
Vol. 2 - No. 1 - March 2022                                  E-ISSN: 2582-9610 

ACS Journal for Science and Engineering    10 
 

 
Computer Aided Screening Method for Diabetes using 

Thermogram 
 

Gayatri Joshi1 & Dr.Punal M Arabi2  
1Assistant Professor, 2HOD  & Professor, Department of BME, ACSCE, Bangalore 

DOI: https://doi.org/10.34293/acsjse.v2i1.23 

 

Abstract - Diabetes is a chronic disease occurring due to insufficient production of insulin by the 

pancreas or the body’s ineffective usage of the insulin produced. The former leads to Type 1 

diabetes whereas the latter leads to Type 2. diabetes is estimated to have affected 422 million 

people globally and 69.2 million people in India annually. Diabetes if left untreated can cause 

serious health complications such as peripheral nerve dysfunction, diabetic retinopathy, diabetic 

foot and also doubles the risk of early death, thus making early diagnosis very essential for better 

disease management, thus improving the quality of life of the patient. 

 This papers aims at proposing a non invasive method to diagnose diabetes which is based 

on the thermoregulation of the peroneal blood vessel. The thermograms of the peroneal vessel 

after a cold stress are obtained and the mean pixel intensities are found and analyzed. The results 

found show the feasibility diabetic screening using this method. 
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I INTRODUCTION 

 Diabetes, a metabolism disorder which is a long-term condition that causes high blood 

sugar levels, either because insulin production is inadequate type1 diabetes, or because the 

body's cells do not respond properly to insulin type2 diabetes, or both. Pregnant women may 

also develop diabetes, called gestational diabetes. Prediabetes is a stage where blood sugar is 

higher than normal but not high enough to be called diabetes. Prediabetes increases the risk of 

getting type 2 diabetes. Diabetes is recognized as the world’s fastest growing chronic 

condition. The number of people with type 2 diabetes is growing in each country. Statistics 

show that 8.8% of the global adult population has been diagnosed with diabetes as of 2015 

and is expected to rise to up to 10.4% by 2040. A predictable count of 422 million people are 

living with diabetes while the death of 1.5 million people is accredited to it annually.  

 

II REVIEW OF LITERATURE 

 Diabetes is fast gaining the status of a potential epidemic in India with 69.2 million 

people currently diagnosed with the disease. Apart from the currently existing invasive 

glucose meter method, research on blood glucose monitoring in recent times has been 

improved by the proposal of non-invasive methods based on voltage intensity [1] and 

scattering of light [2]. A non-invasive method for monitoring of human blood biochemistry 

based on spatially localized NIR diffuse scattering spectroscopy and metabolic heat 

measurements for glucose measurement has also been developed [3].  

Considering why diabetes needs to be managed or rather monitored on a routine basis, if left 

uncared for, it can cause serious problems, results of which may be life-threatening. Diabetes 

https://medlineplus.gov/diabetesandpregnancy.html
https://medlineplus.gov/prediabetes.html
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leads to peripheral nerve dysfunction which leads to the loss of sensitivity of nerves with 

respect to functions like clotting and healing. In such cases, on exposure of the wound to 

external conditions, for example in the foot region, healing will not take place and hence the 

affected region gets infected. This infection may cause the foot to rot which gradually 

progresses to gangrene. Diabetes is fast gaining the status of a potential epidemic in India 

with 69.2 million people currently diagnosed with the disease. [4]. Higher blood glucose 

levels also caused an additional 2.2 million deaths, by increasing the risks of cardiovascular 

and other diseases. One of the only practical and feasible way of management of diabetes is 

by constant monitoring of the condition. Apart from the currently existing invasive glucose 

meter method, study on blood glucose monitoring in recent times has been improved by the 

proposal of non-invasive methods based on voltage intensity [5]. Based on cold stress 

provocation experiments using a cold patch and IR camera to obtain linear and non-linear 

thermoregulation properties of the foot the non-linear thermoregulation parameters were 

compared to Newton’s simple coding model to detect diabetic peripheral neuropathy[6] . 

 To prevent painful process of repetitively finger pricking of blood sample for blood 

glucose monitoring that creates the risk of infection in diabetes patient a simple compact and 

cost-effective non- invasive device using visible red laser light of wavelength 650 nm for 

blood glucose monitoring (RL-BGM) [7].Patients with diabetes mellitus who could do blood 

sampling many times of their serious condition a development tools of non-invasive 

measuring glucose levels in the blood is needed[8]. 

 

III METHODOLOGY 

 

 

Figure 1: Flow diagram of proposed method 

measuring  glucose  levels  in  the  blood  is  needed[8]. 
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 Four patients were taken for cold stress experimentation. Prior to experimentation 

informed consent is obtained from subjects. 

