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Abstract: Kiwi fruit grading is a key link of fruit treatment
after picking. In respect that low sorting rate and grading
rate of kiwi fruits affect commodity value in China, the
paper acquires the volumetric characteristic of kiwi fruit
through the 3D reconstruction of its three views, and fits
volumetric pixel P with actual weight W to get a
mathematical model between the two parameters, and
identifies the area characteristic of the surface defect of
kiwi fruit by iterative method. Volumetric characteristic and
the characteristic of the surface defect are inputted into
Support Vector Machine (SVM), and then suitable kernel
function and kernel parameters are selected, finally the
kiwi fruit grading accuracy of 97.73% is gotten. Compared
with the grading accuracy of BP network with 92.11%, it
can be seen that the grading effect of SVM is better than
that of BP network and its grading performance is stable.
The experimental results show that the SVM grading
method based on kiwi fruit volume and its surface defect is
feasible and can be used for online inspection of
appearance quality of kiwi fruits.

Keywords: Kiwi fruit grading; SVM; BP neural network;
Image processing; Agricultural technology extension

INTRODUCTION

At present, the kiwi fruit grading of China mainly
depends on artificial way to complete it, so both the
grading efficiency and the grading accuracy are low. China
has the largest production of kiwi fruits. With the increasing
import and export volume of kiwi fruit year by year, the low
price of kiwi fruits needs to be changed in a short time. So
it is very important to improve the grading technical for kiwi
fruits, which can produce more economic benefits and
significantly improve its market competitiveness.

With the development of machine vision in recent
years, many scholars at home and broad have developed
a number of methods for quality inspection of kiwi fruit,
e.g., Lu Q [3] developed detection of hidden bruise on
kiwi fruit using hyperspectral imaging and parallelepiped
classification, and the experimental result showed the
error with 14.5% for internal damage detection by high
spectrum. Wijithunga et al. [5] studied kiwi fruit detection
based on generalized color picture segmentation. Yongjie
[1] advanced a surface detection method for kiwi fruit
grading. Wu Tao et al. [7] studied the object extraction of
kiwifruit based on machine vision. While there are rare
studies on external inspection and grading methods for
kiwi fruits. Hence the paper developed a grading method
for kiwi fruits, which used SVM as the classifier. The
method can achieve the accuracy grading results for kiwi
fruits according to volume estimation and surface defect.

MATERIAL AND METHOD
Feature Extraction of Kiwi Fruit

Usually a picture shot by the camera is noisy, so it
needs pre-processing [10]. Picture of Kiwi fruit snapped
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by camera is shown in Fig. 1(a), and the original picture RhEE [10]. IR R E R W 1(a) s, 45
is transferred from RGB space into the second channel

(saturation) in HSV space, as shown in Fig. 1(b). Picture K& RGB =¥y HSV 78 [F] 158 — i@ iE ()
with me(_jlan_fllterlng for Fig. 1(b) is sh_own in Fig. 1(c), HIEE A(b) P S (o) HE AT H i i A B ) B o
from which it can be seen that the picture has strong

contrast, less fuzziness and complete edge information. 1(c), TR L(c)RIxd Lh g nm, AR, ZME BARTERSE
Edge extracting is conducted by canny operator for Fig. ¥ 4 St g 4 4 st

1(c), and the result is shown in Fig. 1(d). Fig. 1(e) is #o XH 1) A canny STHATAZARM, SR WA
obtained through the expansion of Fig. 1(d), and then Fig. 1(d). X 1(d)iFAT KRR 1(e), BXE 1(e)i#iT
1(f) is gotten through the fill in Fig. 1(e). Later the region - T s - —
picture of kiwi fruit is acquired through corrosion, open SURAFH 10, AkTiR B AOREAT TR, TFIB SRR LR
operation, redundant pixel deletion and other operations GRS E, FEES XSG WA 19). BHE
for Fig. 1(f), as shown in Fig. 1(g). Then Fig. 1(g) is NN _ N
viewed as formwork and inverted, finally logical product is Ug) MENBBUFR, S L@FnE&I R G, B %)
conducted for R, G and B components of the picture BT 5, B3 MNY 555 SR ERENE S i E
shown in Fig. 1(a) to get kiwi fruit picture divided from the

background, as shown in Fig. 1(h). 1(h)-

@ (b) © (d) () ® @) (h)

