
Abstract—Breast conserving surgery is mainly limited by the 

accuracy of tumor margin delineations. One over five is the 

estimated risk to undergo a second procedure following the failure 

of the first breast cancer removal attempt. In order to lessen this 

ratio, several teams take part in a general effort to develop a THz-

based surgery room tissue type recognizer.  However, at this time, 

no robust definition of a numerical tissue segmentation has been 

provided by the community. In an attempt to draw the basis for 

such a numerical tissue boarder description, we report here the 

investigation led on freshly excised breast tissues with Principal 

Component Analysis (PCA) to recognize tissue types and their 

associated margins. 

I. INTRODUCTION 

egmental mastectomy is incrementally ordinary as a 

result of technological advances toward early breast cancer 

detection. However the precision with which are delineated 

tumor margins remains weak and periodically leads to a second 

surgery to assess the entire cancer removal [1, 2]. To prevent 

from such cases, several technologies are under-study to 

evaluate their potential for tissue recognition and segmentation. 

Spectro-THz imaging is one of those and takes advantages from 

the others since the lowly energized THz-photons are expected 

to not interfere with cell functions. Moreover, even though the 

interaction mechanisms are not yet fully understood, previous 

studies have highlighted the ability of the THz band to beget a 

substantial contrast between tissue types [3, 4]. Nonetheless a 

clear definition of numerical segmentation within tissues is still 

tedious and thus, gives arise to sensitive interrogations 

concerning tissue type attribution along edges. 

 We have then investigated the performances of PCA [5] to 

enhance the contrast within tissue and at a later stage suggest a 

definition for tissue numerical segmentation. PCA -close to the 

Karhunen-Loève transformation- is an orthogonal 

transformation conventionally used to construct a set of 

uncorrelated variables with each successive principal 

component having the highest possible variance with respect to 

the orthogonality constraint.  

To study the power to act of PCA in breast tissue 

segmentation, a wide set of freshly excised breast tissues has 

been collected and analyzed directly at hospital, using a far-

field THz set-up in reflection. THz pulses are generated by 

focusing ultrafast near-infrared pulses onto the gap between 

two electrodes of a GaAs photo switch. The acceleration of the 

free carriers creates a transient photocurrent and coupled to an 

antenna, generates an electromagnetic field with a bandwidth 

lying between 100 GHz and 4 THz. The emitted THz pulses are 

then focused, using a 50 mm focal length plano-convex 

tsurupica lens (Microtech Instruments, USA), on a 2 mm thick 

C-cut sapphire substrate. The C-cut sapphire window has been 

selected to avoid birefringence effect. The sapphire substrate is 

mounted on a motor-stage to perform reflection THz-imaging. 

The step sizes in X and Y directions was either 100 μm or 500 

μm depending on the size of the sample and to limit the 

acquisition time. Coherent photoconductive detection of the 

reflected pulses is performed using a similar photoconductive 

antenna as used for emission. The experimental atmosphere is 

purged of water molecules through dried-air injection. Thus a 

signal-to-noise ratio (SNR) of 55 dB can be achieved on an 

air/metal dielectric interface. The spatial resolution (SR) 

achieved using our system depended on the setup and the 

working frequency. For instance, at 300 GHz, SR is 1 mm while 

it is about 0.7 mm at 500 GHz. Through their propagation, 

emitted pulses reflect from two dielectric interfaces. The first 

interface between air and sapphire gives arise to the first 

reflected pulse, also called lower reflection peak. The second 

pulse to be detected is the one reflected from the upper-

interface: the sapphire-sample interface, see Fig. 1.  

 

 

Initial data processing involved the removal of background 

noise by calculating the mean of each pixel signal. Then, the 

mean value was removed from each pixel signal. We applied a 

zero-padding algorithm to the time-domain signal of each point 

such that only the peak arising from the second interface 

remains. On the time-domain information a fast-Fourier 

transform (FFT) is applied to convert to the frequency-domain. 

A frequency window is selected to clean the symmetric 

modulus arising from the FFT calculation and to remove the 

frequencies out of the 300 – 600 GHz window. We then 

performed principal component analysis and we report here the 

results following these investigations. 

 

II. RESULTS 

The first principal component image depicted in Fig. 2 

(center) exhibits interesting features which can be interpreted 

as the sample biological structure. Adipose and fiber regions, 
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Fig. 1. Schematic representation of the biological sample (red) between the 

two sapphire windows (grey). The two main reflected peaks. The so-called 
lower reflection peak (1) arises from the air-sapphire interface while the 

upper reflection peak (2) is reflected from the sapphire-sample interface. 
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distinguishable on the visible image (Fig. 1 left), are well 

defined. Moreover, more complex structures are exhibited 

where pixels do not strictly belong to a unique tissue type. On 

the basis of such an observation a method based on the pixel 

value comparison with its surrounding can be investigated to 

establish the first numerical definition of tissue kind 

segmentation. Such an accomplishment would be of paramount 

importance to assess tumor margins. The second component 

(Fig. 1 right) shows less contrast within the tissue than the first 

component. However the boarders of the tissue are well 

delimitated. These two observations on both the first and the 

second components are interesting since the first component 

could be used to numerically segment within the sample while 

the second component could serve as a boarder indicator.  

 

 

A second investigation using PCA, focusing only on tissue 

pixels has been performed. Results are reported through Fig. 2. 

A specific location of the tissue exhibiting clearly the two 

observable tissue kinds on the sample has been selected. The 

selected area consists of 182 different pixels. The score plot of 

the two orthonormal first components has clearly classified the 

pixels in two distinct groups. Following this, a check procedure 

was performed to determine which kind of tissue each group 

belonged. Based on the frequency amplitude, we have 

attributed each group of pixels to a specific tissue type. 

However, some pixels do not strictly belong to one particular 

tissue. One explanation would be to suggest that these pixels 

consist of a fat/fiber distribution or some outliers. 

 

 
Fig. 3. From left to right: FFT amplitude at 390 GHz. The squared area is 

the region over which the PCA has been performed; score plot of PC1 and 
PC2, for the 182 pixels contained in the PCA model. A clustering between 

adipose and fibrous tissue is delineated by a dashed line. 

 

III. SUMMARY 

Investigations have been performed to consider PCA as a tool 

for tissue segmentation. Preliminary results indicate that the 

first principal components have correctly recognized both tissue 

kinds and boarders for a non-complex sample. Demarcation 

within other tissue kinds will be discussed over the specified 

THz band. 
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Fig. 2. Principal component analysis over the entire FFT amplitude image. 

From left to right: visible view of the sample; first principal component 
image within the 300 – 600 GHz band; second principal component image 

within the 300 – 600 GHz band. 


