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ABSTRACT
(57)
The spring counterbalanced boom suspension system is
designed for suspending a viewer for use in a visual
virtual environment system. The spring counterbal
anced boom suspension has an improved range of mo
tion which allows for fully counterbalanced movement
of the viewing device to a vertical positions, and to
horizontal positions on either side of the vertical. The
viewer is suspended by a counterbalanced boom arm
which is in turn supported by a cantilever arm pivotably
and rotatably connected to a support structure. A ten
sion spring is connected between the support structure
and an attachment point on the cantilever arm by a
cable for counterbalancing the weight of the viewing
means and the boom arm. The spring tension and pre
load are adjusted to the geometry and counterbalancing
weight of the suspension system, and the cantilever arm
is capable of a fully counterbalanced range of motion. A
pair of pulleys are preferably mounted to the upper end
of the support structure to provide a channel through
which the cable passes.
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desirable to reduce the overall inertia of the suspension

SPRING COUNTERBALANCED BOOM
SUSPENSION SYSTEM

system.
A conventional counterweighted boom suspension
system also typically has a limited range of pivoting

BACKGROUND OF THE INVENTION
5 motion, since the counterweight on the boom can inter
fere with movement of the boom to a vertical position.
1. Field of the Invention
Movement of such a conventional viewing device from
This invention relates generally to counterbalanced
viewing apparatus boom suspension systems, and more
a position on one side of the vertical line from the sup
particularly relates to a spring counterbalanced cantile- 10 port base to an opposite side can typically be accom
ver arm suspension system for remote stereoscopic
plished by a 180 degree rotation of the boom and re
CRT monitors for three dimensional computer or cam
alignment of the viewing device. It would therefore be
era generated simulation environments.
desirable to provide a counterbalanced boom suspen
2. Description of Related Art
sion system with an improved range of motion which
Visual presentations of environments for computer or
would allow for fully counterbalanced movement of the
5
camera generated simulations are useful in many ?elds,
viewing device to a raised vertical position and to op
such as three dimensional biomedical modeling of pa
posing lowered horizontal positions. The present inven

tient anatomy before surgery, architecture, ?ight train
ing experiences, and wind tunnel behavior of aircraft
structures, for example. This type of visual presentation
can be particularly useful if presented stereoscopically,
with CRT or LCD viewing devices providing binocu
lar views from slightly different angles to allow the
perception of depth in the views presented. Such view

tion meets these needs.

SUMMARY OF THE INVENTION

Brie?y, and in general terms, the present invention
provides for a spring counterbalanced boom suspension

for a viewing device for use in a visual virtual environ
ment
system, which the user can quickly and easily
ing devices increase the illusion of presence in the
scenes presented, and have therefore generally been 25 move to achieve the desired view, leave in place at a
desired position and angle of view, and look away to
referred to as providing a visual virtual environment,
have ready access to a control system, such as a key
and more popularly as “virtual reality".
board
and computer monitor. The spring counterbal
Head mounted stereoscopic viewers with sensors to

give the visual virtual environment system feedback as
to the orientation of viewing have been developed to

anced boom suspension provides an improved range of
motion which allows for fully counterbalanced move

allow the user to control the angle of view and appear
ance of movement through the projected visual envi
ronment by movement of the head mounted viewer.

ment of the viewing device to vertical and horizontal

While some have been developed as helmets to be worn

suspension system including viewing means for viewing
an image, supported by a pivotable and rotatable

on the head, the weight of a unit including binocular
CRT screens can be uncomfortable, if not suspended or

positions. -

The invention thus provides for a viewing apparatus

at least partially supported. Such supported stereo
scopic viewing devices are typically suspended by an

mounting means. A cantilever arm is operatively con
nected to the pivotable and rotatable mounting means,
and the cantilever arm is pivotably and rotatably con

articulated, counterbalanced boom having sensors at
the joints of the boom and the viewing device to gener
ate data concerning the position and orientation of the

nected to support means. Spring means are connected
between the support means and an attachment point on

viewing device.
While counterbalancing the viewing device can re
move the burden of carrying the full weight of the

the cantilever arm for counterbalancing the weight of
the viewing means and the mounting means. The spring
tension and preload are preferably adjusted to the ge

ometry and counterbalancing weight of the suspension

viewing device from the user, the total mass of the 45 system, and the cantilever arm is capable of a fully
system is increased. In systems where the head mounted
counterbalanced range of motion about the pivot point
viewing device is provided in the form of a helmet or is
between a vertical position and opposing horizontal
strapped to the head of the user, the problem of over

coming the inertia of the viewing system can also make
the system difficult to use. Helmet type viewing devices
also are not easily left in a desired position and angle of
view while a user attends to some other task, making it
difficult for a user to look away to a control panel or

keyboard. It has been found that it is useful to provide
a free standing, fully suspended and counterbalanced
stereoscopic viewer which can be used simply like a
pair of binoculars which can be left in a desired position
and angular orientation, and from which the user can
easily look away to have ready access to a control sys
tem, such as a keyboard and computer monitor, for

controlling various modes of operation of the visual
virtual environment system. In such freely suspended
viewing systems, due to the weight of the viewing de
vice and the counterweights employed, moving the
viewing device for a change of position or angle of view

positions.

