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Thank you for your introduction chairman

Let me talk about AN END-EFFECTER AND MANIPULATOR CONTROL FOR
TOMATO CLUSTER HARVESTING ROBOT
today




Research Background

» Tomato is being produced in large scale Dutch style green houses
» Dutch style green house is easy to be introduced automated devices
* They have problems such as
labor shortage and monotonous working
* Tomato fruit cluster harvesting is popular
Research objective

» To develop a manipulator control method for preventing tomato
cluster swinging during harvesting operation

Inner side view

Dutch style green house

You, know, we have many greenhouses for growing tomatoes in the world.
Recently large scale green houses are increasing even in Japan.

Most green houses are Dutch style, not only appearance but also internal equipments
like this. This style green house is easy to be introduced the automated devices.

However, because of the large scale greenhouse *(and of very much equipped like this
rail,) they have problems such as labor shortage and monotonous working.

From these reasons we are now researching tomato cluster harvesting robot
In this study research objective is to




End-Effeter
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Pushing device is quite'big and needs time, Here we are proposing another
method to prevent fruit cluster from swinging by manipulator control.

The fruit clusters look to come out in various directions.

The end-effector needs to have a function to grasp and cut peduncle which exists in
any direction.

Assuming this support pole is main stem. We hung this real fruit cluster like this.
Let me show you a movie file of the end-effector we developed.
The robot arm moves towards the main stem.

When a limit-switch touched the main stem right here, it stopped and the fingers
closed.

Grasp and cut the peduncle like that.
The arm moved back keeping the fruit cluster.

The harvested cluster was held on the pushing device to prevent cluster vibration like
this.

At last, the cluster was released at this container like this.
*we used this pushing device for preventing the cluster vibration.

*However this pushing device quite big here we are proposing another method to
prevent swinging by manipulator control.




Here is the requirements of the manipulator control method
First one is to avoid swinging fruit cluster during transportation.

We need to realize a quick motion control and a vibration damping at a time to when
transporting tomato cluster.

We used Input shaping method for this in this research.

*This blue vibration caused by Impulse Al is cancelled by this red vibration caused
by Impulse A2.

Input shaping method can cancel the vibration by a couple impulses like this

The manipulator acceleration depends on the natural frequency

For example, this method is used in operation of a crane or in flexible manipulator.
However, this method has less robustness against object parameter uncertainties.
As another requirement, adaptability to various objects, fruit clusters is added.

Here, we proposed a modified input shaping method considering individual fruit
cluster parameters.




Modified Input shaping method

1. Peduncle diameter d, and length | Machine vision

Cluster weight m Load sell
- These sensors are supposed to be installed in the harvesting robot

2. Natural frequency of 15t mode a, is estimated

W =f(d, I, m)

3. Control parameter (manipulator acceleration) of input
shaping is adjusted based on estimated @,

Let me explain the modified input shaping method

*In this method we need peduncle diameter and length which ware measured by a
machine vision.

Cluster weight was measured by load sell

These sensors are supposed to be installed in the harvesting robot

Natural frequency of first mode oe should be estimated *in this method using d m and
| like this equation

*Then control parameter that is (manipulator acceleration) of input shaping is adjusted
Based on estimated oe

This oe is




Proposed parameter estimation method

[(d, Lm)  + Kk + (@, } Based on relation between a)p and @,
- J natural frequency @, was Estimated.
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d: Peduncle Diameter Four elemental model Measured natural frequency results

| : Gravity center length | | k,: Spring constant DA
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m: Cluster Mass m: Measured natural frequency
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Estimate like this
We need to consider these parameters to get omegae.

*These D,l,m are supposed to be measured by sensors but manually measured this
experiment

Many of biological materials are expressed by 4 element model.
Here, spring constant k1 was obtained by a peduncle bending test.

Based on those parameter, wp was ca’lcula’ted like this equation. And this wm was
obtained by a cluster vibration test and FFT analysis.

Based on relation between wp and wm, natural frequency was Estimated.
And The natural frequency was used in the modified input shaping




Comparison between mean and estimated
natural frequencies
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(A) Normal Input Shaping
- Used mean value of @,,.

(B) Proposed method (Modified input shaping)
-Used o, regression line of individual @,
based on cluster parameter d, m, and .

