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Abstract 

 
 In the last years, new non-invasively laser methods were used to detect breast tumors for pre- and postmenopausal 

females. The methods based on using laser radiation are safer than the other daily used methods for breast tumor 

detection like X-ray mammography, CT-scanner, and nuclear medicine.    

 One of these new methods is called FDPM (Frequency Domain Photon Migration). It is based on the modulation of 

laser beam by variable frequency sinusoidal waves. The modulated laser radiations illuminate the breast tissue and 

received from opposite side. 

 In this paper the amplitude and the phase shift of the received signal were calculated according to the original signal 

for the sake of diagnosis. 

 These calculations were carried out for different breast thicknesses to find out the best modulation laser beam 

wavelength and the optimum breast thickness necessary for diagnosis of benign and malignant tumors.  

 According to our work the most suitable laser wave length to detect the breast tumor for pre- and postmenopausal 

females was 956 nm and 674 nm for both malignant and benign tumors. 
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1. Introduction 

 
 Different methods of breast diagnosis are used; 

some of these methods are painful like fine needle 

aspiration or surgical biopsy to examine the slices 

microscopically to diagnose the tumor (benign or 

malignant). In the last years a new method was 

found to detect the breast tumor non-invasively. 

This method is called Frequency Domain Photon 

Migration (FDPM) [1]. It is more specific than the 

other common methods used for breast tumor 

detection like X-ray mammography, CT scanner, 

ultrasound, MRI and nuclear medicine. The 

FDPM is a safe method compared with the other 

methods because X-ray mammography and CT 

scanner has some risk of the exposure to their 

radiation and radioactivities. The MRI is also 

expensive and cannot detect the micro 

classification of the breast tissue. The ultrasounds 

and the other methods cannot differentiate 

between the benign and the malignant tumor 

except the nuclear medicine. All these methods 

used fine needle aspiration or surgical biopsy to 

differentiate between the benign and malignant.   

 This new method based on the use of a 

sinusoidally modulated intensity of diode laser 

within the NIR (Near Infrared) region to penetrate 

deeply through the breast tissue which is 

described as a highly scattering media for light. 

 A detector in the opposite side of the 

compressed breast (to reduce the thickness of the 

breast) is used to collect the laser beam after its 

penetration through the tissue.  

 In this paper the FDPM method is discussed 

and is used to detected and identify the different 

breast tumors. Theoretically, six laser 

wavelengths, modulated by different frequencies  

were used to choose the best one which gives the 

clearest results. 
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2. The basic principle of Frequency 

Domain Photon Migration method 

 
 Optical methods applications in medicine are 

attractive because they are noninvasive, 

quantitative, and relatively inexpensive and pose 

no risk of ionizing radiation. The FDPM can 

successfully be used in vivo to detect the presence 

of small palpable breast lesions in women with 

previously diagnosed breast abnormalities [1- 3]. 

Recently a number of phase resolved optical 

spectrometers has been developed with the aim of 

obtaining the absorption coefficient μa and the 

reduced scattering coefficient μs
`. 

  Consider that a sinusoidally modulated light 

source of the form:  

 

 
( )( )tASinII += 10  

 

 Passed through the sample of the tissue, where 

I is the instantaneous detected intensity, I0 is the 

peak intensity; A is the modulation depth and  is 

the angular modulation frequency. It is clear that a 

number of parameters can be measured, or 

calculated after passing the sample of tissue like 

the phase shift through the sample, and the 

attenuation of the optical signal as shown in 

Figure (1). 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1. Time Evolution of the Intensity from A 

Sinusoidally Intensity- Modulated Source. 

 

 

 The detected photon-density wave retains the 

same modulation frequency as the source photon-

density wave but is delayed because of the phase 

velocity of the wave in the medium. The reduced 

amplitude of the detected wave arises from 

attenuation related to the scattering and the 

absorption processes.  

 FDPM employs intensity-modulated NIR light 

to characterize tissue quantitatively in terms of its 

optical parameters; i.e., the reduced-scattering 

coefficient (µs
’) and the absorption coefficient (µa). 