In a preferred embodiment, the spring means com

prises a coil tension spring disposed within the support
means, and a cable connected between the spring and an

attachment point on the cantilever arm. A pair of pul
leys are preferably mounted to the upper end of the
support means to provide a channel through which the
cable passes. The cantilever arm is also preferably mov
able from a substantially horizontal position on one side

of the support means through a vertical position and to
a position on an opposite side of the support means.

Handle means may also be provided for guiding the
position and orientation of the viewing means. In a

preferred embodiment of the invention, the mounting
means for the viewing device includes a boom arm
connected to the cantilever arm, and the boom arm

can produce a momentum in the suspension system and
viewing device which can tend to carry the device

includes a ‘counterweight. In an alternate embodiment,
the cantilever arm is counterbalanced by spring means
disposed in the cantilever arm rather than in the support

beyond the position or angle desired, so that it would be

means.
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These and other aspects and advantages of the inven
tion will become apparent from the following detailed

description, and the accompanying drawing, which

4

angle or position of view simply by movement of the
head.
The viewing device is preferably mounted in a hous

illustrates by way of example the features of the inven
tion.

ing or bracket 16 which allows the viewing device to

BRIEF DESCRIPTION OF THE DRAWINGS

bearings 18 in a bracket allowing for rotation about a

rotate about horizontal and vertical axes. In the pre~

ferred embodiment, the viewing device is mounted by

horizontal axis, and the bracket is preferably mounted
to
a short extension arm 19 by a bearing 20 allowing for
spring counterbalanced boom suspension system of the
10 rotation about a vertical axis. The bracket is also prefer
invention;
ably suspended from a freely rotating pivot joint 22,
FIG. 2 is a side elevational, sectional view of the
FIG. 1 is a front elevational, sectional view of the

suspension system of the invention;
FIG. 3 is a top plan view of the suspension system of
the invention;
FIG. 4 is simplified front sectional view of the spring
housing and cantilevered boom of the suspension sys
tem of the invention, showing the boom in a right side

horizontal position;
FIG. 5 is a view similar to that of FIG. 4, showing the
boom in a partially raised position;
FIG. 6 is a view similar to that of FIG. 4, showing the
boom in a vertical position;
FIG. 7 is a view similar to that of FIG. 4, showing the
boom in a partially lowered position;
FIG. 8 is a view similar to that of FIG. 4, showing the
boom in a lowered, left side horizontal position; and
FIG. 9 is a simpli?ed front, sectional view of an alter
nate embodiment of the spring counterbalanced boom

suspension system of the invention.

supporting the weight of the viewing device and

bracket so that the viewing device can always depend
from the pivot joint in a vertical position for the user,
regardless of the orientation of the rest of the suspension

system.
In the preferred embodiment of the invention, the
rotating pivot joint 22 is disposed at an end 26 of a
counterbalanced boom arm 24. A counterweight 28 is
typically placed at the opposite end 30 of the boom arm
to counterbalance the weight of the viewing device and

its mount. A pivot joint or bearing 32 is preferably
located at the balance point of the boom arm, connect
ing the boom arm to a spring counterbalanced cantile
ver arm 34 to allow for pivotal movement of the boom
arm about a horizontal axis. As can be best seen in FIG.

2, the cantilever arm preferably includes a pair of
spaced apart arm members 35a,b connected at their
distal extremities 36a,b by the pivot joint 32 to the boom
30 arm. The proximal extremities 38a,b of the cantilever

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT
Both head mounted and suspended, counterbalanced

arm members are similarly connected by a proximal
pivot joint or bearing 40 to a support structure 42. In the

viewing devices for visual virtual environment systems
have suffered from problems of excessive weight. While
counterbalancing the viewing device helps to relieve
the burden of carrying the full weight of the viewing

at the upper or pivot end 44 of the support structure.

device from the user, the total mass of the system is

actually increased. I-lelmet type viewing devices also
can not easily be placed in a desired position, making it

preferred embodiment, the proximal pivot joint of the
cantilever arm is disposed on a vertical post member 43

