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Abstract: Biomedical optical imaging, recently, has been developed to be useful tools for clinical applications in diagnostics. A 

number of works based on uses of optical and laser techniques to solve the difficult problems in medical and biological studies were 

proposed. Under investigation of light propagation in biological tissues, various optical techniques have been demonstrated their 

capabilities in clinical applications such as diagnostics. The model of light propagation in biological tissues or conversion of light 

energy to acoustics is beneficial to the imaging reconstruction. These techniques currently employed and replaced conventional 

techniques in hospital gradually and will be the essential tools for biomedical researches. 
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1. Introduction 
 

Biomedical optical imaging is termed in 90s decade of the 

last century mentioning to an interdisciplinary field included 

optical techniques applied to medical and biological research 

and applications [1]. Since the drawback of the risk from the 

ionized radiation [2] to the living body and the low resolution 

[3] in the image generated by the large wavelength waves, the 

light is highly interested to replace the conventional 

techniques. The light is known as the physical energy 

characterized with the low risk of ionization and short 

wavelength wave, thus provides the good resolution image 

[4-7] and high safe [8] for investigation of living. However, 

because of the short wavelength of the light, the scattering 

phenomenon restricts the penetration of the light into the 

biological systems, being the cause of the spatial information 

loss and the difficulties of the reconstruction for optical 

images as well [1]. To solve this problem, for optical 

imaging, a number of studies attempted to extract the spatial 

by photon tagging with modulation or light propagation 

modelling as well as conversion of the light energy to other 

physical energy which has lower scattering property than the 

light [9]. However, in practice, the biomedical optical 

imaging still strange for medical doctors and biomedical 

engineers so far, thus their applications to clinical operation 

do not consider yet. To boost up these techniques to medical 

and clinical applications, this paper briefly introduce to the 

principle of optical imaging techniques applied to diagnostic 

applications. Based on these review of the operating 

principles of the biomedical optical techniques, the 

biomedical optical imaging techniques can use for pathology 

examinations as well as the visualization of biological 

functions and toward the development for clinical 

applications in hospitals.  

 

2. Principle of Optical Imaging Techniques 
 

Optical imaging is an interested category in biomedical 

applications since it provides a visualization of the anatomy 

organs in living bodies. By the depth of the light propagated 

in the biological tissues, the images of the tissues benefits to 

the distribution of optical absorption and reemission light 

leading to support for the biological functions observation, 

the useful tool for diagnostics as well. Because of the 

biological tissues light scattering properties, the photons 

usually penetrated throughout the biological tissues with 

zigzag trajectories traced by multiple random walk steps. 

Since the optical image is the term related to the spatial 

information of optical objects but the optical paths of the 

penetrated photons traced as random trajectories, almost of 

the biomedical optical imaging techniques focus on the 

efforts of identification or tagging the photons providing the 

positions of the light sources. 

 

3. Optical Coherence Tomography 
 

One of the methods to extract the position of light source in 

biological tissue based on optical absorption measurement is 

firstly proposed by Fercher et al. in 1986 with an optical 

application system suggested from idea of Michelson 

interferometer [4, 5]. In 1993, this technique is developed 

and used to reconstruct the image for retina observation in 

vivo introduced and termed as optical coherence tomography 

(OCT) by Fujimoto [6]. The sample is illuminated by the 

photons from the light source and scattered. In the light 

scattering processes, there are number of photon return to 

backward direction called back scattering while the others is 

traced in forward direction named as forward scattering. For 

the imaging, the positions of the back scattering photons 

from the biological samples are identified by interference 

with a light source from the referent mirror set at a constant 

distance. The pattern of the interfered light distribution 

obtained by measurement through a photo-detector present 

the distribution of optical absorption. Therefore, the light 

distribution pattern provides the image of the biological 

tissue layers. The mathematical model of the light 

interference is expressed by Eq. 1 [10] 
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where  is the amplitude of electric field of the 

illuminated light and reflected light and 

 with  is the wave 

number and distance measured from the splitting point at the 

beam splitter to the back reflection surfaces of the light 

source and sample layer, respectively. The back scattering 

photon usually occurred with few millimetre depth, thus the 

parameter  represents the light propagation velocity or 

refractive index can be neglected. Hence, the Eq. 1 can be 

reduced to 

     (2) 

 

where  is the wavelength of the illuminated light and 

reflected light as well,  is the refractive index of air or 

vacuum approximately and . Because of the 

identification by the interference, the light source illuminated 

to the biological sample should be coherence. With each 

layer of the sample, present a distance , therefore images 

of multilayer of the biological sample can be observed. This 

explains why the optical imaging named as optical coherence 

tomography.The OCT can be measured in both time domain 

and frequency domain and called as time-domain optical 

coherence tomography (TD-OCT) and fourier-domain optical 

coherence tomography (FD-OCT), respectively. In the case 

of measurement in time domain, Eq. 2 will be used while in 

the FD-OCT applications, the Eq.2 is transferred to 

frequency domain by fourier transform to be [11] 

 

where  with  is the light velocity in the media. The 

TD-OCT and FD-OCT provide the information of the optical 

absorption values and the optical path length of each 

reflected sources in the biological tissues since the 

measurement in time and frequency domain can return the 

amplitudes and phases of the reflected photon streams. 