The concentration of significant NIR absorbers 

like deoxyhemoglobin (Hb), oxyhemoglobin 

(HbO2), water, and adipose can be calculated by 

using the measured µa values [2, 5]. Multiple 

scattering of light in breast tissue occurs as a 

consequence of spatial variations in refractive 

index, which are influenced by cellular and 

extracellular matrix density [6]. Both µa and µs
’ 

provide an understanding of changes in tissue 

cellularity, metabolic activity, physiology, and 

host response to cancer. Detection of lesions is 

based on the functional contrast between normal 

and diseased tissue in the same patient. However, 

the physiology of healthy breast tissue is complex, 

influenced by multiple internal and external 

factors such as menstrual-cycle phase, 

menopausal status, exogenous hormones, 

lactation, and pregnancy. Consequently, to 

establish a better basis for optical detection and 

diagnosis based on differential functional contrast, 

the optical properties of normal breast tissue must 

be carefully examined and characterized.  

 This technique can be useful for the detection 

of the physiological status and changes in 

biological tissues. Therefore, great effort has 

already been expended in developing noninvasive 

optical methods for early diagnosis of breast 

cancer. These methods are based on the detection 

of changes in optical characteristics, like the 

absorption and scattering coefficients, µa and µs
’ 

of the normal and malignant tissues. The optical 

methods have their problems arise from the fact 

that natural variations in the absorption and 

scattering in normal tissues of different patients 

exceed the changes in the parameters due to 

pathological modification of a tissue from an 

individual. This dictates the necessity for 

comparison of µa and µs
’ in the normal and 

pathologically modified tissues of individual 

patients. The Beer–Lambert law in its simple form 

is not valid for turbid media because photons pass 

through a scattering medium along trajectories of 

various lengths and forms [7]. 

 In this paper the breast optical properties of 

healthy and tumor tissues were used in a FDPM 

mathematical model of breast tissue for different 

wavelengths (674, 782, 803, 849, 894, 956 nm) 

and different thicknesses of breast tissue ranging 

from 0.5 cm to 7.5 cm of premenopausal and 

postmenopausal females. A number of curves are 

drawn of the detected amplitude and phase shift of 

the simulated received laser intensity versus the 

frequency of the modulated AC signal that ranged 

up to 1GHz for each wavelength. 
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3. Laser Interaction with Biological Tissue 

 
 To study the tissue optical properties, we must 

understand the laser interaction with tissue, which 

is summarized in five forms as shown in figure 

(2): reflection, refraction, absorption, scattering 

and transmission. Two other factors must be 

considered also, which are tissue factors and 

clinical factors. The tissue factors include the 

contents of tissue like the water, lipid, blood, 

organism, tissue thickness, tissue layers and types 

of tissues. While the clinical factors include laser 

power, laser beam, laser intensity and the stile of 

laser delivery (pulse or continuous) and the angle 

of beam incidence as well as the duration of 

exposure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.2. The Types of Laser Energy Interaction with 

Tissue. 

 

 

4. Laser Propagation in Biological Tissue 

 
 These optical tissue properties essentially 

depend on the wavelength of the incident laser, 

the index of refraction, the attenuation and 

scattering coefficients µa and µs of the tissue. 

 In the visible electromagnetic spectrum, the 

most important absorbers of biological tissue are 

melanin in the skin and hemoglobin in the blood; 

whereas in the near and mid infrared, water 

absorption becomes dominant. The scattering 

continuously decreases from UV towards the 

infrared [8]. 

 Human tissues contain a variety of substances 

whose absorption spectra at NIR wavelengths is 

well defined, and which are present in sufficient 

quantities to contribute significant attenuation to 

the transmitted light. The concentration of some 

absorbers, such as water, melanin, and bilirubin, 

remains virtually constant with time. However, 

some absorbing compounds, such as oxygenated 

hemoglobin (HbO2), deoxyhaemoglobin (Hb), and 

oxidized cytochrome oxidaze (CtOx) have 

concentrations in tissue, which are strongly linked 

to tissue oxygenation and metabolism. 

Increasingly dominant absorption by water at 

longer wavelengths limits spectroscopic studies to 

less than about 1000 nm. The lower limit on 

wavelength is dictated by the overwhelming 

absorption of Hb below 650 nm. However, within 

the 650-1000 nm window, it is possible with 

sensitive instrumentation to detect laser, which 

has traversed up to 8 cm of tissue [9].  

