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POST OFFICE BOX 1208 A stabilized camera system has a roll frame formed as a 
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A tilt frame is pivotably attached to the roll frame. Control 
(73) Assignee; Chapman/Leonard Studio Equipment circuits are provided to compensate for drift, to alloW 

manual aiming of the camera during stabilized camera 
(21) Appl, No,: 10/654,848 operation, and for providing rapid leveling. The stabilized 

camera system is compact With loW moments of inertia to 
(22) Filed: Sep. 4, 2003 alloW rapid movements. 
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STABILIZED CAMERA PLATFORM SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The ?eld of the invention is stabilized platforms 
and systems for cameras. More speci?cally, the invention 
relates to gyroscopic stabilization systems for motion picture 
and video cameras. 

[0002] In motion picture, television or video ?lming or 
recording, the camera is often supported on a vehicle, to 
folloW an action or moving sequence to achieve a desired 
camera angle or effect, or to ?lm occupants in or on the 
vehicle. Various specialized camera cars, camera trucks, 
cranes, and dollys have been used for this purpose. In 
addition, specialized camera support systems have been 
used to mount cameras on aircraft such as airplanes and 

helicopters, and on Watercraft, such as boats, ?oats, or 
buoys. 

[0003] In ?lming or recording With motion picture or 
television or video cameras, it is important for the camera to 
be maintained in a stable position. In the most basic form, 
camera stability has been achieved by mounting the camera 
on a tri-pod. HoWever, When the camera itself is mounted on 
and moves With a vehicle, maintaining camera stability often 
becomes dif?cult. For example, With a camera mounted on 
a camera car moving along a roadWay and ?lming or 
recording a ?xed subject on the ground, e.g., a building, or 
a subject Which is also moving e.g., another moving vehicle, 
the camera and the lens of the camera Will necessarily move 
in unintended and undesirable Ways, due to various factors. 
These factors may include changes in the roadWay direction 
or inclination, changes in the vehicle orientation, due to 
shifting gravitational or inertial loads, as Well as for other 
reasons. Undesirable movement can be especially problem 
atic When the camera is mounted on an aircraft, Where 
movement readily occurs along three dimensions, and Where 
Wind buffeting of the camera can be extreme. The undesir 
able camera lens movement resulting from these factors 
reduces the quality of the ?lmed or recorded images, by 
causing the images to be improperly framed, or to appear 
jumpy or erratic. 

[0004] Production time can be extremely expensive. Even 
relatively short, simple ?lm or video sequences, such as a 
scene in a motion picture or television production, or a TV 
commercial, generally requires large numbers of ?lm or 
video production professionals, such as directors, actors, 
camera creW, grips, lighting and sound personnel, prop, 
background set, make-up and Wardrobe personnel, etc. Con 
sequently, even the loss of one minute of production time 
can translate into hundreds or thousands of dollars in 
increased production costs. If special effects, stunts, large 
numbers of extras, animal actors, etc. are involved, costs can 
be even higher. Accordingly, any techniques that avoid 
delays in ?lming or re-shooting, are very advantageous. 

[0005] To maintain the camera lens in a stable position in 
these types of situations, various camera stabilization sys 
tems have been proposed. Generally, these camera stabili 
zation systems rely on gyrostabilization and feedback tech 
niques Which detect unintended or undesirable movement of 
the camera, and then compensate for that movement via 
motors driving the camera platform. The term gyrostabili 
zation here means any camera movement compensation 
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system using position, rate, or acceleration sensors, Whether 
“gyroscopic” or of another type. 

[0006] While these types of stabilization systems have 
been successfully used in the past, various disadvantages 
remain. The gimbal system used in existing stabilized cam 
era systems, Which alloWs the camera to pivot about three 
perpendicular directions, are often large and relatively time 
consuming or dif?cult to balance. This can restrict camera 
movement and positioning and also make transport, instal 
lation and set-up (including balancing) more dif?cult. More 
over, existing systems generally have large moments of 
inertia, making them relatively sloWer in responding to 
correction forces applied by the motors. Accordingly, there 
is a need for a camera stabilization system Which is compact, 
lightWeight, and agile in responding to correction signals 
and forces. 

[0007] The camera operator, cinematographer, or director 
Will often Want to manually aim the camera, by simply 
grabbing the camera With the hands, and aiming it as desired. 
Existing camera stabilization systems, When turned on, Will 
automatically resist such manual movement. While this 
resistance can be overcome by applying force suf?cient to 
overcome the torque limits of the motors in the stabilization 
system, this results in jerky and imprecise camera move 
ment. As a result, manually aiming or positioning of the 
camera by forcibly overriding stabilization system has dis 
advantages, and generally is almost never acceptable during 
?lming. On the other hand, turning the stabilization system 
off to perform hand or manual camera aiming or movement 
results in loss of all stabilization functions. With the stabi 
lization turned off, the only forces holding the camera in 
position are the frictional forces in the various rotation 
joints. Based on the Weight of the camera and other factors, 
these frictional forces may be insuf?cient to even hold the 
camera at any desired position. In addition, due to static and 
dynamic friction characteristics, achieving smooth and accu 
rate camera movement, even With the stabilization system 
turned off, can be dif?cult or impossible. Accordingly, there 
is a need for a camera stabilization system Which alloWs for 
smooth and accurate manual aiming. 

