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Abstract—Studies on plant identification through image
processing consider shape, color and texture features of leafs.
But botanist’s uses leaf morphology, leaf arrangement, types
of venation, leave shapes, leave bases, leaf margins and leaf
apices for recognizing a plant. This paper introduces the leaf
venation, leaf margin, leaf apies, and leaf bases models for
improving plant leaf identification. These new features along
with shape, color and feature increases the accuracy of the
plant identification.
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I.  INTRODUCTION

Image Processing based plant recognition system
depends on the key features extracted from the input images.
Shape, color, texture are the commonly using image
processing based plant leaf identification features.Leaf color
may vary according to seasons and climate conditions [1].
For the color based leaf identification technique, color
frequency histograms are extracted from the input image and
compared to database using similarity measuring algorithm
[2].Leaf shape identification process require image
segmentation algorithms [2]. The basic shape analysis
approaches are region based and boundary (contour) based
[3].The patterns formed in the leaf image surface according
to the color and grayscale variations constitute the leaf
texture [2]. Texture based leaf identification can be done
with the help of image gray matrices in spatial domain [2].

In this paper, we concentrate on common plant leaf
identification features and also introduce some other
morphological features that can increase the accuracy of the
leaf plant Identification. Moreover, a detailed comparative
study on shape, color, and texture features and new features
also included.The rest of the paper is organized into
following sections: Section 1 introductory part describes the
commonly used features in digital image processing for leaf
plant identification. Section 2 describes a brief literature
review on existing image processing based plant leaf
identification features. Section 3 the proposed leaf
identification features those can improve the quality and
accuracy of the image processing based plant leaf
identification algorithms. Section 4 gives the comparison and

978-1-5090-3978-4/17/$31.00 ©2017 IEEE 404

discussion on the different existing pnd proposed features.
Finally a summary of contributions and future work are
discussed in Section 5.

II. ~ RELATED WORK\LITERATURE REVIEW

Image identification process mainly depends on the
performance of feature identification algorithms. Most of
the studies in the leaf identification is using low level
extracted features like shape, color and texture. Some
researchers are used combination of these features for
better results.

Ghasab et al.[4], focused on color based image
identification algorithms. Venters and Cooper[5],
Smeulders et al.[6] studied the content based image
retrieval systems using color as main feature. Tico et al.[7]
proposed image retrieval using color histogram. Stricker
and Orengo [8] studied the extraction of color features and
similarity calculation of color images.Arun et al.[9] and
Kadir et al. [10] concentrated on texture feature extraction
for plant identification. Texture based leaf identification
using Curvelet transforms was described by Prasad et al.
[11]. Rashad et al.[12] studied the Combined Classifier
based textural features. Leaf contours using texture
analysis is described by Hajjdiab and Maskari [13]. Sa
Junior et al.[l4] analyzed leaf color and texture
information based anatomical identification of plant
species. In Backes et al. [15] deterministic tourist walk
using texture feature was explained. Different algorithms
have also explained based on the image processing texture
features [16-21].

Shape feature for the plant leaf identification is mostly
studied [22-50]. These studies explained shape features
(ovate, elliptical...etc) detection algorithms, combination of
shape features with color and texture features. Shape based
detection is easy but the accuracy of the result is
questionable. Recent studies have developed applications
in android and IOS for leaf plant detection[22, 27]. Some
leaf recognition algorithm [30, 30-34] different kind of
neural network classifiers based features are explained.
Shape similarity based object recognition and matching
techniques are represented in [46-47].
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The low level features, shape, color and texture
explained above are the mainly utilizing features for plant

leaf identification but some researchers tried to
combine some other features like leaf vein, apices, leaf
edge and leaf lobe for plant classification. Larese et al. [51]
proposed classification of legumes using extracted leaf
vein details. Abdolvahab and Sharath [52] explained leaf
recognition and leaf based plant classification with the help
of vein feature. Park et al. [53] utilized ventation features
for leaf image retrieval. Vein features based reorganization

images from complicated background are described
Wang et al. in [54]. In [55-58] detailed extractions of the
above features are made. Plant leaf classification based on
the help of leaf edge and texture is detailed in [55]. Zheng
[S6]et al. used the combination of leaf apices, leaf edge and
leaf lobe features for plant identification. In [57] an
unsupervised classification technique wusing neural
networks and cluster analysis algorithms are developed
help of leaf apices and leaf edge.

Table 1 shows the summary of the mostly studied
features for plant identification.

