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Abstract. This paper presents the design and implementation of a tool
for Human-Robot collaborative tasks. Industry 4.0 proposes a new sce-
nario where robots can safely work in direct cooperation with humans,
within a defined workspace. These robots are called collaborative robots
or COBOTS. In this paper, we propose a tool that can be used by a robot
and/or an operator for pick and place tasks. The tool was designed to
meet certain criteria for the robot, so that it can identify it, hold it, and
perform the task. Additionally, it was designed to comply with ergonomic
parameters for the human operator. A prototype of the tool was printed
with a FusedForm 3D printer. This prototype was used for a test where
a robot and an operator will use the tool for picking plastic bottles from
a worktable. An UR3 robot was used in the test. It was equipped with
a camera in charge of identifying and estimating the position of the tool
using ArUco codes placed on the tool. Results show the functionality
of the tool for both the robot and the human operator. Additionally,
ergonomic tests provided insights to improve the handling system of the
tool for the human operator.

1 Introduction

Collaborative robots work in spaces immersed with humans. They should be safe,
easy to use, and flexible in terms of the tasks they conduct [1]. One of the most
important parts of the robots is its end effector. It allows the robot to conduct
different tasks. End effectors can be found in different styles. Suction cups, grip-
pers (typically two or more fingers), spot-welding tools, paint sprayer, or almost
anything else that can meet the application needs. Most of the time, collabo-
rative robotics has focused on the robot side. As Kieffer mentions in [4]: “End
users want a collaborative robot application. You can not make that if only the
robot is collaborative”. Additionally in [13], it is mentioned that it is important
to develop collaborative grippers, taking into account that “they might come
into contact with the people”. They must be carefully designed, so that the tool
exchange time should be short to avoid affecting production requirements. Cur-
rently, the exchange of tools is conducted in several ways [9]. The first mode is
the manual exchange. It is the simplest mode, but it has disadvantages such as
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its high costs and that the operator must enter the workspace of the robot every
time the tool has to be changed. The second mode is automated exchange. The
exchange is done by commands using the robots control system. The automated
gripper exchanges can be divided into three groups:

e multi launching grippers
e whole gripper exchange.
e clamping pads.

An example of an automatic exchanger is the one developed by Kuka [9]. It
is a multifunctional end effector (MFEE) for 6 different tools, such as spindle,
for sealant applications, hammer modules, and milling, among others (Fig. 1, left
image). On the other hand, Fig. 1 right image shows an example of the MC-10
manual exchanger developed by ATI Industrial Automation [2]. It allows the
connection of different tools in a simple way.

Fig. 1. Commercial exchanger. On the left, the automatic multifunctional end effec-
tor (MFEE) developed by Kuka [9]. On the right, the MC-10 Manual Tool Changer
developed by ATI [2].

Another type of commercial grippers are the adaptive grippers. They have the
advantage that they adapt to different size and shapes using simple mechanisms
and simple control [9]. Some examples are shown in Fig. 2. The SRDK-UR from
Universal Robots (Fig. 2, left image) is the first customizable grip system that
imitates the human hands in tasks that require flexibility, dexterity, and precision
[11]. The FlexShape Gripper by Festo (Fig. 2, right image) uses the chameleon’s
tongue principle to grip. It can grip different types of objects regardless their
shape.

Industry 4.0. proposes a new role for industrial robots where robots do not
substitute humans, but instead they work side by side with them [12]. Based on
this, one can think on scenarios where robots and humans could share the same
tools, without the need to buy and place expensive additional mechanisms for
the robot every time we need the robot to handle specific objects. To the best
of the author’s knowledge, there have not been works presented in the literature
focused on this kind of tools.
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Fig. 2. Commercial grippers. On the left, The SRDK-UR from Universal Robots. It
imitates the human hands in terms of flexibility, dexterity, and precision [11]. On
the right, the FlexShape Gripper by Festo which can grip different types of objects
regardless their shape.

The design and development of the tool is part of the PIR (Perception for
Industrial Robots) project from the Pontificia Universidad Javeriana Bogota
(PUJ) [6]. This project is focused on characterizing and simulating the applica-
tion of an industrial robot for waste separation tasks and conducting research on
the technical aspects of the collaborative and flexibility concepts of COBOTs.
In this article, we propose a vacuum tool that can be used for picking plastics
bottles in the bottle classification task conducted in the Alqueria recycling cen-
ter in Bogota. There, tasks are conducted manually, thus this being a perfect
scenario for testing the collaboration between humans and robots (see Fig. 3).

———
Kinect sensor | )

Human-Robot
Interaction

Fig. 3. Human-Robot Interaction proposed for waste classification tasks at the
Alquerfa recycling center [10].

