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Determining the quality characteristics of ready-to-cook minced meat products through 
hyperspectral images

K. Kolev*

Department of Computer Systems and Technologies, Technical Faculty, University of Food Technologies, 26 Maritza, 4002 Plovdiv, Bulgaria

Abstract. In the study a model has been developed for obtaining polarized hyperspectral images of ready-to-cook minced meat products. Polarized 
hyperspectral characteristics have been taken down, which confirmed the adequacy of the model developed for determining the quality characteristics of 
ready-to-cook minced meat products. An algorithmic structure has been developed of the software platform for objective quality grading of ready-to-cook 
minced meat products through processing of hyperspectral images. A system of zonal incremental scanning for quality grading of ready-to-cook minced meat 
products through processing of hyperspectral images has been proposed.
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equation of microscopic balance of energy, furthermore, it is Introduction
supposed that the photons do not interact mutually, i.e. the transport 
theory examines photons as points, namely:The obtaining and processing of hyperspectral images is an 

entirely new promising technology, successfully combining the 
advantages of computer vision and spectroscopic methods of 

(1)substance analysis. In food industry it is just now that attempts are 
being made to implement this technology for quality grading of foods 
(Naganathan et al., 2008; Qin et al., 2009; Liu et al., 2010; Menesatti 

where  L (r,s,t) is the radiance [W·m−2·sr−1], along the et al., 2010). The term quality (ISO 9000:2005) is defined as degree 
direction of vector s through area r, µ  , µ are coefficients of a s to which a set of inherent characteristics fulfills requirements. The 
absorption and of scattering,  q(r,s,t)  describes a possible source in ready-to-cook minced meat products are among the basic products 
a turbid medium such as the meat products,  p(s, s’) is a scattering consumed in modern society in relation to which there are not yet 
phase function and determines the probability that a certain photon contactless and non-destructive computer systems for quality 
flying in a direction s, after scattering is to have a direction s'. The grading in real time. To get an objective idea of the quality of ready-
scattering phase function of a single particle typically has a complex to-cook minced meat products, it is necessary to make a complex 
form with many possible results. The phase functions for each center analysis at the micro level. Obtaining and processing of 
of ready-to-cook minced meat products can be different and even hyperspectral images enables to determine the complex quality of 
the scattering centers may be situated close to each other.ready-to-cook minced meat products. There are not yet 

This integrally-differential transport equation (1) proves to be hyperspectral systems developed in the world for determining the 
complex for analysis of dissemination of diffusion light in scattering quality characteristics of ready-to-cook minced meat products. No 
turbid media such as the ready-to-cook minced meat products, so I models have been described for obtaining and processing 
have performed decomposition along the vector of spherical hyperspectral images of ready-to-cook minced meat products. To 
harmonics and derived a model for obtaining hyperspectral make a survey of ready-to-cook minced meat products through this 
characteristics based on polarized light. newly emerged technology, an analysis of the possible interactions 

Moreover, the intensity of radiation disseminating into the of the object surveyed is to be performed with electromagnetic 
ready-to-cook minced meat product can be presented as a balance irradiations and the manner of obtaining and processing three-
between the falling radiance and the diffuse component. According dimensional images is to be structured. 
to diffuse approximation, the diffuse component is formed as a result The aim of the study is investigation of the feasibility of 
of interaction of the falling radiance with many particles from the hyperspectral images obtained with linear polarized light as a tool for 
medium. For the radiance decomposition is:the classification of ready-to-cook minced meat products.

(2)

where  Ф( r, t) is the intensity and is the isotropic part,while 
Material and methods F(r,t) is the net flow and is the anisotropic part. If it is assumed that 

the source of light q is isotropic, then the spherical harmonic for it is:

The most complete description of the interaction light with 
(3)ready-to-cook minced meat products is performed through the so-

called transport theory whereby the basic equation is written as an 
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Replacing (2) and (3) in (1) and after integrating along s the It is known that Green's function describes the penetration of a 
following is obtained: photon in a point (x,z) upon radiation with a point source. i.e.

(4) (8)

where D (r) is the coefficient of diffusion.
When the light passes from a medium with one refraction coefficient where r, rare distances as shown in Figure 1, and the 1 2 

to a medium with another refraction coefficient, the direction of effective attenuation coefficient is:
dissemination changes (Figure 1). This process is called refraction 
and is governed by Shell's law: (9)

   for air (5)

as we are interested in registering the diffuse reflection of a 
given photon, then in a fixed х the solution for the coefficient of 