The vertical post member is also preferably mounted by
a rotation joint 46 at the upper end 44 of the support
structure for rotation about a vertical axis 48. Thus, the
cantilever arm is capable of pivoting about a horizontal
axis and rotating about a vertical axis, to allow a full
range of motion for the boom arm.

difficult for a user to look away to a control panel or
keyboard, or to perform some other task. A conven

The support structure preferably includes a generally
tubular housing 49, with a base end 50 and a platform 51
tional counterweighted suspension system also typically
having three or more wheels 52, so that the suspension
has a limited range of pivoting motion.
45 system can be conveniently free standing, and movable
The invention thus advantageously provides for an
as desired. It would also be possible to mount the sup

improved counterbalanced boom suspension system for
use with visual virtual environment systems, which
utilizes a spring counterbalance in place of a counter

weight, in order to reduce the weight of the suspension
system, and at the same time to increase the range of
motion of the boom arm.

As is illustrated in the drawings which are provided
by way of example, and with particular reference to

port structure to a ?xed workstation or another type of
?xture, or to other types of movable bases, such as a
movable chair or vehicle, and the like, as desired.

A tension spring 54 is preferably disposed within the
housing of the support structure, for counterbalancing
the weight of the viewing device, and the boom arm
and the mounting structure for the viewing device. The
spring is preferably a coil spring having a lower end 56

FIGS. 1 and 2, the invention is embodied in a viewing 55 connected to the base end 58 of the support structure by
a connector ring 59, and an upper end 60 connected by
another connector ring 62 to a cable 64. The cable may
be a metal wire cable, a polymer ?ber, such as nylon,
CRT based or LCD based viewer capable of presenting
string or rope, or various other similar, suitable materi
a three-dimensional image to a user. It is possible to use
als. The cable is in turn connected to an attachment
other types of viewing devices, such as a single CRT or
cross-bar 66 extending transversely between the two
LCD monitor, as well as other types of non-stereo
cantilever arms. A pair of pulleys 68 are preferably
scopic displays for example, but in a visual virtual envi
mounted on spindles to the support post member 43,
ronment system, it is most desirable to present a three
which preferably comprises a pair of spaced apart sup
dimensional view to the user. The viewing device may
also include one or two handles 14 to allow for easy 65 port post members 69 between which the spindles ex
tend, with the pulleys having grooved or indented sur
manipulation by hand, and may include a head strap 15

apparatus suspension system 10, preferably including a
viewing device 12, such as a binocular, stereoscopic

to be worn snugly over the head of the user to allow for

easy manipulation of the viewing device to change the

faces 70 for retaining and supporting the cable, with the
cable supporting surfaces of the grooves of the pulleys

5
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juxtaposed to provide a channel 72, which serves as a

suspension point for the cable to the cantilever arm,
through which the cable passes.
In the classical hypothetical situation in which a
spring is connected to a vertical support and to an inter
mediate attachment point on a cantilever arm having a

weight at the end of the arm, the spring force is directly
proportional to the length of the spring between the
support and the attachment point on the arm, for situa
tions in which the arm is perfectly counterbalanced by
the spring. Since this distance can become zero when
the cantilever arm is in a vertical position, it is impossi
ble for the cantilever arm to reach a vertical position

due to interference by the free length of the spring.
In the boom suspension system of the invention, it is
also impractical for the spring to extend to the attach

6

ing the length of the cable so that there is a slight ten
sion on the spring even at a vertical position of the
cantilever arm.

With reference to FIGS. 4-8, the range of pivoting
movement of the cantilever arm will now be brie?y

described. Beginning from a right side horizontally
extended position, shown in FIG. 4, in which the ten
sion spring in the support housing structure is under
maximum tension, the cantilever arm may be raised as

shown in FIG. 5, proportionally decreasing the tension
of the spring counterbalance as the moment of the
weight at the outer extremity of the cantilever arm
decreases. As the cantilever arm reaches a vertically
extended position shown in FIG. 6, the spring is at a

minimum preload tension, and does not interfere with
the movement of the cantilever arm at this position. The

ment point on the cantilever arm, as this would interfere
with the range of motion of the cantilever arm and the

cantilever arm can continue to pivot to the left, as

viewing device, particularly near the vertical position

tended position, increasing the length and tension of the
spring proportionally to maintain a counterbalance, but
without interfering with the pivoting motion of the

of the cantilever arm. In order to overcome the diffi

culty of interference by the spring with the cantilever
arm and yet allow the spring force to be proportional to
the positioning of the cantilever arm between the verti

shown in FIG. 7, and to the left side horizontally ex

cantilever arm. It should be noted that each of the piv
oting and rotating joints can be provided with sensors
cal and horizontal positions, the spring is preferably
to generate electrical input signals to a visual virtual
contained within the support housing, and is connected 25 environment control system for controlling the three
to the attachment point on the cantilever arm by the
dimensional binocular views depicted in the viewing

cable passing through the pair of pulleys on the upper
end of the support structure. Thus, the spring essentially

device.