 

 

5. Breast Tissue 

 
 One of the major structural features of breast 

tissue is the large adipose fraction typically near 

the periphery of the breast, as shown in Figure (3), 

which is thought to be an average of nearly 75% 

in women. However, a large variation exists 

among individuals, based on body mass index and 

breast size [10]. In the interior of the breast, there 

is often glandular tissue, which has higher blood 

content and hence higher water content. This area 

is thought to have a higher scattering power, 

perhaps owing to smaller scattering sites. 

Although the origin of the scattering has not been 

established clearly in areas of adipose tissues 

where fat content is high, the scattering power is 

low, again perhaps because of the larger scattering 

centers of the lipid-filled cellular space. The 

scattering power is high in the interior of the 

breast and decreases toward the exterior [11]. The 

breast tissue is surrounded by a layer of skin that 

covers it from all directions that lead to extra 

scattering media for penetrating light. 

 The breast is a gland designed to make milk. 

The lobules in the breast make the milk, which 

then drains through the ducts to the nipple as 

shown in Figure (3). Like all parts of the body, the 

cells in the breasts usually grow and then rest in 

cycles. The periods of growth and rest in each cell 

are controlled by genes in the cell's nucleus. The 

nucleus is like the control room of each cell. 

When the genes are in good working order, they 

keep cell growth under control. However, when 

the genes develop an abnormality, they sometimes 

lose their ability to control the cycle of cell 

growth and rest. 
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Fig. 3. The Histology of the Breast Tissue Where the 

Breast Profile Is:- 1-Breast profile: A=Ducts, 

B=Lobules, C=Dilated section of duct to hold milk, 

D=Nipple, E=Fat, F=Pectoralis major muscle, 

G=Chest wall/ribcage, 2- Enlargement: A=Normal 

duct cells, B=Basement membrane, C=Lumen 

(center of duct). 

 

 

6. Breast Cancer 

 
 Cancer occurs when cells become abnormal 

and keep dividing and forming more cells without 

control or order. This creation of mass of extra 

tissue, called a growth or tumor, can be benign or 

malignant. The presence of these cancerous 

tumors within the healthy breast tissue will 

change its optical parameters.  

 In this paper, we study the effect of these 

changes in optical parameter of breast tissue due 

to the presence of ductal carcinoma in situ 

(DCIS), Invasive Ductal Carcinoma (IDC), 

Invasive Lobular Carcinoma (ILC) and 

Fibroadinoma.    

 

 

7. Frequency Domain 

 
 Since any measurement in the time domain can 

be equivalently expressed in the frequency 

domain, techniques have also been developed 

which have sought to acquire transmitted light 

information in the frequency domain directly. The 

frequency domain techniques involve illuminating 

the object tissue with an intensity-modulation 

beam, and measuring its amplitude and phase shift 

after passing through the tissue. The transport of 

the modulated beam is often described in terms of 

the propagation of so-called photon density 

waves. 

 Most experimental work performed so far has 

utilized frequencies of a hundred MHz, which are 

equivalent to a temporal resolution of a few 

nanoseconds and photon density wavelengths of  

the order of a nanometer [8]. Frequency domain 

techniques allow for the separation of the 

absorbing properties from the scattering properties 

of multiple-scattering media [12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Schematic Diagram Representing the 

Application of FDPM Method in Breast Cancer 

Diagnosis. 

 

 

8. Frequency Domain Photon Migration 

System 

 
 An overall view of the frequency domain 

photon migration (FDPM) instrument is 

schematically depicted in Figure (4). The FDPM 

instrument is constructed to measure phase and 

amplitude of photon density waves over a broad 

range of modulation frequencies and for different 

optical wavelengths. Measurements of phase and 

amplitude over the range of modulation 

frequencies are performed in a sequential fashion 

for each wavelength. Selection of a specific 

wavelength is achieved through coordinated 

switching of different RF to modulate different 

diode laser circuits. 

 A DC current source provides constant biasing 

current to each diode. The basic circuit 

superimposes the RF signals with the DC 

currents; the combined currents are used to derive 

a given laser. Thus, the diode will produce a 

sinusoidal modulated lasers. The DC bias and RF 

modulation currents are uniquely set for each 
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diode laser by considering their maximum current 

ratings and RF impedance characteristics.  