Fig. 1 - Picture pre-processing process

(a) Kiwi fruit picture  (b) Saturation picture (c) Median filtering picture (d) Canny edge extracting picture (e) Expansion picture
(f) Fill picture  (g) Region picture of Kiwi fruit (h) Division picture of Kiwi fruit

Extraction of volumetric feature BFFIT R #28

Volume is a key indicator in many fields, and a very e g A g HE A G g INGT b R
important feature for fruit grading. Normally, the larger a EVEZ AU R — R b, R E

fruit is, the heavier it will be. The paper designs a volume HE—AN R EERE, — RS, AR ) E
measuring method of the kiwi fruit based on computer

vision. Ko AW T ETHHEHUL G BRI TR & 51
After the pre-processing of 3 views of the kiwi fruit SO B M B = W0 4 A BT S, E R D

picture, all of its front view, side view and top view are in

100x100 pixels, as shown in Fig. 2(a-c). Front view is FURRLIEZE )9 100 x 100182, W 2(a-c)fiz. AL
read in to calculate its edge, as shown in Fig. 2(d), and

the coordinates of 4 orientation points locating at the x|, sRECEWELZ, WE 2(d), $EIE0 DS 5
easternmost, the westernmost, the northernmost and the

southernmost areas respectively among the edge contour S RRE. B E. SAtEASEELT 4 NN AR
points of the front view are found out. Side view is read in

to calculate its edge, and the coordinates of 4 orientation Aetrs R NALIE, SRECAR E D2, $R 2L K 0 %5
points in the easternmost, the westernmost, the

northernmost and the southernmost respectively among 5 A AR S PATH . HALEAEFMEET 4 NS
the edge contour points of side view are found out. B . R N X
Taking the edge of the front view as the benchmark, the 4R, CLIEMLELA G OubnitE, ML KL KA E,
edge position of the side view is adjusted to align the . L B ) .
horizontal coordinate of the northernmost orientation 1 1 e B e ) SR A TR U7 O iR R AR A 5 IR I

point among the edge contour points of the side view with . . — A .
that of the northernmost orientation point among the edge e B v Y AL TS L s OB BRAR XS HE - BRI 2(e)

contour points of the front view, and the result is shown in — s - S T o] T I A
Fig. 2(e). Top view is read in to calculate its edge, and P e AL, RIUPLELZ, DUERLEILS: 4 4

then its edge position is adjusted as per the coordinates A o AR 2 3 2 N Al e S
of 4 orientation points on the edge of the front view and L RAERRATR R IR EILZ: 4 IR AR A B

those of 4 orientation points on the edge of the adjusted R R R D A B, A e R b i B AL T
side view, so that the horizontal coordinate of the - N

northernmost orientation point among the edge contour A7 55 F A A& o e I AT AR, B 321 £ 66 B 2 P 1) s 25 T A7 A5 1
points of the top view is corresponding to the ordinate of

the easternmost orientation point among the edge contour 2l Alkkz, [EFE, JREARAL B4 S0 45 030 256 20 o5 v () B
points of the side view. Similarly, the edge of the top view

is adjusted so that the ordinate of the westernmost T J5 A s BN AL A 55 TE AR PRI S5 56 BT s r f) ¢ V8 T 7 A6E 1
orientation point among its edge contour points is

corresponding to that of the westernmost orientation point I ALARFEXS BL, Z5 R WK 2(f). 3RAF 5 0 AR T 2
among the edge contour points of the front view, and the

result is shown in Fig. 2(f). The coordinates of the 4  ¥eERmAYEAT . PG SAL A m K 4 A4
orientation points in the easternmost, the westernmost, - o . . .

the northernmost and the southernmost among the edge RUKAERR, FIFHLE 4 AT LR AR IR B IR A G v
contour points of the adjusted top view are achieved to -

find out the center point of the top view's edge further. LA
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(d) (€) ®

Fig. 2 - Three views and edges of all adjusted views of kiwi fruit
(a) Front view (b) Side view (c) Top view (d) Edge of adjusted front view (e) Edge of adjusted side view (f) Edge of adjusted top view

