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Seed viability testing model of sweet corn based on
artificial neural network and binary logistic regression
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Abstract In order to test the vitality of sweet corn seed quickly and efficiently, several physical characteristics (red,
green,blue, hues, saturation, brightness, light, a, b, width, length and projected area) of a certain cultivar of sweet
corn, Jinfei, were obtained in batch and quickly went through image recognition technology ( Seed Identification
software) . Each seed viability was confirmed through single seed germination test, and a model for seed viability
discrimination of Jinfei was established by applying principle component analysis, artificial neural network and binary
logistic regression. The results showed that: 1) a, b,saturation, width and projection area all had significant correlation
with the seed vigor and relatively high variation coefficient. For the seeds with a<(3.the germination percentage was
increased from 72. 7% to 77.6% , and the selected rate reached to 79. 4% . For the seeds with projection area<C
77.31 mm?, the germination percentage can be increased to 73.7% and the selected rate reached 87.6% .2) Based on
13 standardized physical indicators, artificial neural network model with double hidden layers (training set : testing

set=6 : 4) possessed an overall predicting accuracy at 74.2 % , germination percentage also reached to 76.9% , with
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93.8% quality seed selection.3) The germination percentage of binary logistic regression was 74.5% , but the model

stability of Artificial Neural Network model was better than binary logistic regression. These results would provide

references for further research and implementation of quality seed sorting technology.

Keywords sweet corn; machine vision technology; Principal Component Analysis; Artificial Neural Network; Binary

Logic Regression

T K AT L e g A SR P A 0 M 7 11 SRR T
BN EZMERMEZ AN EZ., A ERTK
R, LR B B b 36 0 AR ) HE P 25 AR
R EORHE ) Rk R BRI N R . AT
R e o T L, (E R A R I S i A I e e o S A
G5 A0 A 0 3 R 2 B R K BRI R R
SIS, JO T R AR B T R R FOIL T 3 1 T
Ko BRI, HE ST AE AR I R K R AN R
R0 EL T A 1 A D 2 AR S B I R OR B0 0 Y
ARERZ—,

BILAS B8 2 A S 1T 5 AL 4 AR ARG 5 | b 2
ARG A 1 Z2 U 7 58 SR HAE Ry — 0
B TR TG4 S T e P A 0 T m R R, B R
B2 ik R BORIE AR 45 A5 3 JUAF ok € 78 3% [ 45 31 i
WL AR 2 2 DRI T 4l B A AT L R
o1 ST A R RS B S O T R AT R AR
Fo R T AR 8 7 B AL LB ARG T AR A SR R 4

23 43 AT R P A ) SR L TT LK 2 A4 48
FRAEAS F 0 FL AT A B DT 4R T 7% 4k LA
AR bR - DI i 2245 i n) 2 45 0 f7 46 . BRI
FE 53 AT 22 A 1) LR = 40 43 AT 2 A 800 Ak 285k 1
.

N T 25 0 2% 2 vh 22 A AR T67 SR A 38 ST A
HEEAR R — RS AR, N TR 4
R 3G 3 S AT AR A R A M s AR B T
JTZRH . AR AR HON T4 2 2% S T A A A
U K Bb B B 5T . 3 A i AR B R gk F
93.3% , Pk AR R 2k I 45 T AR 4L 1 X
BRI TR R R 4. HAv kA
A2 X 2% Jiir Sl AR AR P T R A 0 T A I ) AT 5
B,

TG R ] R — AR L A 28 AR I Ry R AR R Y
SRR A A ikt . R, 2B R R R T
TR S0 b o B B 1 A . A O B AR R
FH 032 45 101 )3 45 7 3 2R T R A 9T b R 30 LA A
(kG B R S M4 3k 87. 4 Y0 T 94. 5% , 1% AR T
SRR BAF, a7 TSR T . MG R

