various subjects are taken. The sub-dermal skin 

temperature variations are measured from hand and neck. These measurements are taken at 30°C constant room 

temperature. 

Table.1. Calibration Table 

Testing 

Temperature (0C) 

Sensing 

Temperature (0C) 

Error 

(0C) 

Testing 

Temperature (0C) 

Sensing 

Temperature (0C) 

Error 

(0C) 

0 0.05 0.05 35 35.03 0.03 

10 10.05 0.05 40 40.02 0.02 

20 20.10 0.10 45 45.02 0.02 

25 25.02 0.02 50 50.10 0.10 

30 30.02 0.02 60 66.10 0.10 
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Figure 2: Graphical representation of the 

temperature distribution in normal person, hyper 

thyroid and hypo thyroid patients 

Figure 3: Graphical representation of sub dermal 

skin fluid distribution in normal person, hyper 

thyroid and hypo thyroid patients 

Skin Fluid Sensor: Table.2, shows values of output from the sensor in different material. The range varies from 

0.01volts to 4.82volts; with an applied voltage of 5 volts. The detected intensity of the light wave is converted in the 

digital form and it is tabulated. 

Table.2. Detection Range 

SI. No Medium Output (In Volt) 

1 Air 0.01 

2 Glass 0.01 

3 Form 0.11 

4 Plastic 1.21 

5 Fabrics 2.32 

6 Black Leather 4.82 

This is helpful to take the sub-dermal skin fluid value from subject. The sub-dermal skin fluid values are 

taken from the patient sear lobe. The subjects are classified into three categories; they are Normal, Hypo thyroid and 

hyper thyroid. Table 3 shows the parameters measured from subjects with hyper thyroid gland activity. Relative skin 

temperature is taken from hand and neck of the subject for identifying the temperature distribution in the body. The 

temperature difference is less than 0.36°C and skin fluid value less than 0.06 volts. Table 4 shows parameters 

measured from hypo thyroid subject, here the temperature difference is more than 0.36°C and skin fluid value greater 

than 0.06 volts.  

Table.3. Hyper Thyroid Values 

SI. No Patient ID Age 
Temperature in Celsius 

Skin Fluid in Voltage 
Hand Neck Difference 

1 SUB 01 42 34.18 34.61 0.43 0.070 

2 SUB 02 51 34.43 35.01 0.58 0.065 

3 SUB 04 46 33.34 33.96 0.62 0.082 

4 SUB 05 48 34.26 34.78 0.52 0.071 

5 SUB 06 52 34.12 34.67 0.55 0.072 

6 SUB 08 45 32.62 33.48 0.86 0.09 

7 SUB 10 42 32.36 33.18 0.82 0.11 

8 SUB 12 38 32.58 32.96 0.38 0.1 

9 SUB 13 58 32.6 32.98 0.38 0.1 

10 SUB 14 42 33.06 33.7 0.64 0.1 

11 SUB 17 40 33.08 33.78 0.7 0.09 

12 SUB 18 56 33.74 34 0.26 0.14 

13 SUB 19 52 33.64 34.02 0.38 0.14 

14 SUB 20 38 33.32 33.74 0.42 0.12 

15 SUB 21 53 33.36 33.72 0.36 0.09 

16 SUB 22 52 31.88 32.82 0.94 0.09 

17 SUB 26 48 33.02 33.48 0.46 0.08 

Table.4. Hypo Thyroid Values 

SI. No Patient ID Age 
Temperature in Celsius 

Skin Fluid in Voltage 
Hand Neck Difference 

1 SUB H01 42 32.44 31.62 0.82 0.09 

2 SUB H02 51 32.46 31.52 0.94 0.1 

3 SUB H03 46 32.88 33.44 0.56 0.1 

4 SUB H04 48 32.96 33.46 0.5 0.14 
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5 SUB H07 45 31.88 32.78 0.9 0.1 

6 SUB H10 42 31.26 30.64 0.62 0.11 

7 SUB H11 33 31.28 30.64 0.64 0.1 

8 SUB H12 55 33.14 34.08 0.94 0.11 

9 SUB H13 42 33.18 34.01 0.83 0.1 

10 SUB H15 41 32.36 33.28 0.92 0.11 

11 SUB H17 40 32.12 32.68 0.56 0.1 

12 SUB H18 36 32.06 32.62 0.56 0.09 

13 SUB H19 43 33.06 33.44 0.38 0.11 

14 SUB H21 59 33.1 33.54 0.44 0.09 

15 SUB H22 52 33.1 33.54 0.44 0.09 

16 SUB H23 48 33.4 34.16 0.76 0.15 

17 SUB H24 31 33.54 34.24 0.7 0.13 

Table.5, shows parameters measured from normal subject, here the temperature difference is more than 

0.92°C and skin fluid value greater than 0.065 volts. 

Table.5. Normal Subject Values 

SI. No Patient ID Age 
Temperature in Celsius 

Skin Fluid in Voltage 
Hand Neck Difference 

1 SUB N01 42 33.6 34.54 0.94 0.070 

2 SUB N02 51 33.66 34.58 0.92 0.065 

3 SUB N04 46 33.58 34.24 0.66 0.082 

4 SUB N05 48 33.21 34.58 1.37 0.071 

5 SUB N06 52 32.58 34.34 1.76 0.072 

6 SUB N08 45 32.1 34.2 2.1 0.09 

7 SUB N10 42 31.78 33.7 1.92 0.11 

8 SUB N12 38 31.56 33.36 1.8 0.1 

9 SUB N13 58 31.36 33.96 2.6 0.1 

10 SUB N14 42 31.52 33.48 1.96 0.1 

11 SUB N17 40 33.11 34.2 1.09 0.09 

12 SUB N18 56 32.87 34.33 1.46 0.14 

13 SUB N19 52 31.82 33.4 1.58 0.14 

14 SUB N20 38 31.46 33.46 2 0.12 

15 SUB N21 53 32.56 34.08 1.52 0.09 

16 SUB N22 52 32.72 34.16 1.44 0.09 

17 SUB N26 48 31.58 34.64 3.06 0.08 

The average values of temperature distribution and skin fluid variation for normal, hyper and hypo thyroids 

are measured. It shows that in hypo thyroid case, the temperature distribution difference is lower than that of the 

normal case and higher than that of the hyper thyroid case. While considering the skin fluid value for hypo thyroid 

case it is less than that of the normal and higher than the hyper thyroid. 

4. CONCLUSION 

The detailed analysis is done for 40 subjects and it shows that the temperature distribution of hand and neck 

skin surface have differentiable variations for normal, hyper and hypo thyroids. The proposed model is able to 

provide faster, non-invasive and economical diagnosis with high accuracy by tracking the variation of different 

parameters in human body for detecting the thyroid. The relative skin temperature and sub-dermal fluid changes is 

used to diagnose malfunction of Thyroid Gland.The sensors response time is fast enough to handle the data received 

from the subject.The size and cost of the system is very small so it is a completely portable hand held device including 

dedicated embedded controller. 
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