Creating 100 x 100 x 100 cube zero matrix named
as /1. Edges of the front view, edges of the side view

and edges of the top view are adjusted to correspond to
the front, side and top of A /1, respectively. Taking the

ordinate i, of the westernmost orientation point among
the edge contour points of the side view as the initial
point and the ordinate i of the easternmost one as the

end point, the edge of the front view is copied to Layer i,
of K]l to get K\]l(, ix, :) ’ ix € (ilyizy"'y ix)"'yin,p In) .
Taking the ordinate j, of the easternmost orientation
point among the edge contour points of front view as the
initial point and the ordinate j of the westernmost one
as the end point, KI1(j,, <, 1) Jy, € (o foo s foovrts Joows )

are transposed and further assigned to 100 x 100
square zero matrix named as QP . Aligning QP with the

center point of the side view’s edge and then conducting
overlap, the results are shown in Fig. 3(a-c). Then the

coordinate (X,,y,),z € (1--- w) of the edge contour
points of their intersection can be found out, where @ is
number of edge contour points. Clearing the j Layer of

K71, ie, KJ(j,,:,:) and assigning KJI(j,, X,, y,) to
1, the slice set of edge of side view can be obtained
through traversing all jxvalues, as shown in Fig. 3(d-f).

(d)

(b)
Fig. 3 - Edge cutting

(a) Overlap picture 1
(d) Slice 1 of side view

In KJ1(:, :, k,), different k, values correspond to
different rectangular slices, thereof,
k, € k,k, -k, -,k k) . k is the horizontal
coordinate of the northernmost orientation point among
the edge contour points of the front view, and k, is that of
the southernmost one. Schematic graphs of different
rectangular slices are shown in Fig. 4(a-c).

@

(b) Overlap picture 2
(e) Slice 2 of side View

#3100 x 100 x 100 M IE A ZHRE K71 HIEME
HGRLKJ1RIETE, AL L0 B A1 BT, ARFAR
B LR L A1 T . AU ] 120 5 56 86 st o 110 5 G T
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B o AT AT DA 3 5 25 58 4R 38 53 1) 10 25 50 88 s 1) A b
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KJLIE J B KIG,) W%. m KILG,, X, y,) &k
A 1, WHEAE |, EERINIA%Y %, mE 3(d-
)i,

effect graph of side view

(c) Overlap picture 3
(f) Slice 3 of side view

TEKIICG:, o, k) PR K, 0 REAR R ), o,
k, € (k, Ky, k,oooy ko K)o k HIERLELZE
R O S5 AT 7 R S R, K A LA PR 2 25
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4(a-c) K.

(b) ©

Fig. 4 - Schematic graphs of rectangular slices
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After traversing all rectangular slices, the minimum
ordinates of contour points of each layer of rectangular
slices are saved in array named as M. Then the
maximum and minimum in M are found out, and the
absolute value of their difference is viewed as the
minification base number. Taking K, and K, as the initial
and end point respectively, the rectangular slice of
K, Layer, ie., KJI(:,:, k,), is transposed and further
exchanged vertically, and then assigned to matrix named
as N. Subtracting the minimum ordinate value of
rectangular slice contour points in N by the minimum in
M, and the quotient of dividing the absolute value of their
difference by the minification base number is viewed as
minification A of the « layer edge of top view, i.e.

‘min(N) -
l —_
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Edges of the top view are contracted by double
interpolation algorithm [2] according to minification
number A, and the contracted picture matrix is further
expanded into 100 x 100 matrix. During the expansion
process, the coordinates of each point of the original
picture matrix remain, and all new expanded points are
filed by 0. Center point of the contracted picture is
aligned with that of edge of the top view to get matrix
named as L. The center points of L and N are aligned
and overlapped to get matrix named as S, as shown in
Fig. 5(a) and 5(c). In S, the intersection between L and N
is defined as boundary. The center point of S is found out
by the coordinates of the easternmost, the westernmost,
the southernmost and the northernmost orientation points
in S. Such center point will be rounded into an integer if it
isn't an integer, and viewed as the initial growing
coordinate [6]. Starting from these initial growing points,
the growth spreads to all directions in S till the
coordinates of all growing initial points and the points
(X..,Y..)Within it and the boundary whose values are
equal to 0 are found out, where, m=1..-y, y is number
of all points equaling to O therein. 100 x 100 x 100
cube zero matrix KJ2 is created, and all elements
of KJ2(y.., .., k,)are assigned with 1. Regional growing
slice sequence graph can be achieved after all
k, € (k , k-, k, -,k , k) values are traversed,
where different kxvalues correspond to different regional
growing slices, as shown in Fig. 5(b) and Fig.5(d).
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Fig. 5 - Schematic graphs of S and region growing slice
(a) Schematic graph 1 of S; (b) Schematic graph 1 of region growing slice; (c) Schematic graph 2 of S;
(d) Schematic graph 2 of region growing slice

