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Abstract: Skin is the one of the most important organ present 

in our body that does some of the important functions like 

protection, temperature regulation etc. Due to some conditions, 

skin is affected by many abnormalities. The abnormalities may be 

smaller or larger, which depends on the damage caused to the 

skin. Some abnormalities of skin are irritations, allergic reactions, 

swelling etc. One of the most major problems that affect the skin 

completely is of skin cancer. Skin cancer is the most common type 

of cancer that affects the 40% of people in all over world. It may be 

caused due to several factors like genetic, working in hazardous 

chemical areas, exposure to sun, repeated X-ray exposures etc. All 

of these factors affects the skin and causes skin cancer. Skin 

biopsy is a major technique used at present to detect all types of 

skin cancers. As this biopsy method is invasive, and takes more 

time to check the cancer tissue, we are using this optical method 

for detection of skin cancer. Optical imaging is the upcoming 

technology that plays the major role in all fields. In this method 

Near Infra-Red (NIR) light source is passed into the affected skin 

region. The transimpedance amplifier is used to amplify the 

output from photodiodes. Then the output from the photodiodes is 

connected to the Digital Storage Oscilloscope (DSO) in which the 

waveform shows the variations due to skin cancer. 

  

Keywords: Digital Storage Oscilloscope, near infrared light 

source, Photodiodes, skin cancer.  

I. NEED FOR OPTICAL IMAGING 

The most common type of cancer in human beings is skin 

cancer where it affects the part or entire region of the skin. 

There are various types of carcinoma’s that affects the skin 

region partially or completely, they are categorized as Basal 

cell carcinoma (BCC) and Squamous cell carcinoma (SCC) 

[4].As per the statistics, the death due to skin cancer has been 

increasing widely. Finding skin cancer in early stage is critical 

by the current technique followed by the physicians at present 

has lot of disadvantages. The technique followed at present is 

skin biopsy [6]. This technique may cause pain, bleeding, 

swelling, irritation in patient’s body. This skin biopsy 
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technique requires time and over cost for detecting skin 

cancer. Hence we come up with the solution called optical 

imaging for skin cancer detection which overcomes all of the 

disadvantages in biopsy. This optical method uses near 

infrared light source for evaluating skin cancer. The infrared 

light source are subdivided into three major types namely, 

near infrared light source, mid infrared light source, far 

infrared light source. Whereas, near infrared light source is 

used for imaging purpose. 

Optical Imaging methods have caused the big evolution in 

current medical field for lesion detection and discrimination. 

[1]. Optical imaging is of many types namely, optical 

tomography, bioluminescence etc [2]. Near infrared source 

plays a major role in many of fields like neuroimaging, 

ergonomics, brain computer interface, neonatal research etc. 

Near infrared light source is harmless and approved by the 

food and drug administration for continuous usage in human 

body[3]. Near infrared light source is allowed to pass into the 

phantom for detecting the abnormalities. The phantom is a 

tissue mimicking component which has all the properties of 

the skin used here for testing purpose. The phantom can be 

prepared from wax, polyethylene, rubber, etc. The chicken 

pieces are placed inside the phantom where it is assumed as 

abnormal tissue (cancer affected area). The output from the 

photodiodes is converted into high level signals by using the 

transimpedance amplifier.  

 

 

Fig. 1. Electromagnetic spectrum 

 

The transimpedance amplifier is connected to the DSO in 

order to know the abnormal tissue present inside the phantom. 

The wavelength of near infrared light source is of 0.7-5 µm. 

The wavelength of mid infrared light source is of 5-40 µm. 

The wavelength of far infrared light source is of 40-300 µm. 
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II. METHODOLOGY 

A. Near – Infrared Light Source 

Near infrared light source has many advantages hence it 

plays a major role in current imaging techniques for treating 

any disease. The penetration of near infrared light source into 

human skin depends on the chromophores that are presented 

on the skin. There are various kinds of skin chromophores like 

melanin, hemoglobin and fat that are present in the skin 

layers. Chromophores are responsible for the absorption and 

scattering changes within the human skin, when the skin is 

irradiated with light source. It allows the penetration deeply 

into the skin chromophores. It is the kind of non-ionizing 

radiation and shows high resolution [5] hence specific doses 

are suggested by the physician can be repeatedly given into 

the body of the patient. 

B. LED Driver Circuit 

The led driver circuit is designed using the near infrared 

LEDs and battery. The near infrared LEDs are placed in 

parallel, where the LEDs are provided with the supply of 1.8 

volt the circuit is shown in Fig 2. Hence this led driver circuit 

is used here to pass the near infrared light source into the 

phantom for detecting the abnormalities. 

C. Photodiodes 

Photodetectors are of two types namely photodiodes and 

phototransistors. Photodiodes are the kind of diodes that are 

majorly used for obtaining the electricity from light source. 

The working principle of photodiodes is based on the 

photoelectric effect. The photodiodes form electricity by 

hitting the light signals into the junction. The output from the 

photodiodes is of low level electrical signals. 

