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Abstract - Wounds are simply injuries that cause the skin 

and body tissues to break down. Cuts, punctures, scratches, 

and scrapes are all examples of wounds. Numerous 
parameters can be used when evaluating a wound, such as 

wounds depth and size, the colour of the wound, its odour, 

the amount of tissue present, etc. Each of these parameters 

can be used on its own or in combination with others. The 

appearance of the wound is an essential factor in 

determining the healing time. For this paper, fuzzy logic is 

used to calculate the values of variables, which does not 

require precise input and instead estimates the values of 

variables and incorporates a number of different input 

parameters.  

Keywords  — Fuzzy logic, Membership functions, Wound 
Assessment, MATLAB. 
 

I. INTRODUCTION  
Medical research has progressed to the point that wound 

assessment has become a required and demanding task. Since 

it necessitates a considerable deal of observation, evaluation, 

and strong judgment, comprehensive and accurate wound 

assessment has become increasingly crucial. The primary 

goals of wound assessment are to obtain an accurate 

diagnosis and deliver the most effective treatment possible. 

Wound status can be identified by using physical aspects of 

the wound, such as its size and colour, odour, and its depth, 

among other things. Already, specific instruments for wound 

assessment are available, such as wound charts and the TIME 
technique, which are both regularly utilized in the field[1-3]. 

It is vital to conduct wound assessments to determine 

appropriate treatment recommendations for the wound being 

treated. Determining whether or not to clean the wound, 

selecting a dressing, and dealing with discomfort are all 

examples of decisions that need to be taken in this situation. 

When it comes to healing a wound properly, numerous 

stages must be completed. These stages include 

inflammation, haemostasis (clotting), proliferation (cell 

division), and epithelialization (skin formation)[4-6].  

Fuzzy logic is becoming increasingly popular in various 
industries, particularly the defence and electronics industries. 

The fuzzy logic notion produces the output based on the 

assumptions made about the input data set. When it comes to 

determining the severity of the wound, fuzzy logic is 
employed[5-10]. This particular case uses the four input 

parameters that have been previously discussed. Using the 

example of body temperature, ambient temperature, 

humidity, and oxygenation as an input parameter, and wound 

evaluation as an output parameter. Specifically, the purpose 

of this study article is to determine how a wound responds to 

variations in temperature or meteorological conditions[10-

15].  

II. MATERIALS AND METHODS 

When it comes to detecting and responding to changes in 

tissue, wound monitoring systems rely on a fuzzy logic 
framework. The wound monitoring is done using body 

temperature, humidity, and oxygen levels parameters and can 

be performed using a fuzzy inference system built-in in 

MATLAB. Membership functions are used to fuzzify both 

the input and output signals simultaneously[15-20]. In 

particular, the current research work uses a triangular 

membership function to accomplish its conclusions and 

findings. Input factors include body temperature, air 

temperature, humidity, and oxygen levels. It creates an 

output parameter, a score based on how well the wound is 

healing. The wound assessment is categorized into three 

normal, improved, and alert levels. The most frequently 
encountered category is "normal" [20-25]. The fuzzy rule 

base is used to provide information about the current state of 

the output variables. When it comes to providing information 

about the present state of the output variables, the fuzzy rule 

base comes in handy. Fuzzy logic to construct the monitoring 

system's decision-making inference system, illustrated in 

Figure 1.  
 

A. Categorisation of Input and Output Parameters 
During the wound assessment process, the physical 

appearance of the wound is taken into consideration. 

Calculating the input parameters is done using triangular 

membership functions. It is straightforward to put into 

action. To do so, it is necessary to employ frequently 

observed parameters, such as temperature, oxygen, and 

humidity.

https://ijettjournal.org/archive/ijett-v70i3p213
https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig 1. Fuzzy inference system 

a) Measuring body temperature 

When the human body's temperature fluctuates, it is 

called "thermoregulation." Temperature values for measuring 

body temperature are listed in Table 1. When assessing a 

wound, body temperature is considered an essential factor. 

The membership function is depicted in Figure 2. The 

following equations show that the triangular membership 

function represents the body temperature ranges.  

