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Sensory Integration of Binocular Visual Space and Kinesthetic Space
in Visual Reaching Experiments

Taro MAEDA™ and Susumu TAcHI**

It is known in psychology that the human visual space and kinesthetic space do not completely
coincide. Human subject’s response undershoots the hand reaching point in depth under the visual control
of reaching movement without vision of his limb. In this paper, six neural network models of sensory
integration of binocular view space and kinesthetic space using hand position are presented to find how
the joint angles of the right arm and eye-movements are integrated into the human space perception.
Visual reaching experiments revealed that one of the presented models showed a characteristics which
was similar to those of the human subjects. The structure of the model is equivalent to the structure of
human sensory integration. In this sensory integration, the signal space for the perception of the
positional coincidence is that of the arm joint angles. The signals of eye movements are transformed into
the equivalent signals of the arm joint angles which are similar to the signals for the arm control. It
suggests that such a structure is organized for the needs of the arm control in this type of sensory motion
control. '
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(a") Proto type of models fo
sensory integration in arm
movement signal space

(a) Proto type of models for
sensory integration in eye
movement signal space
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B 9 Gﬁ

(b) C1,C2=0 () C'1,C2=0

(d) F1,F2=1 (d) F'1,F2=1

Fig.3 Blockdiagram of sensory integration signal
processing models. (2), (b), (¢), and (d) are
models which transform arm movement signals
into equivalent eye movement signals. (a’), (b"),
(c), and (d) are models which transform eye
movement signals into equivalent arm movement
signals; (a) and (a) are the prototype of models.
(b) and (b") have no interaction between signals.
(¢) and (¢) have the interaction in the input
signal space. (d) and (d') have the interaction in
the output signal space

2T NBEEEEM &Y 2 £ T (Fig. 3(b~d)).
BRI EEHOHEEEABZWEEDEFLTH
3, IDEFNVZBLTIIABEEEEHMZzO b O»RE L,
F1¥& D1,F2 r D2 DEWIZERERIZZ S, 1>7T(3.2)
R&0 DL, D2%1 &L, HEMERECL C2 #K<.
y=F1(a)
0=F2(B) (C1, C2=0 Type) (3.b)
GB.o)RIBEEEZEM L L CEBRERESEM
WieE 7,
y=F1(a+ C2(8))
=F2(8+Cl(a)) (D1, D2=1Type) (3.c)
B.ARFLEEEEM e L THRESHESEMEAV
TN
y=C2(8)+D1(a)
=C1ta)+D2(B) (F1, F2=1 Type)
Th5, '
ERCMEEEEME L CEBRENE STl 23

3.d)
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E29E ¥ 25
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(Fig. 3(a’'~d")).
a=F1(C'2(8)+D'1(y))

B=F2(C'1(y)+D2(8)) (3.2")
a=F'1(y)
B=F"2(6) (C1, C'2=0Type) (3.b")

a=F1(C2(8)+7y)
B=F2(C'l(r)+8)
a=C'2(8)+D'1(y)
B=CUn)+D28) (F1,F2=1Type) (3.d)
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UGB Y~ ARDHEBEOEF NI DWTEE 21T
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DEBRTRODGRME R, BERSIC L 2HFESEE
FAWTHET 2 Z L2k,

RYNC, MEGEESEREE L CREREEEMEEEAL
T TNDGHEEELD, 7T,

ry=I(e, B)
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nHMEEREEL, Thicl > TEFBERDOIRE
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(3. b)—t@ =
Fl(a)=E(a)[I(e, B)]
F2(B)=E(B)[6(a, B)] (6.2)
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Fig.4 Errors between the gaze point and the hand pointing by models;
Each white square is the gaze point. Each black square is the hand
pointing by models. (a), (b), (¢) are the errors by the models
which transform arm movement signals into equivalent eye move-
ment signals. (a), (b), (¢’) are the errors by the models which
transform eye movement signals into equivalent arm movement

signals
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(a) Sensory integration in the eye movement
signal space
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Fig.5 The schemata of signal flow for sensory integration in visual reaching experiment
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