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Abstract— Cancer is a malignant growth resulting from 

uncontrolled cell division taking place in any tissue of the 

body. More than 100 types of cancers are known till date, 

some of them being more common in genders such as in case 

of women, breast cancer is more prevalent whereas in men 

prostate cancer is quite common. Breast calcifications are 

small spots of calcium deposits in the breasts and they can 

occasionally be an early sign of cancer. Because of this the 

doctor or nurse may suggest to have further tests to check 

what sort of calcifications do the patients have. At this instant, 

to describe and analyze the disease in an effective manner, a 

technology was proposed using Near-infrared sensor for the 

detection of cancer cells from the red blood cells. In this 

improved system, blood phantoms of different patients were 

used as samples and the output from the NIR sensor after 

exposure to the samples was recorded graphically. The 

obtained signals were then segmented using techniques like 

Short Time Fourier Transform as a function and Wavelet 

transform. Comparison was made among the results of the 

above techniques and the effective and precise details were 

obtained from these results. 
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I. INTRODUCTION 

The calcified cancer cells that go into small blood vessels can 

get into the blood stream and are hence known as circulating 

tumor cells (CTCs). In this case, the cells must move through 

the wall of the capillary and into the tissue of the organ close 

by. Normally, a cell can multiply to form a new tumor if the 

circumstances are favorable for it to grow and it receives the 

nutrients that it needs. Only few cancer cells that reach the 

blood circulation will survive to form a secondary cancer 

(metastasis), out of many thousands. Researchers are 

currently looking forward to use blood tests in finding CTCs 

to diagnose cancer and avoid the need for tests such as 

biopsies. Further, they are looking at whether they can test 

circulating cancer cells to predict which treatments will work 

best for each patient.  

Initially, conventional coulter counters have been 

used to enumerate circulating tumour cells in the blood 

sample [3]. Further development lead to the usage of portable 

on chip detection method such as the polydimethylsiloxane 

(PDMS)-based microfluidic chip which enabled a cost 

effective platform for point of care diagnostics [2]. Now-a-

days, Optical spectroscopic technologies are increasingly 

used for cancer diagnostics. Here, an optical sensor replaced 

the traditional high resolution Near-infrared spectrometry 

based on a set of light-emitting diodes at selected 

wavelengths as light sources and a photodiode and the 

statistical evaluation of the results were made using least 

square discriminant analysis method whereby only partial 

discrimination between tumour and healthy blood cells were 

obtained [1]. Therefore, for the better diagnostics in health 

care, the proposed system follows NIR spectroscopic method 

for the precise evaluation of the signals using segmentation 

techniques. 

II. BLOCK DIAGRAM 

 
Fig. 1: Block Diagram 

The main power supply 230 V AC is stepped down to 12 V 

AC and is converted to 12 V DC using a bridge rectifier. A 

capacitor which provides 18 V DC performs filter function. 

The capacitor voltage is reduced to 5V using a voltage 

regulator IC7805 which is the actual power supply to the 

circuit. 

NIR sensor is a solid state lighting device that emits 

light in the near infrared range of the electromagnetic 

radiation spectrum. The NIR sensor is activated by the 

voltage received from the power supply unit. When the 

sample is exposed to NIR radiation, the reflected rays from 

the NIR sensor is detected by an optical sensor called 

photodiode, which converts light energy into electrical 

energy. The conducted electric current is directly 

proportional to the amount of light that falls on it. The 

detected signal is amplified by the PIC16F877A. The 

amplified signal is then segregated into two connections, one 

to audio jack and the other to LCD display. The audio jack is 

connected to the computer via digital – analog converter for 

graphical results. The LCD display provides digital values for 

the output signal. 

