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|2 1= HE XZ7]), Positioning distortion (IX| =& o),

This paper presents a distortion compensation algorithm for cable-driven master devices. Such device has four string
pots at four corners of a frame. Four cables are tied from the four corners to the center holder. When the central
holder, which is a haptic grip, moves, lengths of the four cables will change. From the four cable lengths, the spatial
position of the haptic grip can be estimated using triangulation. In this case, distortion such as barrel image of the
image field occurs when estimating a position with an offset parallel to the plane in which the four string pots are
located. The closer to the corner, the smaller the position estimate value is than the true value. After distortion
phenomenon is modeled by projecting onto the ellipsoid, the position in the vertical direction of the cable plane is
compensated by the corresponding value and flattened. The mean error in the x-direction position was improved by
91% from 0.7833+0.8381 mm to -0.0709+0.4341 mm. This cable-driven master device can be used as a haptic

device for operating a surgical robot.

NOMENCLATURE

Xe, Ve» Ze = Estimated Position in x, y, z-axes

a = Half Distance between Cable Starting Points in y-
direction

b = Half Distance between Cable Starting Points in z-
direction

m = Length of Center Cable Holder

R; = Length of i-th Cable

X = Amount of Compensation in x-position

Xo = Reference Value of x-position in Experiments

L, M, N = Coefficients of Ellipsoidal Equation
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(b) Holder and grip

Fig. 1 Prototype of the cable-driven master device
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Fig. 2 Position estimation model with triangulation
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(a) Experimental process

(b) Experimental tools

Fig. 3 Experiments of positioning performance
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Fig. 4 Comparison between experimental results and compensated
results in 2D-plane

Table 1 Comparison of position error data

y-Error [mm] z-Error [mm]

0.5609+0.9914 -0.1175+0.9156
x-Error- [mm]
Without With Improvement
compensation compensation [%]
0.7833+0.8381 -0.0709+0.4341 91
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Fig. 5 Comparison between experimental results and compensated
results in 3D-space
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