D. Transimpedance Amplifier 

It is the one of the major type of operational amplifier 

circuits. It is constructed using the IC 741 which is one of the 

conventional. Indium gas arsenic photodiodes are used here 

along with 2kΩ resistors and 1 µF capacitors. The trans 

impedance amplifier circuit is shown in Fig 3.The entire 

circuit is used here for the amplification of output from 

photodiodes which is in the form of low level electrical 

signals.  

  

Fig. 2 LED driver circuit 

 

 

Fig. 3 Transimpedance amplifier circuit 

The IC 741 consists of 8 pins, where as in transimpedance 

amplifier Pin 1, 5 and 8 are not connected. Pin 2 is the 

inverting pin which is connected to the ground. Pin 3 is 

non-inverting pin which is connected to the photodiode. Pin 4 

and Pin 7 is connected to the battery which provides supply of 

7.5 volt. The capacitor and resistor are connected in along 

with the photodiode. The photodiode is also provided with the 

supply of 5v. Pin 6 is connected to the DSO. 

E. Phantom 

Then the next step involved in the project is to design the 

phantom using paraffin wax pellets [8] which has tissue 

mimicking property, whereas the process is shown in Fig 4. 

The phantom is assumed as the human skin for testing 

purpose. The pure paraffin wax pellets are collected and 

placed inside the water bath. The main purpose of using 

paraffin wax pellets is since it is easily available and can be 

cast into any desired shape.  

 
 

Fig. 4 Phantom preparation steps 

Then the wax pellets are allowed to melt at 60-70 
o
c. The 

raw chicken pieces of small sizes are sliced using the knife 

and placed in the separate container after cleaning and dried. 

The plastic container where the paraffin wax is placed must be 

of length 100mm, breadth 50mm and height 10mm.  
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Markings are done in the plastic box, hence it will be useful 

for making the phantom at correct size. The wax should be 

stirred well using a glass stirrer. After the wax melts, it should 

be gently poured into the box. After keeping the melted wax 

inside the plastic container, the raw chicken piece is placed 

inside the wax carefully, before it cools. The layer is called as 

the first layer of the phantom. Then these steps are continued 

till making the fourth layer of phantom is made. Then the 

liquid phantom inside the box is allowed to cool for one day. 

The inclusion placement is mentioned as 1, 2 and 3, in Fig. 5 

Then the optical phantom is taken out from the plastic box. 

The raw chicken pieces placed inside the wax are assumed as 

abnormal tissue and the places without the chicken pieces are 

normal region which are not suspected by skin cancer 

abnormalities. The NIR light source is allowed to pass into 

this optical phantom, and the photodiodes picks up the signal 

from the abnormal area where the near infrared light source 

can’t be able to pass. The output from the photodiodes is 

extracted from this optical phantom. This optical phantom has 

all of the properties of the human skin. 

III. OUTPUT 

The final waveform produces from normal areas of 

phantom shows straight line graph which is shown in Fig 6. 

whereas the waveform obtained from the chicken pieces 

(cancerous cells) shows some variations which is shown in 

Fig 7. 

 
 

Fig. 5 Inclusion placements in phantom wax 

 

 

Fig. 6 Normal graph 

 

 
 

Fig. 7. Abnormal graph 

A. Waveform details for normal area 

 

Hence the time needed by the near infrared light source to 

penetrate into the normal layer (wax area) is about 

Ta= Initial time needed to penetrate into the tissue 

Ta= 288.0µs. 

Whereas, Tb= final time period to calculated from tissue 

Tb=-288.0µs. 

By using this Ta and Tb values, the change in time ∆T is 

noted as, 

∆T=576.0µs for normal layer of phantom 

B. Waveform details for abnormal area 

 

Hence the time needed for the near infrared light source to 

penetrate into the phantom is less than that of normal layer 

because of the blockage that is happened due to the chicken 

pieces. Hence when near infrared light source is allowed to 

pass into the phantom it travels and it got blocks due to the 

presence of this chicken pieces hence there is no way for near 

infrared light source for further penetration hence the time 

value will be less than that of normal tissue for penetration. By 

using this value it is easy to determine the skin cancer. 

Ta= Initial time needed to penetrate into tissue 

Ta= 572.0µs. 

Tb= final time period calculated from tissue  

Tb= -58.00µs 

By using this Ta and Tb values the change in time ∆T is 

noted as, 

∆T= 115.2µs for abnormal area of phantom 

IV. MERITS 

In biopsy, one part of affected tissue are separated from 

body and evaluated under microscope by the lab technician. It 

might take up to 2-3 days. The purpose of using optical 

imaging is it reduces the patient’s exposure to harmful 

radiation and the procedure can be done repeatedly. This 

method can also be used as a routine screening tool in places 

where people are working in hazardous / radiation regions. 
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V. CONCLUSION 

This optical imaging technique is more efficient when 

compared to conventional method skin biopsy. The cost 

involved and time taken for detecting is very less when 

compared to that of biopsy. 
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