has a “zero free length,” which is defined for purposes

counterbalancing spring for supporting the weight of

of this application as meaning that the spring force is
directly proportional to the distance between the at
tachment point 66 and the location of the cable channel
72 between the pulleys. The spring does not interfere
with the cantilever arm, so that the cantilever arm can

In an alternate embodiment illustrated in FIG. 9, the
the cantilever arm, boom arm and viewing device com

prises a coil spring 80 having a first end 82 secured to
the cantilever arm 84 and an opposite end 86 connected
by a ring connector 88 to a cable 90. The cable is in turn

reach, and pivot through, a vertical position, while still
being counterbalanced by the combination of the spring

35 connected to a support post 92 on the upper end of the

arm at the end of the cantilever arm, and the force of the

pared to conventional counterweighted boom suspen
sion systems, which advantageously also increase the

support structure, and a pair of pulleys 94 are mounted
on the cantilever arm formed of a pair of spaced apart
and cable. The cantilever arm is thus capable of a fully
arm members, juxtaposed to form a channel 96 for sup
counterbalanced range of motion about the pivot point
porting
an intermediate portion of the cable. In this
where it is joined to the support structure, from a posi
tion extending substantially horizontally on one side of 40 alternate embodiment, the cantilever arm 84 preferably
also comprises a pair of spaced apart cantilever arm
the support structure, to a position extending vertically
members, and the pulleys 94 are mounted between the
from the support structure, and to a horizontal position
two
cantilever arm members. In all other respects, the
on the other side of the support structure.
construction of the viewing device, mounting to the
The force of the spring suspending the cantilever arm
thus increases as the cantilever arm extends from a 45 boom arm, counterbalancing of the boom arm, and the
support structure are as described for the first described
vertical position, at which a minimum tension is exerted
embodiment.
on the spring, to a horizontal position where the spring
It has thus been demonstrated that the invention pro
is extended to its maximum allowable length permitted
vides for a spring counterbalanced boom suspension
by the ring connector, as shown in FIGS. 4 and 8. The
system for use with visual virtual environment systems,
spring therefore accordingly acts to counterbalance the
with reduced inertia of the suspension system as com
moment of the weight of the viewing device and boom

spring is generally to be proportional to the distance
between the bell pull point of the spring cable between

range of motion of the cantilevered boom arm to allow

the pulleys and the attachment of the cable to the canti 55 extension of the cantilever arm to a vertical position,
and to horizontal positions to either side of the vertical.
lever arm.
It is apparent that obvious modi?cations of the sus
The length of the cable and the strength of the spring
pension system may be made, such as counterbalancing
are preferably selected so that effective spring tension is
the boom arm by an additional spring and cable combi
always approximately proportional to, or slightly
greater than, the distance between the attachment point 60 nation connecting the boom arm and the cantilever arm
extending from the support structure.
on the cantilever arm and the support structure, i.e. the
It will thus be apparent from the foregoing that while
point between the pulleys through with the cable
particular forms of the invention have been illustrated
passes. The point between the pulleys of the support
and described, various modi?cations can be made with
post from which the cable extends is actually the tan
gent point of the cable on one of the pulleys over which 65 out departing from the spirit and scope of the invention.
Accordingly, it is not intended that the invention be
the cable passes, so that the point on the support struc
limited, except as by the appended claims.
ture from which the cable depends moves slightly as the
What is claimed is:
cantilever arm pivots. This can be corrected by adjust

7
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9. The apparatus of claim 1, said means for viewing
further including handle means for guiding the position
ing:
and orientation of said means for viewing.
a) means for viewing an image;
10. A viewing apparatus suspension system for use
b) pivotable and rotatable mounting means opera
tively connected to said means for viewing for 5 with a visual virtual environment system, comprising:
a) means for viewing an image;
supporting the weight of said means for viewing;
b) handle means for guiding the position and orienta

