H35% 19w
20194F 10 H

Rlk TR A 4

Transactions of the Chinese Society of Agricultural Engineering

Vol. 35 No.19
Oct. 2019 283

BT £ BRI A R EREL N 8755
R, RGHE, BT F T R, A

(1 R AR R AE T 5 Bt 9 ¢ 2100315 2.3 FUARK SE WU Ak T RE A2 e, B 437 7K 843300
3 AL AN AN T4t Fr it 3225, B 3L 210036)

B O PO R 2R AR BN T B 4 20 = A BN 0 SR R IT R PR IR . O R R R
H M AR HLE S8 30 S5t e e [ A B0 R 0 4R BB, G 5 IRl A A 2R P B TP R 1) — MR JERARE A, 75 el — 4R IR
IR g = 2 22 8 SRS AR, R A Y R AR R R R T A o R AN [ 58 SR T £ (4°~15°) , AN [R5 11 2 0.1~0.5
) FIAS ] FLA% (24~42 mm) % 22 58 JFA R I AR BN R T B S o 06 45 SRR W, 22 B8 5 BR AR 2 1) 142 N
I R AL » PR PR AR X 8 2 I A 30 ) A R 52 vy PS8 £ 88 DA 8 DK, 28 T R PR R A 5 222 It A e ) R 82 5 v 2 £ 38
RN > g5 /N AR 2 53 9300 DA 6.0% A1 1.0% 5 2 6 R TR A TR F) 8 550 1) 13 0435 5% vy S8 DA ik L, A 204 ) P ARUAT
T AR (A R X 15 22 B LA 11 A2 A AN WD St L B AR /N 3 B, AR RRURIT S T B AR RS % 22 K (170 331 049 9.1% AN
4.34% 5 20 B S 21 ACREE IR (1 T 13 R85 v S D 5 A TR AR 8~ R4 A R 5 2 i A% 0% 110 18 DK 19K, 3R
PABEAE A AN T S, T P AR AR 32 T KRR ZE AP AR R 22 4B N 2.45 e HM1110.2% 5 2R 1A (1 15 75 AR 2 25 A
SRR TR ZE HIE N 3.65 cm® FT 7.09% . £ 2 58 R IN 55 7 k0 2080 3 G 4% KT R AR IR S %
FHRIR AUBALE A R R SRR A R AR R B AR

doi: 10.11975/j.issn.1002-6819.2019.19.035
FESZES:TP391,S37 XHERAR A A

X E S :1002-6819(2019)-19-0283-08

RIAE CBRE, TET, E4E, BFRE, BFEA. ET2RBEEMIFRRMZTERELNE A ED]. R

TFE%#R,2019,35(19): 283—290. doi: 10.11975/j.issn.1002-6819.2019.19.035

http://www.tcsae.org

Wu Mingqing,Yi Xiaokang, Luo Huapin, Li Chuanfeng, Tang Xiaoyan, Chen Kunjie. On-line measurement method for

volume and surface area of red jujube based on multi-contour model[J].Transactions of the Chinese Society of Agricul-
tural Engineering (Transactions of the CSAE), 2019, 35(19): 283 — 290. (in Chinese with English abstract)  doi:
10.11975/5.issn.1002-6819.2019.19.035  http://www.tcsae.org

[l

0 3l

BERDG R B R D, B ARG 7 K AR A 5
[LS AREK P/VW A R L ks S QT - EAI: S R R N 2
BAEYR, LU L 28 O B R (AR ML 28 5 K SRR
1AMV PR A R 21 AR I L AR AR 46 B
TS R AR R BT, ) G 4T AR I I T
A R ) R IR (] It A i i AR AR AL A
EREZETB HArZCAR EE 7 P05 5A N T WU
APLER AL FIA o N 73 IR R AR S LE A s AL
o v M TN 00 G i AROR I3 e T 20 G0 A
i, (H LB 2 2 RERR I 2L AR K AR AT 70 20, 0 20
FRAR BB — , ANRENS TS S R 2D JE AR, TR
SN LA S AN A IO 3R o LS L AR 1

