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Abstract:
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The breast cancer is one of the leading causes of death in women worldwide with 1,762,450 new cancer cases and 
606,880 cancer deaths are diagnosed in 2018. In fact, in the order to limit the after
the increase of the cure chances, treatment options have led healthcare professionals to seek new techniques of 
detection of cancer in the early stages as shown in Fig. 1.

The mammography is actually the most widely used technique
unsatisfactory results for younger women because of the denser and more developed mammary glands. This technique 
has also the risk for the patient's health due to the emission of X
mammography is that it provides information on the biological activity of the breast in relation to gross internal anatomy 
[6], allowing the detection of breast abnormalities that other screening methods cannot detect in o
need of a regular monitoring.
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I. INTRODUCTION
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TRODUCTION 
The breast cancer is one of the leading causes of death in women worldwide with 1,762,450 new cancer cases and 
606,880 cancer deaths are diagnosed in 2018. In fact, in the order to limit the after

increase of the cure chances, treatment options have led healthcare professionals to seek new techniques of 
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unsatisfactory results for younger women because of the denser and more developed mammary glands. This technique 
has also the risk for the patient's health due to the emission of X-rays (Fig. 2)
mammography is that it provides information on the biological activity of the breast in relation to gross internal anatomy 
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In addition, the infrared camera, Fig. 4, has been used to measure subtle changes in breast surface temperature with a 
resolution of 0.1°C, however, this technique has many disadvantages [9]. Due to the environme
requirements, as the fact that the patient must left alone and naked in a dark room stabilized at 21.0°C ± 1.0 for 
approximately 15 minutes before taking the measurements.

Since the ei
early detection of breast cancer. To benefit of the previous experiences in this field, our current challenge is to realize a
embedded system based 

 
detection of cancer. An embedded processor will allow data acquisition and transfer it to the dedicated 
patient's personal smartphone, to visualize the thermal image and communicate the diagnosis as depicted in Fig. 5.
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ghties researchers in our laboratory have been working on thermography, particularly by microwave, for the 
early detection of breast cancer. To benefit of the previous experiences in this field, our current challenge is to realize an 

server, via the 
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II. DESIGN PROCESS AND MANUFACTURE OF THE THERMAL BOARD 
A. The Choice of Heat Microsensor 
According to the study we carried out on different types of heat sensors, we opted for the microsensor “CMS type” 
(shown in Fig. 6), which offers a high sensitivity and the possibility of being integrated in the bra. Furthermore, each 
microsensor will be considered as a pixel of the thermal image. Also, it needs a low energy supply of 2.7 V to 3.3 V, with 
a very low current consumption, of 0.6 mA. Temperature measurements are converted to digital format with high 
resolution (0.00390625) ° C. The accuracy is 0.1 ° C, with a thermometric specification relating to ASTM E1112 when 
soldered to the PCB. Communication takes place via a serial I2C BUS interface. To optimize the consumed energy, in rest 
time, it is stopped. The operating temperature range is between 0 ° C and + 50 ° C. 

 
Fig. 6. Package Land Pattern 8 TDFN 3×3 mm2 

B. Bio-Microsensor 3×3 Matrix Proposed Design 
Figure 7 shows the realized thermal board, with an array of microsensors in 3x3 matrix form. The structure of the PCB 
consists of two layers: the upper layer contains the micro-sensors, the pull-up resistors and the filtering capabilities of the 
DC supply signal. The lower layer is the ground plane (GND). 

Fig. 7. Microsensor array 3x3 modelled by Altium 
(a) 2D Microsensor Layout;                     (b) 3D Microsensor Layout 

III. FUNCTIONAL DIAGRAM OF THE DETECTION EMBEDDED SYSTEM 
A . Proposed process diagram of the heat sensing 

Fig. 8. The process diagram of the Microsensor 3x3-matrix board. 
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The figure below illustrates the process of the on-board system. Each microsensor measures the temperature of the 
breast surface and converts it into digital data. A two-wire I2C-compatible serial interface provides access to the 
conversion results of each sensor. The instrument accepts standard I2C commands to read data, set overheat alarm 
thresholds and identify other features. When reading the temperature register, any new temperature value is ignored 
until the current reading is completed. The data from the temperature matrix is transferred to the PC via the I2C BUS 
(SDA, SCL) using a Node-MCU Lora V3 processing unit, in the form of an OpenCV graphical interface programmed by 
Python so that the thermal image can be visualized and analysed. 

                                                                        
 

Fig. 9. The Map position method of Biothermal Microsensors 
A. The heat sensing results 
The measured temperature is automatically stored in the computer memory. After that, the data is processed and 
presented on the graphical user interface which is programmed using the Python and OpenCV program. Figure 10 shows 
the thermal image measured by two Microsensors with addresses 92 h and 96 h. 

 
Fig. 10. Thermal imaging by OpenCV 

 
TABLE I. THE ADDRESSES OF MICROSENSORS. 

 
IV. IOT SYSTEM ARCHITECTURE 

 
In order to facilitate the treatment tracking of each patient, this study included the creation of a WEB site to insure the 
communication between the doctor and the patients for regular screening and real time monitoring. A local web server 
created on Raspberry Pi that will allow the storage, delivery, distribute web content, and ensuring the security of access 
by users. Thus, the temperature value measured by each microsensor will be sent to the patient database, using a LORA 
V3 Wi-Fi Node TMu SOC (shown in Fig. 11), so that doctors can check and interpret them interactively on the website. 
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Fig 11: Operation of the Io T embedded system. 
 

V. CONCLUSION AND PERSPECTIVE 
The new approach for early breast cancer detection based on a 3x3 micro sensor thermal matrix card has been 
successfully designed, implemented via Altium Designer and programmed by Python and Open CV with wireless data 
communication to a local web server (Raspberry PI), to allow facilities to the doctor for visualize and diagnosis the 
condition of a patient. In order to improve the resolution of the breast thermal image, we will focus further works on 
increasing the number of micro sensors on a flexible PCB board. So that it can be integrated into a bra that we describe 
as intelligent. 
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