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Abstract - Edge tracing is important in manipulating deformable objects to reveal their original shape.
This research proposes a unique method for towel spreading using two robot arms with sensors-equipped
grippers and a CCD camera. The method proposed and used is by using simple motion stereo method for
grasping the first corner and then using an edge tracing manipulation method to find and grasp the second
corner. Tracing in this paper context involves tracing the towel’s edge. Robot arm movement is based on
feedback from sensors and from images from the CCD camera. Our proposed tracing manipulation
ensures that both comers grasped by robot are adjacent and not across, enabling the towel to be
successfully spread. Two different new grippers are also designed to improve the tracing reliability. One
is a gripper with roller mechanism at the fingertips that rotates only on its axis. This gripper has allowed
more flexibility towards tracing manipulation by reducing the friction between the gripper and the fabric
without having to apply too little force. The latter gripper is an inchworm type gripper. Having two pair
of grippers instead of one, one of the gripper will always be holding the fabric while the other one traces
the edge. Different tracing manipulation algorithms are proposed for each type of gripper and all
algorithms are proven to be successful. Experimental results from spreading rectangular towels with
different thickness, stiffness, smoothness, and color using our towel spreading method also demonstrated
that our proposal is robust.

Keyword: Edge tracing, deformable object, robot gripper, spreading of clothes, home service robot

1. Introduction

One feature required from home service robots is the ability to manipulate deformable objects because
of the large number of clothes, ropes, tubes, papers, etc., found in the home require dexterous handling,
The presence of these objects means that home service robots need to be dexterous in object handling. In
handling clothes, for example, the robot must first recognize the shape of clothes. Due to contact and
gravity, clothes rarely show their original shape. In this case, edge tracing is important in object
recognition. In this paper, it is used to spread clothes, which is important in folding or hanging clothes out
to dry. Much research has been done on deformable object manipulation but very little on clothes
manipulation. Even that on clothes manipulation is largely theoretical rather than practical. This paper
proposes a practical research on towel spreading as an example of clothes manipulation using sensor-

based edge tracing. Spreading clothes

HandA  First comer Hand A Hand B basically involves holding two cornets of the

E = e e clothes to spread or fold them. The problem
1a is finding the appropriate corners. Vision
sensors help find corners, but corners are not
necessarily visible or exposed to the camera,
causing the robot to hold the clothes
unsatisfactorily. Even when a camera detects
a corner, the corner may not be appropriate.
By using tracing manipulation to find the
second corner, this paper will prove that the
second comer found is that next to the

(i) Example of an improper clothes spreading mmally found comer and not ﬂfe one

(ii) Example ofa proper clothes preading apposite it (Fig. 1). The usage of different

, types of grippers designed to improve the

Fig. 1 Problems in clothes spreading reliability of the tracing process is also
.discussed in this paper.
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2. Towel spreading algorithm

Fig. 2 shows the flow for proposed towel spreading. After a towel is picked up randomly with one
gripper (gripper A) and held up, one of the four corners is usually the closest point to the ground. This is
used to locate one of the corners using images by the CCD camera. The towel background is subtracted,
leaving the towel outline. This is done by subtracting two images of the towel -- the second taken after
moving the towel slightly downward. The resulting image is then binarized. After noise is reduced, the
binarized image is labeled and the lowest point within labeled data with more than a certain number of
pixels is recognized as a corner.

Gripper A i i Gripper A then rotates at the wrist to find

the best angle for the second gripper
(gripper B) to grip and hold the corner.
Coordinates of the corner are calculated
after the best position is found. Because
only one fixed CCD camera is used,
motion stereo is used to calculate the
distance of the towel comner from the
camera using two images of the corner at

Tminwwep“dge different locations and comparing the
displacement seen from the camera to
Fig. 2 Proposed towel spreading algorithm actual  displacement. After corner

coordinates are calculated, gripper B
grasps the corner. The success of the attempt is determined using infrared sensors. Since our focus is the
tracing manipulation, we will-not elaborate on the finding of the first corner.

After gripper B grasps the first corner, gripper A releases the towel it is holding and starts tracing the
edge of the towel from beneath the first corner, and stopping once it reaches a second corner. Refer to
Section 4 for details on tracing. The robot spreads the towel by holding both corners. In case the
spreading failed, the robot can be programmed to repeat the process from any point desired. This is
possible due to feedback from infrared and vision sensors.