[0008] Over longer periods of time, drift in existing cam 
era stabilization systems can cause the camera to become 

improperly positioned. The severity of drift varies With the 
accuracy of the sensors in the system. Due to drift, under 
certain conditions, the camera may require repositioning 
before ?lming or recording is continued after a lunch break 
or other pause. This can result in delays and added produc 
tion costs. Accordingly, there is a need for a camera stabi 
lization system Which compensates for or eliminates drift. 

[0009] Existing camera stabilization systems have various 
other disadvantages as Well, relating to backlash in the drive 
systems, balancing, large moments of inertia, controls and 
accuracy of positioning. Accordingly, various engineering 
challenges remain in designing an improved camera stabi 
lization system. 

SUMMARY OF THE INVENTION 

[0010] After extensive research and development, the 
various engineering challenges described above associated 
With stabilized camera systems have noW been overcome in 
a neW system providing signi?cantly improved performance 
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and advantages. These advantages include a compact design, 
precise positioning, and improved performance features and 
characteristics. 

[0011] In a ?rst aspect, a stabilized camera system 
includes a roll or dutch frame pivotably attached to a pan 
frame. The roll or dutch frame includes a parallelogram 
linkage. A tilt frame is pivotably attached to the parallelo 
gram linkage of the roll frame. This results in a more 
compact and lightWeight design. With this design, the cam 
era system can also be more quickly and easily installed and 
balanced. 

[0012] In a second aspect of the invention, a manual 
camera aiming mode provides electronically controllable 
?uid dampening head characteristics. Via electronic con 
trols, the amount of dampening and inertia encountered 
during manual movement or aiming of the camera can be 
adjusted. This alloWs for smooth positioning or aiming of 
the camera by hand. It also alloWs the camera to be sup 
ported With ?uid head-like characteristics. 

[0013] In a third aspect of the invention, a camera stabi 
liZation system uses feedback from a position sensor on the 
camera platform to reduce or eliminate drift. As a result, 
even using sensors of moderate accuracy, drift can be 
virtually eliminated or reduced to acceptable levels. 

[0014] In a fourth aspect of the invention, a dutch or roll 
aXis control circuit provides a fast to horiZon control mode, 
for rapidly moving the camera platform to horizontal. This 
feature alloWs the camera operator to rapidly con?rm that 
the camera is level relative to the horiZon or the “local 
horiZon”. 

[0015] In a ?fth aspect of the invention, ?rst and second 
electric motors drive movement of pan, roll, and tilt frames 
or structures. This feature reduces backlash providing 
greater accuracy in control and positioning. 

[0016] The invention resides as Well in subcombinations 
and subsystems of the components, elements, and steps 
described. Additional objects, features and advantages Will 
appear beloW. Accordingly, it is an object of the invention to 
provide an improved stabiliZed camera system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] In the draWings, Wherein the same element number 
indicates the same element in each of the vieWs: 

[0018] FIG. 1 is a side vieW of a camera and camera 
stabiliZation system mounted on a camera crane. 

[0019] FIG. 2 is a front and left side perspective vieW of 
the camera system shoWn in FIG. 1. 

[0020] 
thereof. 

[0021] FIG. 4 is a plan vieW of the camera system shoWn 
in FIGS. 2 and 3. 

[0022] FIG. 5 is a left side elevation vieW thereof. 

[0023] 
[0024] FIG. 7 is a schematically illustrated side vieW of 
the present camera support system shoWing alternative posi 
tions. 

FIG. 3 is a front and right side perspective vieW 

FIG. 6 is a front vieW thereof. 
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[0025] FIG. 8 is a front vieW thereof With the camera 
removed, for purpose of illustration. 

[0026] FIG. 9 is a schematic illustration of an automatic 
leveling system. 

[0027] FIG. 10 is a schematic illustration of a drift com 
pensation system. 

[0028] FIG. 11 is a schematic illustration of a control 
signal distribution system. 

[0029] FIG. 12 is a schematic illustration of a camera 
stabiliZation system including a manual camera aiming 
mode function. 

[0030] FIG. 13 is a schematic illustration of the manual 
camera aiming mode circuit used in FIG. 12. 

[0031] FIG. 14 is a plan vieW of a control panel for use 
With the system shoWn in FIG. 12. 

[0032] FIG. 15 is a perspective vieW of a motor assembly 
as used on the system shoWn in FIGS. 2-8. 