 Presently, six diode lasers at 674, 782, 803, 

849, 894 and 956 nm are used; however, 

additional diode lasers can be readily incorporated 

to extend the wavelength spectrum of the FDPM 

instrument.  

 The optical switch couples intensity-modulated 

light to a selected output port. RF and optical 

switching are coordinated so that only one diode 

laser is modulated at a time. The phase data 

represent the phase difference between the sample 

and reference signal, while the amplitude data 

represent a ratio between the sample and reference 

signal amplitude of the normal tissue.  

 

 

9. The Theory 

 
 Light propagation in tissue can be modeled as 

transport of particles, which perform a random 

(walk) in the scattering medium due to multiple 

collisions. Thus, the photon diffusion approach is 

an appropriate way of describing light propagation 

in a highly scattering media. The diffusion 

equation is a useful approximation of Boltzmann 

transport equation. It describes well the light 

transportation in a multiple scattering media of 

thickness d [2, 5, and 12]:  
 

( ) ( ) ( ) ( ) ( )dStddtddD a 0

2 ,, =+−     …(1) 

 

where d is the source detector distance, µa is the 

absorption coefficient, S0(d) is the photon source 

term and D(d) is the diffusion coefficient. The 

diffusion approximation can be used in the case of 

the mean free path for light absorption more than 

the mean free path for light scattering. 

 In tissues, light scattering is primarily in the 

forward direction at a microscopic level, but on 

the length scale of the reduced scattering 

coefficient, the photon flux is isotropic. 

 The photon flux, Ø (d, t), (photons.cm-2.s-1) 

that moves along a photon density gradient, U (d, 

t), (photons.cm-3) is [2]: 
 

( )
( )

( ) ( )tdUDtdUtd
sa

,,
3

,
'

−=
+

−= 



  

…(2) 
 

where ν represents the photon frequency, and D 

represents the diffusion coefficient given by: 
 

( )'3/1 saD  +=                                     …(3)    

where µs
` is the reduced scattering coefficient and 

it is represented by : 
 

 ).1(' gss −=   

                         

where g is the average of the cosine of the 

scattering angle.  

 The source term is usually considered an 

isotropic emitter located at the origin  

in the frequency-domain. The intensity of the light 

source is modulated at a frequency (/2), and the 

photon density wave is: 
 

( ) −−+= tiACDCU .exp             …(4) 

 

where AC represents the amplitude (alternate 

component), DC is the time-averaged intensity 

(direct component), and Φ is the phase of the 

photon density wave. 

 In the frequency-domain spectroscopy, 

considering a homogeneous medium, the source 

term is a spherical photon density wave:  
 

( ) ( ) ( ) tiAdStdS .exp1..,0 −+=
,  

where  (d) is the Dirac function at the source-

detector distance d, S is the source strength (in 

photons.s-1), and A is the modulation depth of the 

source. 

 The absorption coefficient µa is the inverse 

mean distance a photon travels before it is 

absorbed. The absorption coefficient has units of 

reciprocal distance, and is typically 0.05–0.3 cm−1 

for tissues in the wavelength region between 700 

nm and 900 nm [13]. The reduced scattering 

coefficient µs
‘ is a measure of scattering per unit 

distance, and is typically 4 – 15 cm−1 for tissues. 

The reduced scattering coefficient refers to 

effectively isotropic scattering events and it is 

given by the inverse of the mean distance over 

which a photon loses the memory of its original 

direction of propagation. In tissues, the µs
’
 is 

typically one order of magnitude bigger than µs.  

 For an infinite, macroscopically uniform 

medium, the diffusion equation of a sinusoidal 

intensity-modulated point source for the photon 

density U(d, t) at a distance d relative to the 

source at time t to yield (in photons per unit 

volume) could be presented as follows [12]: 
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    …(5) 

 

 The speed of each photon in the medium 

surrounding the scattering particles is given by v = 

(3.001010cm/s)/n, n being the index of refraction 

of the transporting medium, where μs
` is the 

reduced scattering coefficient, and µs is the 

scattering coefficient. S is the source strength (in 

photons per second), A is the modulation depth of 

the source, and ε is the phase of the source. In Eq. 

