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K 5 E (Abstract) :

Automatic Leaf Recognition System

In our living environment, there are many kinds of plants, but we can only name a few. We
may consult an encyclopedia about plants, we always can’t find any encyclopedia with us.
Besides, even if we have one, it won’t be easy to find out the proper section or the exact page
immediately. How should we solve this problem? One significant improvement can be expected
if the plant recognition can be carried out by a computer. First, we take a picture of the unknown
plant’s leaf. Then, we transmit this image into a leaf database to recognize. After the recognition
we will get the answer easily. By using a computer-aided leaf recognition system,
non-professionals can also identify many plant species. Isn’t it much more convenient than
checking the encyclopedia?

In this study, we present an efficient method for leaf database retrieval by inputting leaf
images. We use a two-stage approach and combined features with optimized weight to adjust
the system to get the best system performance. The result of the experiment shows that our
approach is workable and efficient. 82% leaves of the query images can be recognized

accurately. And in general, the average response time only takes 17.22 sec per query.
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Introduction

living habitat but are unknown to us. To
identify them, we usually consult
cyclopedias. However, it is impractical to
carry heavy cyclopedias for on-the-spot
identification of plants in the field,

Many interesting plants share our m
“

BFE

especially for small kids. To address this s

issue, we have developed a mobile system ,“:,%‘,;“;T“ij

that can help people explore and recognize

plants anytime anywhere_ Fig. 1 The creativity conception for automatic leaf recognition

Image Database

The leaves used in our experiment are collected by our-self. We pluck them from the plant
in or near our schoolyard and scan the leaves in our school. They include 50 species. Each
species includes 5 database images and 2 test images. The representative images in the database
are shown as follows. Class 14~50 are listed in our report, thus omitted here.

> o-o08PObOse

ClassO1 Class02 Class03 Class04 Class05 Class06 Class07 Class08 Class09 Class10 Class11 Class12 Class13

Features and Dissimilarity

Aspect Ratio Signature and Average Radius Center Position

- X

’ e e e e Radius (8)

L, = 134pizels

Bl

I, = 300pixeis

c 1 1x2+ x4+ Fx5+4 O+ Sxfi+ fixd+ Tx3+8x1 05 14698
= x —05|= o
9-2+1 244+ 546+6+44+3+1 Difference g, (Leafl,Leaf ) = S |Contour ™ (@) ~ Contour™¥* (8,)|
1 D13+ 2x0+ 3B+ dx T+ Sxd46x2 1]

134 _ c, - x| SR R RS 05| = 04758 Radius ()

e (| [ IrG+8+745+2 AvgRadius = Ly faches @)
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Difference g, (Leaf1, Leaf 2) = \Razm et Raiwkqﬂl Difference gy, (Leaf1, Leaf 2) = J(cf‘”’ SO (O - o)t Differonca (Feafl, Loaf 2) = ‘A el _ AngadmsW’\

For plant, there are many features can be used to  jzrtical and Horizontal Projection
develop content-based image retrieval system, we only
try to use leaf region-based features. The reason is that
the leaf region-based features are more reliable than
the others. Those features include aspect ratio, center
position, average radius, signature, horizontal
projection and vertical projection [1][3]. We use the
measures AVRR and average accuracy proposed in [3]
to evaluate the recognition ability of each feature.

oR B() =3 S j=123, - IngH

* AVRR (average rank of all the same class images) :
The average rank of all images that have the same gj . g“‘;:;j’)i:ii‘
species as that of the test image. In our experiment,
AVRR >3 and the perfect AVRR is 3.
» Average Accuracy - The average of the best rank among 100 test leaf images. In general,
Average Accuracy>1 and the perfect Average Accuracy is 3.
A smaller value of AVRR and Average Accuracy which represents the feature having higher
recognition ability. The experimental results are shown in Table 1 (CPU is the Intel Pentium 4
processor in the 478-pin package at 1.8 GHz).

X

BE-TE ryy 0 i-1,2,3, g

Jegh

Table 1 Recognition ability of each feature

Features / Center Average
Items i Position Radius Signature

AVRR
Average Accuracy for 100 test images

Time for | 100 test images

feature |250 database images
extraction | gatabase images after preprocess 0.02 sec. 0.01 sec. .| 54.02 sec.
Average time for a query 92 sec. | 78.54 sec. 55.87 sec.

Average time for a query after preprocess .64 s 0.71 sec. 0.76 sec. | 54.72 sec.