All points equaling to 1 in KJ2 are drawn by
MATLAB to get the 3D scatter graph of kiwi fruit, and
statistics is made for the number of 1 in KJ2 to get the
pixel numbers of 3D scatter graph of kiwi fruit named
as P, which is also used as volumetric feature of kiwi
fruit. The 3D scatter graph of kiwi fruit is shown in Fig. 6.
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Fig. 6 - 3D Scatter graph of kiwi fruit

Abstraction of surface defect characteristic

Surface defects of kiwi fruit mainly include scrape,
bruise, press, sunburn [8]. First, kiwi fruit is transferred
from RGB space to HSV space, and then kiwi fruit picture
is abstracted from the background of original picture in
the saturation channel. The abstracted picture is cut to
get Fig. 7(a), and then the gray scale chart of the cut
picture is obtained, as shown in Fig. 7(b). Gray scale
transformation is made for the gray scale chart, and the
contrast of such chart is intensified to get Fig. 7(c).
Fig.7(c) is divided by optimal threshold T, to get Fig.
7(d), and the threshold is calculated by iterative method.
Defect detection is conducted for Fig.7(d) by canny
operator with the threshold of 0.79 to get canny division
graph shown in Fig. 7(e). Edge in Fig. 7(e) is removed to
get Fig. 7(f), and defect in Fig. 7(f) is filled to get Fig.
7(9). Finally, Fig.7(g) is restored to get defect color graph
shown in Fig. 7(h). Defect area of kiwi fruit in Fig. 7(g) is
calculated as the surface defect feature of kiwi fruit.

(@)

(b)

©

(d)

RESULTS AND ANALYSIS
Weight Estimation

Total 40 kiwi fruits in different sizes, regular shape,
the same variety and the same batch are randomly
selected as sample. The volumetric pixel withp /1000 is
fitted with actual weight W by least square method, and
the result is shown in Figure. 8.
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Fig. 7 - Defect characteristic abstraction graph of iterative method
(a) Tailed graph; (b) Gray scale chart; (c) Gray scale transformation graph; (d) Iterative effect graph; (e) Canny division graph;
(f) Edge removal graph; (g) Defect fill graph; (h) Defect color graph
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According to experimental data, the relation between
volumetric pixel p /1000 (unit: piece) and weight W (unit:
g ) of kiwi fruit is shown as follow:

W

_1.3350 x p + 11. 2655
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2 LIRS BB I A BUR ZRAE P / 1000 (PR
MEHEEW (B g)ZEEIRRN:

Analysis of variance for weight W and volumetric
pixel P is shown in Table 1, in which the testing
value > (F, = F,04,n-2)- The value of F shows
that the influence is highly significant. The coefficient of
determination I is shown as follow:

2 _ SSR

2
1000 @

ERW SHBURE P 90N 1 Fis, b,
BB F > (F, = F,(,n—2)8nsees, o
PFRHT N

=0.9501 3

SST

In the formula, the sum of squared residuals (SSR) is
the sum of squares of residuals, and the total sum of
squares (SST) is defined as being the sum, over all
observations, of the squared differences of each
observation from the overall mean.

The result that the value of I is approximate to 1 shows
good regression effect when using volumetric pixel P of kiwi
fruit to estimate its weight W. Moreover, weight of kiwi fruit
W is in positive correlation with its volumetric pixel P. The
more volumetric pixel P is, then the larger weight W will be.
Standard error Sy is shown as follow:

S, =, /ﬁ =4.2490
n-2

In the formula, SSE = SST — SSR, and N means the
number of kiwi fruits. The value of Sy shows small error

and validates the effectiveness of the model,
formula. (2).

i.e.,

X, SSR AL S IME IS B 2277, SST AR
RUIE 5 EME RSB 2T T

FRAM L 1, RUIABRERE ARG R P (TR
HE W MEEACR RIF. SRk ES W AR R P
PRIEARSCHE, BB, Sehrf sk, brfEiR%E S,
N:

(4)

', SSE = SST — SSR, N ARKBRMEREA %L S, M5
SERBIRZER/N, WAE T ABRAR (2) BTk,

Table 1
Analysis of variance for actual weight and volumetric pixel
Source of variance Ssd Df Va F Fa Significance
Regression 13052 1 13052 722.93 4.098 Highly Significant
Residual 686.06 8 18.054 7.352
Total 13738 9