(5), it is predicted that the photon density U(d, t) 

is generated by an isotropically emitting, 

sinusoidally intensity-modulated point source 

immersed in an infinite medium which constitutes 

a scalar field that propagates at a constant speed in 

a spherical wave and attenuates as a decaying 

exponential in d, divided by d, as it propagates. 

 The photons injected into the medium are 

initially scattered at a distance of 1/ (µa+µs
`) (i.e., 

one mean free path) from the end of the optical 

fiber source [14]. The assumption is that these 

first interactions are sufficiently localized that a 

simple Diracdelta function accurately describes 

the light propagation when d>>1/µs.  

The source terms S, A, and ε are obviously 

independent of the quantities of interest, namely, 

the absorption and scattering coefficients 

[µa(λ),µs
’(λ)] of the medium at some light 

wavelength λ. Ideally the source terms are also 

independent of ν, but in practice they are not. One 

possibility that eliminates these source terms from 

a measurement at a given v is to measure the 

properties of the photon density at two different 

source/detector separations, namely, d and d0, and 

compare the quantities obtained at these two 

distances. Eq. (5) yields expressions for quantities 

obtained at d relative to the corresponding 

quantities obtained at d0, namely, the steady-state 

photon density DC, the amplitude of the photon-

density oscillations AC, and the phase shift of the 

photon-density wave φ. The relative quantities are 

given by [15] 
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The relative demodulation of the photon-density 

wave is given by 

 

relrelrel DCACM /

                          …(9) 

 

Our frequency-domain data are obtained in a 

manner that allows for fitting these data (i.e., 

DCrel, ACrel, φrel, and Mrel) directly to Eqs. (6)– (9) 

to obtain the absorption and the reduced scattering 

coefficients [µa(λ),µs
`(λ)] of the multiple-

scattering medium at some light wavelength λ. 

Note that in the three equations [Eqs. (6)– (8)], 

there are only two unknowns, namely, vµa and 

vD, where D is given by Eq. (3). We assume that 

the index of the refraction of the transporting 

medium is known, so that explicit values for µa (λ) 

and µs
` (λ) can be recovered from the quantities 

vµa and vD. This means that in principle only two 

out of the three expressions in Eqs. (6) – (8) are 

needed to determine µa (λ) and µs
’ (λ) at a single 

modulation frequency /2, using different 

combinations of Eqs. (6) – (8). 
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10. Results  

 
 In our work on the theoretical simulation, the 

results of calculations are presented in thirty two 

figures to compare the effect of using six laser 

wavelengths (674, 782, 803, 849, 894, and 956 

nm): sixteen figures for premenopausal female 

and sixteen for female. The figures show the 

calculated variations of the amplitude and phase 

shift of the received laser light based on FDPM 

method. The results in each figure are presented 

by four curves: one for normal breast tissue and 

three for different breast tumors (DCIS, 

Fibroadinoma and Invasive Carcinoma). The 

calculations were carried out for modulation 

frequencies ranged up to 1 GHz for different 

breast thicknesses. 

 In this paper we present only four groups of 

the curves in figures 5 a, b, 6 a, b, 7 a, b, and 8 a, 

b.   

 Figures (5 and 6) are for premenopausal 

female and figure (7 and 8) are for 

postmenopausal female. The figures for amplitude 

and phase shift versus RF frequency modulation 

are shown for different tissue thickness, and 

different wavelength (λ = 674, 782, 803, 849, 894, 

and 956 nm); the aim is finding out the best 

wavelength to be used in cancer diagnosis and for 

different female ages.  

Figures (5 and 7) are carried out and for 0.5 cm 

tissue thickness and figure (6 and 8) are carried 

out for 5.5 cm tissue thickness.  

 

 

11. Discussion 

 
 Pre- and postmenopausal normal breasts 

exhibit clear wavelength-dependent differences in 

both absorption and scattering parameters. The 

scattering is approximately 20% greater in pre-

menopausal (μs
’ ~ 0.8 to 1.1 mm-1) group of 

women than in post-menopausal women (μs
’ ~ 

0.67 to 0.86 mm-1). In addition, the wavelength 

dependence of scattering is steeper for 

premenopausal women. These findings are 

consistent with known changes in breast 

physiology. Breast tissue, while under hormonal 

control, has higher glandular/cellular content and 

collagen is required in the extracellular matrix in 

order to support the structural demands of cellular 

proliferation. After menopause, the absence of 

hormonal stimulation results in glandular 

shrinkage, collagen remodeling to fat and 

diminished vasculature. Since small tissue 

structures such as collagen fibers and subcellular 

organelles are likely to be the primary 

contributors to tissue scattering, it is not surprising 

that the wavelength dependence of scattering is 

relatively steep for premenopausal women. In 

contrast, following conversion to a principally 

large-particle fatty matrix, a much more gradual 

wavelength dependence of scattering is observed. 

