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An approximate model-driven method of estimating
the state of clothes for manipulating it

YAsuyo Kitat and NOBUYUKI KiTAf

Aiming at manipulating clothes, a model-driven method of estimating the state of hanging
clothes is proposed. We suppose a system consisting of two manipulators and a camera. The
task considered in this paper is to hold a pullover at its two shoulders by two manipulators
respectively, as a first step for folding it. The proposed method estimates the state of the
clothes held by one manipulator in a model-driven way and indicates the position to be held
next by the other manipulator. First, the possible appearances of the pullover when it is held
at one point are roughly predicted. Using discriminative features of the predicted appear-
ances, the possible states for the observed appearance are selected. Each appearance of the
possible state is partially deformed so as to get close to the observed appearance. The state
whose appearance succesfully approaches closest to the observed appearance is selected as the
final decision. The point to be held next is determined according to the state. The results of
preliminary experiments using actual images have shown the good potential of the proposed
method.
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N1 = Node 1

Body: N1-N12
L sleeve: N1, N4, N13-N16

(a) (b)
1 Pullover used for our experiments: (a) goal state
held at the both shoulders; (b) model consisting of
20 nodes classified into three parts, a body and two

sleeves
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@ (b)

Predicted appearance
() (d)

2 Simulation of pullover deformation: (a) original state (spread on a floor); (b)

process of bringing up; (c) hanging at a point; (d) appearance from assumed

view direction

4 b

State 1 State 2 State 3 State 4 State 5
State 6 State 7 State 8 State 9 State 10

i

State 11 State 12

L 4
I L
State 13 State 14 State 15
State 19
State 16 State 17 State 18 State 20

3 Predicted shapes when the pullover is held at a
point
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4 Modification of hanging sleeve part of model

appearance
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(b)

Experimental result 1: (a) original image; (b) observed clothes region;
(c)(d)(e) selected candidates which give the first, second and third highest
overlap ratio before partial modification (State 13, State 12, State 17); (f)
indication of the position to be held next (the black cross).

(c)

Experimental result 2: (a) original image; (b)(c)(d) selected candidates which

(d) (e)

give the first, second and third highest overlap ratio before partial modifi-
cation (State 10, State 4, State 9); (f) indication of the position to be held

next (the black cross).
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7 Experimental result 3: (a) (c) (e) original images; (b) (d) (f) indications of
the position to be held next (the black cross). (State 1, State 2, State 12)

(b)

8 Failure examples: (a) image data at State 5 (with

predicted appearance of State 5 superimposed); (b)
image data at State 4 (with predicted appearance of
State 1 (left) and State 4 (right) superimposed).
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(b)

9 Experimental results when the pullover is held at a middle point between

adjacent nodes: (a) success example(left: initial overlap before partial modi-

fication, right: result); (b) failure example(with predicted appearance of the

resultant state (left) and the correct state (right) superimposed).
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Holding point Holding point

10 Verification examples: (a) simulation processes for
verification (b) verification after the indication in
Fig. 5f; (c) example of wrong indication; (d) verifi-

cation after the indication in Fig. 10c.
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