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Tomato weight prediction based on image processing
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Abstract: Objective: A tomato weight detection method based on
image processing was established to realize non-contact tomato
weight detection. Methods: The binary image of tomato was ob-

tained through image processing. The geometric features of
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tomato were extracted by pixel statistics and minimum circum-
scribed rectangle method, and correlation analysis was made be-
tween the characteristics and the real value of tomato weight,
then the regression model of tomato weight detection with geo-
metric features as parameters was established. Results: Compared
with the real size of tomato, the measurement error of transverse
and longitudinal diameter of Tomato by minimum external rec-
tangle method was less than 3%. In addition to fruit shape index.,
other geometric characteristics were linearly correlated with to-
mato fruit weight, and the correlation between positive character-
istics and fruit weight was more significant. Three types of 20
models were established for prediction and evaluation. The multi-
ple regression model with the parameters of tomato front projec-
tion area and perimeter, projection area of a side image and toma-
to transverse diameter had the highest accuracy, the regression
coefficient was 0.962, the average relative error of detection value
was 0.673% ,» and the average absolute error was 1.425 g. Conclu-
sion: The model is suitable for the weight detection of tomatoes
and other fruits or articles with similar axisymmetric shape char-
acteristics.

Keywords: machine vision; image processing; feature extraction;

tomato weight

T, o 7 A A BT A S LN LA 90 F AR TR
PURE ORI S (RN & A B v B I 5 3 N
SN0 R B R A S R T e R,
SR (B 58 25 2 O vk G ) RS B IR

17



18

HA# 3 FUNDAMENTAL RESEARCH

SRIG GEtt o5 J5 W 25 R W AR 3R, S g AR 4% 5 T R
SRt a8 kY ik E e 5 ZRE
RO R % U, AE L R R o A D R4
T 2R B SR B R A SR R R S A K AE R
B S 2k [ S A A SEB TN 4% B A o A T
s Huynh 2857 DUST 8 N R IR X 42, 4 2 3 10000 /&1 3
A EAR 5K Rl AT 5T T0 L o 1 264 0 95 %6
M 96.7 %0 5 i J A T *%Tﬁﬂifxﬁlﬁl{ﬂ" T B 32
T e S A T 458 5 TR RO S ST 0 TR AR R LS
[EAEEEY 65 ) Ljﬁ(ﬁﬁﬁiﬂ?ﬁ{ﬂﬂﬁiﬁi%ﬂ@iio il
FH SRR (9 4% 5% DX S8 T BRI K 3 A T G 0 A L T LA
AR X T o b R 00 2R B BT e, B A W R A A T A R,
B2 # BE M LB 45 52 Il &5 R AR TR A8 W TE 1S I T 5T 1 A
PR 20T DR T B R U A 5 R 56 Mk T e TR AR
FRAE L) 42 5 B WO 09 OKS B . Ashtiani 2859 #1 Demir
TR R R B R AR P EA R
R B AR ORI 58 1L 55 24 W BURRAE L 43 00 2 0 46
P ET 05 CMILR) #5750 70 4ot 28 P 26 A5 70 o 715 4 R0 A% e ik 47 G
W RN T 45 R DL LR E A R S R 4R ) 3
Pt 25 ) £ 25 g W DM off b A o o i

H HiF 56 F 25 5 1000 A9 DR 5T 32 8 DL IR R0 . il %
PORBE A G, AN A T SR e R AR T AR R S 2k
A2 AN TR] i R S N BRSSO B BCRI SR A A 43 ) 22
SR EDY L RE S R A R N B T iR BURRAE 55 R
Mo MIRCAED S N T o R S HOKSF G T AR L R K
SRR EAR Y 2 o0 2k 1 ] AR TR AR TR 0 Y B SR B R A
YiR2ZE R 1.91% ., Susovan 513 A0 R T H A D44
NG 3 B0 RE A AR RN IE BR R S K R I B
A3 A B AR I 43 54 BH: 300 SR 5 B AT 22 1 =X 4
EIFRAR, # o TR R R A A, Lee 45N
8 ] DCNN SE 3 22 H Ar % Sl 19 18 304381, IF 0 4 2 i
PR AR B ST T N A X Ay e 25 O 7.09 By IRl
VAR PR PR A 300 T R LR AR TG I o R e T
i Y S BRIE AR 6 DONN R i S0 %) 19 Y1l 2575 22 48
B A W B[R] HL GRAEAS R85 5K 10 0K,y 17 PR Lk [ T
TFFE AU — Ffr 5 T 1 5 Ak B 1) 3% on 2 ok 00000 O 9k L 48
AR R AT & K BT it 2 W0 A 09 4 R 48 IO i
B AL E K B AR BN AMER R R S R RN
(] 2 42 S8 TLART AR, 28 ST 3 i i o 00 RS 7Y L DA A0 S R 3R
PIE R I\ SN Vi i1 IS
1 MR STk