Wk HiY:2018-11-17 &I H#1:2019- 04-10

R H:EZK HARRE AT H (31560479 11464039)

VEB WA R W, L2, B RO 2T, 2 BN AR ™ wh A 5
S HTHEST . Email:290679570@qq.com

SIMAF R BRI, B, W A2 U, 32 B A A7 om0
H AW . Email: kunjiechen@njau. edu.cn

PGAL IR AR RN AR R L SUBE 3 T 65k B
SEAE R SEILL AR A3 e T BT 20 A R AT IR
HFIIRA, Horp g R KA R AR S A T
YEEMG I RE SR AL LA P 4EAS B 1T HAE IR A Ak, i
JSJUART T IR T3 5 1 BRI 22 51, e BRAIR L AT 1) 43 K
J.

PARURH 3 I AR AR 2 A% 7 it E S 1) ) B AL, MRS 3R
PRBURIZR ARG AR 7™ il B R /N 73 oA T R e ]
1 58 FEBRAA AR I 5 22 SR /K200 &, 2R AR
HI R D) (K D7 v AT W Y e R AR L G S I S I
D, T T AT S RIFE Ly . AR, EA AP
WRTIF AN I A 7 ot PR A RRUR 2 AR PR o vk o AR 55t
MG A5 U0 e L AT AL B S I A A, BRI 208 — 4 R RRALE
SR I RE R AR, g 37 UG AR R 5 oo 1) 4 1 [
JHTT R . Clayton S5V 3 1) LUBRAAMIU B (4 4 BEHL Ak 5 4
Aol 3 SRR 2 TR, SR FH 1) e 00 3 SR 0 2 TR, A A 2R
Gy AL T 92 BR 2R T A 15% F1 18%. Uyar 252058 i =
YE WO BORICAR 7= i = 4 507 USRI AR R R R T
B, 23 ) S0 SRR ERAR ) AR RN T A, G rh BRAR AR AR
02 TR (K VF A% 22 /N T 1%, 30 B8 0 (A B 45 2



284 ANk TFE2EHR (http://www.tcsae.org)

20194E

1%~3.15% , X &5 W 2 1 A vE 578 22 /D T 1% FE Qg 4
LV P = OGN R G, T R S SRR R AR
(10 = 4 2% B) 1 0 2 B, A e 1 ALK 22 5 65 4, SRt
TR Z R A el AR . 3% 52 P SE02R) ] = 4 26
FEE AR P& 5 Ak B g 400 AN R DU BRZHS TR 1 A 7= il 1 A
TR TR, 1 TR e 5 1 S HE 7K 90 R4 B 45 A B 9 5%
ANKIU (R AT A S SRR RS EAT AR AR AN R AR 5, 45 R 2
7N 3Rl IR AR 2 R BOK T 0.98 76 I ok 1, 24 K
B TT 10 MR I, W 5K B KT 98%, Ml s i/ T 7
i S DK T B 1k, 5 R GEREAE S s PN 58 B 4
AR R R TR I & E2, H Al B BT 2 AR R
AR AT I (B T4 T 28 1 AR A A R AT 41 &
I3 VI 50 AT AH AR IE

AL R R EAGCR AR B T 2 e, R G Ak B
FEARTEAT 20 A R 58 1) SR A FRRAE SR B, P i AR AE
SR A LT = AR I T SRR R AR B R R T AR
T R HE T AR AR FIAR TR S B0 214 53 e 45
PEELE A AR AL o
1 ME/RE
1.1 ZHRES = HRERT RS

YR R AR R R R LT AR IR AL, 2 T AL
HH K A A () T IR AT AR 3R BRI — oy 5 B R fR e G g
JEER (1) 300 5 s 4 WS DG 2R 443 3], JLARE 2 A7 /N R
Fo A A SR A BRI (A B A N A ) A
YRR ERAR Y T BN e Aok R R AR N ) P 4 S
[ [ o 0 >R A NV I S, 56 18 5 ) i AR R U DR
B2, 0 KA 2 MG AT A B, R AR 300 Sk e J56 i 1) A
B 5 3% LA TR BEE AT S 6 ot