 

COLD STRESS EXPERIMENT 

 A cold stress using a cold pack at 0°C was applied to the calf, knee, foot of the 

patients; the pack was kept for duration of 45 seconds after which it was removed.  

The thermograms of the calf, knee, foot were taken using a thermal imager, one minute after 

removal of the cold pack. This procedure is repeated for the other subjects also. 

 These FIR images of that two diabetic patients and two healthy individuals were 

analyzed. These images were then converted from RGB to grey and the regions of interest 

(ROI) was selected. Median filtering and contrast stretching were carried out towards  

pre-processing for noise removal and image enhancement.  

 Median filtering is a non linear filter which replaces the value of a pixel by the 

median intensity levels in the neighborhood of pixels as, 

    [9] 

 

 Contrast stretching is process that changes the range of intensity levels in an image so 

that its expands the full intensity range of recording medium or display device.[br] 

  

where a,b are upper and lower limit of original image and c,d are modified lower and higher 

limit values. 

 For the selected regions of interest, the mean pixel intensity values for both diabetic 

and healthy subjects were calculated and tabulated. The threshold value is fixed by 

calculating average of mean pixel intensity value of diabetic and healthy subjects. A decision 

rule is framed based threshold value for identifying healthy and diabetic subjects. 

 

Decision rule: 

T >80 non diabetic 

T <80 diabetic, 

Where T is the threshold. 

Calculations: 

 (I mean )1=(57+60+44+62+45+66)/6=56 

 

 (I mean )2=(101+127+87+100+120+90)/6 =104.16 

 

threshold value = ((I mean )1 + (I mean )2 )  

          2   

                  = (56+104.16) = 80 

            2    
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 (Imean )1 is the mean pixel intensity value of diabetics ,(I mean )2 is the mean pixel 

intensity value of healthy persons. 

 

IV  RESULTS 

 

Figure 1: Normal 1 

 

 

Figure 2: Normal2 

 

 

Figure 3: Patient1 

 

 

Figure 4: Patient2 

 

Thermal Imager Specifications- 

HTC Brand: VT-100 Thermal Imaging Camera 

 -IR SOLUTION 60X60 (3600 PIXELS) 

 - FIELD OF VIEW 20 X 20º 

 - THERMAL SENSITIVITY 0.15 ºC / 0.27 ºF 

 - TEMPERATURE RANGE -20 TO 300 ºC / -4 TO 572ºF 

 - ACCURACY ±2% OR READING ±2 ºC / 3.6 ºF 

 - POWER SUPPLY 4 AA BATTERIES 
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Table 1 Mean Pixel Intensity Values 

S. No. Regions 
Mean pixel intensity value 

(Healthy) 

Mean pixel intensity value 

(diabetic) 

1 

Calf 101 57 

knee 127 44 

foot 87 62 

2 

Calf 100 60 

knee 120 45 

foot 90 66 

AVG 104.16 56 

 

 Figure 2,3,4 are images of healthy and diabetic subjects.Table1 shows the mean pixel 

intensity values of healthy and diabetic subjects. 

 

V DISCUSSION 

 Four people, 2 healthy and 2 diabetics are taken for experimentation. Table 1 shows 

the mean pixel intensity values of healthy and diabetic of four images. The mean pixel 

intensity values and mean of each image is averaged and represented by (I mean )1, (I mean )2 for 

healthy and diabetic group respectively.  

 A decision rule is framed based on the mean value of healthy and diabetic subjects i.e 

if the threshold value is greater than 80 the subject is identified as healthy. If the threshold 

value is lesser than 80 the subject is identified as diabetic (Table1). 

 Since the temperature of the healthy person’s feet is well regulated by the healthy 

blood vessel supplying these feet undergo smooth contractions and expansions towards 

thermoregulation against the cold stress they would be warmed up to the original temperature 

smoothly; whereas the diabetic feet would be supplied of the impaired blood vessels whose 

walls become hardened due to disease progression and lose their elasticity. Moreover, the 

diabetic person’s nerve would also be impaired due to the disease. 

 Endothelial dysfunction is observed in diabetes mellitus patients which manifests in 

impaired vasodilation, decreased NO, increased endothelin-1, Increased arterial stiffness [10]. 

 All these would lead to poor thermoregulation of the diabetic person’s feet. Hence the 

skin texture of the feet would change and that would manifest in the FIR image. This has 

resulted in the difference in the mean pixel intensity of the healthy subject and diabetic group. 