DETAILED OF DESCRIPTION OF THE 
DRAWINGS 

[0033] Turning noW in detail to the draWings, as shoWn in 
FIG. 1, a camera 32 having a lens 34 is supported on a 
camera stabiliZation system 30 at the front end of an arm 26 
of a camera crane 20. The camera crane arm 26 is pivotably 

supported on a mast 24 on a mobile base 22. FIG. 1 
accordingly shoWs one eXample of the use of the camera 
stabiliZation system 30 With a camera 32. The stabiliZation 
system 30 may also be used on various other types of 
platforms or supports, including camera cars, camera trucks, 
camera dollys, aircraft, Watercraft, and virtually any other 
vehicle, base or support Where stabiliZation is desirable. 

Gimbal Design 

[0034] Turning noW to FIGS. 2 and 3, the support system 
30 includes a pan frame 50 preferably formed as a holloW 
arcuate or curved boX section. A pan shaft 52 is rigidly 
attached (e.g., Welded, bolted or pinned) to a front support 
plate 28 of the camera crane 20 or other support vehicle or 
structure. The pan frame 50 can pivot or rotate on the pan 
shaft 52 about a pan aXis 51, as shoWn in FIG. 2. 

[0035] Referring still to FIGS. 2 and 3, a dutch or roll 
frame 54 is attached to a roll collar 90 having a roll shaft 56 
extending into the loWer end of the pan frame 50. The roll 
frame 54 is pivotable or rotatable about a roll aXis 55 shoWn 
in FIG. 3. The roll frame 54 preferably includes a paral 
lelogram linkage 88 having ?rst and second parallel links 92 
and 94. The back ends of the links 92 and 94 are attached to 
the roll collar 90 With locking bolts 86. Similarly, the front 
ends of the roll links 92 and 94 are attached to a tilt collar 
100 With locking bolts 86. The locking bolts 86 are loosened 
during balancing or set-up, to properly position the roll 
frame 54. The locking bolts 86 are then tightened, at four 
places, to provide a rigid connection betWeen the roll collar 
90 and the tilt collar 100. The roll frame 54 requires no other 
internal or eXternal components, such as springs, dampeners, 
etc. 

[0036] Referring still to FIGS. 2 and 3, a tilt frame 58 has 
a tilt shaft 60 extending into the tilt collar 100. The tilt frame 
58 is pivotable about a tilt aXis 59, shoWn in FIG. 2. 
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Referring to FIG. 2 and momentarily to FIG. 8, the tilt 
frame 58 includes an L-shaped camera platform 62. The 
camera 32 is secured onto the platform 62 via standard 
screWs or bolts. The vertical leg of the camera platform 62, 
as shoWn in FIG. 8, extends through a sleeve 64 joined to 
the tilt collar 100. The vertical position of the camera 
platform 62 (and of the camera 32) can be adjusted by 
loosening sleeve bolts 66, vertically positioning the camera 
platform 62 as desired and then tightening the sleeve bolts 
66. 

[0037] Referring noW in addition to FIGS. 4, 5, and 6, a 
pair of drive motor assemblies 72, 74 is provided to drive the 
pan frame 50, the roll frame 54, and the tilt frame 58. While 
the six drive motor assemblies used in the system 30 are 
preferably the same, to provide a more clear description, 
each of the motors is separately referred to and numbered 
based on its location and function in the system 30. Refer 
ring momentarily to FIG. 15, a drive motor assembly 75 
includes an electric motor 76 Which drives an output gear 79 
through a speed reducing gear train 78. 

[0038] Referring to FIGS. 2, 3, and especially FIG. 6, the 
pan shaft 52 is preferably ?xed in place (e.g., bolted, Welded, 
etc.) on the support plate 28 and does not pivot or rotate. A 
pan shaft gear 70 is rigidly attached to or part of the pan shaft 
52. The pan shaft gear 70 is preferably located Within the pan 
frame 50, although it may also be external. The pan frame 
50 is rotatably supported on the pan shaft 52 via bearings. 
First and second pan motor assemblies 72 and 74 are 
attached to the outside of the pan frame 50. The output gear 
79 of each of the pan motor assemblies 72 and 74 engages 
or meshes With the pan shaft gear 70. Consequently, the 
electric motors 76 of the pan motor assemblies 72 and 74 are 
positioned to exert torque on the pan frame about the pan 
axis 51. 

[0039] A similar design is provided for rotation about the 
dutch or roll axis 55 and the tilt axis 59. As shoWn in FIGS. 
3 and 5, the dutch or roll shaft 56 is rotatably supported via 
bearings to the loWer end of the pan frame 50. A roll shaft 
gear 80 is ?xed to the pan frame 50. First and second roll 
axis motors 82 and 84 are attached to the outside of the roll 
collar 90. The output gear 79 of each of the roll axis motors 
82 and 84 is engaged With the roll shaft gear 80. Conse 
quently, the roll axis motors 82 and 84 are positioned to exert 
torque on the dutch or roll frame 54 about the dutch or roll 
axis 55. 