 

Table 1. Body temperature 

Standard range Body     temperature in 

Celcius 

Low <33°C 

Normal 34-38°C 

High 38-43°C 

Very high <44°C 

                      

Body Temperature low (x)= {

0, 𝑥 ≤ 0
37−𝑥

37
, 0 < 𝑥 ≤ 37

0, 𝑥 ≥ 37

 

 

Body Temperature normal (x)= 

{
 
 

 
 

0,   𝑥 ≤ 34
𝑥−34

3
, 34 < 𝑥 ≤ 37

41−𝑥

4
, 37 < 𝑥 ≤ 41

0, 𝑥 ≥ 41

 

 

Body Temperature high (x)= 

{
 
 

 
 

0,   𝑥 ≤ 37
𝑥−37

3
, 37 < 𝑥 ≤ 40

43−𝑥

3
, 40 < 𝑥 ≤ 43

0, 𝑥 ≥ 43

 

 

Body Temperature high (x)= {

0,   𝑥 ≤ 39
𝑥−39

31
, 39 < 𝑥 ≤ 70

1, 𝑥 ≥ 70

 

 
Fig. 2 Body temperature membership function 

 

b) Air temperature 

Changes in the temperature of the surrounding 

environment can affect the body's temperature regulation. As 

a result of a high air temperature, skin damage can occur. 

The surrounding air temperature is also vital for determining 

the severity of a wound. The standard range of surrounding 

air's temperature is shown in table 2. The triangular 

membership function graphical representation is depicted in 
Figure 3. 

  Fuzzification 

Air temperature 

Air humidity 

oxygenation 

Input parameters 

Fuzzy inference 

(decision making) 

Fuzzy membership 

function 
Fuzzy rules 

Defuzzification 
Output 

Wound 

Assessment 

Body temperature 
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Table 2. Air temperature ranges 

Standard 

range 

Temperature range 

Low 10°C-17°C 

Normal 18°C-22°C 

High 23°C-30°C 

 

Air Temperature low (x)= 

{
 
 

 
 

0,   𝑥 ≤ 0
𝑥

9
, 0 < 𝑥 ≤ 10

20−𝑥

10
, 9 < 𝑥 ≤ 20

0, 𝑥 ≥ 20

 

Air Temperature normal(x)= 

{
 
 

 
 

0,   𝑥 ≤ 15
𝑥−20

5
, 15 < 𝑥 ≤ 20

25−𝑥

5
, 20 < 𝑥 ≤ 25

0, 𝑥 ≥ 25

 

Air Temperature high (x)= 

{
 
 

 
 

0,   𝑥 ≤ 20
𝑥−30

10
, 20 < 𝑥 ≤ 30

40−𝑥

10
, 30 < 𝑥 ≤ 40

0, 𝑥 ≥ 40

 

 

 
Fig. 3 Air temperature membership function 

 

c) Air humidity 

During the daytime hours, humidity ranges from 0 to 20 

per cent. Ordinary environments have relative humidity 

levels ranging from 20 to 60 per cent. The relative humidity 

is extremely high, ranging from 60 per cent to 100 per cent in 

some areas. Conversely, low humidity in the air causes the 

skin to become dry. Table 3 shows the relative humidity 

ranges, and figure 4 depicts the triangular membership 

function for relative humidity in the air. 

 

Table 3. Air humidity 

Standard range Air  Humidity range 

                  Low                      0-25% 

                  Normal                     26-65% 

                  High                      66-100% 

              

Humidity low (x)= {

0,   𝑥 ≤ 0
𝑥

22
, 0 < 𝑥 ≤ 22

0, 𝑥 ≥ 22

 

Humidity normal (x)= 

{
 
 

 
 

0,   𝑥 ≤ 18
𝑥−18

22
, 18 < 𝑥 ≤ 40

63−𝑥

23
, 40 < 𝑥 ≤ 63

0, 𝑥 ≥ 63

 

Humidity high (x)= {

0,   𝑥 ≤ 58
𝑥−58

42
, 58 < 𝑥 ≤ 100

1, 𝑥 ≥ 100

 

 

 
Fig. 4 Humidity membership function 

 

d) Measuring oxygenation 

The amount of oxygen present in the blood is referred to 

as "oxygenation." When conducting wound evaluation, the 

most crucial factor to consider is oxygen. When measuring 

the oxygenation blood level in a patient, the standard 

oxidation range provided in table 4  is referred to as a 

guideline. The oxygenation range is represented by triangular 

membership function is represented as shown in Figure 5,  

 

