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Realization of Ultra-thin Object Grasping and Filing with Precise Grasping and Verification
using Wide-Range Precise Proximity Sensors
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This paper presents a precise grasping system and a grasp verification system which can detect
an ultra-thin object (e.g., a sheet of paper). In contrast, conventional robotic paper manipulation does
not include grasping with the sensory feedback and cannot detect the object loss during grasping. Both
systems use the wide-range precise proximity sensor modules which we previously developed. The grasp
verification system uses the object-dependent parameters acquired by our module, in order to verify
whether the object is grasped by distinguishing the object from a transparent fingertip surface. The
precise grasping system uses the precise distance output generated from the intensity sensor output by
our module. Real robot experiments confirmed that our verification system and grasping system work
against 12 colored sheets of paper and 12 colored paper boxes respectively. Finally, we realized paper
filing with our systems in which interference from a person was detected and dealt with.
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Fig.1: Overview of the sensor model acquisition, grasping,
and verification.
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Fig.2: Sheets of paper used in the experiments of distance
measuring (§3.1) and grasp verification (§4.1). All 12 sheets
have different colors and each of them has the same color on
both sides. Their thickness is 0.19 mm.
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Fig.3: Distance output of our sensor module. The solid black
line shows the distance output generated from the intensity
sensor (dr). The broken black line shows the ToF sensor out-
put (dr). All lines are created with linear interpolation be-
tween the means of 120 measurements (10 x 12 colors). The
right graph is the enlarged view of the left graph. Each of the
error bars in the right graph represents one standard deviation
of 120 measurements.
Table 1: Table of distance output of our sensor module.

dr dp
Distance [mm] | MEAN STD | MEAN STD
85.4 85.9 1.3 N/A N/A
75.4 75.8 1.3 N/A N/A
65.4 64.9 1.3 N/A N/A
55.4 55.0 14 N/A N/A
45.4 45.2 1.1 N/A N/A
35.4 35.1 1.2 35.9 2.0
25.4 29.2 1.9 26.7 1.6
15.4 16.6 1.5 14.7 1.3
5.4 9.1 1.4 5.7 0.3

MEAN and STD respectively represent the mean and the
standard deviation of 120 measurements. N/A means sensor
models are not fully acquired against at least one color.
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Fig.4: Seq{laence of graspfr.lg paper. Ou? grasp verification
system tried to distinguish the upper case (“With Paper”)
from the lower case (“With Nothing”). In the upper case, one
of the sheets of paper (Fig.2) was inserted into the slit of the
jig on the table. At the initial state, the offset parameters
b were acquired. While the fingers were being closed, the

object-dependent parameters a were acquired.
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Fig.5: Object-dependent parameters a output from our sen-
sor modules in grasping paper. Each dot denotes one pa-
rameter a acquired in one grasping trial. As two param-
eters are acquired in a grasping trial (by the left fingertip
and the right fingertip), there are 130 dots in the graph
(2 x 5 x 13 cases (colors + nothing)).
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Fig.6: Paper boxes used in §5.1. They are made from sheets
of folding paper and their wall thickness is 0.07mm. Their
size is 3bmm X 35 mm X 35 mm.
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Fig.7: Sequencé 6f~picking up paper boxes. At (a), the offset
parameters b were acquired. At (c), the fingers were stopped
by our precise grasping system. At (d), the robot executed the
picking up motion to check if the object was firmly grasped.
Table 2: Deformations caused by grasping motions.

Our Method (with d;) Intensity Only (with I)

Pressure Sensor

Fingers did not touch box
B Picking up failed

We selected pictures of the least deformed object and the
most deformed object in all trials of each method.
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Fig.8: Sequence of paper filing with interference from a person. Loose leaves whose thickness is 0.10 mm were used.

Table 3: Critical failure rates of picking up paper boxes.

| Our Method  Intensity Only  Pressure Sensor
Crushing the box 0/60 5/10 2/5
Dropping the box 0/60 4/10 N/A

“Crushing the box” is defined as the case that one wall
of the box touches the opposed wall. “Dropping the box”
is defined as the case that the box drops before it is lifted
by 110mm. N/A exists because we found large deformation
in all trials with the pressure sensors and skipped lifting.
Picking only with the intensity sensors always crushed the
black box and mostly dropped the pink box.
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