[0040] In a similar Way, as shoWn in FIG. 6, the tilt axis 
shaft 60 is rotatably supported on bearings in the tilt collar 
100 at the front end of the roll frame 54. Atilt shaft gear 102 
is irrotatably attached to the tilt collar 100. First and second 
tilt motor assemblies 104 and 106 are attached to the outside 
of the tilt collar 100. The output gear 79 of each tilt motor 
104 and 106 meshes With the tilt shaft gear 102. Conse 
quently, the tilt motors 104 and 106 are positioned to exert 
torque on the tilt frame 58 about the tilt axis 59. Each of the 
motor assemblies described 72, 74, 82, 84, 104, and 106 is 
preferably the same as the motor assembly 75 shoWn in 
FIGS. 15-18. The positions of the motor assemblies and 
gears, Whether inside or outside of the frames, is immaterial 
to the invention and may be selected based on design choice. 

[0041] Referring to FIG. 3, by locating the dutch or roll 
axis motors 82 and 84 on the dutch collar 90, the stabiliZa 
tion system 30 is made more compact and lightWeight. As 
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the Weight of the system 30 is reduced, it has less inertia. 
This reduced inertia reduces the torque requirements of the 
stabiliZation system. Consequently, the system 30 can have 
smaller motors, use less electrical poWer, have less friction, 
and provide more accurate stabiliZation. In addition, the 
placement of the motors 72, 74, 82, 84, 104, and 106 close 
to the axis of rotation 51, 55, and 59 reduces the angular 
moment of inertia of the pan frame 50, dutch or roll frame 
54, and tilt frame 58, also providing for rapid stabiliZing 
movements. 

[0042] Preferably, the motor assemblies are poWered and 
controlled by cables or Wires extending back from the 
stabiliZation system 30 to an electronics box 42 containing 
circuitry and a poWer supply. A control panel or box 40 is 
connected to the electronics box 42 preferably via cables. 
Alternatively, Wireless connections may be used. If desired, 
slip rings and/or slip-type electrical connectors or ?ttings 
can be used to minimiZe Wind-up of the cables. 

[0043] As shoWn in FIGS. 4, 5, and 6, to prevent exces 
sive Wind-up of the cables, a stopping or limiting mechanism 
112 is provided Within the system 30 about each of the axis. 
Typically, the limiting mechanism 112 Will alloW e.g., only 
tWo or three complete 360° revolutions. The limiting device 
112 typically includes several interlocking rings, as is Well 
knoWn in the art. A locking device 114 is also provided for 
each axis. The locking mechanism 114 is used during 
storage, shipment, set-up or calibration and locks each of the 
frames into a Zero (or other preset) angle position. The 
locking mechanisms 114 are generally disengaged When the 
system 30 is in use. 

[0044] FIGS. 1-8 shoW the mechanical design of the 
system 30 providing various advantages. FIGS. 9-14 shoW 
electronic and control designs. While these designs are 
preferably used in the system 30 shoWn in FIGS. 1-8, they 
can also be used in many other types of camera stabiliZation 
systems. Conversely, the system 30 shoWn in FIGS. 1-8 may 
be used With any of the circuits, features, or control modes 
shoWn in FIGS. 9-13, or it may be used With existing control 
systems. 

Manual Aiming System 

[0045] Referring to FIG. 12, a camera stabiliZation system 
or subsystem 130 includes a manual aiming mode. An adder, 
mixer, or summator 122, manual control circuit 132, ampli 
?er 124, and sensor 126 is provided in each separate circuit 
150, 152 and 154 for control of movement about each of the 
pan, roll, and tilt axis 51, 55, and 59. The sensor 126 is 
preferably a rate sensor. Referring to FIG. 12, a separate 
input control device 120 associated With each of the pan, 
roll, and tilt axis circuits 150, 152, and 154, provides an 
input signal to the summator 122. The input control device 
120 may be a joystick, control Wheel, pedal, mouse, etc. 

[0046] Referring to FIG. 13, the manual aiming circuit 
132 is shoWn Within the dotted lines. For the control circuit 
150, 152, and 154 associated With movement about each 
axis 51, 55, and 59, a sWitch 134 has on and off positions. 
In the off position, shoWn in dotted lines in FIG. 13, the 
manual aiming circuit 132 is disconnected or inactive, and 
each of the circuits 150, 152, and 154 operates using 
traditional feedback control. With the sWitch 134 in the on 
position, as shoWn in solid lines in FIG. 13, the manual 
aiming circuits 132 are active. Each of the manual aiming 
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circuits 132 includes a variable resister 138 forming a 
divider 136. A capacitor 142 in combination With a second 
variable resistor 144 forms a differentiator 140. The outputs 
from the divider 136 and differentiator 140 are added in a 
manual aiming summator 146. The output from the sum 
mator 146 is provided to the ampli?er 124. The design of the 
manual aiming circuit 132 in each of the three axis circuits 
150, 152, and 154, are preferably the same. 