Table 4. Standard oxygenation 

    Standard range             Oxygen range 

               Low                   0-94% 

               Normal                  95-99% 

              High 100-140% 

 

Oxygenation low(x) =

{
 
 

 
 

0, 𝑥 ≤ 96
𝑥

48
, 96 < 𝑥 ≤ 120

95−𝑥

47
, 48 < 𝑥 < 95

0, 𝑥 ≥ 95

 

Oxygenation normal(x) =

{
 
 

 
 

0, 𝑥 ≤ 93
𝑥−93

3
, 93 < 𝑥 ≤ 96

100−𝑥

5
, 97 < 𝑥 < 102

0, 𝑥 ≥ 102

 

Oxygenation high(x) ={

0, 𝑥 ≤ 96
𝑥−96

24
, 96 < 𝑥 ≤ 120

1, 𝑥 ≥ 120
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Fig. 5 Oxygen MF 

 

e) Output Decision 

The output of the wound monitoring system provides 

information on the present status of the injury. Wound 

Assessment Status output is shown in fig. 6. It has three 

ranges -1,0,1, which define Alert, Normal, Better 

respectively. In this particular instance, a variety of distinct 
input parameters are used. The characteristics used as input 

include body temperature, atmospheric temperature, 

humidity, and oxygen. When the input parameters are 

changing, how the wound reacts to the changes can be 

observed. The accompanying graphic makes it possible to 

see what the fuzzy logic designer and monitoring system will 

look like in advance. Fuzzy logic rules are combined in 

MATLAB FIS. When it comes to reaching our conclusions 

in the current study work, the fuzzy inference system is used. 

A realistic expectation for this system is to have four input 

parameters and one output parameter, with the latter being 

optional. Table 5 offers sample data for the parameters of the 
input and output. The data in the table reflects input and 

output parameters, and the output actions can be observed by 

adjusting the input parameters in the manner given in Fig. 9. 

 

 
Fig. 6 Wound Assessment Status 

. 

 

 

 

III. RESULTS AND DISCUSSION 

Fig. 8 displays a simulation of the wound assessment 

system using a FIS to estimate the severity of the wound. 

The variation in parameters such as Standard body 

temperature, ambient temperature, relative humidity, and 
oxygenation will vary the wound status to normal, better, and 

alarming. The input test data is applied to this research's 

proposed wound assessment system. According to the 

established rules, the wound assessment system is gathered at 

various points in time. The output is seen and approximated 

to evaluate whether or not they are equal on an intended 

basis at each point in time. Figures 7 and 8, respectively, the 

fuzzy rule and the rule window viewer are depicted. Figures 

9-13 show the surface plots for wound assessment based on 

various input data. According to the body temperature vs 

humidity surface plot displayed in figure 9, wound 

assessment will be more accurate when the body temperature 
maintains normal. According to the surface plot of 

temperature against oxygen concentration shown in Figure 

10, wound assessment will be more accurate when the air 

temperature is high than when the air temperature is low. 

Figure 11 illustrates a surface plot of humidity versus body 

temperature, demonstrating that only assessment will be alert 

when the humidity is low. Figure 11: Surface plot of 

humidity versus body temperature Figure 12 displays a 

surface plot of oxygen concentration vs body temperature, 

which indicates that when the oxygen concentration is high, 

the assessment is considered to be normal. Body temperature 
vs ambient air temperature is depicted in Fig. 13, which 

demonstrates that the assessment will be normal when the 

body temperature is normal, as seen in the graph. A 

Comparative analysis of Wound monitoring using various 

input parameters is shown in Fig. 14, and it shows that Fuzzy 

is superior in performance compared to similar techniques. 

 

A. RMSE Calculation 

The combined input dataset is compared with the 

synthetic dataset in which fuzzy rules are formed to get the 

output as an automatic decision. The root-mean-square error 

(RMSE) is calculated using the least-squares method. 
 

