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Abstract 
Nowadays the quite attention has been done around modern and non-destructive methods such as machine 
vision and image processing systems in the agricultural industries. Machine vision (MV) is a fast and objective 
technology and methods used to provide imaging-based automatic inspection and analysis for such applications 
as automatic inspection, process control, and robot guidance in industry. The machine vision system used to 
rank different products. Production increasing and quality requirements are satisfied by its quickness and 
precision. Therefor it could be used to develop high quality and automotive processes. This method also can be 
used as a non-destructive approach to inspect and evaluate the agricultural and food industry operations. Sorting 
and grading of fruit and vegetable, any planting operation from analysis of grain features to adjust the planting 
distributor and also evaluation of foodstuffs as meats, dairy and etc. are mentioned as another application of MV 
method in agricultural operations. This paper reviews the progress of machine vision in the agricultural and food 
industry. 
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1- Introduction 
Computer integrated manufacturing (CIM) is an important matter of the agricultural and food industries 
development. Machine Vision as a robot has a successful role in this development and encourage agriculture and 
food industry engineers to improve production operations. For this reason it is more than 20 years extensive 
research have been carried out on the applications of machine vision in agriculture and food industries as a non-
destructive and robust method. 
Most of these studies focused on the use of this system for monitoring and control of product quality. 
Conventional methods of monitoring depend on the human senses, in most cases this manual control is quite 
time consuming and cumbersome and also its accuracy cannot be guaranteed. 
Machine Vision, in addition to the visible range vision, has the ability of seen in the range of invisible 
(ultraviolet, infrared and near infrared). Information of the object in the invisible area can be useful to determine 
heat given to mature plant, diagnosis plant diseases and etc. as well as determining variety, puberty, maturity 
and quality of plants and vegetables. Simplicity, low cost, speed, high precision, non-destructive, high efficiency 
and possible widely used in agriculture are the benefits of this system. The ability to use X-rays and MRI in 
detecting diseases or other defects can also be added to its advantages. With speed and high precision of vision 
systems, agricultural and the food industries globally have found voracious appetite to replace manual systems 
by this advanced and non-destructive monitoring system. 
 
2-Application in Diagnosis of fruit and vegetable quality: 
Non-destructive quality monitoring of fruits is done for two purposes: quality assessment and finding defects. 
The oldest research in this field was done on the apple then spread to other fruits. The visual system can play in 
shape or variety classification, finding defects and quality grading. Color, shape, texture and size are the main 
factors in quality monitoring of the visual system. RGB images (Red -Green - Blue) is a most common in this 
application. Most fruits vision system algorithms are based on RGB system. When all images are performed by 
three color the amount of information are tripled and more accurate processing can be applied on it. Another 
model of color pictures are HIS (Hue, Saturation, Intensity). Some researchers prefer HIS to RGB. 
Several non-destructive approaches concentrated on classification of fruit. Researches were carried out in this 
field including: 
 
Multispectral inspection of citrus in real-time using machine vision and digital signal processors was performed 
by Aleixos et al [1]. Lemons and mandarins could be also correctly classified by this system. Estimation of three 
agricultural products’ volume (apple (Golden Delicious), pistachio and onion) base of machine vision methods 
was performed by Amiriparian et al [2]. Apple fruits recognition under natural luminance using machine vision 
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was reported by Lak et al [3]. Machine vision system was designed and developed for automatic weeding 
strategy in oil palm plantation using image filtering technique by Ghazali et al [4]. 
Another research (Figure 1) evaluated the structure and shape of apple fruit and potatoes with high accuracy [5]. 
On-line Fruit Grading according to their External Quality using Machine Vision was performed on two apple 
fruit varieties of Golden Delicious and Jonagold by Leemans et al [6] and they suggested a method for apple 
external quality grading which showed correct classification rates of 78 and 72%, for Golden Delicious and 
Jonagold apples, respectively. The mean fruit color and a measure of the dispersion normalized mean squared 
differences) of the color, plus a shape parameter to grade citrus fruits according to their external quality were 
found by Miller [7]. Three different classifiers were compared and the fruit correctly graded into two classes 
(accepted or rejected). The method of neural networks (two-layer perceptron, five hidden neurons) was applied 
to sort San-Fuji apples into five color and quality classes by Nakano [8]. 
Two methods were used to summarize segmentation data and then apple fruits were graded into four classes [9] 
with the correct classification rate of 48% for a treatment by fuzzy logic, and 67% for a classification by neural 
network. A data grading method of dynamic supposed by Picus and Peleg [10]. 
Grading the blobs due to the image segmentation were used by Leemans et al. [11] with Twelve parameters 
measuring the shape, the colour and the texture which were used in linear or quadratic discriminant analysis as 
well as in neural networks. The best results was reached from the quadratic discriminant analysis, with between 
43 and 100% (function of the class) of the blobs correctly classified. 
A combination of NIR sensors and machine vision to determine the sugar in apple was applied by Steinmetz et 
al [12] (Figure 2). Orange texture analysis results by Machine Vision showed that this method predicted the 
sugar content of oranges [13]. Evaluation of peach maturity by color analysis based on the comparison of peach 
skin color a control peach sample as a reference was performed [14]. Although the accuracy of this project was 
only 54%. Another research was done to identify the hardness of pear [15]. 
 