The Alqueria recycling center is responsible for separating color High Den-
sity Polyethylene (HDPS), High Density Polyethylene/Polystyrene (HDPS/PS),
green polyethylene terephthalate (PET), and transparent PET, among others.
Due to the wide variety of bottles that arrive to the recycling center, e.g. dif-
ferent sizes; the robot grippers, in some cases, are not the appropriate tools for
grasping the containers. Therefore, within the project we propose a tool maga-
zine that will be in the robot’s workspace and will be accessible either by the
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robot or the operator, if required. In the magazine, different vacuum tools of
different sizes can be available.

The paper is organized as follows, Sect. 2 shows the designed criteria consid-
ered for designing the tool. Section 3 presents the prototype. Section 4 describes
the tests carry out to evaluate the tool, and Sect.5 presents the conclusion and
the direction of future work.

2 Design Criteria

Grippers are tools that are only designed for robots. However, the proposed tool
targets both robots and humans.

To meet the human’s specifications, anthropometric measurements of the
hand of adults (shown in Fig.4) and ergonomic parameters that are based on
the type of activity to be developed, were considered. Table 1 summarizes the
parameters considered when designing the tool from the human point of view,
taking into account the application (pick and place of plastic bottles).

Fig. 4. Anthropometric measures of the hand of an adult for holding object [8].

Additional aspects were considered in the design of the tool:

e The tool should encourage the use of both hands, to help mitigating the prob-
lems of left-handed people and fatigue when the dominant hand is fatigued.
For more than 90% of users, the dominant hand is the right one.

e The design should follow strictly the design criteria, this because an intense
compression of the tool leads to the inflammation of the tendon sheaths,
compromising blood supply and leading to an excessive compression of critical
nerves [14].

e The weight of the tool should not exceed 3 Kg. This to comply with the
limitations stablished by the ISO 11228 about manual handling [3].
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Table 1. Ergonomic parameters considered for the design of the tool.

Factor

Parameters

Activity

Type of task. Pick and place

‘Work environment. Workers are standing up in
an 8-h shift. The operator must pick and place
the bottles in a basket that is close to the table

Postural and biomechanical analysis

Body posture. Standing when handling plastic
bottles

Hand posture and hand-wrist movement.
Natural posture of the wrist

The tool

Shape of the tool. The handle must provide
maximum contact between the tool and the skin
(or glove). In general, its transverse section
should be cylindrical, flat, or elliptical [7]
Dimension and weight. The user must be able
to use the tool with one hand. Ideal weights of
tools operated by the hand-forearm segment is
0.9-1.5 Kg. Length of the handle for force tools:
100-125 mm

Surface of the handle. Should ensure a good
grip on a handle. There must be enough friction
between the hand and the handle. Handles made
of plastic or composite rubber are recommended

In addition to the human factor, the robot’s gripping system was considered
when designing the tool. In this study, the hardware shown in Fig.5 was used.
It is comprised of the UR3 robot from Universal robots, and the two fingers
gripper from Robotiq. The parameters of the robot that are considered for the
design of the tool are shown in Table2. In addition to those criteria, the tool

| 3 Worktable

Fig. 5. Testbed. It is comprised of the UR3 collaborative robot from Universal robots
equipped with the two fingers gripper from Robotiq.
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must be easily identified, so that the robot can automatically locate the tool
when it needs it.

Table 2. Robot parameters

Characteristics Value
Robot payload 3kg
Friction grip payload | 3kg
Gripper weight 1kg

Stroke 50 mm
Grip force 60 to 130N

3 Prototype

Figure 6 summarizes the criteria considered for designing the tool. As It is shown
in the image, the tool was designed considering some criteria only for the human
(body posture, hand posture, etc.); but additionally there are other criteria such
as, shape, weight, and surface, that required to be evaluated for both the human
and the robot.

P
Human Robot
E oType of task *Shape :
: °Body posture - Weight :
: oHand posture -Surface :
! °Space :
! sWork environment :

Fig. 6. Ergonomic and robot parameters for the design of the tool. Shape, Weight, and
Surface criteria should comply the design criteria for both, the human and the robot.

Figure 7 shows the designed tool. The upper part (marked with number 1),
correspond to the handle, where the operator and the robot will hold the tool.
The lower part (marked with number 2) corresponds to a cube, where the suc-
tion cup will be placed in. The lower part was designed to allow the placement
of visual markers on the tool (ArUco codes) for its automatic detection and
identification.

The handle of the tool was designed with a length of 123 mm and a diameter
of 38 mm. In addition, the handle has an inclination of 12°, following ergonomics
recommendations for manual tools. The tool will have also a button to allow
manual activation of the vacuum.
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Fig. 7. Prototype of the tool. The upper part (number 1), correspond to the handle
that will be shared by the robot and the operator. The lower part (number 2) will
contain the succion cup and visual markers for automatic detection and identification
of the tool.

4 Test and Results

Three different tests were conducted to analyze the design of the tool. The first
one was focused on the robot; the second one, analyzing people’s opinion about
the tool; and the third one corresponds to a test where the robot and a person
shared the tool.