RMSE=

√
1

𝑚
∑ [{𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒(𝑗) − 𝐴𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑙𝑢𝑒(𝑗)}2]𝑚
𝑗=1  

The RMSE value for various membership functions is shown 

in table 6, and the triangular MF has generated a low RMSE 

value. 
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Fig. 7 Wound monitoring system using fuzzy logic 

 
 

 

 

 
Fig. 8 Verbal fuzzy rules 
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Fig. 9 fuzzy rule window viewer 

 

Table 5. Few inputs output actions 

STANDARD 

TEMPERATURE HUMIDITY 

Body 

Temperature OXYGEN 

Wound 

Asessment 

30 32 47.3 99.1 1 

3 65 44.2 83.7 1 

23 78 49.9 83.7 1 

44 88 46 61.2 1 

0 70 40.9 56.9 1 

28 92 39.3 77.1 1 

34 75 38.3 69.1 1 

15 89 28.9 90.9 1 

25 66 25.2 91.7 0 

35 93 34.9 73.2 0 

11 36 36.3 98.2 -1 

26 56 36.1 97.1 -1 

34 35 35.8 98.1 -1 

4 2 37.3 104.3 0 

 

IV. CONCLUSION 

When observing the wound assessment, it is necessary to 

consider the I/P parameters humidity, body temperature, air 
temperature, and oxygen discussed in the current research 

work. Depending on how the input parameters change, the 

output outcomes will vary as normal, better, alert. When 

making decisions, the system relied on fuzzy logic. 

Fuzziness is applied to the input and output. The triangle 

membership function yielded a low RMSE value and was 

applied to the input and output along with fuzzy rules. The 

triangle membership function is simple, can be adjusted as 

needed, and is used to fuzzify and defuzzify the inputs and 

outputs simultaneously. Approximately 97 per cent accuracy 

is achieved with the proposed model. 



Sudheer Kumar Nagothu et al. / IJETT, 70(3), 118-125, 2022 
 

124 

 
Fig. 10 Body temperature vs humidity surface plot 

 

 
Fig. 11 Air temperature vs oxygen surface plot 

 

 
Fig. 12 Humidity vs body temperature surface plot 

 

 

 

 
 Fig. 13 Oxygen vs body temperature surface plot 

 

 

Table 6. RMSE Calculation 

Membership function used RMSE 

Bell 0.1123 

Trapezoidal 0.0987 

Gaussian 0.0855 

Triangular 0.0789 

 

 

 
Fig. 14 Comparative Analysis 

 

 

 

 

 
 

 

 

 

86

88

90

92

94

96

98

Decison Trees ANFIS ANN FUZZY

Comparative analysis

Precision Accuracy



Sudheer Kumar Nagothu et al. / IJETT, 70(3), 118-125, 2022 
 

125 

REFERENCES 
[1] M. S. Brown, B. Ashley, and A. Koh, Wearable technology for 

chronic wound monitoring: current dressings, advancements, and 

prospects, Frontiers in Bioengineering and Biotechnology, 6(47)      

(2018). 

[2] B. Farahani, F. Firouzi, V. Chang, M. Badaroglu, N. Constant, and 

K. Mankodiya, Towards fog-driven IoT eHealth: promises and 

challenges of IoT in medicine and healthcare, Future Generation 

Computer Systems, 78(2018) 659–676. 

[3] C. R. Kruse, K. Nuutila, C. C. Y. Lee et al., 0e external 

microenvironment of healing skin wounds, Wound Repair and 

Regeneration, 23(4) (2015) 456–464. 

[4] Chowdary, K.U., Prabhakara Rao, B. PAPR reduction and spectrum 

sensing in MIMO systems with the optimized model. Evol. 

Intel. (2020). https://doi.org/10.1007/s12065-020-00376-x 

[5] Kurra. Upendra Chowdary, B. Prabhakara Rao, Performance 

Improvement in MIMO-OFDM Systems based on adaptive Whale 

Elephant Herd Optimization algorithms, International Journal of 

Engineering and Advanced Technology (IJEAT)  

ISSN: 2249-8958, 9(1) (2019). 

[6] Madhusudhan M, H. Pradeepa Fuzzy Based Controller to Enhance 

Transient and Steady-State Stability for Multimachine Power 

System International Journal of Engineering Trends and 

Technology 70(2) (2022) 103-114. 

[7] X. J. Meena and S. Indumathi, A secure IOT based SKIN cancer 

detection scheme using support vector machine and particle swarm 

optimization algorithm, International Journal of Engineering 

Research and Science & Technology,  6(2)(2017) 30–40. 

