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Classification of weed seeds using image processing and
pattern recognition methods
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ABSTRACT

In order to identify weed seeds by machine vision approach, two methods of artificial neural network
(ANN) and canonical discriminant analysis (CDA) were applied .The seeds of Amaranthus retroflexus,
Amaranthus blitoides, Chenopodium album, Alyssum hirsutum, and Sinapis arvensis were collected and
the images of these seeds were recorded. The obtained images were processed and then characteristics
related to the shape of each seed were extracted. The extracted data were in in the raw and standardized
forms. In addition, main shape characteristics of the seeds were identified by stepwise regression. The
results showed that the accuracy of the ANN constructed from the raw and the standard data were 84.30%
and 83.39%, respectively. Identification accuracy of ANN was 84.30% and 83.39% for the raw and
standard data extracted from stepwise regression. The results of CDA method showed that the
identification accuracy of total raw and standard data were 84.9% and 84.7% respectively. Identification
accuracy of this method was 82.6% for both raw and standard data extracted from stepwise regression.
The highest identification accuracy in both methods (more than 95%) was belonged to A. retroflexus and
A. hirsutum. In addition, the seed identification accuracy of C. album in both methods was higher than
87%. This suggests that the use of shape features in pattern recognition models had reliable potential in
identifying the seeds of these weeds.
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Table 1. Mean and standard deviation of shape characteristics of studied weed seeds

Mean () and standard deviation (o)

characteristics

A. retroflexus A. hirsutum S. arvensis Ch. album A. blitoides
0 c i c n c n c 0 c
Area 102 =+ 0.09 235 £ 049 144 + 0.26 102 + 0.15 143 + 0.22
Perimeter 276 £ 0.23 631 =+ 0.82 119 =+ 037 325 + 0.28 229 £ 0.36
Orientation 98.78 + 5945 10601 + 55/64 79.66 + 53.08 100.52 + 51.14 9117 =+ 56.05
Length 097 =+ 0.08 229 =+ 027 138 + 0.12 117 + 0.09 144 + 011
Width 080 =+ 0.07 149 =+ 0.19 129 =+ 013 1.08 =+ 0.09 127 + 127
Eccentricity 147 =+ 022 202 + 045 116 + 0.09 119 + 012 130 + 021
Compactness 103 =+ 0.05 075 = 011 102 =+ 004 103 =+ 003 097 =+ 0.04
Equivalentcircular o g9 w007 172 + 018 135 + 012 114 + 008 135 * 011
diameter
Elongation 083 =+ 0.06 066 =+ 0.08 093 =+ 0.04 092 =+ 0.04 089 =+ 0.06
Ellipticity 0.02 =+ 0.03 015 =+ 0.08 0.02 £ 0.02 0.02 £ 0.03 001 =+ 0.02
024 =+ 0.04 046 =+ 0.10 025 £ 0.03 025 =+ 0.04 028 £ 0.03
Solidity 098 =+ 0.01 093 =+ 0.02 098 =+ 0.01 098 =+ 0.01 098 =+ 0.00
Convexity 100 =+ 0.01 094 =+ 0.05 100 + 0.01 100 + 0.01 099 =+ 0.02

P 4L (g5 55 axlllas j90 5yd il )l I dme (IS Oluogas - Jgaa
Table 2. Significant shape characteristics of studied weed seeds in stepwise regression

Raw data Standard data
Shape characteristics t B Shape characteristics t B

Solidity 1299  5.70 Solidity 1299 5141
Compactness -6.57 -8.11 Compactness -6.57 -10.12
Convexity 5.16 9.11 Convexity 5.16 23.24
Elongation -6.49  -5.08 Elongation -6.49  10.00

Width 7.11 22.07 Width 7.11 15.65
Equivalent circular diameter  -7.44  -30.47 Equivalent circular diameter ~ -7.44  -21.10
-499  -4.46 Ellipticity -499  -7.60

Perimeter 3.087 10.82 Perimeter 3.08 1.38

B: Regression coefficient and t: t probability value
Loandlas 5550 5alacile SA pluld o g oS

i ol s &Y a5 cal

W racd S JS L;’L*’L«:' 3> J:.<L:» ‘L;LS)jl?“-z
"'.‘.S_)S‘*-' 4-5)‘.\4'[;'.“:1 E) Cl} L;Uha)l.} )\ ol sl

$9)9 sloysie 5 (lp (Fohae (as &S
§u=>\>§5\ﬂgwﬂw¢>u@u
J\J QL';J cLA).ng,.Zﬂujayjd ol J)‘-l:’bﬂ‘jrl}"


file:///D:/مجله%20دانش%20علف%20های%20هرز/17-1-%201400/باقری%20و%20همکاران%20شبکه%20عصبی%20ارجاعی/باقری%20شبکه%20عصبی%20ویراستاری%20شده%20نهایی%20نویسنده.docx%23_ENREF_7

v e e sl Sl Sleslaal U aslacde S0 gl C3s aslie

Skl glaesls IS 5l edd atle wae 4SS5
Ol sl (/AT 5 2 /AV ol 5 Sa) 5
S sy aslacale HA Slulls S35 oS was
Js sl mie ‘rb'- sresls IS 5l el atle ae
s alie (F Jsin) 3 syl (cleesls
WG el cnl 5 sacdle e Sl
saslbcle sl pluls cds Sgsba Lok
Sl s eiake 5 s el s Sl
PV R el Glaesls JS 5l el sl
spooslklkal glaesls S 51 Lol e

(8 Jsa)