AU B A BB AT R oG (] A R A K
AT DLAR e M 3R 3 45 A ol 5 B 6 A S 1L ) R
HHr, Zoc M PIHfE R iy W e . A&
WF ¢ LA 4 JE & F K B 7 R i 56 A kL, 38 i Seed
Identification AR 51| I 2R A2 AN [m] A= 1% 77 it oK A
TP G AR 8 A o R S D A R — R
B R AR A R EE A Ry BRI R AR L A S
ARSI AT L B4 B N T e R 2% K — ot i i
[l 51 3 57 4 AR KPP 5L T 20 5O A48 AR 1 43
GRS PR L L B AE N PR TG L ORI K
TR RIS %,

1 #ME5FE

L1 s
AR < AR B B KA T T 2016 ARAEH R

Wegk .
1.2 REEFHE
1.2.1 AT B4 A HRR

B AL 32 B 300 7 58 8% Jo 4 1 4 3E it B oK Fh 7
HeFEAR T A 22 unisanD6810 4 13 3 38 4
BB A% 10 KRR L B 100 R — K IE R
FHGA A 9 28 8 R 300 dpis FHAH G B K 78 R
png #30. JIrie &8 i H] Photoshop csb # 4 2 Fi &
A S, DL Ok A B A A R . B Seed
Identification # 44T I 11 &b B it 1) 181 Ao 5 47 4y 2R
FEME U A 4G B R RN 19 Red (Z13E€5) (Green (4
) Blue (B2 0) | Light (G2 ) (a (L R 4 (0
BB D L o CHE 8 2 % 8 () 5 [FlD) . Hues (€8 4H) |
Saturation (ffy F1BF) . Brightness (B BF) (K B K B,
T B RN BE S T BUE (B D 8l 5 TR A2 3] Excel
TAER. SHARAE ST BE.

1.2.2 WERFRXE

PG R T AT B 40K 2 BB AR
20 KL Ah - AR X8R G — 12 10 SR G 5, T AE T
i 45 b B AE B IR KSR B ARE T 25 T e
MR EIAT R, T RICEMF R &
ZF 45 I R 4 R S AR R EE E (E 2),



SRS S5 - R TN 0 28 000 45 R — S0 3% 4 18100 A 1 6 DR R 7 A 0 g A AR R O Y 3

S99®oROeVOVT Y
Tovo PO OO @
A AA AR A RA N
\AALALRA A RN
(2 A N B BB AN N
ePooevOCBeovVw
LA N N BN L RN N
voTvPevPDeoevw
erpo9TPOoR O
LA A X TEEE N &

Flod x
.

Eilkkh: T .7 Frpe 2800-3 . 25000 L1

EER - e

L ] B Rl ERee e BEEESE EEDETAR ¢
1 x
3

FTIECIE [T [T 06 3397
7 1% 1 18 040 10 10808 e
26 Ho R ME e as§r L .18

3 % AT a1 1T 810 s L
L ] P m bl e T4% 19% AR we
e 1m 12 137 LR T8 o
L 06 X 1M Mo LR 1008 me L LY
L] e 177 M0 1MW Ly 1319 Lre ] L5
I M 1T M 1M LT LT [T S
1MW e 1 L T LT TE] s
M3 188 138 IE pLE] 16 11755 s
B ¥ 1™ Me 180 has 1068 10667 el
X M M (T 1000 s34 “n
3 1 W e e iz T 5.8
15 22 1M 1% 0 1047 15484 L8
iF e I W W LE ] 1L6) Lagog 5.4
1195 I M 178 758 L] T 3344

B 1 Seed Identification %X {410 Bl & &

Fig. 1 Screen shot of identification interface of Seed Identification software

## N =6 cm;Scale bar=6 cm
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Fig. 2 Seedling image on germination on day 7 of