[0047] In use, the sWitch 134 is sWitched to the on 
position, shoWn in FIG. 13, When the camera operator Wants 
to manually aim the camera 32. This is a common event in 
?lm and video production. The camera operator Will often 
Want to manually aim the camera (by grabbing and moving 
the camera platform or the camera itself), for various rea 
sons, such as checking or monitoring a camera angle, ?eld 
of vieW, etc. Traditional camera stabiliZation systems act to 
resist this type of manual movement, because such intended 
movement via the hands of the camera operator are indis 
tinguishable from unintended camera movement caused by 
inertial or gravitational forces associated With movement of 
the camera crane, motion base, or vehicle supporting the 
camera, Wind loads, etc. With existing systems, When the 
manual aiming force applied by the camera operators hands 
exceeds the maximum torque output of the motors, the 
camera platform suddenly breaks free and can be manually 
aimed. 

[0048] This results in an abrupt jerky movement Which 
often overshoots the desired position, With additional time 
consumed in achieving the desired camera position. Alter 
natively, the stabiliZation system can be sWitched off entirely 
before manual aiming. HoWever, in either case, smooth 
camera movement, in a manual mode, is dif?cult or impos 
sible to achieve. Existing camera stabiliZation systems either 
interfere With manual aiming, by automatically resisting 
such movements until torque limits are exceeded, or, When 
they are sWitched off entirely, provide no bene?cial control 
characteristics, With the camera platform moving entirely in 
response to Whatever forces (inertial, gravitational, Wind, 
hand, etc.) may be instantaneously acting on the camera 
platform. These effects result from the fundamental basic 
con?icting objectives betWeen a camera stabiliZation sys 
tem, Which attempts to keep the camera lens aimed at a 
desired position, regardless of external in?uences, and 
manual aiming Where the camera operator Wants to simply 
aim the camera manually Without interference. 

[0049] Referring to FIGS. 12, 13, and 14, the divider 138 
provides adjustable dampening, and the differentiator 140 
provides an adjustable inertia feel, to manual camera aiming 
movement. Accordingly, the manual aiming circuit 132 
provides electronically adjustable inertia and dampening for 
camera movement in each of the three axes, With inertia and 
dampening separately adjustable in each axis. Of course, 
these features may also be used only on a single axis, or on 
tWo axes. If all three circuits 150, 152 and 154 are used, they 
can be individually sWitched on and off as needed. 

[0050] FIG. 14 shoWs an electronics box 42 for use With 
the manual aiming system 130. Hand controls, such as 
joysticks on the control box 40, are connected to the 
electronics box 42. Alternatively, the electronics box 42 and 
control box 40 may be combined into a single unit, With e. g., 
joysticks mounted directly on the combined box, as shoWn 
in FIG. 12. HoWever, preferably the electronics box 42 is a 
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separate unit provided With inputs from a control panel or 
box 40 or other remotely located control devices, such as 
joysticks, Wheels, pedals, a mouse, or recorded playback 
media (tape, CD, etc.). The sWitches 134 can be separately 
and independently sWitched on or off, to provide manual or 
automatic control. When used, dampening and inertia are 
preferably adjustable via knobs, dials, etc. 138 and 140 on 
the control box 40. With the manual aiming circuit 132 
sWitched on, the system 130 provides an adjustable inertia 
feel to the camera platform. Manual aiming movement of the 
platform is resisted by the motor assemblies 75 in a Way to 
provide an inertia feel to the camera platform. The circuit 
132 controls the motor assemblies 75 based on feedback 
from the rate sensors 126, in a Way so that the camera 
platform responds to external forces as if the camera payload 
has a much greater apparent inertia. As a result, during 
manual aiming, if the inertia levels are turned up using the 
differentiator 140, even large forces acting on the camera 
platform Will produce sloWer and smooth movements. This 
provides for smoother camera platform movement during 
manual aiming. Similarly, the divider 136 provides adjust 
able dampening to movement of the camera platform, much 
like hydraulic dampening, helping to provide smooth cam 
era platform movement even during manual aiming. 

[0051] In the manual aiming circuit 132, the divider 136 
provides control of the motor assemblies 75 to provide 
resistance to camera platform movement Which is propor 
tional to the speed or rate of camera platform movement, i.e., 
dampening. The differentiator 140 in the manual aiming 
circuit 132 controls the motor assemblies 175 so that they 
provide a resistance to camera platform movement Which is 
proportional to acceleration of the camera platform, as 
detected by the sensors 126 (i.e., inertia). Consequently, to 
the camera operator, the camera feels and reacts as if the 
camera is supported on a ?uid mounting head. 