FE Y a), B g ISR RS SN 6,
TR At A 1, SR AT S B PR JE R ) p g B8R N iE
e A3EEIn B p g MG R RE I (D) TR

R(0)= L' :[0959 smé’} 4 D
q -sinf cosd]| ¢
q=[0.1]

q'=[-sind cosd] p'=(cosOsinB )

(av]

-
p=[0.1]
VEip.q.p g AIE, O TEE M, (),

Note: p, ¢, p’, q are vectors and 60 is rotation angle,( °).
1 =@ E R AR
Fig.1 Two-dimensional vector origin rotation diagram
VA5 50 B R R AR B S8 AR A 2R 2 BN EAT e e
[l — RO HY 5 ok R Q) FTR

{x:}_{cgsﬁ sin@}{q )
y -sinf cosf ]|y

A (e, y) Wi 5 W G AR B B 7 B 5 0 Sk RS 04 e
L, (0); (7, "D AT i G AR ARBR A7 B . AR R R

(xoy) PN 37 2% ) B Af AR AR 3R ooy, 25 [0) EL AR AR AR R oz 7
B )5 T BT B B A AR R xy' 2 W 2 TR, e 4 8 5K
wE)HR .

‘_Z
V2
<
n=
0] 0 hy
- .S y
X g

x/
B2 = Zear b AR R

Fig.2 Three-dimensional rotational coordinates

x' Ax X
[y' =| Ay +Rx(¢)XRy(a)XRz(0)[){l (3)
z' Az z

KA (o, y,2)" B2 B B AR AR R E— 0 (a0, y 2"
RAE A A PR R oy 2 AR, (Ax, Ay, Az)' R ZS
[B] B A AL b5 2R woyz B 45 (8] ELA AR AR &R 2y BERE S50
HH R (d).R (), R(0) 73 [8] ELFA AR R wyz 2125 [H) A
AR FR a2 B E G R S @, 0,0 32 7 41 A58 508 L il 42
x,y,z, HERL A B (°) s W1 (4)~(5)~(6) T 7 :

1 0 0
R.(¢)= {O cos¢ sin¢] W
0 -sing cosg
[cosa 0 -sina
R,(a)=| 0O 1 0 }
Lsina 0 cosa

(5

[cos® sinfd 0
R.(0)=|-sind cosO 0] 6)
0 0 1

FEA (@), A8 B Y AL bR AT 28 x b AT e i, )
WARKAAERF , (Ax, Ay, Nz)'=(0,0,0)", Kb (x,y,2) "%
7N AABR ST T T B AR AR AR R zoy BRYARAR, (&7 ,y",2) "R
INEEEE LR S AR B AR R 2 o'y AR RR
1.2 ZAER{RFRFIR MmN 2 [RIB

8 3 = Yk i B ] 3 B, P AN A AR ES B 1 TR
N A O 5 A B N RS RN E N=180°/ A 6, 5 e
JERANH N=20, %8 BEAE 2 5l 0 AN 3a b s, 1,
L7, R B T8 56 300 % o, RV A0 4 2 TR B I o 4%
ST A BRI G AR AR P A AL P AL 5 Z R = AT A=,
Z,PA AR %S B A5 RO 15 2, 9 A 45 52 T AR n] DA X
(7)%7,1?:

n-1
S=N (A, + 4, + 4,1 d,.) @)
i=1

X SRR B AL, em?, A, AL A, AL, Y
AT 6 B0 0 5% A 405 R s Rl s 7 0 2 B8 = R R 1) T R
cm’sn AR UL A N B R e, AR Z s
Iri) , AH Q140 SR 452 101 T 1 — MG [ 65, 22 %8 IR A 2R R 4 A
AU A (@) F .