Total 20 kiwi fruits in different sizes, regular shape, the
same variety and the same batch are randomly selected
as sample, and their volumetric pixels are inputted into
the model to get the fitted value of kiwi fruit weight. The
result of comparison between the fitted values and actual
weights of kiwi fruits is shown in Fig. 9.
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Fig.9 - Comparison graph for fitted value and actual value of kiwi fruit weight
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From Fig.9, it can be seen that the fitted values of kiwi
fruits weight are approximate to their actual weights, thus
the model shown in formula.(2) has good regression
fitting result and can be used for estimating the actual
weights of kiwi fruits .
Empirical classification of kiwi fruits and data
preprocessing

Kiwi fruits are empirically graded into 4 grades [9]. The
same variety and batch of kiwi fruits are classified into large
type (marked as L), medium type (marked as m), small type
(marked as S) and very small type (marked as VS) by size,
and they are also classified into defect type (marked as D)
and no defect type (marked as ND) by surface defect.
Different classes of kiwi fruits are shown in Table 2.
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TR R 2 N BkEE (D) FTEERFE(ND), 2 hruE iR
2 s

Table 2

Grading of kiwi fruits

Grade Size Defect

First-class L ND
Second-class M ND
Third-class S ND

L D

M D

Fourth class S D
VS ND

VS D

Volumetric pixels and surface defect areas of total 88

88 MRIGEHE ) A UG B AR TR 4 3L )3 — 1k

kiwi fruits are selected and normalized. Different
standardization methods generate different grading — AbEE. ANFEIFRAENTTIES R REGAREWN, 23 xE
results. Through repetitive experiments, z-score R NN
standardization method is selected, i.e. KA it z-score bRt ik, B
_ Xij _Yi
z; = (5)
S

In the formula, Z;; means converted real variable
value, and X;; means actual variable value. X; and S;
are arithmetic mean and standard deviation of variable,
respectively.

Grading effect of SVM

The 2 kinds of features, i.e., standardized volumetric
pixel and surface defect area, are inputted into SVM with
v-SVC type and SVM with c-SVC type. Different kernel
functions are selected for experiment. Sample number of
training set and that of testing set are 44, respectively,
and the grading results are shown in Table 3.

Re, 2 WEEALRISTE R, X AR, X,
RS, 5 A R SR T A 22

SVM JI4 R

W EIRARAEAL G AR BUR R AR B A TR 2 SRR E
A v-SVC B! SVM Fll ¢-SVC % SVM. FEA A ik $iidk
ITSRg, YIGRERMNRERE AR 44 4, HREERFE 3
Fi7R o

Table 3

Results of grading by different kernel functions

SVM type Kernel function type Grading accuracy
Linear kernel function 84.09%(37/44)
c-SVC Polynomial kernel function 88.64%(39/44)
RBF kernel function 97.73%(43/44)
Sigmoid kernel function 70.45%(31/44)
Linear kernel function 86.36%(38/44)
Polynomial kernel function 88.64%(39/44)
v-SVC

RBF kernel function
Sigmoid kernel function

97.73%(43/44)
81.8296(36/44)
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From Table 3, it can be seen that the highest grading
accuracy of the 2 kinds of SVMs adopting RBF kernel
function is 97.73%, but the SVM with v-SVC type
adopting other kernel functions has a little better grading
result, so all subsequent grading experiments use such
SVM as the classifier and RBF as the kernel function.

SVM training is attributed to the solution of convex
quadratic programming problems under linear constraint
[11], and SVM will occupy large storage space when
training set is large. Different training sets are inputted
into SVM, and the grading results are shown in Table 4.
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=g=!

% 3 W41, WS SVM BHTELFFE RBF # ok #3455
T RAETZE 97.73%, (HIEREIHAAL i B A v-SVC A
SVM (K150 G BURA ke, WU 210 53 5256 350 2 LA L2
SVM {EN 3 28%, Hik$ RBF fENZ RS

SVM [AIVIZRIA S5 Ry SR 2 P 240 3R ™ — ORI 1] Rt
[11], SNSRI, SVM $52 4R ER A7 it 25 14l .
BARFINZGERN SYM , 451 I0%E 4 Fios.

Table 4

Grading results of different training sets

Training set number

Testing set number

Grading accuracy

25
30
36
44

a4
a4
a4
44

97.73%
97.73%
97.73%
97.73%

From Table 4, it can be seen that different numbers of
training sets inputted into SVM with v-SVC type bring the
same grading accuracy of 97.73%, so this type of SVM
has stable grading performance and can always realize
very high grading accuracy for different sample inputs.

