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Abstract—In this paper a system allowing execution of automatic 

measurements of optical parameters of scattering materials in an 

efficient and accurate manner is proposed and described. The system is 

designed especially for measurements of biological tissues including 

phantoms, which closely imitate optical characteristics of real tissue. 

The system has modular construction and is based on the ISEL system, 

luminance and color meter and a computer with worked out dedicated 

software and user interface. Performed measurements of scattering 

distribution characteristics for selected materials revealed good 

accuracy, confirmed by comparative measurements using well-known 

reference characteristics. 
 

 

Optical parameters of tissues play a very important role in 

light therapy or medical diagnostics performed by optical 

methods. Because of additional restriction and 

convenience reasons, a lot of preclinical research is 

conducted using phantoms, which closely imitate optical 

characteristics of real tissue. Because their parameters can 

be controlled, optical phantoms are useful in determining 

whether devised testing methods are adequate to be used 

on live tissue [1-3].   

The scattering, absorption, and scattering anisotropy are 

the basic optical properties that describe the photon 

migration in human tissue [1]. Full characterization is 

usually obtained by determination of Bidirectional 

Scattering Distribution Function (BSDF) [4]. 

Manual measurements can be sufficient during single-

point testing. However, during executing multiple related 

measurements, e.g. surface uniformity or spatial (angular) 

distribution, it is crucial to automatize the process to 

obtain reliable data. 

Therefore, an automatic system for measurements of 

optical parameters of scattering materials (e.g. biological 

tissues or phantoms) was developed. The system ensures 

high accuracy and repeatability of measurements as well 

as mechanical stability of measurement configuration (e.g. 

avoiding displacement of a sample during the 

measurement process). A block diagram of the developed 

system is presented in Fig. 1.  
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Fig. 1. Block diagram of the developed system. 

 

The system consists of a main unit (computer with 

dedicated software), ISEL rotary unit with an ISEL 

controller (ISEL Germany AG), measuring device and 

illumination device. 

 

 
 

Fig. 2. View of the measurement setup: 1 – rotary unit, 2 – Thorlabs 

MB3045/M breadboard, 3 – illumination device, 4 – sample under test, 

5 – measurement device, 6 – controller, 7 – computer, 8 – illumination 

device power supply. 

 

An ISEL rotary unit (standard fitted with an aluminum T-

groove plate) was also equipped with a Thorlabs 
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breadboard aluminum plate. Such a solution increases the 

flexibility of a measurement setup configuration and 

allows for a firm attachment of different samples to the 

plate (surface of the examined sample has to correspond 

to the axis of rotation) as well as the illumination unit. An 

ISEL rotary unit allows to shift the sample with angular 

accuracy up to 0.16°, each way (left and right) [5]. A view 

of the measurement setup is shown in Fig. 2. 

As a measurement device, luminance and color meter 

Konica Minolta CS-200 (Konica Minolta Inc., Japan) was 

applied. It is set stationary (does not rotate) and allows for 

high accuracy spot measurements of luminance and color 

coordinates [6]. Replacing this meter by a more advanced 

model (e.g. spectroradiometer Konica Minolta CS-2000A) 

will also allow for the measurement of a spectrum.  

Dedicated software for the whole system controlling was 

developed and implemented by the authors in LabView 

12.0 (National Instruments, USA) and allows for 

communication between both the spectroradiometer and 

ISEL controller via an USB cable. First, the user has to 

calibrate the system and then introduce (manually or 

automatically) the measurement coordinates (angles). In 

the course of testing the measurement device transfers 

data back to the computer, where they are processed and 

displayed in a user-friendly manner. The color coordinates 

were marked on the CIE 1931 Yxy colorimetric diagram 

[7], while measured luminance was displayed as a 

function of angle.  A view of the final report of performed 

measurements was presented in Fig. 3. 

 

 
 

Fig. 3. View of the report window. 

 

In order to test the correctness of the system's operation, 

measurements of spatial luminance distribution for several 

selected materials were carried out. Finally, four different 

materials were tested: samples of screens for back 

projection, a sheet of paper with a density and a diffuser 

made of two layers of tracing paper were used. 

The screen samples for back projection (Plexiglas RP 

99561 and Plexiglas RP 7D006 by Evonik Rohm GmbH, 

Germany) were mainly tested for their well-known 

directional scattering characteristics, provided by the 

manufacturer (Fig. 4). 

 

 
 

Fig. 4. Scattering characteristics of Plexiglas RP 99561, Plexiglas RP 

7D007 and Pklexiglas RP 7D006 [8]. 

 

 
 

Fig. 5. Normalized measured characteristics of Plexiglas RP 99561 and 

Pklexiglas RP 7D006. 

 

Both measured characteristics are slightly shifted to the 

left due to inaccurate setting of 0° angle. However, as it 

can be noticed, a very good agreement between the 

measured and reference characteristics of luminance 

distribution was obtained. Additional measurements were 

performed for two different scattering layers: a white 

paper sheet (of density 80 g/m2) and a diffuser made of 

two layers of tracing paper separated from each other by 

about 30mm. The results are presented in Fig. 6 and 

Fig. 7, respectively. Although the diffuser was made of 

two layers, its spatial characteristic is narrower than that 
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of a single sheet of paper, so a single sheet of paper seems 

to be a very good diffuser. What is characteristic for a 

sheet of paper is mainly the fact that not being smooth, a 

single, thin sheet of paper is not forming a plane. It should 

be taken into account for further measurements of thin 

phantoms or tissues. 

 

 
 

Fig. 6. Measured characteristics of the white paper sheet of a density of 

80 g/m2.  

 

 
 

Fig. 7. Measured characteristics of a diffuser made of two layers of 

tracing paper separated from each other.  

 

In conclusion, the developed measurement system allows 

for determination of spatial distribution of optical 

parameters. It is characterized by good accuracy, 

confirmed in comparative measurements, thus it can be a 

useful tool for measurement of optical properties of 

biological tissues or phantoms. 
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