191

S WV A« BT 20 R0 R 2R 1) 21 A AR RN 3 AR e W Ty ik 285

T VSS TS
3

i

) S
V=jaS(h)dh-vZ( ) Oh ()

Kb VR Z R BT EE AT, em®sab 4 2 56 FR AR Y
NI  em;: S, S, WA i+ 1 2 HE I I A, em?;
Ah A B IH  BE, eme

TEREI 3b BRI s AT U (93

n-1
C= (Lt Ly + LipLys,) ©)
i=1

Z ZREREADRR
Z,is center point of symmetric 'y
axis for multi-contour model

ab HZ TR,
2K abisthe
length of the longitu-
dinal axis of the multi-
contour model

AGFRREERR
ZImsA
Afisangle

r Al EBGHIREA  AE BR0s [H]
(K8 2 r.andr, , arethe distance

between the contour edge point and the contour
axis center point of the projection surface

Lb CHBE B AL L, L, L., L, HEC BRI ZA
BT AIIEE RS, om, n I SREC R AL B 7R 3e
E 2B 7 1), AR AR %S R BE TR B — IR &, 2 46 30 A5
TR AL TR AT LU R (10) %R .
P=be(h)dhzZ(7Ci+CM (10)
‘ 2
X PR 2R BRI AR TR, em?; C,, Cy N3 i+ 1
JE B AR A emy, AR A AT AR B T 1w R B
S EIR E I RELR 1K em.

)y Ah

v A ABSEIEE
-Q} A his prOJe-ctlon
< plane height

between
adjacentcontours

a. AHAI %S 3 IR A 7
a.Diagram of angle between adjagint 3o§tdematic diagram of volume and surface area calculation

1.3 B&rSEF S zE
AICAEVS2010 FF RV 6 F R H VO fiiE 5, 45
4 PCL(Point Cloud Library1.6 ) /i = J# Fl OpenCV % F
&1 H LA HE B8 2% (Open Source Computer Vision Li-
brary3.0) %) B AT A BE . BG40 #0126 H Ax A
P8 v K T 1R 0 1 L R, T B I & kAT R 25 g
P& v I FRDORG BERY . TR AR R 0 da o o AHALIA S
P2 B A8 5, JTOGMRE ), BHRAE (R, 75 20 K
JEE A B AR AT DB A0 BE, A SO FH AP 20 % (0 6]
158 ¥ R B R T VAT K BEALRRY 11 55 A O Gray
=0.299R+0.587G+0.114B, X "F' R . G . B 73 7l AR K (0 14
G 3 IEA A 2T 0 SR W 0 IR 5 8 S ), SLIUE
0 [ ¥ R 0~255, I B AR R a0 18] 4b o o S8 {E BB K
TR VI — R A A8 A5 25 (1) AH BY. 43 5 AR 1R~ S E A b
O BAR F A N oy B A T i AR SCR S (E 9 U (5%5
) T7 15N 2 R AT U8 U B A 8RR n
de JITom o BB ) B A A A2 K R B4R 3 K P (B
BN 0B 255, K i B 2L H B R AR, AL
K Otsu 503k, i S0y AT (H 0 5 A7 a7 5, B ik
155 e SHE BT 320 2 40 15 R0 43 RO A s, AE AL
R 4d . s F G, BRGNS A AN IE
SEIL G, R I S e R ) B L, N O as SR A AR
S, NN TS e AR 4 0 0 T DX, 2k R ] e £
TN HC BRI S A bR BTV I AP 1) T SE N

b. ZEFTE 2 A0 BB R K

b. Projection diagram of multi-contour on z axis

B3k @Rt EirsEH

PHNABGLIRIECERILS: S
Pand A are the contour edge
points of the projection surface

