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Abstract: There is little equipment specially developed for
grading kiwi fruit in both China and foreign countries. While
the full automatic grading equipment often has complex
mechanical structure and costs highly, it always grades kiwi
fruit on the basis of singular feature such as size, weight,
shape, color and surface defect such that it is hard for them to
promote kiwi fruit's market competitiveness. Therefore, this
paper developed a set of practical automatic kiwi fruit grading
equipment basing on technologies of mechanical separation
and conveyance, image capture and processing as well as
intelligent control. This set of equipment mainly consists of
material storage bin, single-line positioning system, image
capture system and grading executive system. And it also
has programs of image capture, image processing, grade
determination and human-machine interaction for the host
computer as well as control programs for the slave computer.
Its operating principle is that: firstly put a small amount of kiwi
fruits or slowly put kiwi fruits into the storage bin and switch
on, and then the host computer sends the startup command
to the slave computer. Upon receiving such command, the
slave computer starts grading equipment and initializes the
camera. The camera will then get into the image capture
state. Kiwi fruits are conveyed to the image capture system
by the single-line positioning system in single row. Upon the
slave computer receives the signal that kiwi-fruits are on
position sent by the position sensor of the image capture
system, it will immediately send such signal to the host
computer. Then the host computer will store the images
from the camera at this time and discard the images
captured at other time. After the host computer carries out
relevant operations such as image processing and grade
determination to moving images, it will send grading results to
the slave computer. At this time, the kiwi fruits will have been
conveyed to the grading implementation area and the slave
computer will control the implementation system at all levels
to perform grading. Each kiwi fruit will be graded through the
same grading flow. By testing, this equipment is capable of
grading by three features of size, shape and surface defect
and their grading accuracy can reach to 88.9%, 91% and
94% respectively. And the accuracy of integrated grading can
reach to 86%. The output of this equipment can reach to
1.22kg/min which is much more than the efficiency of manual
grading. With simple mechanical structure and low cost, this
equipment reduces the processing cost of kiwi fruit and is
suitable to vast middle and small users.
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INTRODUCTION

Grading is a very important link before kiwi fruits come
into the market, and is concerned with subsequent
packaging, transport, storage and sales of kiwi fruits.
Because of low technical level of post-pick grading and
other factors, Chinese kiwi fruits are not competitive in the
international market although China is country of origin
and world first largest country of production of kiwi fruits.
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For example, in 2007, Chinese kiwi fruit export volume
accounted for only 2% of global kiwi fruit export volume,
and export price was only one fourth (1/4) of import price,
and kiwi fruit imports and exports were embarrassed by
“widely different positions at home and abroad” [1].

At present, kiwi fruits are graded in artificial or semi-
mechanical way at home and abroad. Artificial grading fully
depends on experience, time-consuming, strenuous and low-
accuracy. Semi-mechanical grading focuses on a single
characteristic such as size, weight, shape or color, and
grading kiwi fruits only as a single characteristic can hardly
improve market competitiveness of kiwi fruit. Given this, in the
paper, a practical automatic grading method is designed. The
method can integrate the characteristics of size, shape and
surface defect in grading, and make good effect of grading.

MATERIALS AND METHOD
Image Acquisition System

As shown in Fig.1, the system comprises a closed
box, camera, position sensor and upper computer. Image
acquisition is carried out in closed image acquisition box.
Learned from multiple tests, moving image extracted at
white background facilitates subsequent grading. The box
is equipped with GS-500C1/2” CCD camera with high
frame rate, fixed-focus lens (8mm) and 5,000,000 pixels,
directly supported with USB. Its light source is white-light
energy-saving lamp with hood, 220V in rated voltage and
9W in power. The box is 250x480x500(mm) and equipped
with 9W white-light energy-saving lamp at 8 corners. Such lamp
is provided with hood to stabilize and even light and stabilize
each collected image of kiwi fruit. In center of the bottom of the
box, 2 cameras are provided. Transparent conveyor belt
facilitates image acquisition at two sides simultaneously
and makes collected image clear and complete.
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Fig. 1 - Image capture system / FGREZLH

Grading Execution System

As shown in Fig.2, grading execution system is made
up of transparent conveyor belt, baffle, push-pull
electromagnet and grading frame.

Upper computer processes and grades kiwi fruit
image, and sends result of grading to lower computer.
After receiving the signal, lower computer connects power
supply of push-pull electromagnet, and maintains the
power supply for 1s. Within time of connection of the
power supply,upon effect of movement of conveyor belt, a
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kiwi fruit falls along direction of baffle to grading frame of
its grade. When the power supply is disconnected, battle
will be automatically lifted. If the kiwi fruit is at the lowest grade,
it will be directly baffled to the final grading frame upon
movement of conveyor belt. Electromagnet is not needed for
the final baffle. Push-pull electromagnet responds quickly to
rapidly move baffle, structurally simple and sensitive.