Thus, the diminished contribution of the glands 

and collagenous stroma leads to a clear 

wavelength-dependent scattering reduction. 

Variations in absorption can be explained in a 

similar manner.  

 These results demonstrate the intrinsic 

sensitivity of FDPM to breast tissue physiological 

states. In order to address the origin of photon 

migration signals in solid tumors, we have 

initiated breast tumor studies in human subjects. 

From the resulting curves in Figures (5, 6, 7, and 

8), there are two-fold advantages: 1) enhanced 

early detection of relatively small lesion even with 

long distance between the source and the detector 

(0.5 to 7.5 cm thickness, and 2) more specific 

characterization of benign versus malignant 

lesions would lead to reductions in the large but 

unnecessary surgical biopsies. 

 The method FDPM is useful to differentiate 

between the types of tumors and the normal 

tissues.  

 According to the figures used in multi 

thicknesses between 0.5 – 7.5 cm and multi 

frequency modulation from 0 – 1GHz, the curves 

clearly differentiate between the tumors and 

health tissue as shown in figures (5 – 8), for the 

wavelengths 674 nm and 956 nm, in the 

amplitude. Because the tumors are close to each 

other and to the normal curve, the Fibroadinoma 

and the Invasive carcinoma are very clear to be 

differentiate but the Invasive carcinoma in situ is 

not very clear differentiated because it is closed to 

the normal curve so it must be diagnosed by two 

wavelengths (674 and 956 nm). The best 

modulation frequencies that we can diagnose the 

tumors very clearly thoroughly rang between 800 

MHz to 1 GHz. So to get the best result for beast 

tumor diagnoses, we suggest using two wave 

lengths 674 nm and 956 nm at both amplitude and 

phase shift and at frequency modulation between 

800 MHz to 1GHz to avoid the mistake. For 

postmenopausal female, the recommended 

thicknesses are between 0.5 to 5.5 cm.  

 Average premenopausal μa values (0.0048–

0.015 mm-1) at each wavelength are 2.3-to 3-fold 

higher than postmenopausal absorption (average 

μa = 0.0016–0.0064 mm-1). Furthermore, all 

postmenopausal μa values are less than 0.007 mm-

1. Premenopausal women have 16 –22% higher 
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b a 

b a 

scattering values at each wavelength (average μs
`= 

0.83-1.1 mm-1) than postmenopausal subjects 

(average μs
` = 0.67– 0.86 mm-1) [9]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                    

 

 

                                                                   

 

                                                                                                                                                          

 

 
Fig.5.  a) The Amplitude (AC) of the Detected Laser Signal vs. The Modulation Frequency, b) The Phase Shift φ 

of the Detected Signal vs. the Frequency for Laser Wavelength (λ = 674, 782, 803, 849, 894, and 956 nm) at 

Tissue Thickness 0.5 cm for Premenopausal Female. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6.  a) The Amplitude (AC) of the Detected Laser Signal vs. The Modulation Frequency, b) The Phase Shift φ 

of the Detected Signal vs. The Frequency for Laser Wavelength (λ = 674, 782, 803, 849, 894, and 956 nm) at 

Tissue Thickness 5.5 cm for Pretmenopausal Female. 



Munqith S. Dawood                                       Al-Khwarizmi Engineering Journal, Vol. 5, No. 2, PP 20 -31 (2009) 

 

9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                           

 

 

 

 
Fig. 7.  a) The Amplitude (AC) of the Detected Laser Signal vs. The Modulation Frequency, b) The Phase Shift φ 

of the Detected Signal vs. The Frequency for Laser Wavelength (λ = 674, 782, 803, 849, 894, and 956 nm) at 

Tissue Thickness 0.5 cm for Postmenopausal Female. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                  

                      

 

                                                                                                                                                     

  

 
Fig. 8.  a) The Amplitude (AC) of the Detected Laser Signal vs. The Modulation Frequency, b) The Phase Shift φ 

of the Detected Signal vs. The Frequency for Laser Wavelength (λ = 674, 782, 803, 849, 894, and 956 nm) at 

Tissue Thickness 5.5 cm for Postmenopausal Female. 
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The coefficient of scattering changes versus 

wavelength for post- and premnopausal are shown 

in figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9.  Coefficient of Scattering  vs. Wavelength for 

Pre. and Postmenopausal Females. 