X /’/./-
» Y

c. FHARBLRE I 2 18] 1 1o

c¢. Height between adjacent projection planes

Opencv " ] findContours() Bf £ 6] B4R 5 J58 12E 47 K 4
Kr 28 X 4 RETR_EXTERNAL , % 45 28 U & 5 46 2
B J56 s B AR IR 3%k CHAIN._APP_ROX_NONE, H:AF ]
SRR B 0 S Bk — AME 2 AL BR A7 B 5 2) Y H Opencv
1 (1) drawContours() B8 1 22 il ZM 58 55 , bR 50 rh 24 thick-
ness >k 45 il #6584 (PR 40, — M B 1, ORI 8] 4g
Pion e ReJRI A8 3 SR YRR, T BN 4R AR AR i
el = YEAR AR FARERAE G T B — A =R E A
CvPoint3D32f(float x , float y, float z) , 5 — 4 AR FR A7 fifs 2]
YRGS R s PR YR R A CyvPoint3D32f [ H 4k 28
T LAY N PointXYZ /i R, £74ifi A .ped SCAFHS KP7,
R E 4h s . BT EGCR SR R AN [ 0] B 2
(1) %6 JER AR bR # A — 58 B 22 5%, s [ AR BR RANIA], 7 22
X R BT B G — 1 A bR &, BIER A getMin-
Max3D 5 /)N [ G R B0k B 58 BR AR KR Tl (v, v, 2) , O
SARBRH O (v, 2) 5 AR FR (0, 0, 0) 4 2 AH ik e 512 L
BEER  AARWE 4i s o FEJE LA Z o e e b i
T YRR R YRR R A R R OC R Ok 2 R
RO G R W B 45 P, SR R s T o AR AR AR DT
AR TIEA RO B, FRAR T 50 B AR Y A4 RN 2 T AR 1) o
SLHRE , 5 BN 2 50 R i s AR B AT R R AR BRAE . AT
K AR Z MRS P R s T SRR DT, R 3R R LT A
HIRZNA 0.1 emx0.1 emx0.1 em, W1 4k 7 o



286 ANk TFE2EHR (http://www.tcsae.org)

20194E

. 2
T K} k
v v
a9 B
om |
[

a JRIRPER b EIRIEAL o EIENE d. —MHAL e @R €K

g THEREERARIN h. TR R AR S S 1 SR m AR PO RS
Jo BRI OGRS T B A Z AR k. i A BT ORAT

a. Original image b. image graying c. Median filtering d. Binarization

e. Corrosion f. Expansiong.g.2D contour extraction h. 2D pixel coordinates
are transformed into 3D point clouds i. 3D point cloud coordinate center offset
j. Convert point clouds to multi-contour models by mapping k. Downsampling of
point cloud model

B4 By # fe s it 42
Fig.4 Image segmentation and processing
2 BRI 5EE
2.1 KB A
TRICAEA Ky B] 5 R B2 AL, WA K 2018 4 10 H , K H HE

RS J——

aiA e E

a.Experiment device

K 20 2 AP AR AR B 2 A AR AR KNI o 1 5 AN 25
K, PR, BEAER I 20 AN A, L pE 100 S &
FEAEH
2.2 RN EEFIEE

HL RO bR R OR Ch E R AR B 7 R RS F A
), R 0.01mm) , LM K BE AR, B (G FE £ 100 mL,
R .1 mL), 84K, 85 ), il 528, B EHAS b8 4, B 7

\
&,

23 R FEMZIT

HEI K — BN B G CREREE, WKl 5
7N IR R E B DAL, THENL, e S, LR, KA
SN . AL SR D 4E A MV-EMS510C &L T M A HL A2
4.0 mm £E JF B Sk, 18 % RS 3.45umx2.2 um , Wi %
15 i/s , B 6 I 18] 4 30~5 000 000 s, LA M 5 ¢+ 51 KL
FHIE , FHALIE T = & JE 1] e 70 g A 1 HE , K7 51 1) i
B oty PR B B 00 P 4K 29 300 mm s HE B O 5K H M
AN LED 4T 5 Jig 5% &5 5K H 5 B¢ B NA250 L) g 4% &
60 s/ , JiE i A 360°, JiE 7 & 142 4 125 mm, 1E
JiE e 5 1 v ] 5E — MK BE D 160 mm (19 4N £, 40 £
R A A,

