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Abstract— Computational methods play a vital part in 
Precision agriculture. Identifying and locating fruits from trees 
and orchards is a critical task. The intelligent detection system 
is used as key technology in fruit detection and yield 
estimation, where image processing methods can be applied. In 
the literature several image processing methods and algorithms 
were proposed to detect the fruits like apple, citrus, jujube, 
kiwi, mango, pomegranate and tomato. The color variations 
among the images of ripe fruits, immature fruits, leaves and 
branches allow the existing image processing models to provide 
better results. This paper provides an overview of image 
processing models that can be embedded in the intelligent 
computing system or robotic system to detect fruits for yield 
counting and fruits harvesting. 

 Keywords—Image processing, Intelligent detection system, 
Automatic fruit detection, clustering, classification 

I. INTRODUCTION  

Detection and plucking of fruits manually from tree is a 
tedious and repetitive task, and consumes more time. Hence, 
fruit identification based on machine-based system can 
make the task easy and consumes less time. Nowadays, the 
precision agriculture is supported by intelligent systems 
where computational methods can be applied. The  
computational methods dominates in all domains and its 
usage in agriculture sector encompasses monitoring the 
plant growth, recognition of disease in fruits and crops  
fruits, classification of weed plants and crops, counting and 
plucking of vegetables and fruits, classification among 
vegetables and fruits and so on. For yield estimation and 
fruit detection different kinds of computational techniques 
were tried out by different researchers. But locating fruits 
from its backdrop is intricate and tricky task. The important 
properties of fruits like size, color, texture of fruits are used 
to classify them from the other parts of trees or plants such 
as branches and leaves. This guides in improving the 
classification.  The magnitude of fruit image is another key 
factor to achieve better accuracy.  The similarities in the 
recognition of fruits are determined based on the size, shape 
and color.  Image processing models constitute a key role in 
intelligent fruit detection systems. In this paper we provide 
an overview of several fruit identification models for 
different fruits where image processing is the major 
technique which can be implanted in machine vision 
systems. 

II. METHODOLOGY 

In this study, the bibliographic analysis has been performed 
under the domain, based on keyword search (Image 
processing + fruit detection) in the scientific databases like 
science direct and IEEE explorer, and from the google  
index. From this search, 21 papers were identified with 
suitable applications of image processing in fruit detection. 

Then the selected papers are examined one-by-one with the 
following key points. 

 The problem addressed by every model. 
 The type of image processing model employed. 
 Type of input data. 
 Type of fruit. 
 Pre-processing methods and the seggregation 

methods used. 
 Performance of the every model. 

 
Image processing applications in Fruit Detection: 
 In table.1 we provide a list of 21 research works, 
related to fruit detection with image processing techniques 
based on the above key factors. Mostly, all frameworks 
accept RGB image as input data. In some models, RGB was 
converted into HSV image and in few works the color image 
was converted in to binary and gray scale image before 
processing.  

Identification of six different types of fruits were 
considered in total. They are apple detection (4 papers), 
citrus fruit detection (9 papers), kiwi fruit detection (2 
papers), mango fruit detection (2 papers), strawberry 
detection(1 paper), pomegranate detection (2 papers) and 
tomato detection(1 paper). In apple detection, edge detection 
was performed based on image texture [1,3]and clustering 
methods were used for image segmentation[3,4].  In 
detecting citrus fruits watershed method, multi elliptical 
boundary method and k-means method were used for 
segmentation process [5, 7, 10, 12], and SVM and KNN 
were used for classification process [6,12]. Some filtering 
methods were also used for preprocessing [11, 12]. CNN 
method from android phone give better recognition rate for 
kiwi fruits [14]. Color images are converted into binary and 
gray scale image in Mango detection models [16, 17]. Color 
segmentation is the key role in pomegranate detection 
[18,19]. Machine learning model with random forest 
algorithm gives high accuracy in strawberry fruit 
identification [20]. Watershed algorithm gives 81.6% 
accuracy in tomato detection model [21]. In total all models 
ensure high accuracy and better performance. 

CONCLUSION 

This study indicates that Image processing provides 
better performance in automatic recognition and 
classification of different fruits in different environments. 
These innovations can help in reducing the time spent in fruit 
plucking, segregation and counting. These models could be 
used in intelligent picking devices. In future a single device 
can comprise more number of approaches to detect more 
categories of fruits.  
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Table. 1 Fruit detection models with Image processing methods. 

S. No.  Fruit  Category Problem Description Input Data Framework / Image Processing 
Methods used 

Performance Reference 

1. Apple  Classify the apples with other objects 
in orchard by locating the green and red 
apples from  single image  

RGB  image with 24 bits Stereo vision system with edge 
detection based on texture, circle fitting 
and Laplacian filters.  

Among 20 
apples 18 apples 
were recognized 
fully and one as 
partially 

Jun Zhao et 
al[1]. 

2. Apple  Detection of apples from nighttime 
images by using the light ‘s spatial 
distribution. 

RGB color image with 24 
bits.360 images from two different 
datasets were considered. 20 
images from first dataset and 12 
images from second dataset were 
taken at randomly to find the 
difference between actual and 
developed approach 

Sub-image thresolding and main 
patch determination based on polygon 
construction. 

Detect 6739 
apples instead of 
6195 from  fist 
sample. Nearly 9% 
over estimate. In the 
second sample it 
found 6687apples 
among 6713. 

 

Raphael 
Linker et al[2] 

3. Apple  Variety of apples(Red apple, Gala 
,Red delicious and Golden 

Delicious) are classified from the on-
tree images. 

