H22% %1 R TR 224 Vol.22 No.1
2024 42 H Journal of Fujian University of Technology Feb. 2024

doi:10.3969/j.issn.2097-3853.2024.01.011
ETHRARNBEERENE T A

A A R PG B KB %

(1. BERIRF PIREAEIRFR, 8E 40 350118;
2. AR R FIBT ARG 48 B K, 354000)

BE. 44 A TR KEMNE T ZAERXFIK T BER AFEEDRIES P 2T —H4H
FHLEAGE N F R B AEA K5 EN Bk, E kA 2500 T A0 & @E L iR E
JRAR AW T AR, dh, B PR SO BIRITER A5 REs % BREERBRESF T RIHE
1 HATTR LR BURAAE B AR R IR, R RBEHEWR LS ABHAFH A LR RGN EH
A, BB KRR T I QRI GO SMEAE TS M ok A R TR R AR A 1€ 8 5T L 0 Bt Steger Bk, 5
B AT FARA A0 RAR AT RIK 1S K E R R IEMARFoF AR 81T = A AR S0 2 M8 A 69 AR
AL AT AT, SR A AR TR R R IER Steger ok KRR ZF EsELE F B

M FH KA IR Z 5 ) A -0.196% F2—0.109% , 3+ EARIB AR 69 & 5w & & K2 £ 5 5 4 0.008 mm F=
0.006 mm, RAZEA 45 5 0945 B An AT 098 M BT B B AR SR A& 2 IR A #A
KRIR: LA IR F 5 KD IMEAETS BB Steger ik

FESES . TP29 XHERFRERD . A XEHS: 2097-3853(2024)01-0074-08

Measurement method of tobacco stem length based on machine vision
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(1. School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China;
2. Fujian Wuyi Leaf Tobacco Co., Ltd., Shaowu 354000, China)

Abstract ; In response to the challenges posed by traditional manual measurements of tobacco stem length, char-
acterized by low efficiency, high labor intensity, and difficulty in ensuring accuracy, a classification measure-
ment method for measuring the length of different forms of tobacco stems by machine vision was proposed. This
method collects clear digital images of tobacco stems through a 25 million pixel high-end array black-and-white
camera. Initially, the images were subjected to preprocessing through median filtering and image opening opera-
tions. Subsequently, global threshold segmentation and image connectivity techniques were applied to extract and
crop the region of interest within the tobacco stem. Based on morphology, the tobacco stems were then categorized
into rectangular and curved types to enhance measurement accuracy. To perform measurements, two distinct approa-
ches were employed for these two morphological categories: the minimum bounding rectangle measurement method
for rectangular stems and an improved Steger algorithm based on the adaptive width skeleton extraction for curved
stems. Fifteen groups of rectangular stems and curved ones with different lengths were selected, and the standard
values of tobacco stems measured by three-coordinate measuring instrument were compared with the measured
values of this method. Experimental results demonstrate that the maximum relative errors of rectangular and irregular
stems measured by this method are —0.196% and —0.109%, respectively, and the maximum repeated measurement
errors for a single tobacco stem are 0.008 mm and 0.006 mm, respectively. This method not only has high accuracy
and good stability, but also significantly reduces labor intensity and has broad practical application potential.
Keywords : machine vision; tobacco stem measurement; minimum bounding rectangle ; improved Steger algo-
rithm
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Fig.1 Hardware diagram of tobacco stem measuring device
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Fig.2 Comparison before and after image preprocessing
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Fig.3 Image gray histogram of smoke stems
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Fig.4 Target segmentation process diagram
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Fig.5 Different shapes of tobacco stems
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Fig.6 Algorithm flow chart
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Fig.7 Schematic diagram for obtaining minimum

circumscribed rectangle
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Fig.8 Tobacco stem circumscribed rectangle obtaining

and rectangularity calculation
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Fig.9 Measurement of tobacco stems with different widths