| Central perpendicular line |’
.
st

Principal ¢ptical gxis

g —

10—

11

b. 5 i 9

b. Experiment principle diagram

LUFENL 2. 2085 3540 40008 5. 40 AREA 6. JUMERTSE 7 A0HL R BE 3k 8. It 1 5t 9 GIRTS AT 1004 11 0gH S
1. Computer 2. Red jujube image 3. Dark box 4. Light source 5. Red jujube sample 6. Frame beam, 7. Camera and lens 8. White background 9.Light

source controller 10. Steel needle 11. Rotating table

BSHBRERE

Fig.5 Image acquisition device

24 ARBEGHXERE

H 7 §t1i  MFC(Microsoft Foundation Class)iE 4T 5t
T TE, %A 7 R R B ik, e i a3, 78 4042
T G OB AR, 9> TR ()T B Sk B 40 ) PR
B 150 mm, T4 5 E 300 mm, 78 B R A, 1 45K
RS = VN Y L VAT o e N = )k | N R W
PRANAE R, Y RE AT BT S I AE AR MU Sk 1 /T T, fish AR
Blo 30 s N A4S BIFEA I B & B il 12, 15,20, 30,
45, lmﬂmﬁaf/\“Uﬁ15°,12° 9°,6°,4°; KA FE T L R
0°~180°, 3% 4R AL K&, BUR M A-fitiig Xk TPG.

3 2*%'? \1}?
3.1 HEKEFEGERSERREDN 8 RIFE
A SR T HE AL DI B 2 A AR, A E R R I T o

FEABZKABION B M 6 LBEAF , 28 B W R 1B AR AN /K
jut FH B 7 e A 40 3 N e A A 4 7K s H 21 100 mL
A, B R A R KRR, BPLD A AR, REANFEA
D3 UK, WOV 58 5 5 S AR08 2 81 I AR AL ED
CEA AR o A S PRI 1) Ak B O 9 02 T A AR A S 41
AR, FBY T8I U8 AR 10 2 A B8 4%, K B 4R
5~ JRCE A LA K S0 A4 4R b SRR T Gl [ 6
Fiw, B e X ek o 40 R B AR RS . AE SR AR
R AL S bR RS S B AR A% 2 TRIAE AR A 2 1 2
BN, h T 9> RG22, $ i R G RS, W7 X
%éﬁiﬁﬁﬁ%o AR HR[30-3 1748 H b o 7 i, B ER
A () e IE 1) 5 45 35 FR A, o L 3 O A 1) 5K B
. RGNS H WIS DL, BRI P
JOSF RIS 25 RSE LRI s AN AR, =R (1) BT R



35193

T WA T 22 B0 AT AR 1) 21 AR R URN 3 1 R e 7 vk 287

Hea Rk mBpsBlr Rt

Fig.6 Tin paper on red jujube surface image acquisition

(an

A A R LB R 5 Lo B RST L A8 3R R s S br i
11=0.005 615 25 ]I, 5B A B1=0.000 42x {5 32 ], b
FH Matlab 1 [¥) bwarea A £ 48 11 11 €8 DX 3k [ FL
32 AEFRARPAERIMFRERFEIT 0

W 2L AL ARTRR AN 93 Dy 5ASSE G, B4 90 20 4
CLAL, VT S5 S I B /M P I B3 KA b v A 22
AT B H . AR A AR R S B AR B R i A G vk o3 A
S5 R 1 PR AR B AR HE G 25 7 1.09~2.05 2Z 1], 28 5
AHAE 6%~12% L[] 5 FR AR bR 22 15 2.56~2.88 2
[, A% 53 R EAT 4%~10% Z [H o

F1 AR FERAFTLRERITH R
Table 1 Different grades of red jujube actual value
statistical analysis