HLA L5 A
Ji7R

A7 7 M A A I A AR R 1

(7B A 1 R S > {5 B ] s T
A1 FwEEhn i ik

Flow chart of tomato weight detection system

Figure 1
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Figure 2 Image acquisition device
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Tomato images taken by cameras at

different positions
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Table 1 Characteristic parameters and their

extraction methods
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longitudinal diameters
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Table 2 Transverse and longitudinal diameter of tomato measured by computer and manual measurement data
- Y1z g
AT E/mm FHSEHLE/mm 485322/ mm MXFRZE/% A TIE/mm L E/ mm 4% 5% 2/mm AHXFR2ZE/ %
1 50.773 51.958 1.185 2.334 62.283 61.322 0.961 1.542
2 59.337 60.672 1.335 2.250 74.797 73.676 1.121 1.499
3 51.143 52.162 1.019 1.993 64.163 63.419 0.744 1.160
4 59.633 59.896 0.263 0.441 71.377 70.742 0.635 0.889
5 48.527 50.831 1.304 2.633 60.320 58.758 1.562 2.589
6 56.280 55.405 0.875 1.554 67.373 66.909 0.464 0.689
7 59.323 60.183 0.860 1.449 76.847 74.906 0.941 1.241
8 60.013 62.389 0.876 1.424 72.780 71.605 1.175 1.614
9 63.943 62.184 1.759 2.750 77.433 76.635 0.798 1.030
10 55.533 56.755 1.222 2.201 70.617 69.447 1.170 1.657
11 57.683 58.329 0.646 1.120 75.703 76.565 0.862 1.139
12 61.673 62.217 0.543 0.881 73.930 74.340 0.410 0.554
13 64.200 65.391 1.191 1.855 84.073 84.196 0.123 0.146
14 60.160 60.275 0.115 0.192 75.473 76.794 1.321 1.750
15 65.963 66.919 0.955 1.448 79.373 79.637 0.264 0.332
16 60.387 61.750 1.363 2.257 73.640 74.233 0.593 0.806
17 59.590 59.926 0.336 0.564 79.293 80.255 0.962 1.213
18 61.860 62.810 0.950 1.535 79.220 80.035 0.815 1.028
19 52.260 53.186 0.926 1.772 71.906 71.996 0.089 0.124
20 56.490 64.447 0.038 0.197 56.528 64.644 0.066 0.306
ez 0.888 1536 0.760 1.065

T o 22 0.440 0.759 0.412 0.603
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Table 3 Model performance evaluation
AR FERLJr Ml R (R
Mn y=0.000 218A,—106.282 474 0.910
M. y=0.138 778C, —417.027 932 0.889
Mis y=0.839 192R i, —378.181 742 0.878
M1 My vy=0.974 286R 1nax —427.155 611 0.889
M;is y=0.000 994A;—0.500 892C;+1 029.017 841 0.942
Mg y=0.000 347A1—0.509 697R pin +63.395 489 0.915
My y=0.000 220A1 —0.008 604R .x —103.389 391 0.910
\Y O3 y=0.000 113A>+0.053 084C,—274.446 717 0.773
M3, y=0.000 111A,+0.201 152W —323.326 856 0.791
Mz Moy y=0.052 260C,+0.208 602W —398.739 917 0.853
M, y=0.000 101A>+0.015 147C,+0.167 320W —327.896 775 0.792
M3, y=0.000 176A,+5.174E—005A, —141.290 189 0.925
M3, y=0.107 787C,+6.134E—005A , —388.125 443 0.911
Mss y=0.000 215A;+0.001 960C,—111.731 501 0.910
M3, y=0.000 266A,;—0.100 253W —13.089 870 0.917
M3 M;s y=0.133 638C;+0.004 917C, —418.999 495 0.889
Mss y=0.163 961C, —0.081 830W —398.158 394 0.893
M y=0.000 899A;—0.461 703C,+4.220E—005A,+911.641 654 0.952
M3sg y=0.000 881A—0.447 747C, +4.589 E—005A, —0.003 829C, +888.157 092 0.952
Mj, y=0.000 801A; —0.367 370C; +6.306E—005A,—0.135 727W +809.881 657 0.962
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Figure 7 Box diagram of model prediction error
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