(6) diffuse reflection in the frequency area is:

n »1.38  for meat (Tuchin, 2007), 

If the light wave spreads from a medium with small refraction (10)
coefficient (for example air), to a medium with higher coefficient 
(such as ready-to-cook minced meat products), then a>b

where g is the angle of dephasing between linear polarizing 
The spatial distribution of the diffusely reflected light from filters of the emitter source and the registration chamber and i(l) is 

ready-to-cook minced meat products can be modeled through two the pass coefficient of the linear polarization filters.
isotropic sources – one positive source located on the ready-to-cook For investigation of the derived analytical expression of the 
minced meat product and one negative source situated below the diffuse method of obtaining hyperspectral characteristics, 
surface of the ready-to-cook minced meat product. If the radiation of experiments were conducted with 40 samples of various ready-to-
the sample is performed at an angle as shown in Figure 1, then the cook minced meat products – mince 100% pork, mince 60% pork 
positive source of the model is situated at a distance d from the point and 40% beef, minced meat-stick /kebapche/ 100% pork, minced 
of contact of the falling radiation with the minced-meat preparation meat-stick /kebapche/ 60% pork and 40% beef, minced meatball 
surface. Wang and Jacques (1995) have determined that for turbid 100% pork, minced meatball 60% pork and 40% beef, raw sausages 
meat media d is determined most precisely by:  100% pork, raw grilled sausages /karnacheta/ 100% pork. Each of 

the samples tested was radiated with directed linear polarized light 
(7) from a halogen source LS-IS-1.5-CFF/100w (Gigahertz-Optik 

GmbH, Germany) under an angle of 45° to the surface of the ready-
-1 -1where μ  [mm ] is the absorption coefficient, and μ  [mm ] is to-cook minced meat product according to the developed model. a s

the reduced scattering coefficient, D [mm] is the diffusion coefficient. Registering the obtained hyperspectral images was carried out by a 
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Figure 1. Model of obtaining hyperspectral images of ready-to-cook
minced meat products with linear polarized light
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hyper-spectrometric spatial-scanning module (Figure 2) connected 
to a digital signal processor DM642 (Kolev 2012). The hyper-
spectrometric spatial-scanning module was made in the department 
of computer systems and technologies of University of Food 
Technologies – Bulgaria in cooperation with Edmund Optics Inc.-
USA. 

(Figure 3). Pixel segmentation was carried out in three classes – Results and discussion 
pork, beef, and total fats. The class spectral samples obtained were 
averaged for checking the module derived.In the experiment 5 samples are used for each ready-to-cook 

The averaged spectral characteristics obtained of ready-to-minced meat product prepared according approved Bulgarian 
cook minced meat products with linear polarized light are illustrated national standards “Stara Planina” (US 01/2010, US 02/2010, US 
in Figure 4. From the spectral characteristics obtained with linear 03/2010) by mixes of minced pork, minced beef, minced fatback and 
polarized light it is evident that the individual components of ready-contaminations. Three hyperspectral images for each sample were 
to-cook minced meat products have various characteristics, i.е. the taken down. A total of 120 hyperspectral images are processed. The 
diffuse reflection coefficient R(λ) is different for the separate hyperspectral images obtained are with resolution 200x200x400 

Figure 2. Hyper-spectrometric spatial scanning module
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Figure 4. The averaged spectral characteristics with linear polarized light of ready-to-cook
minced meat products 

Figure 3. Hyperspectral images of a ready-to-cook minced
meat product (mince 60% pork and 40% beef)
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ingredients of the ready-to-cook minced meat products.
This enables the synthesis of an algorithm for determining the 

quality of ready-to-cook minced meat products based on the 
processing of hyperspectral characteristics (Figure 5). After start the 
conveyer moves the sample with a step. Then the hyper-
spectrometric spatial scanning module captures an image and 
sends it to a digital signal processor. Digital signal processor makes 
preprocessing by filtering and normalization. Then the preprocessed 
image is reduced for classification purposes. The spectral 
characteristics obtained from the sensor block are analyzed and 
classified successively band by band, pixel by pixel, by being 
grouped into four classes: К1-pork, К2-beef, К3-total fats and К4- 
contaminations.

Analyzing the principles of obtaining possible hyperspectral 
images by taking into account that by nature the minced-meat 
preparations are a relatively not-admitting the light turbid non-
homogenous object with predominant reflected flow of light, for 
quality grading of ready-to-cook minced meat products the system 
has to be with zone incremental linear scanning. (Figure 6). 
The system proposed herein enables regulation of the speed of 
processing by changing the scanning increment through adaptive 
feedback. 

Conclusion

The hyperspectral characteristics registered through the 
reflection of the linear polarized light are an appropriate and 
perspective method for investigation and objective quality grading of 
ready-to-cook minced meat products uniting the strong points of 
computer systems for computer vision and the spectroscopic 
analysis systems.

The developed analytical method of diffuse reflection upon 
radiation under an angle with linear polarized light enables to 
implement a computer platform for objective quality grading of 
ready-to-cook minced meat products. The principle adopted of 
incremental linear scanning for obtaining hyperspectral 
characteristics and the algorithm proposed allows fast objective 
quality grading of ready-to-cook minced meat products.
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