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Development of a Robotic Manipulator for a Cucumber

Harvester
e ETE ZHEl I MAE
A3 Az A3 A

D. W. Lee W. H Lee H T Kim B. R.Min S. H Sung

SUMMARY

This study developed a manipulator for robotic harvester to harvest cucumber. The manipulator was
designed and built for transferring an end-effector from a fixed point to a specified cucumber. Its
development involved the integration of a manipulating system with a PC compatible, DC motors, geared
boxes, timing belts, and a motor controller board. Software, written in Quick basic, combined the functions of
motor control with  various circumstances. In order to move smoothly and rapidly the manipulator, it's
shoulder link and elbow link were minimized by using rotational inertial moment without a motor and a
geared box.

After 30 replications of exercising the manipulator, it was concluded that the precision values of the X, Y
and Z axes were less than 0.5mm, 0.25mm and 0.35mm, respectively. The precision data indicated the
manipulator was not missing any steps for the harvester to reach a target cucumber.

Keywords : Manipulator, Robotic harvester, Geared box, Cucumber.
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Fig. 2 Picture of the robotic manipuiator.
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Fig. 3 Top view of the manipulator.
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Fig. 4 Flow chart of the manipulator control program.
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Fig. 5 Circuit of the motor controller.
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Table 1 Experimental design
1 6 7 8 9
2-1-A 6-1-A | 7-1-A | 8-1-A | 9-1-A [10-1-A
3-1-B | 4-1-B | 5-1-B | 6-1-B | 7-1-B | 8-1-B | 9-1-B | 10-1-B
4-2-A | 5-2-A | 6-2-A | 7-2-A | 8-2-A | 9-2-A |10-2-A
5-2-B | 6-2-B | 7-2-B | 8-2-B | 9-2-B 110-2-B
6-3-A | 7-3-A | 8-3-A | 9-3-A |10-3-A
7-3-B | 8-3-B | 9-3-B

4
5-1-A

4-1-A
10-3-B

3-1-A

umber of actual test
300mm(A) | 1-1-A
400mm(B) | 1-1-B | 2-1-B
300mm(A) | 1-2-A | 2-2-A | 3-2-A
400mm(B) | 1-2-B | 2-2-B | 3-2-B | 4-2-B
300mm(A) | 1-3-A | 3-2-A | 3-3-A | 43-A | 5-3-A
400mm(B) | 1-3-B | 3-2-B | 3-3-B | 4-3-B | 5-3-B | 6-3-B

Position of cucumber

First cucumber:1

Second
cucumber:2

Third
cucumber:3
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Fig. 8 Measuring the X and Y distance.
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Fig. 9 Measuring the Z distance.
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Table 2 Maximum error of the measured distance between the tips of each position

(unit : mm)
Maximum error X axis Y axis Z axis
Measured No. + - + — + _
1 0.86 1.09 0.37 0.28 0.37 0.28
2 0.25 0.35 0.22 0.33 0.14 0.36
3 0.26 0.24 0.11 0.14 0.17 0.18
Table 3 Maximum error of the distance for the measured No. 1
(unit : mm)
Axis X Average M Average ‘ Average
Number 300 400 300 400 300 400
1 10.2 10.1 10.15 10.8 10.8 10.8 30.9 30.7 30.8
2 11.1 11.1 11.1 10.3 10.3 10.3 30 30.5 30.25
3 10.2 10.2 10.2 10.5 10.5 10.5 30.2 30.3 30.25
4 10.8 10.8 10.8 10.9 11 10.95 30.6 30.5 30.55
5 9.5 9.5 9.5 9.6 9.5 9.55 304 305 30.45
6 9.8 9.7 9.75 7.1 7.1 7.1 30.3 30.1 30.2
7 11.0 11.1 11.05 9.5 95 9.5 30.5 304 30.45
8 10.5 10.5 10.5 10.1 10 10.05 30.2 30.5 30.35
9 10.3 10.3 10.3 9.8 9.7 9,75 30.2 30.1 30.15
10 9.2 9.1 9.15 9.6 9.4 95 30.8 30.8 30.8
Average 10.26 10.24 10.25 9.82 9.78 9.80 30.41 30.44 30.43
Standard deviation 0.63 0.67 - 1.08 1.10 - 0.29 0.23 -
Standard error 0.20 0.21 - 0.34 0.35 - 0.09 0.07 -
Maximum error +0.86 -1.09 +0.37 -0.28 +0.37 -0.28
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Table 4 Maximum error
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of the distance for the measured No. 2