Here is a relation between wp and wm. The difference between the proposed method
and normal input shaping is difference of natural frequency.

Normal input shaping used mean of wm
Proposed method used individual wm based on d, m, and .

This blue color line is mean value of these wm. *You can see maximum error of
normal input shaping (that is the difference between mean value line and individual
omegam) was 32%.

while that of proposed method that (is the difference between this regression line and
individual omegam) was 18%.




Numerical simulation

(A) Normal input shaping 2] "\
time

(C) Unshaped method l

;
— Velocity of the end-effector was
controlled to be trapezoid shaped

|

Compare first mode vibration

velocity

(B) Proposed method

velocity

Simulation parameter

Numerical model

x[m] ——
2[kg]

(A) (B) (©)

Transportation distance (m) 0.5 0.5 0.5
Maximum Acceleration (m/s2) 4.8 4.8 2.45
Maximum Velocity (m/s) 0.5 0.5 0.25

In order to verify superiority of the proposed method, following three types of control

methods were compared. (daikei)

As | mentioned, 32% error was included in the natural frequency for this method (A),

and 18% error for Method (B).

While method (C), was not input shaping, that was a method that velocity of the end-
effector was controlled to be trapezoid shaped like this.
Numerical model is shown here. Flexible vibration of the tomato cluster was modeled

as 2 d.o.f. pendulum motion.

Simulation parameters is shown here Under this conditions, we compared the first

mode vibration.




Simulation results
(Velocity and swing angle)
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Here is simulation results. this is manipulator velocity(vilas(lazy)aty) and this is
swing angle of tomato cluster.

Blue dot line is represented normal input shaping, red line is proposed (prapouse)
method, black dot line is unshaped method.

You can see input shaping methods showed velocity steps like this. Proposed method
stopped earliest and its vibration was the most damped.

That’s red line




(A) Normal input shaping
(B) Proposed method
(C) Unshaped method

Considerations of numerical simulation

Amplitude of vibration right after the transportation

6.13[deq]
1.58[deqg]
4.34[deq]

The proposed method was the most effective.

Amplitude of vibration right after the transportation is like this. The proposed method
vibration amplitude this red one was about 1/4 of normal input shaping. About 1/3 of

unshaped method.
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Experimental devices and methods

(B) Proposed method
- Modified input shaping method
(C) Unshaped method
- Velocity is controlled to be trapezoid shaped.

e Transportation by
1 DOF manipulator

e The motion of tomato
cluster was recorded by
video camera

o Compared experiment with
simulation results

We conduct an experiment to compare the methods as well as the simulation. Here,
these two methods were actually compared by use of this 1 DOF manipulator.

The motion of tomato cluster was recorded by a video camera and cluster swing angle
was measured on image. Then compared(k(lazy)a) experiment with simulation results.
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Experimental result

Videos showing the whole manipulator

y
velocity

/N

. . time ) ) time
Transportation duration, 1.8 s Transportation duration, 2.2 s

& (C) Unshaped method

velocit

(B) Proposed method

Let me show you experimental results by these videos

Here are the videos showing the whole manipulator

Left hand side video is proposed method. Its transportation duration was 1.8(s)
Right hand side video is unshaped method. Its transportation duration was 2.1(s) as
well as the simulation.

You can see proposed method transportation time was short and small swing angle
compared with unshaped method.
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Experimental result

Zoom in videos at the stopping positions of the end-effector

.

. . time . ) time
Transportation duration, 1.8 s Transportation duration, 2.2 s

velocity
velocity

(B) Proposed method (C) Unshaped method

This is zoom-in video at the stopping position of end-effector
Left video is proposed method, and right video is unshaped method.
It is easier to see the both vibration when the manipulator stopped.
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Simulation result
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and blue dot line is simulation result. Both results are very similar after end-effector

stopped.
You can see the proposed method was effective to reduce the vibration compared with

Here is experimental results with simulation results. Red line is experimental result
the unshaped method.
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Experimental considerations

« Swing angle right after the transportation

(B) Proposed method 1.17[deg]
(C) Unshaped method 3.37[deq]

0 1 2 3 4

» 5 tomato cluster was provided to this experiment
- Effectiveness of vibration reduction by proposed method was 10~81%(average 56%)

dmmg: 460 6.30 4.25 5.15 6.50

I((mm): 70.0 70.0 93.0 75.0 80.0
m(kg): 0.34 0.32 0.37 0.25 0.29

-
o
o

80

60
40 l
i
1 2 5

4
Frut No,

Reduction ratio(%)

o

Amplitude of vibration right after the transportation is shown like this. Swing angle
of proposed method was about 1/3 of unshaped method.

