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Abstract— The main objective of the present work is to provide a new approach for image recognition using Artificial 
Neural Networks using spectral classification. Since the different objects possess different spectral properties, collecting the 
spectral features from each samples and analyzing it for the contaminants detection is the basic idea of the work. Feed 
forward network is used for the weights calculation and back propagation is used for the error minimization in weights 
calculated. Training is performed for all the compounds including contaminants. In the testing part compounds with ROI 
which falls in predefined contaminant boundary which are considered to be contaminants and the execution is done in real 
time. 
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I. INTRODUCTION 
 
In this present fast growing era fast food is getting 
very much importance and there has been vast 
development in the food industries which results in 
the marketing the new kinds of food according to the 
customer satisfaction and also limiting the time 
consumed. As the technology is growing, fast foods 
are produced in a bulk with less time and bringing 
them to the market where care to be taken while 
manufacturing is neglected. As the customers 
depending on the fast foods, it is very much necessary 
to take care of any adulterants not to present in the 
food items else it may cause health issues to the end 
user.  
There are many ways the adulterants gets added up, 
adulterants gets added up by the consumer side or 
during the manufacturing process. Small stones, 
metal piece, glass, wood etc. Which are common 
physically seen adulterants and some other 
adulterants like fat, lactose, aflatoxin, starch etc. 
which are not physically seen thus requires the high 
end techniques to determine the adulterants or 
contaminants present in the food items. There are 
many technologies present in detection of food 
contaminants like X-Ray, thermography [1], Ultra 
sound technique [2], metal detectors, image 
processing using RGB or gray scale camera [3] etc. 
but each has its own disadvantages and 
implementation in real time would be difficult. X-ray 
may changes the characteristics of specimen itself, 
ultrasound technique detection can be effectively 
used for specimen with variation in density but it has 
disadvantages with process of manufacturing and 
type of contaminants present hence not effective one. 
The current nondestructive work speaks about the 
detection of physical impurities using hyper spectral 
camera [4] by the help of fluorescence in visible 
region by application of neural network in real time 
[5, 6]. 

II. HYPERSPECTRAL IMAGING 
 
Hyperspectral imaging [7] is a recent advanced 
technology for analysis in the field of image 
processing. Hyperspectal imaging is a technique that 
generates spatial map of spectral variations [8, 9] 
which is being used in many applications. This 
technique integrates spectroscopic and imaging 
techniques to identify the different compositions and 
components and their spatial distributions in tested 
samples. Hyper spectral imaging gives two 
dimensional images, which has the spectral 
information stored in the form of pixel values. It has 
the block of pixels which are repeated throughout the 
sensor, the block has the pixels arranged n square 
fashion, each pixel correspond to individual 
wavelength of absorption corresponding to the range 
given in the camera. This information is transformed 
to hypercube in later case for the better analysis of the 
test samples. 
 
A. Relation between Imaging and Hyperspectral 
Imaging. 
There are many kinds of sensors for sensing the 
environmental changes in which normal imaging 
captures the mages depending on the reflected light 
which falls on CCD or cmos technology. Where the 
array of charge is converted to RGB and forms an 
image in 2D form if it is a colored image. Where the 
sensors stores the charge which is proportional to 
color of the light falls on the particular pixel. But in 
the case of Hyperspectral imaging where the charge is 
stored in the form of wavelength that is reflected. 
Here the basic principal is fluorescence effect. Later 
this value of pixels is taken for further processing. 

 
B. Hyperspectral imaging in industrial 
applicaiotions 
Hyperspectral imaging is a new rapidly developing 
technology, the basic idea of capturing the 
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information depending on the reflected wavelength 
from the test samples made it unique and popular in 
most of the applications. 
Hyperspectral imaging in being used in food 
industries, quality checks, satellites, weather 
forecasting etc. since each and individual samples 
which are made of different compounds, having 
different molecular structures are able to absorb and 
reflect the different wavelength this basic idea lead to 
development of hyperspectral imaging. 

 
III. ARTIFICIAL NEURAL NETWORK 
 
In machine learning, to train the models with 
mathematical equations and to achieve higher 
accuracy when test sample is fed to the detection 
mechanism many algorithms are proposed in which 
feed forward and back propagation algorithms are 
one developed to learn the characteristics of features 
on its own. 
 
A. Feed-forward Neural Networks 
Feed-forward neural network is a biologically 
inspired classification algorithm. It consists of simple 
neuron-like processing units, organized in layers it 
may be large or less depending on the need. Every 
unit in a layer is connects to the  all the other units in 
the next layer. Here each individual connection may 
have a different weight. The weights on these 
connections encode the knowledge of a network. Data 
enters at the inputs and passes through the network, 
layer by layer, until it arrives at the outputs. It can be 
classified into single layer feed-forward or multilayer 
feed-forward neural network. In single layer feed-
forward neural network, we have an input layer of 
source nodes that projects into output layer of 
neurons. Multi-layer feed forward neural network [3, 
5] distinguishes itself by the presence of one or more 
hidden layers whose computation nodes are called 
hidden neurons. It has the ability to extract higher 
order statistics particularly when the size of the input 
layer is large. The source node in the input layer 
constitute the input signals applied to neurons in the 
second layer. The output signal of second layer is 
used as inputs to 3rd layer and so on for the rest of 
the network. Figure 1 shows an architecture of single 
layer feed-forward neural network. 
 