(unit : mm)
Axis X Average Y Average z Average
Number 300 400 300 400 300 400
1 11.4 1.2 11.3 8.3 8.4 8.35 28.1 28.2 28.15
2 12.0 11.8 11.9 8.6 8.6 8.6 28.6 28.7 28.65
3 11.6 11.5 11.55 89 8.7 8.8 28.5 28.5 28.5
4 11.4 114 11.4 8.3 8.2 8.25 28.6 28.4 28.5
5 11.6 11.7 11.65 8.8 8.7 8.75 28.7 28.6 28.65
6 11.8 11.9 11.85 8.5 8.6 8.55 28.4 28.4 284
7 17 | 117 | 117 8.6 8.5 8.55 28.6 28.5 28.55
8 11.9 11.6 11.75 8.4 8.5 8.45 28.5 28.5 28.5
9 11.6 1.5 11.55 8.9 8.8 8.85 28.6 28.7 28.65
10 11.8 11.8 11.8 8.6 8.6 8.6 28.7 28.5 28.6
Average 11.68 | 11.61 11.64 8.59 8.56 8.57 28.53 28.50 28.52
Standard deviation 0.20 0.21 - 0.22 0.17 0.18 0.15
Standard error 0.06 | 0.07 0.07 l 0.05 0.06 0.05 -
Maximum error +0.25 -0.35 i +0.22 -0.33 +0.14 -0.36
Table 5 Maximum error of the distance for the measured No. 3
(unit : mm)
Axis X Y Z
Number 200 400 Average 100 200 Average 100 200 Average
1 11.8 11.8 11.8 8.6 8.6 8.6 25.7 25.9 25.8
2 11.5 11.5 11.5 8.9 8.8 8.85 25.6 256 25.6
3 11.9 119 119 8.4 8.5 8.45 259 25.8 25.85
4 1.6 11.4 1.5 8.5 8.5 8.5 25.8 25.6 25.7
5 1t.5 11.6 11.55 8.7 8.4 8.55 25.6 25.6 25.6
6 1.6 11.5 11.55 8.5 8.6 8.55 25.7 25.7 25.7
7 11.7 11.7 1.7 8.8 8.6 8.7 253 25.6 25.45
8 11.4 11.4 11.4 8.5 8.6 8.55 258 257 25.75
9 11.8 11.9 11.85 8.6 8.5 8.55 25.5 25.7 25.6
10 11.6 11.7 11.65 8.8 8.7 8.75 25.7 25.5 25.6
Average 11.64 11.64 11.64 8.63 8.58 8.60 25.66 25.67 25.66
Standard deviation 0.16 0.19 - 0.16 0.11 0.17 0.12 -
Standard error 0.05 0.06 - 0.05 0.04 0.05 \ 0.04 -
Maximum error +0.26 -0.24 +0.11 -0.14 +0.17 -0.18
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of RE| ¥ 77§ FRAAINA FFLE A
AW A4 BRUEE Hai A olgA o
EN &ty #3 ¢ dE2F g3 3Ho i
A ZFEHEE R

2) 7+ & Aol Qo FYPYPLER EHE
AHEEL Y. 2Bl A7t &old A Fo] At
HE Aoy e A8 A7 ey B APl
£ FAG8A @A & Aol X(rule base)E FAd 3}
o 3 =eE At

3) FEY ML 7 gAd AL A8
A4E o old #B&Eo2 HUdE AMSEl
I FEHAGE goly HEE oo 2N A}
o A8 U EHlEE HdASAT

4) U Egolee wtE SxE A AA ¥
T HZEA(World coordinate)o} 4], X&o 2 Ho o
Z} +0.26mm -0.24mm, YEZ° 2 Hjeox +0.11
mm -0.14mm, Z&2 2 HHY L3 +0.17mm -0.18
mmZ el FEAYP) HPF ROE EIY
o}
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