Beside the optical absorption property, the optical 

polarization property of the biological tissue also 

characterizes the abnormality of the biological tissues and 

cells, therefore benefits to diagnosis as well. To solve this 

problem, a development called Mueller OCT was proposed 

by Wang et al. in 2000 (ref). The reconstructionfor the image 

is calculated with use of Stoke vector. The OCT technique 

provide very high resolution image because of the 

interference pattern in light wavelength thus called 

microstructure visualization, however, since the light 

penetrated into the biological tissues scattered and highly lost 

spatial information after few millimetres tracing. Therefore, 

this technique is applicable for observation of the 

intravascular or soft tissue with few millimetres depth from 

the outer surfaces of epidermises such as retina examinations.  

 

4. Diffuse Optical Tomography 
 

Because of limitation of the penetration depth in OCT 

technique, the investigations applied to deep soft tissues are 

not able to be satisfactory. To solve the problem of 

identification for the photons in the high coefficient light 

scattering of the biological tissues, the mathematical model 

of the light propagation in turbid media can be considered. 

Based on this idea, in 1992, O’Leary et al. proposed a model 

of light propagation in biological tissues with a consideration 

of the light propagation processes similar to the heat transfer 

derived and termed as radiative transfer equation (RTE) as 

[12]. 

 

          (4) 

 

where and  represent the radiance and 

photon sources in direction  at position  and time point ; 

the  and  are the optical absorption and scattering 

coefficients, respectively; the term  is the phase 

function mentioning to the scattering direction or the 

deflection between  and . However, there are six 

independent variables appeared in this equation leading to 

difficulties of the equation solving. To solve this equation, a 

number of the independent variable reduced by the 

assumption of isotropic media and the time for photon 

traverse is neglected, thus, with the application of Fick law, 

the RTE equation is reduced to Helmholtz equation as [13] 

 

where the  denote the intensity of the photon stream. 

Based on this equation with consider the measurement in 

time or frequency domain as well as continuous modes, the 

light scattered intensity pattern can be visualized. The Eq. 4 

also called the forward problem model of the light 

propagation in biological tissues. With the optical absorption 

and scattering coefficients are constant the map of light 

intensity distributed in biological tissues will be extracted. If 

the light intensity values can be measured by optical device, 

the map of  and  values distributed in biological tissues 

can be estimated as well. Therefore, this solution might be 

applicable to optical imaging technique to observe the optical 

properties such as optical absorption and scattering 

coefficients. Assuming the photon densities measured from a 

point  to of an infinite media can be decomposed to be 

, the optical 

properties can be solved through the equation expressed as 

[14] 

(5) 
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where the term  mention to the term 

 in Eq. 4, the  is the Green function of 

the boundary of the media, and  

in which the  or  are the positions of sources and 

detectors, respectively. Equation 5 is termed as the inverse 

problem and solvable if and only if the number of 

are greater than the number of variables 

 and . It means the resolution of the optical 

image generated by diffuse optical tomography (DOT). This 

technique provides the image of soft tissue in deep biological 

tissues, however the requirementof number of couples 

source-detector limiting the measurement arrangement.  

 

5. Photo-Acoustics Tomography 
 

Another approach to solve the photon determination for light 

propagated in light scattering media is efforts of conversion 

the light energy to other energy which has the less scattering 

than the light. Acoustic is one of the energy. The wavelength 

of acoustic wave usually ranged on few hundred micrometers 

to few centimetres, much larger than the biological cell 

components, leading to the low scattering coefficient. I idea 

of the conversion light energy to the acoustics came from 

proposal of Graham Bell in 1880 when attempt to invent the 

“photophone”. This effect suggested to Grinvald et al. for an 

idea to image a layer of biological soft tissues. When a 

photon stream hits a substance volume, a heat induced 

leading to generation of a pressure  expressed as [9] 

,                  (7) 

 

where  is Grueneisen parameters representing the 

conversion of heat to volume for a substance,  is the 

percentage that photon stream converted to heat, and  is 

the specific optical absorption. The model of the acoustic 

wave transferred from photon is derived to be [9] 

 

            (8) 

 

with  is the sound speed in biological tissue,  and  are 

the isothermal compressibility and thermal coefficient of 

volume expansion. In the forward problem the pressure 

propagated in biological tissues can be solved as [9] 

 
Here, the , , ,  mention to the source of the acoustic 

wave and a sound pressure at a point in biological tissue.  For 

the imaging, the inverse problem solution is written as [9] 

              (9) 

where  mention to the time fly when the 

acoustic wave propagated from the source of  to , 

 is surface of which the acoustic detector scanning,  is 

the solid angle subtended by the entire surface , and  

represents normal vector of pointing inward. The 

photoacoustic tomography (PAT) technique allows 

reconstruction of image with deep tissue up to 7 centimetres 

with high resolution depending on the scanning step 

resolution. However, it is limited by the low signal to noise 

of the weak acoustic waves. 

 

6. Conclusions 
 

The biomedical optical imaging benefits to clinical 

application such as medical diagnosis. Although they are is 

limited in some requirements of applications, the advantages 

of these techniques provide to clinical applications which the 

conventional techniques are obtained difficultly. In hospital, 

these techniques still strange to almost of medical doctors 

and biomedical engineers. With these beneficial of the 

biomedical optical imaging and development of the 

technologies, these techniques believed to be useful tools for 

biomedical researches and applications.  
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