TS K e
Character- %% H/ME e KA T Y1 o "
istic pa- Grade Minvalue  Maxvalue  Avevalue iz e
SD CV/%
rameter
0 32.00 39.00 34.30 2.00 6
e 1 25.00 32.00 29.25 2.05 7
” 2 18.00 25.00 21.15 2.01 9
Vem?
3 12.00 18.00 15.00 1.78 12
4 8.00 12.00 10.35 1.09 11
0 59.00 65.37 59.98 2.59 4
i 1 47.78 56.37 52.45 2.80 5
" 2 38.16 46.10 42.94 2.63 6
S/cm?
3 29.70 37.90 33.66 2.88 9
4 20.20 29.60 24.78 2.56 10

3.3 BKMAKRERERNE

BRI BRI P Ta s s SEICERAR IR G e J3R e 7b
P s ¥l G AR 3 ARAR R B O = i, W e
P71 BRAA L G B 1) v oo A% 31 st iR B i 7d

P s F WL ¢ Ry 2 R i Y, il Te s s K %
B EERE RS AT R KA, B TE T o A 2 5 B A A AT Al
H Z8H O ST EE , WK Tg P s S IR T a2
AL E Th R .

a BRIRENS b IR G B o BB R AARFEH Ty =2 = d. = By
RS e SRS O R A 2 FE BRI £ Z AR BB R ORAF o Z4E ERREAY
VA L ANYEE S A A -Ki'e A TRUR 3

a. Small ball image b. Small ball edge contour c. Image pixel coordinates are con-
verted to 3D point clouds d. Three-dimensional point cloud center offset e. Con-
verted to multi-contour model by mapping relationship f. Multi-contour model
downsampling g. Multi-contour model Z-axis center point projection h. Vertical
projection surface boundary point

B 7 AR B B A AR
Fig.7 Process processing of spherical image and point cloud

BRAKFEA K IR 420 4.2,3.4,3.0,2.8 F12.4 cm, %45
[F) ol #1 FS5 A A PR, TRI B A RE TR 15°.12°.9°.6°R11 4°,
X R B R 124152030 F145, RAE TG FE 4 0°0~180°.
34 KK EESE.BANERIRES
2, WERIR B AR 0 3.4 cm [ 5 15, %6 55 ] B5 £
JEh 15°.12°.9° . 6°FH 4° FI s 5% =1 24 0.1, 0.2,0.3, 0.4
F10.5 emo Ry 43 AT $ 52 v B8 RAG J5R 1) £7) 5 0 22 %0 B BK
BRI R AR v g R . RER2, K
HH 22 50 BRI S o 1 RN U AR 2 T AH R R 22 1) e KA
Fildse /MBS oK B8 6 38 (1) $E 5% v JSE FVES 0 18] £ B2, 24 %8
J3R 1] £ Bk 40, BE52 s BN 0.1 em B, A FR 1) B /)N 11 AH
X R 2R 6.0% s 4 56 R 8] £f1 2 15° 1), 2% 1111 AR e /)y AH XS
RN 1.0%. LEARI 22 58 B 2R A4 2 1) 44 FR Bl
0 B T) A RN R v S8 1100 R G 45 2 1R 8 K 8 K, 2 T AR
(R AH o 15 22 Bifd %6 J56 [0 £ R0 43 5% i 58 (1) 389 K ik /S 5 il Bk
A TR 56 36 [) £ (1) 385K, R IS R0 PR A7 B 2 92> 5 i) B £
4°,6°.9° 12°H 15°AH XS Y. 1) 34 #E I 7] 24 180, 120, 100,
60 F1130 s.

R2 AR S EME R HEXNKIEEE N EIRE

Table 2 Measurement error of spherical model with different projection height and contour angle

PZY YN 7] b P > ke A e ; . R .
Empirizzlﬁ\folrsnula lnltejr[iz}l;\;iggle Sphffrfxdiﬁa:neter Prmﬁt;),n_lliight S R FARFRE Relative
(EF) /(%) Jem Jem Actual value Measured value error/%
4 3.4 0.1 20.57 21.79 6.0
6 34 0.2 20.57 22.13 8.0
V:§ R’ 9 34 0.3 20.57 27.56 34.0
12 34 0.4 20.57 27.64 34.0
15 3.4 0.5 20.57 28.07 36.0
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Table 3 Measurement errors of spheres with different diameter