WY ks S s Aoy AVFE 5 AE/M
oy kB L ae e A aber G105 ey
S50 5 Al Sladlae 3 oSl J g8 B o
Abdipour et al., 2019; ) cl 4 S I 3 eslinl
Eghbali ) ol,Ken 5 JL3I .(Abrougui et al., 2019
i b5 acile 58 aw olalis s (etal., 2013
wY dx S S A S Ol e e
Iy G35 i ohoys VE/VO C3s L O 5wy
wtle pae aSi 3 RMSE laie .ol axils
Jolas i Sy e bl 5 plt glaesls S 51 e
SNmad oo ol esde g WYY 5 A

grey 4([}- 6&&)‘.} JS )\ ok asla Pt m

5 luiluwl g o8 cLaodId JS (sl (Eoman omas dSud CBd (yl5me -Y Jgua
Table 3. Artificial neural networks precision for total raw and standard data

A. retroflexus A. hirsutum S. arvensis C. album A. blitoides Mean

Raw Data RMSE 0.10 0.06 0.24 0.25 0.26 0.18

r 0.97 0.99 0.80 0.80 0.77 0.87

Standard Data RMSE 0.27 0.11 0.28 0.12 0.26 0.21
r 0.75 0.96 0.72 0.96 0.73 0.83
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Table 4. Weed seeds identification percentage by artificial neural network for total raw and standard data

A. A S. Ch. A. A. A. S. Ch. A.
retroflexus hirsutum arvensis album blitoides retroflexus hirsutum arvensis album blitoides
Raw Data Standard Data

A. retroflexus 42.00 0.00 0.00 0.00 0.00 53.00 45.00 0.00 3.00 41.00
A. hirsutum 0.00 51.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
S. arvensis 0.00 0.00 34.00 3.00 0.00 0.00 0.00 38.00 3.00 10.00
Ch. album 4.00 0.00 6.00 46.00 5.00 0.00 0.00 5.00 32.00 1.00
A. blitoides 0.00 0.00 4.00 7.00 38.00 0.00 3.00 8.00 7.00 0.00
91.3 100 70.8 82.1 77.6 100 93.8 745 711 774
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Table 5. Artificial neural network precision for raw and standard data derived from stepwise regression

A. retroflexus A. hirsutum S. arvensis C. album A. blitoides Mean

Raw Data RMSE 0.11 0.08 0.30 0.25 0.28 0.20

r 0.96 0.98 0.70 0.81 0.74 0.84

Standard Data RMSE 0.12 0.05 0.29 0.22 0.27 0.19
0.96 0.99 0.76 0.81 0.74 0.85
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Table 6. Identification percentage of weed seeds by artificial neural network for total raw and standard data derived from
stepwise regression

A. A. S. Ch. A. A. A S. Ch. A.
retroflexus hirsutum arvensis album blitoides retroflexus  hirsutum  arvensis album blitoides
Raw Data Standard Data
A. retroflexus 42.00 0.00 0.00 1.00 1.00 46.00 0.00 0.00 1.00 1.00
A. hirsutum 0.00 38.00 0.00 0.00 0.00 0.00 46.00 1.00 0.00 0.00
S. arvensis 0.00 1.00 37.00 3.00 12.00 0.00 0.00 46.00 3.00 13.00
Ch. album 0.00 0.00 10.00 50.00 2.00 2.00 0.00 6.00 35.00 1.00
A. blitoides 0.00 1.00 9.00 3.00 40.00 0.00 0.00 12.00 2.00 35.00
100 95.0 66.1 87.7 72.7 95.8 100 70.8 85.4 70.0
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Table 7. Identification percentage of weed seeds by canonical discriminant analysis for total raw and standard data
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Figure 1- Canonical discriminant analysis for A) all raw and B) standard data
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A A S. Ch. A A A S. Ch. A.
retroflexus hirsutum arvensis album blitoides retroflexus hirsutum arvensis album blitoides
Raw Data Standard Data
A. retroflexus 96.00 0.0 0.00 4,50 0.00 95.50 0.00 0.00 5.00 0.00
A. hirsutum 0.00 96.00 0.50 0.00 3.50 0.00 96.00 0.50 0.00 3.50
S. arvensis 0.00 0.00 69.00 15.00 16.00 0.00 0.00 68.50 15.00 16.50
Ch. album 2.00 0.00 6.50 86.50 5.00 2.00 0.00 6.50 86.50 5.00
A. blitoides 1.00 0.00 18.00 3.50 77.50 1.00 0.00 18.00 3.50 77.50
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Table 8. Identification percentage of weed seeds by canonical discriminant analysis for total raw and standard data derived
from stepwise regression

A. A. S. Ch. A. A. A. S. Ch. A.
retroflexus hirsutum arvensis album blitoides retroflexus  hirsutum arvensis album  blitoides
Raw Data Standard Data
A. retroflexus 88.00 0.00 0.00 13.00 0.00 88.00 0.00 0.00 13.00 0.00
A. hirsutum 0.00 97.00 1.00 0.00 3.00 0.00 97.00 1.00 0.00 3.00
S. arvensis 0.00 0.00 61.00 21.00 19.00 0.00 0.00 61.00 21.00 19.00
Ch. album 3.00 0.00 4.00 88.00 6.00 3.00 0.00 4.00 88.00 6.00
A. blitoides 1.00 0.00 17.00 4.00 79.00 1.00 0.00 17.00 4.00 79.00
A B
Canonical Discriminant Functions Canonical Discriminant Functions
101 Class 10 Class
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Figure 1. Canonical discriminant analysis for A) all raw and B) standard data derived from stepwise regression
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