1. A viewing apparatus suspension system compris

c) a cantilever arm means having ?rst and second

tion of said means for viewing;
c) boom arm means operatively connected to said

ends, said ?rst end being operatively connected to
said pivotable and rotatable mounting means, said
?rst end being operative to bear the weight of said

means for viewing for supporting the weight of
said means for viewing, said boom arm means hav

mounting means and said means for viewing, and
said cantilever arm means having a pivot point at
said second end;
d) support means for supporting said means for view

d) a cantilever arm means having ?rst and second

ing, said support means including a longitudinal
axis of orientation, a base end and an opposite pivot

ends, said ?rsts end being operatively connected to
said boom arm means, said ?rst end being operative

ing first and second ends, said ?rst end including a

pivotable and rotatable joint operatively connected
to said means for viewing;

7

end pivotally and rotatably connected to said pivot

to bear the weight of said boom arm means and said

point of said second end of said cantilever arm

means for viewing, said cantilever arm means sec’

means to allow for pivotal and rotational move
ment of said cantilever arm means about said sup

ond end having a pivot point at said second end,
and said boom arm means having a pivot point
connected to said cantilever arm means;

port means pivot end; and
e) spring means for counterbalancing the weight of
said means for viewing and said mounting means,
said spring means being connected between said

e) support means for supporting said means for view
ing, said support means including a longitudinal
axis of orientation, a base end and an opposite pivot

end pivotally and rotatably connected to‘ said pivot

support means and an attachment point on said
cantilever arm means intermediate said ?rst end

point of said second end of said cantilever arm
means to allow for pivotal and rotational move

and said pivot point at said second end, and said

ment of said cantilever arm means about said sup

spring means having a zero free length, whereby
said cantilever arm means is capable of a fully
counterbalanced range of motion about said pivot
point between a horizontal position extending to

port means pivot end; and
f) spring means for counterbalancing the weight of

one side of said support means and a substantially

support means and an attachment point on said
cantilever arm means intermediate said ?rst end

said means for viewing and said boom arm means,

said spring means being connected between said

vertical position.
2. The apparatus of claim '1, wherein said pivotable

and said pivot point at said second end, and said
spring means having a zero free length, whereby

and rotatable mounting means comprises boom arm
means having ?rst and second ‘ends, said ?rst end in

said cantilever arm means is capable of a fully

cluding a pivotable and rotatable joint operatively con

counterbalanced range of motion about said pivot

nected to said means for viewing, and said boom arm

point from a horizontal position on one side of said
support means, to a substantially vertical position,
and to a substantially horizontal position on an

means having a pivot point connected to said cantilever
arm means.

opposite side of said support means.
3. The apparatus of claim 2, wherein said boom arm 40
11. The apparatus of claim 10, wherein said boom arm
means includes counterweight means disposed at said
means includes counterweight means disposed at said
boom arm second end for counterbalancing the weight
boom arm second end for counterbalancing the weight
of said means for viewing about said boom arm pivot
of said means for viewing about said boom arm pivot

point.

point.

arm means comprises a pair of cantilever arm members,

arm means comprises a pair of cantilever arm members,

and 'said cantilever arm attachment point comprises a

and said cantilever arm attachment point comprises a
cross-member connected between said cantilever arm
members.

4. The apparatus of claim 1, wherein said cantilever 45

cross-member connected between said cantilever arm
members.

5. The apparatus of claim 1, wherein said support 50
means base end includes a plurality of supporting
.

wheels.

6. The apparatus of claim 1, wherein said support
means includes a housing, and said spring means is dis

posed within said housing.
7. The apparatus of claim 1, wherein said spring
means comprises a tension spring disposed within said
support means, said tension spring having a ?rst end
secured to said support means and a second end oppo

55

12. The apparatus of claim 10, wherein said cantilever

13. The apparatus of claim 10, wherein said support
means base end includes a plurality of supporting
wheels.
14. The apparatus of claim 10, wherein said support
means includes a housing, and said spring means is dis’

posed within said housing.
15. The apparatus of claim 10, wherein said spring
means comprises a tension spring disposed within said
support means, said tension spring having a ?rst end
secured to said support means and a second end oppo

site said ?rst spring end, a cable connected between said
site said ?rst spring end, a cable connected between said 60 spring second end and said cantilever arm attachment
spring second end and said cantilever arm attachment
point, and means for supporting an intermediate portion
point, and means for supporting an intermediate portion
of said cable mounted to said support means pivot end.
of said cable mounted to said support means pivot end.
16. The apparatus of claim 15, wherein said cable
8. The apparatus of claim 7, wherein said cable sup
support means comprises a pair of pulleys mounted to
port means comprises a pair of pulleys mounted to said
said support means pivot end and having cable support
surfaces juxtaposed to provide a channel through which
support means pivot end and having cable support sur
said cable passes.
faces juxtaposed to provide a channel through which
it
i
I‘
it
said cable passes.

