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1. Introduction
CAD (Computer Aided Design) is one of the most important application fields that require 3D

haptic/force feedback. Industrial designers have long been forced to manipulate 3D forms with 2D
input/output devices such as mice and CRT displays without haptic feedback, that has given
designers uncertain, indirect, and unnatural feelings of shapes they are creating. 

The authors have been working on "ViSurf" system, a 3D virtual surface modeler with force
feedback, which allows users to deform a B-Spline [Yama93, 94] and triangular polygonal surface
directly, without touching control points or vertices. ViSurf has two kinds of force feedback
devices; one is a 6 D.O.F. Cartesian type manipulator controlled by velocity and position which has
been developed by Dr. Fukui, one of the authors [Yokoi94, 95], and the other is a PHANToM. To
control the two different devices in the same way and to bridge the gap of control latency among
three processes, which are haptic rendering, object geometry handling, and graphic rendering, this
paper proposes a "loose coupling" architecture and a Feature-Based Haptic Rendering Protocol. The
architecture separates haptic rendering process from others and they communicate asynchronously
using the protocol. As a result, 1700 Hz PHANToM controlling latency has been achieved
constantly independent of graphics refreshing rate and communication frequency.

2. ViSurf System
Fig.1 shows the ViSurf system configuration and some specifications of haptic feedback

devices. Currently, only one device is available at one time. 
2.1 Tool-Based Direct Form Deformation Interface

In ViSurf system, a user deforms a surface just by pushing it with a "virtual tool"; the surface
will be deformed as being pushed and you will feel force feedback through the handle of the force
feedback device. Several kinds of tools of different deformation effects, such as curving, twisting,
and cutting, have been implemented as shown in Fig. 2 [Yama94]. This tool-based interface is very
intuitive and easy to understand, since it (1) is independent of form representations. Though the
modeler has two different underlying form representations, which are B-Spline surface (of degree 3,
a sheet of patch can be handled at one time) and triangular polygonal surface, "push and deform"
interface is the same and the same kind of tools give the same (or at least very similar) deformation.
In addition, different from existing CAD systems, a user can deform surfaces without touching
special "handles," such as control points of B-Spline surface and vertices of polygonal surface. (2)
has force feedback. For example, a "cutter" tool will become very difficult to use without force
feedback, because the user should keep the tip of the tool on the surface to be cut in 3D space just
by visual feedback. 
2.2 "Loosely Coupled" Haptic Device and  Feature-Based Haptic Rendering

Another unique point of ViSurf system is "loose coupling" of haptic feedback device and
object geometry data. Usually, geometry of the virtual world is maintained where it is most
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frequently referred; in this case, on the PC controlling PHANToM or the manipulator, since they
require 100~kHz order control frequency while visual rendering needs 30~60Hz. Let us call this
"tight coupling" of world geometry and haptic device (Fig.3-a). Tightly coupled system has two
problems. One is that geometry handling can not always keep high control frequency for haptic
rendering; for example, topological change, such as cutting open a surface, requires many memory
allocations which take time, and collision detection process becomes slower when the number of
geometry objects increases. The other problem is to keep the coherency of the world geometry
database at the graphic renderer. Any change of geometry should be sent to the workstation over the
EtherNet; when a large number of vertices are changed, it evokes a large network traffic that also
slows down the control cycle of haptic device. 

To solve these problems, we propose a "loose coupling" architecture of geometry database
and haptic device. ViSurf has a loose coupling architecture as shown in Fig. 3(b): The Graphic
workstation maintains all geometry data. It receives sequences of 6 DOF data (or cursor trajectory)
from haptic device, detects collision between surface objects and the 3D cursor (or the device),
deforms surface if needed, returns local surface feature data (such as a collision point and a normal
vector there) to the device, and renders surface objects graphically. A haptic feedback device sends
it’s 6 DOF position and rotation data over the EtherNet to the workstation, either periodically or
eventually. It renders surface haptically based on the features. Each feature needs its haptic
rendering algorithms which must be "light" enough to keep high control latency. 

We named this communication protocol for loosely coupled haptic device that exchange
surface features a "Feature-Based Haptic Rendering Protocol." The loose coupling architecture with
the protocol has given good results. Although the communication frequency between the PC and the
workstation is at most 30 Hz, which is equal to the graphic rendering latency in this case, more than
1700 Hz PHANToM controlling latency has been achieved constantly, which gives very fine
feelings of surface shape. Even during a time consuming form manipulation such as cutting, it
feedbacks force based on features which are already received and keeps the tip of a "tool" out of
surface. 

3. Discussion and Future Work
Haptic rendering based on discrete feature information is an approximation of the true form,

but its quality can be better than that of tightly coupled system for prepared features, since the
device control latency is guaranteed. In addition, the protocol has such merits that robustness,
device independence (different force feedback devices can be used in the same way), and
independence of form representations (e.g., CSG, solid, surface, etc.).

Currently, no feature, a plane, an wedge, and a corner, have been implemented as surface
features, and much more are definitely needed. Especially, features for free-formed surface are
indispensable. Interpolating algorithms of features should also be developed. It is a challenging
problem to determine a set of features sufficient to represent a certain class of surface features. The
protocol should also be extended to support object characteristics other than shape, such as stiffness
and texture. We are also aiming at cooperative virtual CAD system over the network. 
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Nominal position resolution: 0.07 mm
Workspace: 8x17x25 cm 
Max. exertable force: 8.5N (0.9 kg) 
Inertia: < 100 g 
Control rate:  ~ KHz 

Nominal position resolution: 0.01 mm 
Workspace: 35x35x20 cm 
Max. exertable force (Horizontal): 700N (71kg) 
Max. exertable force (Vertical): 300N (31kg)  
Contolled Inertia:  ~100 g 
Control rate:  ~ 100 Hz 
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Fig. 1  ViSurf System Configuration The system has 2 force feedback devices which asynchronously 
communicate with a graphic wokstation over the EtherNet (dotted lines with arrows). Haptic rendering 
on each PC is done based on shape features sent by the modeler on the workstation.
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Fig. 2  Deformation of 
Virtual Surface
(a) A "push" of a small 
curving tool made a 
projection. (b) Result of
a twisting tool. (c) A 
cutter tool.

Fig. 3  Load Balancing  (a) Haptic rendering and geometry maintaining processes are tightly coupled.
(b) Loosely coupled system. 
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