Drift Compensation 

[0052] Camera stabiliZation systems typically use sensors 
on the camera platform for sensing rate or angular speed. 
These are typically ?ber optic rate sensors. Due to slight 
inaccuracies in operation of the sensors, virtually all stabi 
liZation systems have some degree of drift. Drift is uninten 
tional movement of the camera platform over time. Conse 
quently, over longer periods of time, for example, one hour, 
the camera position can drift or move, even though the 
stabiliZation system is operating properly. As a result, if 
there is a signi?cant delay in ?lming or video recording (for 
example, a lunch break), the camera may drift out of 
position. If unnoticed, this can result in errors When ?lming 
resumes. If the drift of the camera is noticed, it must then be 
corrected by repositioning the camera. In either even, drift 
can result in costly loss of production time. 

[0053] Referring to FIG. 10, a control system 160 is 
provided for reducing or eliminating drift. The system 160 
includes 3 separate circuits 162, 164, and 166, for control 
ling drift movement in each of the pan, roll and tilt axes, 
similar to the system described above in connection With 
FIG. 12. As shoWn in FIG. 10, the camera stabiliZation 
system With drift control 160 uses conventional gyrostabi 
liZation techniques, to provide the stabiliZation function. 
Speci?cally, a rate sensor 126 on the camera platform 
provides an output to a summator 170. Outputs from trim 
potentiometers 128 and from a control device 120 are also 
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input to the summator 170. The sum output from the 
summator 170 is ampli?ed by an ampli?er 124 Which drives 
a motor assembly 75, or pair of motor assemblies. This 
provides feedback gyrostabiliZation of the camera 32. 

[0054] To reduce or prevent drift, as shoWn in FIG. 10, a 
second sensor 168 is provided to detect movement about 
each axis. The sensor 168 is a position sensor. For example, 
the sensor 168 may be an infrared re?ective sensor mounted 
on the pan frame 50 and facing the pan shaft gear 70. In this 
Way, the sensor 168 facing the teeth of the gear 70 can 
optically detect incremental movement. The output from the 
drift position sensor 168 is provided into the drift compen 
sation summator 170, and adds to the signals from the 
control device 120 and trim potentiometer 128. Conse 
quently, the system shoWn in FIG. 10 having both a rate 
sensor 126 and a position sensor 168 associated With each 
pivot axis, is able to provide stabiliZation and drift control or 
drift compensation. 

[0055] The drift position sensor 168 for detecting drift in 
the roll axis is preferably supported on the roll collar 90 and 
detects movement optically via the presence or absence of 
re?ected light from the roll shaft gear 80. Similarly, the drift 
position sensor 168 for detecting drift in the tilt axis is 
preferably supported on the tilt frame 58 and detects move 
ment optically relative to the tilt shaft gear 102. 

Pan Control With Tilt Speed Correction 

[0056] Referring to FIG. 11, as the camera platform is 
pivoted about the roll axis 55, the rate sensor 126 for the pan 
axis 51 requires trigonometric compensation, since the sen 
sor 126 is no longer horiZontal. For example, if the system 
30 is positioned as shoWn in FIG. 3, the pan axis 51 is 
parallel With the tilt axis 59. In this position, if the camera 
operator, using a joystick 120 tries to make a panning 
movement (i.e., to have the pan frame 50 pivot about the pan 
axis 51), the tilt axis sensor Will detect this movement as an 
unintended deviation from the desired lens position. The 
system Will therefore automatically compensate by pivoting 
the tilt frame by an equal an opposite amount. The end result 
is no change in the lens angle, because the manual control 
of the pan frame is cancelled out by the automatic control of 
the tilt frame. With the roll frame at any angular position 
betWeen Zero, as shoWn in FIG. 2, and 90 degrees, as shoWn 
in FIG. 3, the same cancelling of manual pan movement also 
occurs, although to a lesser extent. For example, With the tilt 
frame at a angle of 30 degrees (e.g., from horiZontal), 
automatic movement of the tilt frame Will be opposite to and 
one half of pan movement (sine 30=0.5) as input by the 
camera operator. In the past, achieving desired manual pan 
movement, against the automatic counteracting movements 
of the tilt frame, has been left up to the camera operator (via 
simultaneous manual control of the tilt frame). HoWever, 
this makes camera operator’s job even more dif?cult. As 
shoWn in FIG. 11, a compensated control circuit 180 is 
provided to overcome this longstanding disadvantage. An 
output from a roll angle sensor 182 senses the sine roll angle 
and provides it to a multiplier 184. The pan axis control 
signal is also provided to the multiplier 184. The output from 
the multiplier 184 is provided to a correction summator 186, 
along With the outputs of the tilt axis control device 120 and 
the tilt axis sensor 126. Accordingly, the output of the 
sensors 126 is compensated When the camera platform on 
Which the sensors are mounted is positioned at a non-Zero 
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roll angle. As a result, regardless of the angular position of 
the roll frame, all of the frames and the camera pan together. 