ZHRAR U PRk bl S B A s
Empirical formula Interval . Sphere PrO.J ection Actual value Measured value Relative
angle/(°) diameter/cm height/cm error/%

9 2.4 0.1 7.23 7.95 9.9

4 9 2.8 0.1 11.48 13.51 17.0

V—ERR3 9 3.0 0.1 14.13 15.30 8.2

9 34 0.1 20.57 21.79 59

9 4.2 0.1 44.50 46.52 4.5

9 2.4 0.4 18.08 15.63 13.5

9 2.8 0.4 24.61 24.32 1.1

S=4nR* 9 3.0 0.4 28.26 29.15 3.1

9 3.4 0.4 36.30 35.34 2.6

9 4.2 0.4 60.79 59.90 1.4
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Table 4 Measurement error of volume and surface area of
different grades of red jujube

B £ B P
FE B8 B B Root iR 2
R Projection  Z54% - mean Mean
Characteristic . Interval .
height Grade square relative
parameter angle
/em /(%) error error
RMSE MRE/%
0.1 0 9 2.57 3.60
0.1 1 9 2.81 8.20
V/em® 0.1 2 9 2.99 11.30
0.1 3 9 2.06 12.00
0.1 4 9 1.83 17.00
0.5 0 9 2.44 6.49
0.5 1 9 3.38 7.83
S/em? 0.5 2 9 3.15 5.96
0.5 3 9 4.73 7.47
0.5 4 9 4.55 7.71
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On-line measurement method for volume and surface area of
red jujube based on multi-contour model

Wu Mingqing'?, Yi Xiaokang’, Luo Huapin®, Li Chuanfeng’, Tang Xiaoyan’,Chen Kunjie'™
(1.College of Engineering, Nanjing Agricultural University, Nanjing 210031 China;
2. College of Mechanic and Electrical Engineering, Tarim University, Alar 843300,China;
3. Green Food Office of Agricultural and Rural Affairs Department of Jiangsu Province, Nanjing 210036, China)

Abstract: Ample sunshine, together with scarce rainfall and large variation in diurnal temperature, makes Xinjiang a unique place for
producing tasty red jujube in China. Grading is an important parameter for storing and processing the jujube to maximize its market val-
ue, and needs to measure its volume and surface area. Traditional methods for measuring fruit volume are spheroid-like to measure the
volume of water the fruit displaces when being immersed into water, with the surface area measured by peeling or slicing. These meth-
ods are inefficient and cannot be used for real-time measurement. The aim of this paper is to present a real-time multi-contour model to
estimate the volume and surface area of the red jujube. We assessed the effect of contour angles, projection heights and diameters on the
ultimate results. In the proposed method, 2D images of the targeted jujube were captured on a rotating circular table using a camera, and
the contour of the images was then extracted using image processing. A 3D multi-contour model was developed based on the extracted
2D contour, and it was then used to estimate the volume and surface area of the targeted jujube. The result showed that the diameter of
the target estimated by the multi-contour sphere model did not change, and that with an increase in the relative errors between the con-
tours angle and the projection height, the volume estimated by the model increased (with the minimum relative error being 6.0%) while
the error of the estimated surface area decreased (with the minimum being 1.0%). The angle between the contour and the projection
height in the multi-contour sphere model had a prescribed value, and the relative error of the volume and surface area estimated by the
model varied with the diameter in that the smaller the diameter was, the bigger the errors were. The average mean square error and the
average relative error of the volume and surface area estimated by the model were 2.45 ¢cm? and 10.2%, and 3.65 ¢cm? and 7.09%, respec-
tively. An increase in grading appeared to increase the average relative errors of the estimated volume but had no noticeable impact on
other factors. In summary, the multi-contour model for real-time measuring the volume and surface area of the red jujube offers an alter-
native to grading the jujube although further improvement is needed to reduce the errors.

Keywords: computer vision; models; classfication; red jujube; multi contour model; volume; surface area