RGB image K-means clustering for 
segmentation, edge detection based on 
texture, Multiclass SVM for 
classification. 

84% 
classification 
accuracy. 

Santi Kumari 
Behera et al[3] 

4. Apple Locating on-tree fruits. RGB and 3-Dimensional Point-Cloud library with color and 
distance filter, and Cluster 
Segmentation based on Euclidean 
distance 

Accuracy of 
100% about fully 
visible fruits and 
82% about partially 
visible fruits. 

Tien Thanh 
Nguyen et al[4] 

5. Citrus  Detection and counting of on-tree 
fruits for yield estimation and comparison 
of results obtained from different  
methods. 

RGB color image converted 
into HSV image 

Counting algorithm with 

Median filtering for noise removal 
and Watershed  method for 
Segmentation(Distance transform and 
Mark-controlled) 

Correlation co-
efficient (R2 
)between human 
observation and 
counting algorithm is 
0.93(precision value) 

Ulzii-
Orshikh Dorj et 
al[5] 

6. Citrus Yield estimation of orange fruits HSV image from three 
different datasets. 

Bicubic interpolation method, K-
Nearest Neighbour and Otsu method for 
image classification 

95% accuracy A. Saranya 
et al.[6] 

7. Citrus Fruit detection and tree trunk 
detection under natural light conditions 

RGB image is converted into 
Y’CbCr image 

Image segmentation using multi-
elliptical boundary method 

90.8% accuracy Tian-Hu 
Liua et al[7] 

8. Citrus Classify the chosen citrus fruits, like 
lemon, orange and sweet-lime, based on 
solitary vision fruit images.  

Extract hue or hue and 
saturation from RGB color image. 

Color distance, PDA and LDA 
methods. 

Above 90% 
accuracy 

 

S. Md. Iqbal 
et al[8] 
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9. Citrus Immature fruit detection for yield 
estimation. 

Retrieve Green component  
from color image and converted 
into grayscale. 

Median filter and Weiner filters to 
smooth the image. 

 local binary pattern(LBP) for 
feature extraction and RUSBoost 
method for classification with LBP 
features. 

 

80.4% true 
positive rate and 
82.3% precision rate. 

Jun Lu et 
al[9] 

10. Citrus Yield estimation from on-tree fruits RGB image Noise reduction and image 
enhancement using Perona-Malik 
model. K-Means for image 
segmentation. 

91.3% accuracy, 
correlation co-
efficient R2 =0.99 

Zeeshan 
Malik et al[10] 

11. Citrus Feature extraction for green fruits. Color image to HSV image  

 

Feature extraction based on 
histogram equalization, thresholding,  
Spatial filters(Sobel and Laplace 
operators)Gaussian-blur method. Bas 
relief model with SVM algorithm for 
testing. 

3% of false 
positive. 5% percent 
of tolerated error 
rate. 

Walter 
Maldonado Jr et 
al[11] 

12. Citrus Detection of fruits from orchard RGB to HSV image Preprocessing: block-based local 
homomorphic filtering. Fruit detection: 
Otsu thresholding, morphology 
operation, marker-controlled watershed 
transform and convex hull operation 
methods 

were used in combination to locate 
citrus regions.  

Histogram to extract texture 
information. 

 

Classification: Kernel-based 
support vector machine to make the 
final decision. 

Recall rate 
greater than 0.86. 

J.J. Zhuanga 
et al[12] 

13. Citrus Immature green fruit detection for 
yield estimation. 

Color as well as thermal 
image 

Color thermal probability algorithm  Recall rate from 
78.1% to 90.4%. 

Precision rate 
from 86.6% to 
95.5%. 

H. Gana et 
al[13] 

14. Kiwi Identification of kiwi fruits from 
field images under various light 
conditions for yield estimation and 
robotic harvesting. 

RGB image Deep Convolutional neural network 
and Zeiler and Fergus network. 

Overall 
recognition 
percentage 92.3% 

Longsheng 
Fu et al[14] 
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15. Kiwi Yield estimation of kiwi fruits in 
orchards using Android mobile phone. 

RGB image Edge detection, morphological 
processing, color thresold and color 
extraction. 

 Recognition 
ratio76.4% 

Longsheng 
Fu et al[15] 

 

16. Mango Detection of partially hidden mango 
fruits 

Color image into binary and 
gray scale 

Texture analysis for edge detection, 
dilation and erosion for object detection 
and randomized hough transform 
method for ellipse fitting. 

Some leaves 
were also detected as 
mango due to its 
shape. 

Mohd Fadzil 
Abdul Kadir et 
al[16] 

17. Mango Identification of defected and 
matured mango fruits from single view. 

RGB image into binary and 
gray scale 

Quality ratio and matrix difference. Two classes of 
mango fruits based 
on quality 

Dameshwari 
Sahu et al[17] 

18. Pomegranate Identification on-tree pomegranate 
fruits. 

Color image Color segmentation and shape 
anaysis. 

Maximum error 
rate of 9,1% 

Cihan Akin 
et al[18] 

19. Pomegranate Harvesting robot to detect on-tree 
pomegranate fruits. 

Color image Stereo vision system with color 
segmentation and geometric equation. 

Distance 
estimation error :less 
than 2.4 cm 

Abdolabbas 
Jafari et al[19] 

20.  Strawberry Improve accuracy in strawberry  
classification with machine learning 
methods.  

Color image Random forest algorithm High accuracy T. Ishikawa 
et al[20] 

21. Tomato Automatic tomato harvesting robot RGB image to HSV image Morphology and watershed 
algorithm 

Fruit detection 
accuracy:81.6% 

Muhammad 
Hammad Malik 
et al[21] 
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