 

VI CONCLUSION 

 Four patients foot, knee, calf region images of diabetic and healthy people were 

analyzed. Mean pixel intensity values are calculated. The thermoregulatory response of the 

person’s feet ,knee, calf for cold stress was considered. The values of the mean pixel intensity 

and mean of the diabetic persons were found to be significantly lesser than that of the FIR 

images of the healthy individuals, this is due to the blood vessels impairment caused by the 

diseases.  

 



Vol. 2 - No. 1 - March 2022                                  E-ISSN: 2582-9610 

ACS Journal for Science and Engineering    15 
 

VII ACKNOWLEDGEMENT 

 The authors thank the Management and Principal of ACS College of engineering, 

Mysore road, Bangalore for permitting and supporting us to carry out this research work. 

 

REFERENCES 

[1] K A Unnikrishna Menon, Deepak Hemachandran, Abishek Thekkeyil Kunnath 

“Voltage Intensity Based Non-Invasive Blood Glucose Monitoring” 4th ICCCNT – 

2013 July 4 - 6, 2013, Tiruchengode, India. 

[2] K A Unnikrishna Menon, Deepak Hemachandran, Abishek Thekkeyil Kunnath “A 

Survey on Non-Invasive Blood Glucose Monitoring Using NIR” International 

conference on Communication and Signal Processing,IEEE, April 3-5, 2013, India. 

[3] Vladimir A. Saetchnikov, Elina A. Tcheriavskaia, Gustav Schweiger “Non-invasive 

sensor for multi parameter Diagnostics of blood biochemistry” CAOL 2008, 

IEEE,September 29 - October 4, Alushta, Crimea, Ukraine. 

[4] P. Brodal, The Central Nervous System: Structure and Function (3 ed.). Oxford 

University press US, 2010. 

[5] G.J. Hodges, J.A. Traeger, T. Tang, W.A. Koshiba, K. Zhao, J.M. Johnson, “Role of 

sensory nerves in the cutaneous vasoconstrictor response to local cooling in humans,” 

Am J Psiol Heart Circ Physiology, vol. 293, pp. 784- 789, 2007. 

[6] Carla Agurto, Viktor Chek , Ana Edwards , Zyden Jarry , Simon Barriga , Janet 

Simon , Peter Soliz,” A thermoregulation model to detect diabetic peripheral 

neuropathy”, south west symposium on image analysis and interpretation,pp.13-

16,IEEE(2016) 

[7] Daniela Matei , Cálin Corciová , Radu Matei,” Nerve Conduction Studies in 

Peripheral Arterial Disease With and Without Type 2 Diabetes Mellitus”, 2013 E-

Health and Bioengineering Conference (EHB), 1-4, 2013, https://doi.org/10.1109/ehb. 

2013.6707331 

[8] K A UNNIKRISHNA MENON , DEEPAK HEMACHANDRAN ; ABISHEK THEKKEYIL 

KUNNAT,” VOLTAGE INTENSITY BASED NON-INVASIVE BLOOD GLUCOSE MONITORING”, 

2013 FOURTH INTERNATIONAL CONFERENCE ON COMPUTING, COMMUNICATIONS AND 

NETWORKING TECHNOLOGIES (ICCCNT), PP-1-5, IEEE (2013), DOI: 10.1109/ 

ICCCNT.2013.6726720 

[9] Rafel C .Gonzalez, Richard. E. Woods, “Digital Image Processing”, Pearson third 

edition, PP-1-953,(2012) 

[10] COREY E. TABIT, WILLIAM B. CHUNG, NAOMI M. HAMBURG, AND JOSEPH A. VITA,” 

ENDOTHELIAL DYSFUNCTION IN DIABETES MELLITUS: MOLECULAR MECHANISMS AND 

CLINICAL IMPLICATIONS”, PMC, MARCH (2010) DOI: 10.1007/S11154-010-9134-4 

 

 

  

https://app.dimensions.ai/discover/publication?and_facet_researcher=ur.0713004620.68&and_facet_researcher=ur.0713004620.68
https://app.dimensions.ai/discover/publication?and_facet_researcher=ur.0713004620.68&and_facet_researcher=ur.01145144107.57
https://app.dimensions.ai/discover/publication?and_facet_researcher=ur.0713004620.68&and_facet_researcher=ur.016161136105.92
https://doi.org/10.1109/ehb.2013.6707331
https://doi.org/10.1109/ehb.2013.6707331
https://doi.org/10.1109/ehb.2013.6707331
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6715259
https://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6715259
https://doi.org/10.1109/ICCCNT.2013.6726720
https://doi.org/10.1109/ICCCNT.2013.6726720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tabit%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=20186491
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=20186491
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamburg%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=20186491
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vita%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=20186491
https://dx.doi.org/10.1007%2Fs11154-010-9134-4