4.1 Robot

In this test, the UR3 robot was used to automatically detect the tool and pick
up 9 bottles of different sizes grouped as small, medium, and big (three bottles
per size). This test was focused on verifying that the robot can pick up the tool
and that it does not slip from the gripper’s fingers (i.e. that the bottle does not
fall). Figure 8 shows the robot and some images of the bottles the robot had to
pick up.

The test consisted on commanding the robot to pick up the bottles. For each
group of bottles (small, medium, and big), the test was conducted 10 times at
3 different speeds, low (10% mx. robot’s speed), medium 10 (50% mx. robot’s
speed) and high (90% mx. robot’s speed). The maximum speed of the UR3 robot
is 1 m/s. If the bottles of each group were successfully picked up, the test was
considered successful, otherwise failed.

The results of the test are summarized in Table3. From this table, it can
be seen that the system picked up all the small bottles and that the change of
speed did not affect the results. On the other hand, the robot succeeded in 93%
of the tests, when picking up the medium size bottles; and 83% of the tests,
when picking up the big size bottles. Analyzing the results, the 7 trials when
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Bottles to Pick

Fig. 8. Setup Test 1. The robot shown on the left image was commanded to pick up 3
bottles of each group 10 times at three different speeds (30 trials).

the robot failed carrying the bottles correspond to tests conducted at high speed
and when the vacuum tool was far from the center of gravity of the bottle.

Table 3. Results Test 1. Robot picking up 3 bottles of each group 10 times at three
different speeds (30 trials). If all the bottles of each group were successfully picked up,
the test was considered successful, otherwise failed.

Bottle’s size | Successful trials | Failed trials
Small 30 0
Medium 28 2
Big 25 5

4.2 Ergonomic Test

A test was carried out to analyze the people’s opinion regarding the tool. Five
persons where questioned about ergonomic and manipulation aspects of the pro-
posed tool when using the tool for picking up the bottles. Each person handled
10 plastic bottles with the tool and answered the following survey. The answer
for each question was limited to Good, Regular, or Bad.

Is the handle length enough for the size of your hand?

Is the handle diameter comfortable?

Is the weight of the tool considered to be adequate?

Is the position of the suction cup correct?

Is the position of the activation button of the suction cup correct?

CU D=

Table 4 summarizes the results obtained in the survey. It shows the number of
people whose answer coincided in each question. The following list summarizes
the people’s comments for each question.
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1. Handle length. People commented that the length of the tool was appro-
priate for their hands and they were able to manipulate the tool without
problems. They recommended to improve the material of the handle to pre-
vent it form slipping.

2. Handle diameter. People with small hands recommended to reduce the
diameter of the handle to make it more comfortable for them.

3. Tool’s weight. Everybody agreed that the weight was appropriate for manip-
ulating the tool.

4. Suction cup. Most of them commented that it was difficult to see the suction
cup.

5. Activation button. They agreed that the position of the activation button
was correct, but that it required a lot of force to be activated.

Table 4. Results Test 2. The table summarizes the number of people whose answer
coincided for each of the question related to ergonomic and manipulation aspects, when
using the tool.

Question | Scores
Good | Regular | Bad
1 4 1 0
2 3 2 0
3 5 0 0
4 1 4 0
5 2 3 0

4.3 Human-Robot Test

A final test was conducted to have both, the human and the robot using the
tool for picking up plastic bottles. Figure9 shows representative images from
the test, where the human is manipulating the tool for picking up some bottles.

Figure 10 shows images when the robot was conducting the task. The tool
was automatically detected and identified by a computer vision algorithm. ArUco
markers located on the four sides of the cube were used to provide fast 3D pose
estimations of the tool to the robot. With this markers, the human can place
the tool in any orientation and the system can still detect the tool.

A video of the test can be seen in [5].
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Fig. 9. Results Test 3 Human Manipulating the Tool. Representative images of the
test when the human uses the tool for picking up some bottles.

Fig. 10. Results Test 3 Robot Manipulating the Tool. Image on the left shows the
computer vision algorithm the robot uses to detect and identify the tool. The other
two images are representative images of the test when the robot picks up some bottles
with the tool.

5 Conclusions

In this paper we presented the design of a vacuum tool that can be shared by
humans and robots, for plastic classification tasks. Real tests were conducted,
and the results showed that the robot was able to successfully pick up of small
bottles at different speed. With the medium size and big size bottles, some of
the bottles fell off when operating at high speed. However, it is important to
mention that the weight of those bottles was greater than the weight the suction
cup can handle.

From the results, we can say that the vacuum tool can be carry by the robot
appropriately, since in none of the tests the tool fell off the robot. Future work
is focused on improving ergonomic aspects of the tool, based on the suggestions
provided by the people involved in the tests.
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