5 tomato clusters were provided to this experiment. From the results, it was observed
that effectiveness of vibration reduction was 10-81% and its average was 56%.

The reason why this no2 is small is large and firm peduncle and the cluster was didn’t
swing much even in this unshaped method.
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Conclusion

» Modified input shaping (proposed method) was effective
to reduce fruit cluster vibration, because natural frequency
of individual fruit cluster was used as a parameter.

* Possibility to remove the pushing device of the end-
effector was found, if the proposed method was used.

* As a future subject, a harvesting robot system consisting
of a manipulator, an end-effector, a machine vision, and
traveling device should be investigated to confirm this
proposed method effectiveness.

Read velocity(vilas(lazy)aty) compared(k(lazy)anper proposed (pr(lazy)apouse




Thank you for your kind
attention

es»




Developed mechanism is able to grasp and cut
the peduncles exists in any direction

In this study, object for the harvesting robot is round tomato like this picture
This tomato plants are hung down from top and fruits are for cluster harvesting.
However, the fruit clusters look to come out in various directions like this.

The end-effector needs to have a function to grasp and cut peduncle which exists in
any direction.
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Simulation results
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This is the end-efector we made.

The main parts of the end-effector consist of upper fingers , lower-fingers and a
pushing device .

The Upper fingers have peduncle grippers and cutters.
Motor-1 makes the upper fingers to move up and down through the ball screw .

The peduncle cutters slide down together with the downward movement of the upper
fingers.

The sliding parts have springs to grip up the peduncle by its elastic force.

Both upper and lower fingers open and close by push pull cables, which move by
solenoid because of end-effector mass reduction.

A pushing device with a soft bed for reducing cluster vibration is moved by motor-2 .

This vibration reduction is incorporated to prevent harm of the tomatoes causing from
the vibration of cluster while it’s quick transportation to a container.




Process of Input Shaping

Vibration elimination process:

= First vibration
Impulse = Second vibration
/g} (acceleration) === Total vibration
Z
o
)
C
©
)
£
2
n >
Time (s)
First vibration —|— Second vibration = Vibration will be eliminated

- We have to consider tomato cluster natural frequency

- Velocity and acceleration to cancel the
vibration depends on the natural frequency.

» ZVD shaper

- Kinds of input shaping, three impulses by accelerations are added




Static test

Searching relationship between peduncle diameter and bending displacement

« Four elemental (Burgers) model is used to represent the tomato peduncle
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Fig. Four elemental model Fig. A result of peduncle static test

We did static test to obtain that relation between bending angle and reaction torque of
the tomato peduncle

Tomato peduncle is modeled with a four element model as shown in here.

In the static test we observe peduncle displacement when taken the load to peduncle at
five second right after release the load.

This figure is history of displacements when load is applied.
And we obtain parameters of peduncle by approximate curve.




Purpose of this research | . '

Individual tomato fruit Harvesting ()
robots have been researched so far.

Detaching of individual Peduncle joint

Cluster cutting place

Fruit cluster harvesting will be-
* One time harvesting enough for each cluster

* Fruits freshness can be kept for a longer time

Cluster

Therefore, harvesting robot is desirable in Japan.( Our tomato harvesting operation is
done for individual fruit and some tomato harvesting robots have been researched so
far). Some individual tomato harvesting robots have been researched so far.{ 5!/ k
<MD R Yy NI T TIZYh—F I T5.

But, they did not overcome human workers, because their speed was NOT faster than
human. In the Netherlands, or some places, US, cluster harvesting is popular.

The advantages are one time harvesting enough for each cluster, and it is said that
fruits freshness can be kept for a longer time than individual fruit harvesting . In Japan
also, cluster harvesting is now being started in large scale greenhouses.

From these reasons, we are now researching a tomato cluster harvesting robot.
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