Jinfei sweet corn seeds
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Table 1 The descriptive statistics and correlation analysis of the physical indexes of Jinfei sweet corn seeds
b 1o 1 S 2 e B L B S 2 I He 0 e i S 2E
HE KR HMKMERE HHERERMACRE
AR5 RH Y , , ,
miH S H Correlation Correlation Correlation
Coefficient
Item Mean ) coefficient with coefficient with coefficient with
of variance
seeding length root length fresh weight
215 {8 Red 197. 84 7.33 —0.073 —0.077 —0.077
430 Green 180. 00 8. 44 —0.033 —0.032 —0.030
W5 Blue 149.16 10. 87 0.007 0.014 0.024
2L Light 74,22 7.41 —0.038 —0.039 —0.039
a 3.07 30. 26 —0.194™ —0.206" —0.213"
b 18.42 14.92 —0. 145" —0.172" —0.198™
o 41 Hues 38.08 3. 87 0.143"° 0.160™ 0.127"
1 A1 BF Saturation 24.71 16.78 —0.115° —0.135" —0.155"
W ¥ Brightness 77.58 7.37 —0.079 —0.083 —0. 081
JKE Grey 181. 30 8.26 —0.039 —0.038 —0.035
P /mm Width 8. 84 8. 40 —0.183" —0.129" —0. 143"
K /mm Length 10. 27 8.76 —0.111 —0.097 —0. 101
# 5% L/ mm?® 66. 47 14.97 —0.171* —0. 145~ —0.151"

Projected area

o FR WAL B G RE IR ;0 Fom e 6 2= i il

(CYSIIPNETE - i: b S Sl il

xx RIRAE 0. 01 7K ORUID - i AR G » RIRTE 0. 05 K-

Note:a means the range between red and green; b means the range between yellow and blue. *%* showed the significant

correlation at 0. 01 level (bilateral); * represents the significant correlation at 0. 05 level. The same below.
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Table 2 Screening and analysis of physical parameters of Jinfei sweet corn seeds

KRB/ % RER/U FHEK/om FHRK /em FHEEE/g

=L X [i] . o )
Selected Germination Averageseedling Average Average fresh
Index Interval
rate percentage length root length weight
XHE CK 100. 0 72.7 6.1 9.9 0.33
a2 32.6 84.5 7.1 12. 2 0.42
2<<a<3 46. 8 73.4 6.2 9.8 0.33
a 3<a<4 14.7 58.2 4.9 7.5 0.25
a>4 6.0 61.9 4.5 7.7 0. 24
a<<3 f5 ik 79.4 77.6 6.5 10.7 0. 36
b<<15 12.4 81.8 6.3 11.5 0.41
15<<Hh<<20 98. 6 74.9 6.5 10. 3 0. 34
b 20<Cbh<<25 12.8 58.3 4.4 7.4 0.25
b>25 0.9 50.0 2.0 4.6 0.12
b<20 ¥ ik 86. 2 75.8 6.4 10.5 0. 35
5 <67, 31 60. 1 74.0 7.2 11.0 0. 38
o 6731 MART7.31 27.5 73.2 6.1 10.8 0. 36
ﬁ% mm’ 2o a1 < gm<sr. 31 9.6 70.0 4.9 8.3 0.26
Projected area o i —s87. 31 2.8 54.5 3.3 3.7 0.14
AT, 3 Kk 87.6 73.7 6.3 10. 4 0. 35
S<<20 15.1 78.6 6.1 10. 6 0. 38
WRIE S 20<CS<25 52.8 74.7 6.4 10. 4 0.35
) 25<CS8<C30 26.1 71.3 6.1 9.5 0.31
Saturation S>30 6.0 54,2 5.8 6.5 0. 21
S<{25 Kk 67.9 75.5 6.3 10.5 0. 36

TE < 3R PE R =R 1R J5 A3 A= I 0 R B/ RS 2 WA A TR 1 RD - B< 10004

Note: Selected rate=viable seed after selection/viable seed before selection X 100 %.
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Table 3 Characteristic roots and accumulative contribution rate of Jinfei sweet corn seeds

W) U A (B P BT J7 A
Initial eigenvalue Extract sum of squares load
Ay » o » o
Ingredient FAIE AR - ZRTTHR/ % FAIE AR - ZRTTHRR/ %
Characteristic Accumulated Characteristic Accumulated
Variance Variance
root tribute offer rate root tribute offer rate
1 6. 816 52.432 52.432 6. 816 52.432 52.432
2 2.317 17. 821 70. 253 2.317 17. 821 70. 253
3 2.034 15. 647 85.900 2.034 15. 647 85.900
4 1.082 8. 324 94. 224 1.082 8. 324 94, 224
5 0. 626 4,818 99. 042
6 0.064 0. 494 99. 537
7 0. 045 0. 344 99. 881
8 0.010 0.078 99. 959
9 0.003 0.020 99.979
10 0.002 0.013 99.992
11 0.001 0. 005 99. 997
12 0. 000 0.002 99.999
13 0. 000 0.001 100. 000
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Table 4 Recognition accuracy of BP neural network of Jinfei sweet corn seeds