 
Figure 1. Evaluation of the structure and shape of Apple fruit and potatoes with high accuracy [5] 

 

 
Figure 2. A combination of NIR sensors and machine vision to determine the sugar in apple [12] 

 
Non-destructive detection of tomato properties such as size, color, shape and abnormalities was carried out by 
Nielsen et al [16] using image processing and linked these properties by its internal quality (Figure 3 and Figure 
4) 
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Figure 3. Non-destructive detection of tomato properties such as size, color, shape and abnormalities using image processing 

and linked these properties by its internal quality [16] 
 

 
Figure 4. Detection of tomato properties such as size, color, shape and abnormalities using image processing and linked 

these properties by its internal quality [16] 
 

Another approaches were the evaluation and finding asparagus defects which was performed by Rigney et al 
[17], diagnosis of fungal infections by color processing operations [18] and categorized of carrot in terms of 
surface defects, curling, deformation and fracture (the error value was reported less than 15%) [19]. 
 
3- classification and evaluation of cereals quality  
 A number of non-destructive studies were performed for grain identification [20-26], Cereal grain and dockage 
identification was done by Paliwal et al [25] using machine vision. Another research that has been done in this 
area including fast and accurately measurement of the milling degree of wheat using digital image analysis 
method [27], measuring the amount of whiteness in corn grain (this is an important factor in determining the 
price of corn.) [28], measuring the cereals seed size [29], detection of damaged cereals grain with 5% error [30], 
finding ulceration or malady wheat grains [31] and find MTT spots (tetrazolium) in the grains of corn [32]. 
 
4- Other Applications  
Color and size as the visual features indicate the food quality. Color imaging can also be achieved by using 
three-chip CCD camera systems. A three-chip camera receives RGB colors for each CCD to produce near true 
color images of the objects. This is accomplished by using a prism assembly with bandpass filters and a dichroic 
coating on selected surfaces of the prisms that separate broad band light into RGB channels. The image acquired 
by each CCD is monochromatic either for red, green, or blue. Hence, a composition of the three-channel signals 
provides a near true color image of the object. Machine vision systems utilize imaging cameras ranging from 
monochrome cameras performing simple shape and size recognition tasks to common aperture multispectral 
cameras for detection of surface defects and diseases on meat, grains, fruits, and vegetables.  
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Figure 5. (a) Three-chip color imager; (b) Multispectral imaging system with a rotating filter wheel. [33] 

 
The physical features of chocolate chip biscuits such as size, shape baked dough color, and fraction of top 
surface area measured by Davidson et al [34] using four fuzzy models to predict consumer ratings based on the 
features. Visual inspection of muffins was developed by Zaid Abdullah et al. [35] using a prototype-automated 
system. Another research of machine vision was done to assess quality of crumb grain in bread and cake 
products [36]. A novel non-contact computer vision method was developed to evaluate the melting and 
browning of cheese by Wang and Sun [37] which analyze the characteristics of cheddar and mozzarella cheeses 
during cooking and provided an objective to analyze cheese functional properties [38-39]. An image-processing 
algorithm was developed to recognize individual cheese shred by Ni and Gunasekaran [40] which automatically 
measure the shred length. Visually discernible characteristics are routinely applied in the quality evaluation of 
meat. McDonald and Chen [41] carried out early work in the area of image based beef grading. The degrees of 
marbling and colour in 60 steaks were studied by Gerrard et al. [42] in which the results indicated effectively 
predicted the lean colour (R2=0.86) and marbling scores (R2=0.84) using image processing method. The 
assessment of beef tenderness was performed using image texture analysis [43]. Another investigation was done 
on pork quality [44-45] as showed in Figure 6. 
An X-ray inspection system was performed to detect of bones in chicken and fish as a non-destructive method 
[46] called the ‘Bonescan’ to differentiate bone from meat. The internal texture of French fries was studied by 
Yin and Panigrahi [47] using image technique with three algorithms used to evaluate the hollowness with a 
resulting classification accuracy of 100%. Another modern, practical and non-destructive method in quality 
assessment of agricultural product is Hyperspectral imaging approach which is applied to evaluate both internal 
and external features of foodstuffs to measure the characteristics. As shown in Figure 7, a grading system 
composed of a sample testing station, special sensor and a roller–conveyor feeding system that carries samples 
to the sample housing as well as controls, separates and samples their classes after grading [48]. 
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Figure 5. Pork loin images (a) original image and (b) segmented muscle image [44-45] 

 
 

 
Figure 6. (a) Hyper spectral imaging system developed at the Agricultural Product Processing and Storage Laboratory, 

Jiangsu University, in Zhenjiang, P.R. China and (b) sketch of the system [48]. 
 
ISL applications of hyperspectral imaging technology started in 1998 in order to inspection and grading of food 
and agricultural products for quality and safety. The first study was performed Lu and Chen [49] on identifying 
normal and abnormal poultry carcasses using hyperspectral imaging. Then, the ISL hyperspectral imaging 
system was redesigned for using to evaluate reflectance and fluorescence images (spectral range from 425 to 
950 nm) of agricultural products, with very high spatial and spectral resolutions [50] (Kim et al., 2000, 2001b). 
The schematic diagram and hardware components of the ISL hyperspectral imaging system is illustrated in 
Figure 7. The sensor module includes a back illuminated CCD and a control unit (Pixel Vision, Inc., Tigard, 
Oregon) that interfaces with a Pentium-based personal computer. The CCD has 512×512 pixel elements with a 
16-bit dynamic data range and is thermo-electrically cooled. 
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Figure 7. ISL hyperspectral imaging system for food safety study [33]. 

 
 
5- Conclusion  
 Success in quick and accurately qualitative monitoring on agriculture and food industry indicates that the 
method of Machine Vision, is a proper and non-destructive tool to increase productivity. Although this new 
technology requires further progress for being efficient. The paper reviews the developments in machine vision 
in the context of agricultural and food products. Computer vision adaptation to evaluate the quality of foods is 
the greatest potential uptake of this technology.  
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