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9- Multi-spectral
10- Detection algorithm
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7- Vision machine
8- Ultrasonic detection
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1- Support Vector Machine
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Figure 1- The general schematic of accomplishment process of investigation Designing and evaluation of an ultrasonic

system for identification of weed species (1- Ultrasonic wave receiver 2- Ultrasonic wave transmitter 3- Electronic board
4- Voltage source 5- Data store 6- Microcontroller)
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Figure 2- The schematic of designed and manufactured tripod and ultrasonic electronic circuit
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Figure 3- The schematic of how emission of ultrasonic waves and receiving the reflective waves with least interaction
that was used in this investigation
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Table 1- The environmental conditions and growth period of studied plants

e . . ke slod il
oLS (o) U oS ols ol Average OSSlo Cugb, (395) 28, 249
The Persian The scientific name of temperature Average humidity Growth period
name of plant plant °C) (%) (day)
495 Portulacaceae 32.87 15.03 60-90
0y dolw Chenopodium album L. 28.05 17.33 60-75
S )b Tribulusterrestris L. 30.5 14.86 90-100
oduled oy ZU Amaranthus retroflexus L. 30.65 14.93 75-90
o cale Salsola iberica 31.68 15.36 90-100
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Figure 4- In each part, upper section indicates wave shape, below section in right is related to the histogram of

wave amplititude and below section in left shows the picture of studied weed that respectively are A)
Portulacaceae B) Chenopodium album L C) Tribulus terrestris L D) Amaranthus retroflexus L E) Salsola iberica
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2- Total sum-squared error
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1- Back-propagation with declining learning-rate factor
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Table 2- The statistics features the amplitude of reflective ultrasonic wave from the canopy of weed species

osSbe obyly S Sl ol N S iS
Average Variance Standard deviation Skewness Kurtosis
S yls
195.4° 23.22 4.8 33 3.41
(Tribulus terrestris L) ?
6
- 182.1° 51.5° 7.2 .30 2.98
(Portulacaceae)
0,5 Aol
)J
195.5° 9.6¢ 3.1 27 3.75
(Chenopodium album L)
5 cale
o L 159.4¢ 19.1° 4.4 14 2.58
(Salsola iberica)
o9 gl
Amaranthus retroflexus ) 164.5¢ 45.1° 6.7 26 3.62
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Figure 5- The convergence diagram of neural network in which after 200 repetitions of training algorithm start to converge

and after 300 repetitions is completely converged A) the changes percentage of error detection in training stage B) the
changes of Total sum-squared error
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Table 3- The error rate in simultaneous detection all five weed species by using MLP neural network with BDLRF training

algorithm
ovjgel d yo Olejl ds o
Training stage Testing stage
G SRRE o i ETOSEREE ais
Correct . . Correct . .
. . False classification . . False classification
classification classification
e 100.00 00 16.67 83.33
(Tribulus terrestris L) ’ ' ’ ’
6
> 100.00 .00 33.33 66.67
(Portulacaceae)
0y dodus
)J
83.33 16.67 16.67 83.33
(Chenopodium album L)

5 cale

> o 100.00 .00 50.00 50.00

(Salsola iberica)

o9 b

Amaranthus retroflexus ) 100.00 .00 16.67 83.33
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Table 4- The success rate of 1, 2, 3, 4, and 5'" neural networks (first stage of classification a weed species against the other
species by using Double Sequential Method) in training and testing stages

o e ohigel Ol auas RO el Gl
" Classification Trainin  Testing Neural ~Classification  Trajning Testing
networ
K g stage stage network stage stage
134 Aol
S yls
. . 100.00 100.00 Chenopodium) 100.00 100.00
(Tribulus terrestris L)
4 (album L
2lo plo
100.00 100.00 100.00 100.00
(Others) (Others)
o 29 ls
> 95.83 33.33 Salsola ) 100.00 100.00
(Portulacaceae)
2 5 (iberica
2lo plo
100.00 83.33 100.00 100.00
(Others) (Others)
o b
Amaranthus retroflexus)  100.00 100.00
3 (L
)J LMJ

. 100.00 100.00
(Others)
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Table 5- The success rate of 6, 7, 8, and 9™ neural networks (first stage of classification a weed species against the other
species by using Double Sequential Method) in training and testing stages

s ¥k W il oivles] geas SWOM Gl el
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Table 6- The success rate of 10 and 11" neural networks (first stage of classification a weed species against the other species

by using Double Sequential Method) in training and testing stages
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Figure 6- The classification stages of weed species by using Double Sequential Method so that in each stage the detected
species are omitted
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