by traditional Steger algorithm
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Tab.1 Measurement results of rectangular stems by different methods
FE S m E%E?z% \ Stﬁeger‘?zt ‘ ﬁ%‘j‘?'ﬂﬂ% %\i&?ﬂi Stetgneriii %%{iﬂ.ﬂi&i
W E/mm P E/mm R /mm AHXRE/ % MR/ % AXHRZE %
1 22.42 20.38 21.92 22.44 9.10 2.23 -0.090
2 24.92 23.31 25.36 24.9 6.46 -1.77 0.080
3 26.10 24.70 26.05 26.12 5.36 0.19 -0.080
4 27.12 22.35 26.77 27.13 17.59 1.29 -0.040
5 30.22 25.49 29.16 30.20 15.66 3.51 0.070
6 32.86 28.77 32.47 32.88 12.45 1.19 -0.060
7 35.78 33.9 35.45 35.78 5.25 0.92 0.006
8 37.32 36.44 37.99 37.36 2.36 -1.80 -0.110
9 39.90 35.46 38.59 39.92 11.13 3.28 -0.050
10 40.88 40.35 40.94 40.96 1.30 -0.15 -0.196
11 41.52 40.38 39.62 41.56 2.75 4.58 -0.096
12 43.64 42.6 44.31 43.67 2.38 -1.54 -0.069
13 49.72 53.31 49.78 49.70 -7.22 -0.12 0.040
14 51.12 48.62 50.33 51.13 4.89 1.55 -0.020
15 74.44 69.64 72.99 74.47 6.45 1.95 -0.040
K2 ARAAEMRHEENVELER
Tab.2 Measurement results of curved tobacco stems by different methods
o) SRR/ \ A \ Steger fﬁ%‘é‘iﬂﬂ% Bk Steger £ 3= ¥7N
mm M/ mm PEE/mm R/ mm AHXRE/ % MR/ % FXHR2E %
1 34.82 33.67 34.81 34.85 33 0.029 -0.090
2 40.00 38.40 39.85 40.00 4.00 0.38 0
3 56.04 54.62 56.16 56.03 2.53 -0.22 0.018
4 60.20 59.33 60.47 60.24 1.45 -0.45 -0.070
5 67.22 66.94 67.49 67.26 0.42 -0.402 -0.060
6 76.42 75.41 76.64 76.40 1.32 -0.29 0.026
7 82.82 81.36 82.93 82.73 1.76 -0.13 0.109
8 93.84 91.35 96.04 93.82 2.65 -2.34 0.021
9 97.46 95.82 98.30 97.49 1.68 -0.86 -0.031
10 102.70 102.35 101.56 102.66 0.34 1.11 0.039
11 105.02 103.87 104.59 104.98 1.10 0.41 0.038
12 107.54 105.93 107.79 107.55 1.50 -0.23 -0.009
13 110.26 109.22 108.91 110.22 0.94 1.22 0.036
14 111.40 110.79 111.62 111.39 0.55 -0.197 0.009
15 121.18 120.23 121.35 121.28 0.78 -0.14 -0.083




5513

T, 55 S T HILA O 4 JE AR JRE I i T 7% 81

R 2 AL R B SRR G 42 ik A
fE45 Steger T 1515 B B2 (55 FORH X 152 25 4353l
H 4% —0.109%5-2.34% , Hor B EEERY
DL 5 L PR A 228K, 1K TN i 2
ZR B IR SR BE R I, S B0 KRR T
TPRKE . REIESE Steger F35 I A X 1% 2
ANT R SRR (R AR T 0 20 vk ) R
JEIRA T

AR, B AR 7k AL ST Steger 155 40250
FVE I SREIE 4> 51 h 3.95.39.74 . 12.56 s,

AR PR BOE RGNS B /N T 53 SR PR35 it
T AR EOE FUF R AR BT K BE X I 2t
OIS I, TESE Steger F1% A EAE I
KRG B S ot D A e 22 . R, X1
S SRR I, 7 2 1 ARG R B e I AR
A W BA B B
43 HENEREMSESH
IR =Sk a0 NI 2O NCIR N -3
KRR A T Z2 00 i, 4 2R AR 3 I

R3I DEMNEFENARKEEEH S RMELER

Tab.3 Multiple measurement results of tobacco stems with different lengths by classification measurement method

mm
2 JFA FOLRMEME H2RMEME HIRNEME  H4RNEE RRRE
27.623 27.618 27.618 27.626 27.617 0.006
34.341 34.347 34.348 34.347 34.338 0.007
2 30.296 30.297 30.304 30.298 30.291 0.008
20.282 20.281 20.284 20.284 20.282 0.004
40.591 40.593 40.594 40.593 40.590 0.003
43.000 43.003 43.006 43.005 43.006 0.006
33.261 33.262 33.266 33.264 33.265 0.005
SR 18.933 18.932 18.930 18.937 18.934 0.004
55.322 55.326 55.328 55.323 55.323 0.006
68.531 68.533 68.532 68.531 68.530 0.003
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