III. EXPERIMENTAL METHODS 

A. Preparation and Analysis of Sample 

Blood phantom of CTCs was made by adding a pinch of 

calcium powder with blood sample. To begin with the blood 

sample, it was collected from different individuals with 

different blood groups. A short pointed blade known as lancet 

was used to obtain a drop of blood for sample, which was 

placed over a microscopic slide for further analysis. Lancet 

prevents deep incision and regarded as safe, affordable and 

disposable. Antibiotics help to treat and prevent infections, so 

it was used before and after pricking fingertip.  
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B. Hardware Design 

The circuit for the hardware connections was designed and 

simulated using Proteus Design Suite. The major component 

is the NIR sensor which operates in the near-infrared region 

of the electromagnetic spectrum at the wavelength range of 

700nm to 2500nm. When the sample (blood) is exposed to 

NIR radiation, the reflected rays from the NIR sensor is 

detected by an optical sensor called photodiode. A 

Photodiode, which is a light   detector involves in the 

conversion of light into either voltage or current. The photo 

current thus generated is processed by a PIC16F877A 

controller. One of the main advantages of using this controller 

is that it can write-erase as many times as possible because it 

uses FLASH memory technology. It has a total number of 40 

pins and there are 33 pins for input and output. An EEPROM 

is also featured in it which makes it possible to store some of 

the information [5]. The output from the PIC is divided into 

two out of which one is given to LCD display and the other 

is connected to the computer via audio jack. The LCD panel 

displays the raw numerical values for the signal tracked by 

the audio jack.  

 
Fig. 2: Hardware Kit 

C. Detection of CTCs 

The hardware designed was used to detect the presence of 

circulating tumour cells in the blood sample. Final output was 

obtained in two forms: analog and digital. Separate output 

was obtained for normal as well as abnormal blood sample. 

Raw value of the signal was viewed in the LCD display while 

the signal from audio jack propagates to the computer via 

DAC. Here, the software SIGVIEW was used in examining 

the detected signal, it utilizes the signal analysis tools such as 

MEAN, SNR to differentiate between normal and abnormal 

blood sample. FFT of 50 Hz was also taken for both the 

signals to evaluate.  

D. Signal Analysis Method 

Signal analysis method refers to the extraction of information 

and meaning from audio signals for analysis, classification, 

storage, retrieval, synthesis, etc. Both the normal and 

abnormal signals undergo four different segmentation 

processes in order to determine the stages of cancer, say 

acute, benign, malignant etc. At first, the signal is 

reconstructed so that the clear details of the signal are 

obtained. Secondly, Short Time Fourier transform was used 

as a function of the normal and abnormal signals to perform 

sound analysis. Finally using Wavelet Transform the 

decomposition of the signals were performed. As a result the 

wavelet transform was found to produce better results than 

the other techniques. 

IV. RESULTS 

 
Fig. 3: Detection of CTCs 

 
Fig. 4: Analysis of Extracted Signal 

 Fig. 3 shows how the signals (normal & abnormal) 

tracked by the audio jack were visualized in the signal viewer 

(SIGVIEW) programming tool. A spectrum of the required 

signal was selected and is then analyzed for its RMS and SNR 

values using the instruments and markers tool provided in the 

SIGVIEW. The SNR value of tumour containing blood is 

actually less than the normal blood sample value. This clearly 

signifies that the normal blood signal posses more signal 

values than the tumour containing blood signal. 

The extracted signals were further segmented using 

MATLAB R2012a. In Fig. 4, initially, reconstruction was 

done for both the signals for the purpose of filtering & to 

remove discontinuities in the signals. Secondly, sound 

analysis of the detected signals was performed with five 

different parameters in which normal signal had greater 

magnitude and sharp spikes compared to abnormal signal. 

Fig. 5: Wavelet Transformation 

In Fig. 5, the wavelet decomposition of the signals 

were performed at different levels and from the obtained filter 

output it is evident that the abnormal signal have more noise. 

V. CONCLUSION 

In this work, the designed hardware was used to detect the 

presence of circulating tumour cells in the blood sample. The 

experiments were performed for two different samples, one 
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was the normal blood sample and the other was the abnormal 

(tumour) blood sample. By interpreting the analog values of 

two different samples using various signal analyzing tools, it 

was possible to identify and differentiate the tumour affected 

blood from normal blood. Further, different segmentation 

techniques were used to determine the concentration of 

calcified tumour cells in the blood. The results obtained from 

these techniques were found to provide more spectral and 

precise data. 
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