 

 

 The gradual μs
` vs. λ slope shown in Figure (9) 

for the postmenopausal subjects reflects large 

particle scattering consistent with a high 

percentage of fatty parenchyma found in this age 

group. In younger women, the relatively steep μs
` 

vs. λ slope is likely to be influenced by the 

presence of extracellular collagen in addition 

to cellular/epithelial factors 

 Physiological differences between tumor and 

normal tissue are further amplified by calculations 

of water and blood content. [3].  

 The tumor absorption is consistent in the order 

of 2- to 3.5-fold greater than normal tissue, as 

shown in Figure (10) because in the regions of 

tumor the blood supply vessels are accumulated 

more widely than in the normal tissue.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.10. Coefficient of Absorption of Normal and 

Tumor Breast Tissues vs. Wavelength. 

 

 

 

 

 

12. Conclusions 

 
 From the previous result, the best wavelengths 

used in this method are 674 and 956 nm. 

The best results in this work appear very clear in 

the frequency modulation ranging from (800 MHz 

to 1000 MHz).  

 At small thicknesses of breast tissue, 

approximately between 0.5 to 2.5 cm, the tumor is 

difficult to be differentiated clearly in the 

wavelength 956 nm due to the insufficient 

absorption and scattering. So the received spectral 

amplitude and phase shift are very clear at breast 

tissue thicknesses that exceed 2.5 cm at 956 nm 

for modulation frequencies ranging from 800 

MHz to 1000 MHz.   
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 خلاصةال

 
 طريقة حديثة لتشخخي  اورا  الثخدب ستسختخدا  الريخبر وسخدول تخدخي لراحخي للنختع  سخي وسأخد سخل اليخذه  اسختندت  خ   لاخيرةالسَنَوات ااستخدمت في  

ِِ  في يومنت   ا مستأمرةِ قِ الائالطر سيل كثر أمتنتً مِل  و ي الأق عرى إستأمتي إشأتعِ الريبرِ ائالطر ستسختخدا   تاشخأتعي الثخدب تصخوير مثخي الثخدب  ِ ور الكشخ

 طب نووب و الاشأة النووية كمت في الهبة ال كمت في لهتب المفراه الحربوني الاشأة السينيةِ 

 الليسيخخة مولخختتلر عرخخى تحخخويرِ شخخأتعِ الريخخبرِ  قخخة خخ   الطري سخختندت(  بِ ملخختيِ تخخرددس تتفوتونِخخالإِ دب سخخي إ  ج لخخرة  قِ اللديخخدةِ ائخخإحخخده  خخ   الطرتخخدعى  

مةِ نسيجِ ة  إشأ تدخي  ةِ متغيّرات ستردد نَظَّ  مِل  اللتنبِ المأتكهِ  وتستر   الثدب الريبرِ الم 

  لقد ت   يته ارتفتع و تقد  او تذخر المولة النتف ة مقترنة ستلمولة الاصرية لالي التشخي  

مِرخخت    خخمكيَة لقيت خخ   الحسخختستتِ ح  خخمِ   خخروربِ و اف خخيِ ليخخبرِ اشخخأتعِ لا يلإكتِشخختِ أف خخي طخخويِ مخخول ة لرثخخدبفخخخترِ م  سخختت س  لتشخخخيِ  الأوراِ  لرثخخدب  س 

  فيه الحميدةِ والخسيثةِ 

الأورا  الخسيثخخة  لكرتخخت نخختنوميتر 674و نخختنوميتر 956كَخختلَ   سخخي وسأخخد سخخل اليخخذهنخختع للإ  الثخخدبِ  اورالإكتِشخختِ  ملئمخخةطخخوي مولخخةِ الريخخبرِ الأكثخخر ال  

 والحميدة 
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