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A 4-Axis Robot Controller for Detection Thrips and Orchid Midge in Dendrobium Orchid
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ABSTRACT

Thrips and Orchid midge are major pests of Dendrobium orchid throughout the year.
Usually farmers found thrips after an outbreak had already occurred because of their small
size. Signs of orchid midge outbreak were the vitrification and distortion on the orchid flower
buds which were difficult to observe. The objective of this research was to design a detection
equipment for thrips and orchid midge which could reduce error of the human labors. The
prototype had two major parts. Part | was a Convolutional Neural Network (CNN) which had
been used for images classifications. Part Il was a 4-DOF robot arm which could be moved
for insect pest detection through a digital camera. It was tested with 30 clumps of Dendrobium
orchid grown in a greenhouse at Mueang district, Nakhon Pathom province and compared
its performance with a human labor. Results showed that the efficacy of the prototype in
detecting thrips was 81.1%, for orchid midge was 88.1% and the average time of detection
was 25.10 sec./clump. For human labor, the efficacy of detection for thrips was 75.8%, for
orchid midge was 83.3% and the average time of detection was 53.37 sec./clump. Human
labor worked better at the beginning as compared to the prototype, but in the latter time
the prototype was better due to human labor fatigue.

Keywords: detecting system for thrips and orchid midge, Convolutional Neural Network, 4-DOF
robot arm
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Figure 1 The orthographic drawing of a detecting system for insect pests (a) Side View (b) Top View
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Figure 2 The positioning of revolute joint and prismatic joint
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Table 1 Denavit Hartenberg parameters of a 4-DOF robot arm
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Figure 5 Block diagram of a control system for a 4-DOF robot arm
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Figure 6 The position of a digital camera for detection
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Figure 7 Design of a Convolutional Neural Network
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Figure 9 (a) The quantity of thrips on the program; (b) The quantity of orchid midge on the program
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Figure 10 (a) Block diagram of the counting system; (b) Text box of the result
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Figure 11 Flowchart of a detecting system for insect pests
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Figure 12 The prototype of a detecting system for thrips and orchid midge
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Figure 13 Relationship between (a) the Model accuracy and epoch (b) model loss and epoch

Table 2 Results of testing classification

Type Precision Recall F-Measure
orchid midge 0.78 0.79 0.78
thrips 0.86 0.85 0.85
Mean 0.82 0.82 0.82

Table 3 Results of testing for the removal of the detecting system for thrips and

orchid midge
User (x, y, z) . i True position
Inverse Kinematics
(cm) (cm)
X y z d1 d2 d3 64 X y z

25.00 10.00 -30.00 -57.00 -5615.00 -48200 21.80 25.40 10.25 -30.25

45.00 -20.00 -42.00 -87.00 -495.00 -47000 -2396 45.30 -19.80 -42.30

160.00 220.00 -125.00 153.00 -380.00 -387.00 5397 15950 21950 -12545

600.00 -150.00 -60.00 -217.00 60.00 -452.00 -14.04 60032 -15048  -59.84

710.00 -200.00 -50.00 -267.00 170.00 -46200 -1573 71050 -199.75  -50.30
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Table 4 Test result of detection using the prototype as compared to the human labors

The number of position were Detection of Detection of

No. Thrips . .
Orchid damaged by orchid midge prototype human labors
(clump) Real human Real human (second/ (second/
value prototype labors value prototype labors clump) clump)
1 5 5 5 0 0 0 25 46
2 2 2 2 1 1 1 24 43
3 7 5 7 1 1 1 28 52
4 0 0 0 0 0 0 20 41
5 8 7 7 2 2 2 28 62
6 3 3 3 3 2 2 24 45
7 0 0 0 2 2 2 22 42
8 6 4 5 1 1 1 26 58
9 9 7 8 2 1 2 29 76
10 0 0 0 0 0 0 21 42
11 7 5 6 2 2 2 26 52
12 4 4 4 1 1 1 24 48
13 9 7 8 2 2 2 28 65
14 0 0 0 2 2 2 22 48
15 0 0 0 0 0 0 20 44
16 6 5 5 2 2 2 26 55
17 9 8 8 2 2 2 28 69
18 8 6 7 2 1 2 27 68
19 0 0 0 3 2 2 25 47
20 7 5 6 1 1 1 27 54
21 0 0 0 0 0 0 22 46
22 4 3 2 1 1 1 25 49
23 3 3 1 2 2 2 24 50
24 6 5 3 1 1 1 28 55
25 0 0 0 2 2 1 24 48
26 8 6 4 0 0 0 26 62
27 7 6 4 2 1 1 27 61
28 0 0 0 2 2 1 24 48
29 5 4 2 1 1 0 26 56
30 9 7 3 2 2 1 27 69
Sum 132 107 100 42 37 35 753 1,601
Error 25 32 5 7
Mean 25.10 53.37
T-test 0.32"° 0.33" 15.91°

Note: * = significant at 5% level, NS = not significant
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