Leaf ! What are you
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Proposed Leaf Recognition Method

From the results of Table 1, we find that the precise features with higher recognition ability have longer
expenditure time. On the other hand, the simple with shorter expenditure of time have lower recognition ability.
In order to develop a leaf recognition system with shorter response time and higher recognition accuracy, we
further divide the recognition process into two stages. Fig. 2 shows the flowchart of this two-stage approach.

gooseas ; rmmmae sssssssssey
\ Normalization ' t g o 1
H Features Extraction : H Two-stage Retrieval :
i P :
i " . :
H Aspect Ratio : H H
Center Position 1 : retrieve top 1/5 candidates rank these candidates :
Inputa i i i based on the based on the H Retrieval
" Average Radius — 7 i —* : H sults
query image H 8 : H combined simple features combined precise features : results
H o S onae H H with optimal weights with optimal weights H
: Ll H H H
: 3 2 H
H H : H
: Herizontal Projection } i H
’ . -}
: P ;
‘ Vertical Projection ' H Stage | Stage 2 H
¢ 1 :
; . }

Fig. 2 Block diagram of the two-stage leaf recognition approach

The dissimilarities between Leaf1 and Leaf2 in the first stage and second stage are respectively
defined as the following expressions, where We,, + Weuner T Wasgradis =1 @0d Wiy + Wpy +wp, =1. Those
weights of each feature will be determined according the experimental results.

Dilf g (Leal 1. Laal 2) = Wy % Difl 0, (Leaf 1. Leal 2) 4 Weyny,, % Diff (Leaf 1.Leaf 2)+ W panns % Dilfsps (Leaf 1. Leaf 2)
Diff gyper (Leaf |, Leaf 2) = Wy, % Diff e g (Leaf |, Leaf 2) + w , x Diff o, (Leaf |, Leaf 2) + w ,, < Diff ,, (Leaf', Leaf 2)

Determination of optimal feature weights in the first stage

We use the Iterative algorithm to obtain the optimal combination of weights. Through the experiment,
when wg,,, = 0.20, wg,,, = 0.64 and w44, = 0.16, the combined simple features have the optimal
recognition ability (AVRR = 11.47, Average Accuracy = 2.08).
How many candidates will be retrieved in the first stage?

The evaluation criterion is based on the
measure ARR (Average Recall Rate) used in [4].
The recall rate is defined as (N,,/N,)x100% .
N,, is the number of the retrieved images that w0

re

have the same-species as that of the test image, E —
and N, is the number of database images which ~ § * — Wang's Method
have the same-species. We set N,= 5 in our & "

experiment. We also decide that the top 20% & i

images are retrieved from the database in the first e

stage. An average recall rate of 96.4% is achieved

for the 100 test images. As shown in Fig. 3, 4 ; i i i % 7 7
compare with the method proposed by Wang et al. The top candidates retrieved from database (percentage)
[4]7 our method has superior average recall rate. Fig. 3 Comparison of our method with the method proposed in [4]

Determination of optimal feature weights in the second stage

Through the experiment, when the weights w,,,... = 0.00, w, =0.96 and w, = 0.04, the combined
precise features have the optimal recognition accuracy. An average accuracy of 1.45 is achieved for the 100 test
images, and 83 % test images have the accuracy of 1.

Results

In order to investigate the performance of our approach, we conduct a simulation test by using the 100 test
leaf images. Table 2 shows the performance evaluation results, from which we know that our method has 83%
recognition accuracy and the average response time is about 10 sec. per query (CPU is the Intel Pentium 4
processor in the 478-pin package at 1.8 GHz).

Table 2 Results of the performance evaluation

Accuracy Percentage of the accuracy for the 100 test images Expenditure Average time
Hethed __- rime o anery

Two-stage approach 83% | 1% 2% 0% 992 sec. 9.92 sec.

We can develop the automatic leaf recognition system Based on the proposed method. We also design the
web service for the recognition system. The users will be convenient to use this system via the internet. Fig. 4,
Fig. 5 and Fig. 6 show the system and its web service.
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Comparing with the manual searching with handbook, present study, identifying leaves through the
images takes advantages of the conveniences offered by the computing environment. There are two
fundamental requirements for the automatic leaf recognition system. First, it must have the shorter
response time. In the interactive environment, longer response time may cause person to lose the interest.
To this end, we use the two-stage retrieval approach instead of the time-consuming exhaustive searching.
Second, the system must have the acceptable recognition accuracy. It is unlikely to achieve 100%
recognition accuracy. The reasons are that different species of plants have similar leaf shapes and same
species of plants have individual variations. More features should be included to improve the system
accuracy such as the texture of nervure and the moment invariant. It will be done in the future research.

Conclusion

In this study, we have presented an automatic leaf recognition system based on a two-stage leaf
retrieval method using combined features with optimized weights. The results of the experiment show
that our approach performs well and efficiently. Although all the leaf images are obtained using desktop
scanner in our current phase of the experiment, we believe that with some suitable revision and correction,
our automatic leaf recognition system would be applied to the leaf images gathered by other image
capturing devices.
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