 
Figure 1: Double layer feed forward neural network 

B. Back propogation algorithm 
It is used to minimize the error in calculation of 
weights and increase to increase the accuracy of the 
training model. During learning, the error function 
decreases and the weights are updated. Decrease may 
be accomplished with different optimization 
techniques such as the Delta rule, Boltzmann’s 
algorithm and the back-propagation learning. The 
most important and difficult part of any neural 
network training is defining the proper training set. 
Back-propagation is the most commonly used method 
for training the artificial neural network to minimize 
the gradient as shown in Figure 2. The steps in Back-
propagation algorithm are as follows:  
a. Randomly initialize the weight.  
b. Feed the training sample.  
c. Propagate the inputs forward 
 

 
Figure 2: Error propagation through hidden layer 

 
After calculation of proper weights analysis is done 
for each and individual sample of interest. Thus 
training model is set for testing the new samples. 
Each hidden unit has the weighted sum input signals 
as, 

Hinj = ∑wij xi + woj    (1) 
 Where, wij is the weight between hidden and input 
layer; xi  is the input training vector; and woj is the 
bias of the unit. Applying Activation function, 

Hj = f (Hin)    (2) 
Sigmoid function is calculated as shown in equation 3  

     (3) 
 Where the sigmoid function is also called as 
hypothesis function, which is used to form the 
boundary. And this is provided as input for the output 
layer. Each output unit (Ok, k=1….m) sums its 
weighted input signals as 

Oink = ∑wijHj+wok    (4) 
And output signal after applying activation function, 

Ok = f(Oink)    (5) 
 Now the back propagation algorithm is applied to 
calculate for the errors. This will calculated the errors 
depending on the weights calculated in feed forward 
network and the errors are used to change the values 
of weights calculated. Thus application of back 
propagation results in reducing the error and 
increases the efficiency of predication of test samples. 
After the application of back propagation algorithm 
training algorithm for the set of samples is completed. 
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FIGURE 3: FUNCTIONAL BLOCK OF THE DESIGN 

 
IV. ARCHITECTURE OF THE DESIGN 
 
The design consist of mainly 4 functional blocks with 
respect to their functionalities Image acquisition 
module, Preprocessing module, Training module and 
Image recognition module as shown in figure 3. 
 
A. Image acquisition module 
Taking the spectral information from the test sample 
is the   first step of the process. Which is very 
important for the spectral classification, hence care 
should be taken to get the accurate information from 
the test samples. As the collected spectral information 
mainly depends on the light illuminated and gets 
reflected to camera, hence the high intensity light 
source (halogen light) is used for collecting the 
spectral information. This spectral information has a 
set of wavelengths absorbed which is then converted 
to hypercube for the further analysis. 
 
B. Preprocessing stage 
Image with the spectral features also might be having 
the noise which is added during the process of taking 
the image. 

This should be removed before feeding it to the 
recognition module as well as training module. Use 
of average filtering [10] will remove the noise which 
is being added up during the process. 
 
C. Training module 
In the training module spectral features which are got 
is trained using the feedforward and back propagation 
algorithm. Depending on the number of different 
compounds to be identified the Region of interest 
(ROI) is selected. Neural network takes the input 
form the selected ROI and performs the weight 
calculations. These weights are back propogated to 
minimise the errors. After calculation of all weights 
hypothesis is formed where it creates a boundry for 
identification. In the image recognition module which 
ever falls in these region are aken as compounds 
belonging to those regions respectively. 
 
D. Image recognition module 
In the image recognition module the real time 
execution is performed where, test samples are 
captured and the defect detection is done in real time. 
 

 

 
Figure 4: (a) ROI for biscuit (b) ROI for stone (c) ROI for background 
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Figure 5: (a) Output where background and biscuit are grouped as one (b) Output of image recognition where 

stone and Choco chips are grouped as one 
 

V. IMPLEMENTATION RESULTS 
 
Figure 4 shows the regions where the data is collected 
for the training module. For each region selected, 
training is done by collecting the spectral features in 
that region. Depending on interest of individual to 
detect for the contaminants or any other compound 
present in the test sample, individual has to train that 
sample, specifying the region which has to be 
detected. Training algorithm performs set of 
operations to classify the different items or 
compounds present in the test sample. 
 From the figure 4 (a) shows the selection of region of 
interest for biscuit. The black polygon shows the 
selection of ROI for the biscuit. Figure 4 (b) shows 
the ROI for the stone which is a contaminant in 
biscuit. And finally figure 4 (c) shows the ROI as 
background. All these ROI are trained and depending 
on weights hypothesis function is generated by the 
algorithm. Finally in the detection algorithm takes the 
test images and depending on the spectral details, an 
algorithm tries to classify the different items by the 
help of training algorithm. Figure 5 shows the output 
from the Image recognition algorithm. Figure 5 (a) 
shows the spectral output where the background and 
biscuit falls in same spectral classification and stone 
and choco chip falls in another spectral classification. 
Similarly figure 5 (b) shows the result where, biscuit, 
background falls in different classification and stone 
as well as choco chip falls in same spectral 
classification. 
The same procedure can be extended to detect the 
defects in any food items like chilli powder, wheat 
flour, coffee powder etc. 
 
CONCLUSION 
 
Present work is based on the application of ANN in 
detection of food contaminants using hyper spectral 
camera. Spectral analysis is a new technology 
entering the market with high accuracy and promising 
results. Use of spectral analysis is easy and user 
friendly and very flexible compared to other 
technologies like X-Ray, ultra sound technology, use 

of metal detectors etc. This technology can be 
implemented in real time hence more convenient and 
useful for industrial applications. ANN algorithm 
which learns from the contaminant samples directly 
hence the accuracy is more also non time consuming.  
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