Trantparent
Bearina block
19

Bracke Grand frame

conveyor belt  Kiwi
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Image Processing

In the system, the software MATLAB is adopted to write
image processing and grading program in upper computer.
Image processing is divided into 3 steps (image pre-
processing, characteristic extraction, integration grading), as
shown in Fig. 3.
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Fig. 3 - Image processing / A& ZEi#E

Image pre-processing

In practical application, kiwi fruit grading is finished
with uniform linear motion of conveyor belt. Due to this,
motion blur may occur in image taken during grading, as
shown Fig. 4a. If PSF (point-spread function) and
movement direction of kiwi fruit are known, the closest
PSF can be estimated based on blurring image analysis
and treatment in multiple tests. On the basis, restoration
model can be structured for deblurring. The system
restores image by means of Wiener filtering [2]. The
restored image is shown in Fig. 4b. Restored image is
converted to gray level image, which is denoised by
means of median filtering. The denoised image is shown
in Fig. 4c. Its edges are detected by means of Canny.
Result of such detection is shown in Fig. 4d, Fig. 4e is the
result of expanding Fig. 4d. Regional image of kiwi fruit is
obtained by filling, corrosion, opening operation and
redundant pixel deletion, as shown in Fig. 4f. Gray level
image of kiwi fruit is separated from background with Fig.
4f involved as template, by AND operation [3] with Fig. 4c.
A large area of white background in the image is cut out[4]
to bring pre-processed image shown in Fig. 4g.
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a) Original image b) Restored image

)

e) Expansion processing image

Size characteristic

Mean pixel of images taken by upper camera and lower
camera after pre-processing is taken as the parameter for
size grading [6, 7, 8, 9]. 20 regular kiwi fruits of the same
type with different sizes are selected from the same batch
as samples to fit relation between the mean pixel and
actual weight. Approximate relation between mean pixel
point Y (Unitpiece) and actual weight W (Unit: g)
concluded in test is,

f) Regional image

Fig. 4 - Image preprocessing | FRAL 2
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c) Denoising grayscale

d) Edge detection image

g) Preprocessed image

A DFHIE

LT 2MEEIHRNBRBREITLE  REFHLEE
B 2 ERGRENTHEEERN KRNI RSH6,78,9] ,
FIEE 20 NKRNF—BRRBEIN B E fa i E 4R B985 HR
BREANRE  BEHBERFIEEESERFRENXR,
LB BHBBREGHNFHIGERY () BAXGRE
W (g) zBBELXRA

Y =798W + 34081 @

Size of kiwi fruit is divided into 3 gradesas formula (1) in
reference to kiwi fruit grade standard [5]. Pixel threshold of

each grade is shown in table 1.

SRR S RAKRIRA]D], HEER (1) BHERRES
RN 3 EFRBERBERBELR 1 iR,

Tablel/ &1

Size specifications of kiwi and its pixel thresholds / BEEA P ErER RELTE

Quality / A iR [9] Standard / ## Pixel | RIEATHE
<80 Small / 2/ <97921
280~100 Middle / # 97921 ~ 113881
>100 Large / A >113881
Shape characteristic TERISHE

Shape of kiwi fruit is described with Fourier descriptor
[6,7]. Pre-processed image is binarized to new regional
image of kiwi fruit. The 1st non-zero pixel point of the 1st

line Qo is taken as start point to track edges of the new
Vo
(n: number of sequence point). Coordinate of each edge
sequence point is (X, Y,)(k=01---,n—=1) . Coordinate

image and conclude edge sequence point V,,V,,---

of center point of the new image (Xc, yc) is concluded by

means of double integral. Thereafter, radius sequence is
calculated and normalized to conclude r, (k=01,---,n—1):

[ = %)% + (v, - ¥ ]