Automatic Leveling System 

[0057] With existing camera stabiliZation systems, in gen 
eral, a signal from a level sensor on the camera platform 
provides a reference causing the camera platform to return 
to level or horiZontal, Whenever the control signal from the 
control 120 is Zero. For example, if the input control device 
120 is a joystick, When the joystick is released and returns 
to center, the level sensor signal causes the camera platform 
to return to a Zero position about the roll axis. HoWever, the 
camera operator may Want the camera to remain at a 
non-Zero roll angle, even With the control device 120 
released and at a Zero position. 

[0058] In addition, if the camera platform is accelerated or 
decelerated, e.g., at the end of a sWinging crane arm, the 
level sensor signal Will not accurately return the camera 
platform to the Zero roll angle, due to inertial effects. 

[0059] Referring to FIG. 9, an automatic leveling system 
190 is provided having three modes of operation. The modes 
of operation are selected using a control panel 40. In the off 
mode, the system 190 operates using existing techniques. 
When the control device 120 is moved to a Zero or center 
position and has a Zero output, the camera platform remains 
in Whatever roll or dutch angle it is in. In the normal mode 
of operation, the system 190 operates as described above. 
That is, When the control device 120 has a Zero output (for 
example, a joystick released), the leveling circuit 196 causes 
the roll axis motor(s) assembly 75 to return the camera 
platform to a Zero roll angle. 

[0060] In the fast mode, When the control device 120 has 
a Zero output, the leveling circuit 196 (a sWitchable/sepa 
rable ampli?er) causes the roll axis motor assemblies 75 to 
very rapidly return the camera platform to a Zero roll angle 
or horiZontal. The fast mode is preferably engaged With a 
push button, to rapidly level the camera about the roll axis. 
As shoWn in FIG. 9, in addition to the roll axis rate sensor 
126, there is also a second sensor 195 for sensing position 
or inclination. In the fast mode, the leveling circuit 196 
provides an output Which rapidly brings the camera to 
horiZontal (e.g., at 10 degrees/second), about the roll axis, 
When ever the output signal from the inclination sensor is 
above a minimum threshold. When the inclination sensor 
output is beloW the threshold value, but is not Zero, (typi 
cally With the inclination sensor sensing an inclination angle 
or 1,2,3,4 or 5 degrees) the circuit 196 steps doWn to a 
second and sloWer levelling rate, such as 1/2 degree/second, 
to avoid overshooting. 

Gimbal Balancing 

[0061] Referring to FIGS. 2-8, the term gimbal refers to 
the mechanical linkage of the pan, roll and tilt frames and 
their interconnections. In use, the camera 32 is attached to 
the tilt frame 54. The vertical position of the tilt frame 54 is 
adjusted as desired by positioning the vertical or upright arm 
of the tilt frame 58 in the sleeve 64 and tightening the sleeve 
bolts 66. The camera is then balanced side to side or laterally 
on the tilt frame and locked into position via the bolts 65 
shoWn in FIG. 8. Balancing is continued by loosening the 
roll frame locking bolts 86 and then moving the tilt frame 58 
carrying the camera 32 side to side, until there is Zero torque 
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acting about the roll axis 55. The roll collar 90 and roll frame 
54 are then pivoted 90°, from the position shoWn in FIG. 2 
to the position shoWn in FIG. 3. The center of gravity of 
payload, i.e., the camera 32 is then again moved from side 
to side until Zero torque results about the roll aXis 55. The 
locking bolts 86 are then tightened. Other intermediate steps 

[0062] The camera 32 can then be stabiliZed using any of 
the systems, circuits, and techniques described above in 
connection With FIGS. 9-14. Alternatively, eXisting knoWn 
circuits may be used. 

[0063] In comparison to previous types of systems, the 
system 30 shoWn in FIGS. 1-8 provides improved conve 
nience in balancing, has feWer pinch points providing 
increased safety in use, and is more compact and light 
Weight. 
[0064] Referring to FIG. 15, the motor assemblies 75 have 
gear trains 78 including conical bevel gears. The motor 
assemblies 75 are compact, to reduce the moments of inertia 
of the frames supporting them, and to provide a compact 
design. For providing movement about each aXis, the pairs 
of motors operate on offset ampli?ed signals. The drive 
signal to each motor is the same, although they are offset 
from each other. This provides for a linear system and 
reduces or avoids backlash. 

[0065] By locating the pan aXis motors 72 and 74 on the 
pan frame 50, and by locating the roll aXis motors 82 and 84 
on the roll frame 54, the system 30 is made more compact 
and With less moment of inertia. This alloWs for more rapid 
movements. The system 30 is also accordingly more aero 
dynamically balanced. Consequently, there is less Wind load 
on the system. 

Block SWitching 

[0066] During balancing, all motors must be turned off. 
Accordingly, each time the payload changes, for example, 
by changing a lens on the camera, poWer to all motors must 
be turned off and the system rebalanced. Accordingly, a 
block poWer sWitch 200 controlling poWer to all motors is 
preferably provided near the camera, e.g., on the pan frame 
50. This alloWs the assistant camera operator to conveniently 
turn off poWer to the motors for balancing. The block poWer 
sWitch 200 preferably controls only poWer to the motors, and 
not to the circuitry or sensors. 

