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Accuracy validation of motion analysis system in upper limb rehabilitation robot using Kinect

1%

Masahiro Miura, and Satoru Kizawa

(A% 30 4 11 H 29 H2FR)

Recently, development of rehabilitation robots for use in the medical field has advanced actively
with the aim of reducing burdens on care workers and therapists and of improving patient
motivation. We of this laboratory have developed a compact upper limb rehabilitation robot system
for use with upper limbs of hemiplegic persons. It can be trained on a desk. For the measurement
and evaluation of rehabilitation motion, we used a small, inexpensive motion sensor Kinect v2
(Microsoft Corp.), equipped with a function to measure the joint position estimated in advance
without markers. However, because its accuracy is unstable, it is difficult to evaluate the motor
function of the upper extremity dynamically. Therefore, to measure and evaluate the rehabilitation
motion with stable precision using Kinect v2, we developed a system that tracks markers affixed to

arbitrary points on the body. A verification experiment was applied to a rehabilitation robot system

developed in earlier studies.

Keywords: Kinect v2, motion capture, motor dysfunction, upper limb rehabilitation, self-position recognition
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Development of a Robot Using Positioning Control System for the Robocon Competition

Masaki TANAKA, Tomomichi NISHINO, Ryuichiro NAKAJIMA, Yuto NARA”,
Tatsuya MATSUHASHI”, Masashi HOSAKA”, Hidetaka WATANABE and Daichi ITOH

(“FRk 30 &5 12 A 21 A52H)

This report presents an outline of our robots, which participated in the NHK Kosen Robocon
competition in 2018, and describes the development of the automated robots. We attempted to
manufacture robots that can have their positions controlled by rotary encoders. A proportional—differential
(P-D) controller was adopted for the automatic robot positioning. The pulses of two rotary encoders were
counted to assess P-D controller effects on forward and backward movement and on the lateral
movement of the automatic robot. Good rectilinearity was obtained using the P-D controller. Positioning
of the robot was realized at this Robocon competition.
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A closed 2-form on

Hom(m(¥,), SO

the quotient space

(4))/50(4)

Naoya Suzuki

CPEK3 01 1 H 5 HZH
Following the idea of A. Weinstein [5], we construct a closed 2-form on Hom(m(EQ) SO(4))

which is the pullback of a closed 2-form on the quotient space Hom(m(%,), S

1 Introduction

In classical theory, it is well-known that
there is one-to-one correspondence between
the conjugate classes of homomorphisms
m (M) — SO(4) and the isomorphism classes
of flat SO(4)-bundles over M. So it is
important to investigate the property of
Hom(m (M), SO(4))/SO(4) in the study of
flat SO(4)-bundles.

On the other hand, for any Lie group G,
we can construct a simplicial manifold NG
called nerve of G and the de Rham complex
Q*(NG(*)) on it. We call this complex the
BSS complex. In [5], A. Weinstein introduced
the equivariant BSS complex ;) (NSU(2))
and used a cocycle in it to construct a sym-
plectic form on Hom(m(X,), SU(2))/SU(2).

In this paper, we construct a closed 2-
form on Hom(m(X,), SO(4)) using a cocycle
in 930(4)(]\[50(4)).

2 The Euler class in the
BSS complex
In this section we take G = SO(4) and recall a

cocycle in Q*(NG) which represents the Euler
class.

-15-

0(4))/50(4).

Theorem 2.1 ([3]). The cocycle which repre-
sents the Euler class of ESO(4) — BSO(4)
in QY(NSO(4)) is a sum of the following F 3
and E272.'

Eis € BG) —L5 QB(NG(2)

[a

E272 c QQ(NG(2))

E1,3 =

19272 > sen(n) (B dh) ey (7 dR)2 5y
T7€EG,
+(h™ ) (3)r ) (W dR)2 (1))

E2,2 —

—1

642 D san(n) (b dhn)ayra) (dhahz ) rayecn

(h dhl) (3)7(4) (thh )7’(1)7’(2))-

3 A cocycle in the equiv-
ariant BSS complex

In this section we recall a cocycle in
Qyso(NSO4)).



We take a cochain pu € (QY(G) ® G*)¢ as
follows:

-1
6472

> sen(T) ((X)r e (h ™ dh)rg)r

TEG,

+(X)r@)r) (B dh)r1)r(2)

1 _
—e13 2 () (X)rayee) ([dhh ™) @)
T7€6,
+(X) @3- (dhh_l)Tu)T(z)) .
Here X € G =s0(4).

Theorem 3.1 ([4]). Ey 3+ FE2a+u is a cocycle
in Qo) (NSO(4)).

4 A closed 2-form
Hom(m(X,), SO(4))

In this section, we construct a closed 2-form
on Hom(m(X,), SO(4)).
We set 7 := m1(%,). The evaluation map-
ping
ev : 7? x Hom(m, SO(4)) — SO(4)?

induces a pullback ev* : Q5 (SO(4)P) —
Q500 (77 x Hom(m, SO(4))). Since 7 is dis-
crete, 255 (7 xHom(m, SO(4))) is identified
with CP() ® 55, (Hom(m, SO(4))), where
CP(m) is the space of the real-valued func-
tions on 7P. Especially, ev*Es4 belongs to
C?(7) @ Qo (Hom(m, SO(4))).
Proposition 4.1. We take a 2-cycle
c € Cy(m), then ev*Eys(c) belongs to
Q%o (Hom(m, SO(4))) and the following
equations hold:

d(eV*EQ,Q (C)) = O,

on

d(;(eV*EQQ (C)) = 0.

So ev*Es5(c) is a closed 2-form and also the
pullback of a closed 2-form on the quotient
space Hom(m(3,), SO(4))/SO(4).

-16-

Remark 4.1. When c is a 2-boundary, the
equation ev*Ess(c) = 0 holds so paring ¢ €
Hy(m) with ev*Eys defines a natural homo-
morphism Hy(m) — 920(4)(H0m(7r, SO(4))).
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