I ZRAE R/ Vo

AR SR 2

. e FEA B L Recognition rate of training set Recognition rate of testing set
AR5 . o
Sammo] I = I
ample Sasuple size zatio R XU o R
category - -
(Training set : Testing set) Single double Single double
hidden layer Hidden layers hidden layer Hidden layers
64 74.1 74.7 73.1 74.2
T1 7:3 75.5 75.9 73.6 72.5
8§:2 73.8 73.4 77.3 72.1
64 73.2 73.3 71.7 70.1
T2 7:3 72.4 73.2 72.7 71.0
8:2 73.3 71.8 69.6 76.1
64 74.4 74.0 72.2 72.7
T3 7:3 73.9 73.3 72.6 71.2
8:2 74.4 73.9 72.1 71.9

TE T8 13 A4 BEAR byt i A7 b 22 00 26 (A8 T2 1 A5 8 AR b 7 0 07 1 35 A DG H 6 > #) BEE A5 (a L b Hues, Saturation,, 5 B
ARG B BEAT A48 5 T3« ok F F2 0040 43 M S A 4 A F2 il 40 i A7 AR

Note:T1,13 physical indexes are used to model the neural network; T2, 6 physical indexes (a,b, Hues, Saturation, width and

projection area) related to the vigor of Jinfei are selected for modeling; T3, principal component analysis is used to extract

the 4 principal components for modeling.
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Table 5

The area of the ROC curve of neural network of Jinfei sweet corn seeds

FEA R L ROC [ i 1t 11 #83
eyl CUERAE = Mg The area of the ROC curve
Category Sample size ratio
(Training set : Testing set) 0 1

6:4 0.708 0.708

T1 73 0.710 0.710

8+ 2 0.707 0.707

N 6+ 4 0. 646 0. 646
L)

Single hidden T2 7:3 0.682 0.682

layer

8§+ 2 0.632 0.632

6:4 0.684 0.684

T3 73 0. 696 0. 696

8§:2 0.691 0.691

6:4 0.719 0.719

T1 7:3 0.712 0.712

832 0.709 0.709

. 6:4 0.658 0.658
X 7 )=

Double hidden T2 7:3 0. 659 0.659

layer

8:2 0.662 0.662

6: 4 0. 689 0. 689

T3 7:3 0.678 0.678

8:2 0. 654 0. 654

E:TLT2. T3 [ 451 AARA AT N Fh 7.0 fURT AT IFh 7.

Note:T1,T2 and T3 are the same as in Table 4;1 represents viable seeds,0 represents nonviable seeds.
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LA 2 13 AN B4 b 37 1 — 00 3% i ] )9 A8
% Hosmer fl Lemeshow #4; P>0. 10, i & &
HEAT 32 ] ) AT, AR R A R T 2 Ry 70. 30465
FH5 R0 736 48 PR AH 1 6 9 BREE bR BT 2 1932 1
[F)HEE A Hosmer Il Lemeshow £ 5 P>0. 10, &

YDA B B0 %o A 5 7 B3 % 91, 500, H X
28 R TN ZRAL K 15,3 %0 o R I 25 4 76 675 326 %o &
FRPRIIFBA 2 Kotk 20 4 A o s
Hosmer il Lemeshow £ % P>0. 10,3k %] 0. 548,
PR PR T Ry 71, 2 %6, Hodp X T 4R 5 R A
MR IR F) 91,5 %6, H IR X 45 Jo5 Pl 7 118 68 S0 455 780 3¢ Bt
B2, 3 MU B, 4 A LA @ R AR