TABLE 1. FEATURES USED FOR PLANT

Clark et al.[24]

Cope et al.[25]

Corney et al.[26]

Kumar et al.[27]

Hu et al[28]

Abdul Kadir et al.[29] Y Y
Chaki and Parekh[30]

Beghin et al.[31] Y

Lexer etal.[32]

Lei Zhang et al.[33]

Wu et al.[34]

El-ghazal et al[35]

Du et al.[36]

Duetal.[37]

Neto et al.[38]

Agarwal et al[39]

Mokhtarian et al.[40]

ol S B B ol ol o e o B el B e ol o B ol ol B e ol B Sl e S ol SR R R o I

IDENTIFICATION
Park and Kim [41]
Authors Feature Mokhtarian and Abbasi [42]
N Wang et al.[43]
E § é Zhang and Lu[44]
3 % = Meade and Parnell [45]
Belogie et al[46
Ghasab et al. [4] Y gie et al[40]
Abbasi et al[47]
Venters and Cooper D.M.[5] Y Ingrouille and Laird [48]
| | Y Bober et al.[49]
Smeulders et al.[6] Ling and Jacobs[50]
Tico et al.[7] Y Table 2 shows identification rate for feature and
combination features.
Strick do 8 Y TABLE 2. COMPARISON OF IDENTIFICATION RATE
ricker and Orengo [8] FOR SINGLE FEATURE AND COMBINATION FEATURES
Arun et al.[9] Y [59] . .
- Features Identification Rate
Kadlr et al[lO] Y Y Shape 868%
Prasad et al.[11] Y Color 86%
Rashad et al.[12] Y Texture 92%
- - Color + Shape 86%
Hajqdlab and Maskari[13] Y Color & Texture 93.4%
Junior et al.[14] Y Y Texture + Shape 91.2%
Backes et al.[15] Y Color + Texture + Shape 94%
Ramos and Fernandez [16] Y
I1I. PROPOSED FEATURE SET.
Backes et al.[17] Y From the detailed survey on existing Plant leaf
Bruno et al.[ 18] Y identification system in Image Processing area, it is
Wang et al.[19] Y showing that the most of the researchers considered the
5 color, shape and texture as their key features. But in reality
Zheru Chi et al.[20] Y botanists are considering the features like leaf morphology,
Yusof et al.[21] Y arrangement of leaves, types of venation, leave shapes,
Zhao et al.[22] Y leave bases, leaf margins and leaf apices for the
identification of plant leaf. Plant color, Shape and texture
Wang et al.[23] Y feature may vary according to the seasonal and other
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physical impacts. In the proposed feature set the
combination of low level features like shape, color and
texture as well as leaf vein, apices, leaf margins, leaf bases
for plant leaf identification is explained. More than single
use of these features combined use of these features
achieved highest identification rate. If the sample image is
altered in their shape considering the venation will give
more accuracy. Similarly margins, apies and bases also
play bigger role in the plant leaf identification system.

e Leaf venation:
The leaf has a central vein which extends from the
base, where the petiole attaches to the blade, to
the apex of the leaf. In Figure 1 Different kinds of
leaf vein examples are showing.

Palmate

Figure 1.Different kinds of leaf veins [60]

e Leaf margins:
Considering leaf margin along with leaf shape
will improve the quality of plant leaf
identification. In figure 2 Different kinds of leaf
margins are shown

L7 /é/’ } ] 77

Doubly-Serrate Undulate
/g / f/ /Gﬁ
Incised  Sinuate Lobed

Flgure 2 leferent kmds of leaf marglns [60]

e Leafapies:
Leaf apies / tips are shown in Figure 3.

ANNTMM YN

Obfuse  Trupcate  Emarginate  Obeordate Mucronate Cuspidate

Acuminate  Acufe
Figure 3.Different kinds of leaf apies [60]
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e Leafbases:
Sample of leaf bases models are shown in Figure

VY Py

Cuneate Acute Rounded Cordate Oblique

NN

Sagitate Hastate Truncate Auriculate

Figure 4.Different kinds of leaf bases [60]

IV.  DISCUSSION

From the above study limiting the Ileaf plant
identification with the common feature like shape, color
and texture is not fare. By considering the other physical
features like leaf morphology, arrangement of leaves, types
of venation, leave shapes, leave bases, leaf margins and
leaf apices will improve the quality of the plant leaf
identification. From table 2, the combination of two
features given 86% to 91% accuracy. By considering three
features like shape color and texture feature given average
identification rate of 94%.So Increasing the number of
features for identification will increase the accuracy of the
recognition system. For medicinal plant identification
system like application it is necessary to be result should
be accurate.

V.  CONCLUSION AND FUTURE WORK

For Plant recognition increasing the number of
features for identification will increase the accuracy of the
recognition system. Increasing the accuracy by increasing
number of features but effect the speed of recognition. By
considering features leaf morphology, arrangement of
leaves, types of venation, leave shapes, leave bases, leaf
margins and leaf apices with color, shape and texture
improve quality of the system also accuracy of the critical
application like medicinal plant identification system.

Performance evaluation measurement for finding
identification rate for these new features not performed in
this paper. By evaluating measurements for shape, color,
texture leaf morphology, arrangement of leaves, types of
venation, leave shapes, leave bases, leaf margins and leaf
apices using recall precision curve, F-measure etc
definitely be used before reaching conclusion.
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