RABENERT[6, 7IN BRI TR, FabE
EHESE B BREENFOBERXRERSG  SkE
85 1170 1 M3 0 BEAQ ENRAAN ZKHAB B
#THRBRER , BEBRFHAV,V,, -V, | (n HFF
AANE ) . BB R FH AN L E R
(%, V)(k=01-,n-1). BE-ERS ROXLEEH
DR (X, Y,) . ST EEEFSIHA— AR | 8
B (k=01,n-1):

r = - @
In the formula (2), r,(k=01---,n-1) is post- K@)F , r,(k=0L---,n-)HE—LEH¥EFT,
normalization radius sequence, and [, is pre- Max B —LRTERF S & KE

normalization maximum of radius sequence.
DFT F(w) of the radius sequence r, (k =01,---,n=1) is,
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n-1
F@) =13 r,exp(- | 259 = A@) + [B@)(@=01-,n-1) @
k=0
In the formula (3), €XP() is DFT function. Then, Fourier XE)F, eXp() HEEHTHREH,
descriptor |F (w)| is, NEEH BT |F () P
F@)|=[ A@+B* @] @

Learned from analysis on |F(a))| of image, with

increase in frequency @, Fourier descriptor of each shape
quickly decreases (if w>7, |F(a))| _, 0). For the purpose

of easy calculation and completeness of overall shape
information, edge information of kiwi fruit is described with
the first 15 components of DFT. As derived, m-order

derivative of I' | is,

dm
—r(k
T« (k)

Learned from formula (5), derivative of the radius
sequence r,(k=01---,n—1) can be indicated as the

product of |F(a))| and @ . More irregular shape brings

more significant change in radius sequence, higher m-
order derivative and higher aj“||:(w)| . Given this,

aj“||:(w)| can be involved as the basis for determining

regularity of radius.
To identify kiwi fruit shapes with different positions of

= 2m"|F ()|
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zoom, rotation, translation and start point, F(w) is
normalized as, EYBRIRBEEIR | 49| (o) #EATIH — fLAbER -
F(w
D@»:FQJ(w=O;~gn—D ®)

In the formula (6), D(w) -normalized Fourier descriptor.

The first-order derivative of the radius sequence
r,(k=01:---,n-1) is enough to indicate change in the
radius sequence. Therefore, m in formula (5) is let as 1.
Shape classifier X is defined as,

X :ia)D(a))

Analyzed from the above, higher X brings more
significant  change in  the radius  sequence

r,(k=04---,n—1) and more irregular shape. For analysis
on many experiments, set shape irregularity threshold as
1.85 (If X >1.85, shape will included in poor grade; if X
< 1.85, shape will be included in good grade).

Surface defect characteristic

Common surface defects of kiwi fruit are surface
bruise, scratch, bumping, etc. Pre-processed gray level
image is compressed to 100x100 dimension matrix. Statistical

eigenvector H=(H,,H,,H,,H,) is extracted from the matrix.

H,.H,.H; and H, are median, maximum, minimum and

maximum-minimum difference of the matrix. Normalized
H is taken as characteristic sample, and BP network is
taken as identifier [8,9] to identify surface defect of kiwi fruit.
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Integration grading

Learned from the above, kiwi fruits are divided into
large type, medium type and small type by size, good
type and poor type by shape, and defective type and
non-defective type by surface. Based on grade and
specification of kiwi fruit{10] and consumer’s fondness,
integration standard is prepared, as shown in table 2.
In the paper, size, shape and surface defect are
integrated as table 2, and kiwi fruits are divided into 4
grades. Learned from table 2, any kiwi fruit with surface

defect is included in grade 4.
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Table 2/ #2
Four grades of kiwi / #BEHEFHYH
Grade | &% Size | A+r | Shape/ B | With or without surface defect / ( AIE ) XEHE
The first grade | — 43 Large / A& Good / #F Without / &
The second grade /| =7 Middle / # Good / ## Without / &
Small / ) Good / ## Without / &
The third grade /| =47 Large / £ Poor/ & Without / &
Middle / # Poor/ Z Without / &
Small / 2 Poor/ Z Without / &
Large / £ Good | ## With / &
Large / & Poor/ & With / &
The fourth grade / %57 Middle / # Good /| #7 With/ &
Middle / # Poor / Z With / &
Small / 4 Good / ## with/ &
Small / 4 Poor / & With /| &
Design of Control System B REHB T

Control system is made up of upper computer program
and lower computer program. Written with the software
labVIEWS8.6 [10], it supports image storage, called image
processing, grade judgment, communication between
upper computer and lower computer and human-
computer interaction. With STC89C52 (SCM) involved as
core, lower computer receives command from upper
computer, controls motor and push-pull magnet, and
transmits kiwi fruit state parameter measured by sensor to
upper computer.