% 6 & JEFF Hosmer #1 Lemeshow # & I R T il 35 B

Table 6 Hosmer and Lemeshow test and prediction results of Jinfei sweet corn seeds
- 4 B T % / % Prediction rate
25 5] ®H b ; W
egree O S .
Category Chi-square Significance % T (LR ik
freedom Poor seeds High quality seed Overall
T1 9. 34 8 0.315 18.6 90. 2 70. 3
T2 9.44 8 0. 305 15.3 91.5 70. 3
T3 6.89 8 0.548 18. 6 91.5 71.2

2.6 3FBRATEEZAUBRER

R 7 A M TR R ZER 72. 7%, 4 3
Tl 7 PR 18 J5 4 JE I E K P & 2R R A AR iR
I HP T BP MK @R R R, N

76. 900 HARMLR & T HAL 2 M5k, A HERE
ZF AT BE AR A SRR R IE A L BP M £
P 26 LA A3 BT i o Bk FH 13 0 B A 0 4 7 0L R i
JZ KA« UIZRAE =6 ¢ 4 A R BCR .
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Table 7 Comparison of 3 selection methods of Jinfei sweet corn seeds %
VRS KRR Rk AR REA RS S
Method Germination percentage Selected rate Model stability
LA bR 2k 75.8 86. 2
N L 22 [0 2% 5 7l 76.9 93.8 99.3
TG A (o] ) 45 74.5 91.5 92.1

T 4 20 0 2% A58 B RS ik = DMK AR TR 3R /I R AR U 3R X100 06 5 = 56 32 8 [l 9 458 U S Mk =
R S F AU AR/ 3k S AU B X100 04

Note: The model stability of Neural Network=recognition rate of testing set/recognition rate of

training set X 100 % ; The model stability of Binary Logistic Regression= recognition rate

of unselected case/selected caseX 100 %.
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5T 38 13 Seed Identification 34415 5 32 HL
() 4 JE B KP4 B R S &5 A SR bR E A 2F i
ISR 15 0% S48 AR JE T BP AN T4 28 X 45 o0 B 2 57

T T KA A 06 g OIS A, 25 3R 8 B R 13 A
Y3 48 #7 (Red. Green, Blue. Light, a. 6. Hues.
Saturation, Brightness, JK J& | %8 & | & & F1 #52 |@
RO (8 A A 808 2 A7 ol 28 TR0 26 XS )22 A A R
et H I G AR R I SR S AR AR B Ly 6 ¢ 4
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pUE: STTEC

BE TN T 28 0 45 1 0 3 A 0] 0 1 I 3 K A 7 A 3 g G AR A B Y 9

B ST A TR A 000 205 SR e -, 2R A B O o S R 2
RN 72,700 HE R 76. 9% . IR BERIAF] 93.8%, H
ARSI RO T HoAh 7 5

AAEY) P11 o 4 IR — e BT b R e
AR R AR o R 76 A 77 A B DR D BT B R
S An AT PR L TG AN e AR I R B A L R
WO E R SR R OCE MR PR . H T S bR A
RLAPO IS RN i ¥ A el (OR2 RGN Rl D& - prire 2 [ 1)
AGE I Ty 2 AN Ay 22 5 Ak B A A R R TR 4 B
(R Tl ) B 2 B0 6 AN TRVECHE 43 O ik e A TR
T 3 0 G e AR AL, W LA SRR AR O TR L
RCRIRG HEARAS U 53 2% B A R 5 AR A B 48 i 3%
TESLbRRM A B A EEE L, AMIRET AT
P25 I 2 Fl — o6 % B 0] ) . 45 & Seed Identification
A ST T OK B AR IE T 100 ARE TR X BF 5
FORFIFA1E 7 A S AR DU R S B8 4L B e AR i, X
{2 AL A5 00 1 AR SR R AR Bl K R A2
o 0 7 T HAT B

AWK R ] SPSS 21, 0 # 7 N T &M
25N oo B nl H B AU LK Hoas T R AR S )
DU ASEAR T 8RB A, HR B T AR 5T T A
K B AR SR SRR R PR F R 4
A PRE T 2P k.
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