[0067] Thus, novel camera stabiliZation systems, circuits, 
and methods have been shoWn and described. Various 
changes may of course be made Without departing from the 
spirit and scope of the invention. The invention, therefore, 
should not be limited, eXcept by the folloWing claims, and 
their equivalents. 

1. A stabiliZed camera system, comprising: 

a pan frame; 

a dutch frame pivotably attached to the pan frame, With 
the dutch frame comprising a parallelogram linkage; 
and 

a tilt frame pivotably attached to the dutch frame. 

2. The system of claim 1 Wherein the pan frame comprises 
an arcuate boX section. 
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3. The system of claim 1 further comprising a dutch collar 
at a ?rst end of the parallelogram linkage, and ?rst and 
second dutch motors linked to the dutch collar. 

4. The system of claim 3 further comprising a tilt collar at 
a second end of the parallelogram linkage, and ?rst and 
second tilt motors linked to the tilt collar. 

5. The system of claim 1 further comprising a pan shaft 
joined to the pan frame and ?rst and second pan motors 
linked to the pan shaft. 

6. The system of claim 1 further comprising locking 
means for locking the parallelogram linkage into a ?Xed 
position. 

7. A stabiliZed camera system, comprising: 

a control device linked to ?rst summator; 

a camera platform sensor linked to the ?rst summator; 

a sWitch having a ?rst position and a second position; 

an ampli?er linked to the summator When the sWitch is in 
the ?rst position to provide a ?rst mode of stabiliZation; 
and 

a manual camera aiming mode circuit linked to the 
summator and to the ampli?er, When the sWitch is in a 
second position. 

8. The system of claim 7 Wherein the manual camera 
aiming mode circuit includes divider for providing adjust 
able dampening and a differentiator for providing an adjust 
able amount of inertia feel to manual aiming movement of 
the camera platform, With the divider and differentiator 
linked to a second summator connecting to the ampli?er. 

9. The system of claim 7 Wherein the control device 
comprises a member selected from the group consisting of 
a joystick, a mouse, a memory device; control Wheels and 
control foot pedals. 

10. A stabiliZed camera platform system, comprising: 

a control device linked to a summator; 

a rate sensor on the camera platform linked to the sum 

mator; 

an ampli?er linked to the summator; 

a motor for moving the platform, linked to the ampli?er; 
and 

a position sensor on the camera platform linked to the 
summator, for controlling drift by providing feedback. 

11. The system of claim 10 further including a trim 
potentiometer linked to the summator. 

12. A stabiliZed camera platform system, comprising: 

a ?rst control device linked to a ?rst summator; 

a ?rst sensor on the camera platform linked to the ?rst 

summator; 

a ?rst ampli?er linked to the ?rst summator; 

a ?rst motor linked to the ?rst ampli?er, for moving the 
platform about a ?rst aXis; 

a second control device linked to a second summator; 

a second sensor on the camera platform linked to the 

second summator; 

a second ampli?er linked to the second summator; 
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a second motor linked to the second ampli?er, for moving 
the platform about a second axis; 

a third control device linked to a third summator; 

a third sensor on the camera platform linked to the third 

summator; 

a third ampli?er linked to the third summator; 

a third motor linked to the third ampli?er, for moving the 
platform about a third axis; 

a sine angle sensor associated With the roll frame and pan 
frame and ?rst and the third summators, to compensate 
the output of the ?rst sensor When the camera platform 
is moved out of a Zero degree level position. 

13. The system of claim 12 Wherein the second sensor is 
a dutch aXis level sensor. 

14. A stabiliZed camera platform system, comprising: 

a dutch aXis control circuit including a sWitch having ?rst, 
second and third positions; 

a dutch aXis level sensor on the camera platform linked to 
the dutch aXis control circuit; 

a ?rst summator linked to the dutch aXis control circuit 
and to a manual control device; 

a second summator linked to a dutch aXis rate sensor and 

to the ?rst summator; 
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an ampli?er linked to the second summator; 

a dutch aXis drive motor linked to the ampli?er for 
moving the camera platform about the dutch aXis; and 

the dutch aXis control circuit providing a fast-to-horiZon 
mode, When the sWitch is in the ?rst position, for 
rapidly moving the camera platform to horiZontal; and 
providing a normal speed-to-horiZon mode, When the 
sWitch is in the second position and the dutch aXis 
manual control device is providing a Zero output; and 
for providing an off mode, Where the output from the 
dutch aXis level sensor is not used in controlling camera 
platform movement. 

a dutch aXis level sensor on the camera platform linked to 

the summator; 

an ampli?er linked to the summator; 

a motor for moving the platform, linked to the ampli?er; 
and 

a position sensor on the camera platform linked to the 

summator, for controlling drift by providing feedback. 