Upper computer monitoring

After initializing camera, upper computer calls image
acquisition program to drive 2 cameras to continuously
acquire and send image to upper computer [11]. When
receiving kiwi fruit in-position signal from lower computer,
upper computer can immediately store the image acquired
at the time, and call image processing and grade
judgment program to grade the image[12], followed by
sending of processing result to upper computer via serial
port. A user can send command on start, pause and stop
on upper computer. Such command will be immediately
sent to lower computer via serial port, and lower computer
will act correspondingly to control equipment operation
[13,14]. Parameters of serial port are set as 9600bps, 8 in
data bit and 0 in check bit.

Lower computer controlling

Lower computer (i.e. STC89C52) and its peripheral
circuit control motor driving module (motor, push-pull
electromagnet, etc.) and collects and transmits equipment
operation state. Control program is made up of main
program and sub-programs. The main program functions
to initiate system and call subprogram. The sub-programs
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are position sensor inspection program, serial port
communication program, serial port interruption service
and motor driving program.

When receiving start command from upper computer,
lower computer will initiate itself, and implement
communication with upper computer through serial port.
Lower computer controls motor driving program to start
motor of transparent conveyor belt. When a kiwi fruit
reaches image acquisition box, sensor installed there will
send kiwi fruit in-position signal to lower computer via
external interrupter 1, and subsequently lower computer
will send the signal to upper computer. When receiving
the signal, upper computer will immediately finish image
storage, processing and grade judgment, and transmit
result of grading to lower computer via serial port. Lower
computer controls motor driving program as result of
grading to activate corresponding grading baffle, send kiwi
fruit to corresponding grading frame thus implement kiwi
fruit grading.

Meanings of signal codes defined for communication
between upper computer and lower computer are shown
in table 3.
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Table3d/ #3

Signal connection between PC and lower computer / £ #8145 FHI491E S&#

Signal / %

The sending code /| X H

Kiwi in place / ##R# G

0X55

The first grade /| —Z @B

0X31

The second grade | =& G HRHE

0X32

The third grade | =& BH B

0X33

The fourth grade / ZAEZ##E5E

0X34

Start | #F#

0X30

Pause | &/

0X35

Stop / &1~

0X36

RESULTS
Grading test
Size grading test

90 regular kiwi fruits of the same type with different
sizes from the same batch are subject to online size
grading test as large type, medium type and small type.
Result of the test is shown in table 4. Learned from data in
the table, mean accuracy of size grading by the equipment
is 88.9%.

;KRS
PR
AhpEFits

F 90 NKPF—BFRREHAN K E & T EHOR BB 1E
WERDDRAKR, F, D 3 &, #TEERDDREARE
HERLRMEK 4 FiR. ARDPEFETAZIRE K DDRB
T EEESR 88.9%,

Table 4/ &4

Grated results based on the size of kiwi /| AN S LLE

Number of test samples / Number of right classification / Accuracy rate / Average accuracy rate /
WX ¥ SR EH T JEHF %) PGB %)
Large / X 27 24 88.9%
Middle / # 34 30 88.2% 88.9%
Small / /> 29 26 89.7%
Shape grading test TR LB it

47 kiwi fruits with good shape and 53 with poor shape
are selected artificially. The 100 kiwi fruits are put into the
X above for automatic classification. Result of the test is
shown in table 5. Learned from data in the table, mean
accuracy of shape grading by the equipment can be as
high as 91%.

61
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Table 5/ #5

Grated results based on the shape of kiwi | JFX S KL RER S REE

Number of test samples / Number of right classification / | Accuracy rate / | Average accuracy rate /
WX BRIEE T JEHE %] PG #E %)
Good shape | B4 47 42 89.4% 01%
(]
Poor shape / E#tZ 53 49 92.5%
Surface defect grading test BT 5 BitE

The 100 kiwi fruit images taken in advance are taken as
training sample after extraction of statistical eigenvector
and normalization. The 100 kiwi fruit images taken in actual
running of the equipment are taken as test sample after
extraction of statistical eigenvector as the same method
and normalization.

With BP network involved as identifier, surface defect of
kiwi fruit is identified. Result of the test is shown in table 6.
Learned from the table, mean accuracy of BP network
grading can be as high as 94%.

MNFEHTEN 100 EFRRUBGRERRASITHSEEEH
H—thBEERIGHER  WiEEXFRETHHEEN
100 EERIRSEE R R AR RBA T B EH LA —
LA B EERN AR | L BP MEERIRDIE , XIBRARH
HITREMMRBOIRG , ERERNMR 6 Fin. AZKRT
H , BP M2 R FIGHEFER AR 94%.