3. Clothes Spreading System

In this research, we use two robot arms, Js2
(Kawasaki Heavy Industries) with 6 degrees of
freedom (DOF) and Rch-40 (Yamaha) with 5
DOE. Both arms withhave grippers designed for
clothes manipulation with force sensors to
detect force applied to fabric and infrared
sensors to detect whether the fabric is in the
gripper or not. A CCD camera that detects and
confirms comers is located in front of the two
robot arms (Fig. 3). Origins of the Js2 and Rch-
40 are located 0.35m in front, 0.44m to the left
and 0.21m to the right of the CCD camera
respectively. Images taken by the CCD camera
are in 8-bit gray scale and 640x480 pixels in
size. A TRV-CPWS5 image processing board
. . . (Fujitsu) speeds up image processing. Grippers
Fig. 3 Scene on clothes manipulation designed to improve the reliability of the
tracing process is attached to the Js2.

4. Edge Tracing Manipulation

After Js2 gripper is positioned at the edge of the towel, it will start tracing the edge of the towel by
smartly using the feedbacks from the infrared sensors. Let’s assume that the RCH-40 gripper is grasping
the first corner. After Js2 gripper is positioned at the edge of the towel just beneath the first corner, it will
start tracing the edge of the towel by smartly using the feedbacks from the infrared sensors (Fig. 4). This
movement pattern is based on the feedbacks from Js2 gripper’s infrared sensors and should enable Js2 to
find a corner next to the one being held and not the one across it. The state transition diagram of the
tracing manipulation method is shown in Fig. 5. The movement of the Js2 gripper during tracing can be
shown in the form of a vector u (tracing vector, direction only) and can be written as follows:



u=(-sinf,—cos ), |ul=1 ¢))]

@ is the Js2 gripper angle from the z-axis on the xz-plane (Js2 gripper orientation). From Equation (1),
Js2 gripper orientation is also an important factor during edge tracing. The gripper must be set 90deg
from the trace direction in order to fully use the feedback from the infrared sensors. The tracing vector u

will change every time the feedback changes
from pattern A to B and vice versa or after
Js2 gripper has traced a certain distance of
the towel (tracing distance Ar). Tracing
distance Ar is the maximum dislocation for
Js2 gripper before it rotates in order to
quicken the process of moving outward or
inward the towel. In case the feedback turns
® Towel detected to or stays at pattern A, Js2 gripper will
O Towelnot detected ) rotate counter clockwise so that the gripper
will be able to trace inwards the towel. If the
feedback pattern turns to or stays at pattern
B, Js2 gripper will rotate clockwise so that
the gripper will be able to trace outwards the
towel. The new tracing vector u,, can be

First comer

Fig. 4 Important elements during edge tracing written as follows:
e, = (—sin(@ —a),—cos(@—a)) 3]
U,y = (—sin(@ + a),— cos(d +a)) 3)

a is the rotation angle. Equation (2) is the new tracing vector for pattern A and Equation (3) is the new
tracing vector for pattern B. The appropriate rotating angle and also the tracing distance is decided
through experiment. Force control is applied to Js2 gripper during tracing process using the following
equation: )
P=k(F-Fy) @

P is the current reference value for the motor, F is the measured force from the strain gages, F, is the
target force and £ is a gain. It is important to apply an appropriate amount of force to the Js2 gripper
during edge. Applying too much force may result in the gripper dragging the towel, not tracing it. But if
too little force is applied, the towel may slip away from the gripper due to gravitational force. Js2 will
trace the edge of the towel until infrared sensors feedback becomes pattern C or D, indicating that Js2 is
holding a possible corner, and comer confirmation process will take place. CCD camera is also used to
check if a corner is reached or not. If the second corner is reached and confirmed, Js2 gripper will firmly
grasp the corner and the towel is spread. One of the most difficult parts in tracing is maintaining the Js2
gripper at the edge of the towel is difficult and dangerous because the towel may slip away form the
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Fig. 5 State transition diagram for tracing manipulation



gripper. In order to prevent this, fabric retrieving process is performed when the Js2 gripper is moving
outwards and the feedback pattern changes from pattern B to pattern A.

5. Experimental Results

Experiments were conducted to evaluate the towel spreading algorithm. Edge tracing experiments were
also conducted to evaluate the edge tracing algorithm and also the designed grippers. Eachi gripper has its
own ideal tracing manipulation algorithm. Fig. 6 shows a sample data for tracing experiment using
gripper with roller mechanism at the fingertips. Fig. 7 shows the scenes during towel spreading.
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Fig. 6 Experiment data for edge tracing by Js2 with spur gear tips rotating (o= 5deg, Ar = 5mm, P = 5gf,
speed of tracing = 0.02m/s)
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Fig. 7 Scenes during towel spreading

6. Conclusions

A method for towel spreading using a unique edge tracing method by unique grippers is presented. The
combination of infrared sensors feedbacks, force sensors for firm gripping of the fabric and the help of
the CCD camera from time to time have proven to be important in fabric spreading especially in fabric
tracing manipulation.
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