[8] Chowdary, Kurra Upendra and Rao, B. Prabhakara}, Hybrid 

Mixture Model Based on a Hybrid Optimization for Spectrum 

Sensing to Improve the Performance of MIMO OFDM Systems, 

International Journal of Pattern Recognition and 

ArtificialIntelligence,34(07) 2058008 (2020), 

doi 10.1142/S0218001420580082 

[9] S. Roy Chowdhury, Y. Umasankar, J. Jaller et al., Continuous 

monitoring of wound healing using a wearable enzymatic uric acid 

biosensor, Journal of the Electrochemical Society, 165(8) (2018) 

3168–3175.  

[10] S. Guo and L. A. DiPietro, Factors affecting wound healing, Journal 

of Dental Research,89(3) (2010) 219–229. 

[11] H. M. Kimmel, A. Grant, and J. Ditata, 0e presence of oxygen in 

wound healing, Wounds: A Compendium of Clinical Research and 

Practice,  28(8) (2016) 264–270. 

[12] [C. K. Sen, Wound healing essentials: let there be oxygen, Wound 

Repair and Regeneration,17(1)(2009) 1–18. 

[13] F. Gottrup, Oxygen in wound healing and infection, World Journal 

of Surgery,28(3) (2004) 312–315. 

[14] G. M. Gordillo and C. K. Sen, Revisiting the essential role o oxygen 

in wound healing,(e American Journal of Surgery,186(3) (2003) 

259–263. 

[15] Mayura Yeole, Rakesh Kumar Jain, Radhika Menon Prediction of 

Road Accident Using Artificial Neural Network International 

Journal of Engineering Trends and Technology 70(2) (2022) 143-

150.  

[16] J. Jantzen, Tutorial on Fuzzy Logic, Technical Report, Technical 

University of Denmark, Dept. of Automation, Kongens Lyngby, 

Denmark, (1998). 

[17] K. R. S. R. Raju and G. H. K. Varma, Knowledge-Based Real-Time 

Monitoring System for Aquaculture Using IoT,2017 IEEE 7th 

International Advance Computing Conference (IACC), Hyderabad, 

(2017) 318-321, doi: 10.1109/IACC.2017.0075. 

[18] Swati Atri, Sanjay Tyagi Fuzzy Based Priority Ad Hoc on Demand 

Multipath Distance Vector Stable Routing Protocol International 

Journal of Engineering Trends and Technology 70(2) (2022) 311-

327. 

[19] F{Samuel, A. Faculty perception of presence in the online 

environment. Adult Education Research Conference (s. 47). 

Manhattan, KS. Retrieved from (2015).  

http://newprairiepress.org/aerc/2015/papers/47/ 

[20] S. K. Nagothu,  Intelligent Control of Aerator and Water Pump in 

Aqua-culture Using Fuzzy Logic, 978-981-16-5047-5, ICMDCS 

(2021) CCIS 1392, (499590_1_En, Chapter 13) 

https://doi.org/10.1007/978-981-16-5048-2_13 

[21] S. K. Nagothu, ANFIS Based Smart Wound Monitoring System, 

(2021) 978-981-16-5047-5, ICMDCS 2021, CCIS 1392, 

(499590_1_En, Chapter 15) https://doi.org/10.1007/978-981-16-

5048-2_15 

[22] S. K. Nagothu, IoT based Sheep Guarding System in Indian 

Scenario, 3rd International (Virtual) Conference On Recent Trends 

In Advanced Computing. 

[23] S. K. Nagothu, Smart Student Assessment System for Online 

Classes Participation, Advs in Intelligent Syst., Computing, 1354, 

Brijesh Iyer et al. (Eds): Applied Information Processing Systems, 

978-981-16-2007-2, 510780_1_En, (Chapter 51)  

https://doi.org/10.1007/978-981-16-2008-9_51 

[24] Nagothu S.K., Sri P.B., Koppolu R, Smart Student Participation 

Assessment Using Fuzzy Logic. In: Das K.N., Das D., Ray 

A.K., Suganthan P.N. (eds) Proceedings of the International 

Conference on Computational Intelligence and Sustainable 

Technologies. Algorithms for Intelligent Systems. Springer, 

Singapore. (2022)   

https://doi.org/10.1007/978-981-16-6893-7_59 

 


	A. Categorisation of Input and Output Parameters
	a) Measuring body temperature
	b) Air temperature
	e) Output Decision