Table 6/ £%6
Grated results based on the surface defect of kiwi /| ZKETBE 5 KERE
Number of test samples / Number of right classification / | Accuracy rate/ | Average accuracy rate /
WAL ¥ SR IEH I JEBFE (%) R /EHE %)
With surface defect/ &4 | 50 48 96% 04%
Without surface defect / ZE## | 50 46 92%
Integration grading test 24 4B itk

The equipment is subject to 7 automatic integration
grading tests. Quantity of sample is higher in latter test.
After each automatic integration grading test, kiwi fruit of
each level is re-inspected with result of manual inspection
involved as reference value, followed by number of kiwi
fruit mis-graded at each grade. The accuracy rate (%) is
calculated as formula (8).

_|DA|+]|AB|+|AC|+|AD|

WiRE#IT 7 REFHESRHAE , BRARABRR
HAHERE  SREFIRHRENENERNERERE
HITRE , MAIRBNERENSEE  ZUHBIERT
WEIRD RN RAXK (8) ITEHEBEER (%)

®

n=1

In formula (8), AA, AB, AC and AD are numbers of kiwi
fruit mis-graded at grade 1, 2, 3 and 4, respectively. N is
number of sample. /7 is accuracy rate. Integration grading

result and artificial grading result are compared in table 7.
A, B, C and D are numbers of kiwi fruit at grade 1, 2, 3 and
4, respectively.

N

X(8)+ , AA, AB, AC, AD HRIKF 1. 2. 3. 4%
mAPEIRDROBIERNR N IEEBE , N A
BE %, BEIANERERSEAIIRERHX LT
KT~ ,HHB A B. C. DABIREL 2. 3M4ER
D RN

Table7/ &7
Comparison of automatic grated results and artificial grated results /| 3/ 5 EEREA T H R RHEXT
Automatic grated results / | Artificial grated results /
Test number / Number of test samples / Bt E A T4t
LY - HEFEEIH

B C D A B C D
1 50 11 15 16 8 12 17 15
2 80 17 26 24 13 20 28 20 12
3 100 24 30 31 15 27 34 26 13
4 150 36 44 47 23 41 48 43 18
5 200 46 61 62 31 53 67 57 23
6 250 56 77 79 38 64 85 69 32
7 300 68 94 93 45 77 104 82 37
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Upon data comparison in table 7, numbers of kiwi fruit
mis-graded at grade 1, 2, 3 and 4 and grading accuracy
rate are shown in table 8.

INMATEH — Jgu’caltuml Qiueexm'

B 8 FHHRENL  SitH—, =, ZNEEHEHB
HIR D REBRR N 5 RAEBRIME 8 Fi o

Table8/ #8

Fusion grated results / &5 H&E

Test number / | Number of samples / | Number of error classification / &&R5*%#| Accuracy rate/
BAH N pAl | |AB| | |ACT | |AD| EBE %]
1 50 1 2 1 2 88%
2 80 3 2 4 1 87.5%
3 100 3 4 5 2 86%
4 150 5 4 4 5 88%
5 200 7 6 5 8 87%
6 250 8 8 10 6 87.2%
7 300 9 10 11 8 87.3%

Learned from table 8, accuracy rate of integration
grading is 86%. Learned from comprehensive analysis on
test results of table 5~8,, accuracy rates of grading as
characteristic of size, shape and surface defect are
88.9%, 91% and 94%, respectively. Upon comparison,
accuracy rate of integration grading gets lower. Such
lowering is due to: (1) superposition of error in grading as
each individual characteristic; (2) Artificial grading is
involved as reference standard. However, artificial grading
is subjective and naturally has error. (3) error caused by
image processing and grading algorithm (For example,
there’s error in fitting function relation between mean pixel
point and actual weight, shape irregularity threshold,
subjective grading as well as surface defect grading
through BP network.)

Learned from result of kiwi fruit grading test, with the
method, kiwi fruit with surface defect is included only at
grade 4. This avoids impact on storage of other kiwi fruits
(Kiwi fruit with surface defect often shortens storage time
of other kiwi fruits). Comprehensively, although lower in
accuracy rate, integration grading is more reasonable.

CONCLUSIONS

Given artificial grading of kiwi fruit is time-consuming
and strenuous and popularity of automatic grading is low
due to high cost, a method for automatic grading of kiwi
fruit is designed. Transparent conveyor belt and closed
image acquisition environment implement complete and
stable image acquisition. Programs are designed for
integration grading as size, shape and surface defect of
kiwi fruit. Grading parameters (e.g. number of graded kiwi
fruit) can be learned through upper computer. Indicated in
test result, accuracy rates of grading as characteristic of
size, shape and surface defect are 88.9%, 91% and 94%,
respectively. Accuracy rate of integration grading is as
high as 86%.
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