In order to investigate the influence of kernel
parameter o of SVM on kiwi fruit grading accuracy [4],
44 training sets and 44 testing sets are selected
respectively, and the grading results of SVM using
different o values are shown in Table 5.

HIZ 4 "L AFEIZERA v-SVC & SVM 13 241 [F]
1392 IEM % 97.73%, HHULWANZAL SVM 4 g1t fefa e
» TEARFIREARFAITE LT BI6e15 2R = 0 2 GHE =R

NTHEE SYM IESHL O SRR 7 9% TERf 26 1) R
[4], 73l FEN MM RES 44 A, £ 0 BURRIER
SVM BB 73 R 25 R N3 5 PR

Table 5

Grading results at different O values

Nuclear parameters(O )

Grading accuracy

0.5
1.0
15
2.0
3.0
5.0
10.0

93.18%
95.45%
97.73%
97.73%
97.73%
95.45%
90.91%

From Table 5, it can be seen that different o values
influence grading results greatly. SVM has optimal
grading accuracy for o distributed in the interval [1.5,
3.0]. SVM is in a state of over learning for o <1.5 and in
a state of under learning for o >3.0.

Grading effect of BP network

BP network is the most widely applied back
propagation network. The next kiwi fruit grading
experiment based on BP network will be conducted with
sample numbers of training set and testing set are 50
and 38, respectively. Training times is 50 and learning
velocity is 0.1. The volumetric and defect area features
are inputted into BP network, so the number of input
layer neurons is set to 2. Kiwi fruits have 4 grades, so BP
network has 4 output layer neurons, and the grading
results for different numbers of hidden layers are shown
in Table 6. From Table 6, it can be seen that BP network
has the grading accuracy with 92.11% for 8 hidden
neurons.

100

Hm#E 5%, o HAE[L.5, 3.0] SVM [ ok ik )
wiE. Jo <15 K, SVM dE%>: 40 >3.0 i,
SVM 2R .

BP MIZ5HIA TR

BP %542 H i B B2 1 S ) AR 4k 45 . T kAT
T BP WSR2 R0, . MIERRE A%
1508 50 A 38 A, NZRIREN 50, 2 >J#% N 0.1,
BN ERETCAECN 2, WBURFIE RIS L RURRAE SR BP
WA, WEMNEME AN 2, BEkE 4 A
L BP ML Z M TN O 4, EEAFRKE
TENSAS R RINK 6 Fion. HER 6 WA, HBRE
EME AN 8 1, BP MR JIETIZR N 92.11%.
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Table 6
Grading results based of different numbers of hidden neurons
Number of hidden layer neurons 5 6 7 8 9 10
Grading accuracy 86.84% 86.84% 86.84% 92.11% 76.32% 84.21%

Comparison of SVM and BP network in grading results

Grading experiments by SVM with v-SVC at different
sample numbers of training set and that by BP network
with 8 hidden neurons are conducted, and their grading
results are shown in Table 7.

SVM 5 BP M4 Rk ERHE

EBAEARFINGEEEAZH B T v-SVC B SVM
M EZ TN 8 1 BP MBI/ s2:, 7>2k4s
BNk 7 B

Table 7

Comparison of SVM and BP network in grading results

Training set number  Test set number

SVM Grading accuracy BP Grading accuracy

25 40
30 40
36 40
44 40

97.50% 82.50%
97.50% 87.50%
97.50% 90.00%
97.50% 92.50%

From Table 7, it can be seen that the grading
accuracy of SVM is always 97.50% for different sample
numbers of training set, while that of BP network is
greatly influenced by the training sample number.
Moreover, the grading accuracy of SVM is always higher
than that of BP network, so SVM can also obtain higher
grading accuracy for small training samples while BP
network needs more training samples.

CONCLUSIONS

The paper develops a grading method of kiwi fruit
based on volume estimation and surface defect.
Mathematical model for the weight and volumetric pixel
of kiwi fruit is fitted. The coefficient of determination is
0.9501, and the standard error is 4.2490, so the model
has a good fitting effect and can be used for actual
weight estimation of kiwi fruits. The SVM with v-SVC type
adopting RBF kernel function can obtain the grading
accuracy with 97.73% under the optimal kernel
parameter 0 ; The grading accuracy of BP network is
rising along with the increase of numbers of training sets
when the optimal number of hidden layers is 8. The
grading performance of SVM is superior to that of BP
neural network under different numbers of training set,
and the grading accuracy of SVM is always higher than
that of BP neural network.
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