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ABSTRACT

Stabilization has become the new buzzwordrémote
heads. It has many of the head manufactiaed
distributors scrambling to get in on theefdtcraze.
And why not? After all, by some accourgtabilization
will fix every problem on set, right down to thestaof
the coffee. While it is true that stabilizationncappear
to magically steady the camera in some of shakiest
environments it can’t change the lawspiysics.

The purpose of this paper is to hdlpe reader
understand stabilization,  steering, angimbal

technology as it relates to cinematobyap A

classification system will be defined fatabilization
systems and their components. Their attributexd
weaknesses will be discussed. Issues sudbodestion,
steering, performance and mounting consideratimils
be looked at. Armed with this basic understandyog
should be able to select appropriate equipment thi¢h
confidence that it will meet your needs set.

Items that appear iialics are defined at the end dfis
paper.

INTRODUCTION

To understand stabilization as it relates tbe
cinematographer, a brief historical look athe
development processes for aerial vs. grodabsed
camera equipment is wrder.

Aerial Cinematography

Aerial cinematography began with hard mountetd
hand held cameras on fixed and rotary waigcraft.
The inherent vibration and difficulty in steadyirte
camera led to the development of the fixed gytioe
Kenyon gyro module) and the Tyler Moun€ombined,
they offered a degree of vibration isolation aggo
stabilization. The next major improvement ftre
aerial cinematographer was the development thoé
WESCAM gyro stabilized remote camesgstem.

It should be noted that this aeriainematography
development cycle was primarily driven by the ndéed
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isolate the camera from the inherent vibratiamd
angular disturbances of tlarcraft.

Cinematography on thé&round

On the ground, the simple pan and tilt mechanisiop
the early tripods represent the first use gifmbals to

constrain the motion of a camera. Fluid agehred
heads were developed to refine the steering gesiif

the camera. A host of other tools including dalland

cranes were developed to control the motion tloé

camera. Remote heads allowed further freedom
camera movement argleering.

By contrast to aerial cinematography, the grourasged
development cycle was focused on quality si€ering
and smoothness of camera motion. Stability dealt
with by the use of solid construction techniquedito
the camera to thearth.

The Clash:

With the desire to achieve more stable imadesn
moving platforms on the ground came the needpply
gyro stabilization to the ground based camera&hen
aerial stabilization systems were first appliedgtound
vehicles the clash in development approaches be@ame
significant  obstacle. Stabilized cameraystems
stabilize and steer relative tmertial space. Ground

camera equipment steers relative to whatevemitounted

to. Aerial systems use a joystick to stdlee camera.

Subtly changing forces on the joystickee used to
hold a subject in frame as theaircraft

maneuvers. Ground based camera operators fthend
aerial equipment difficult to operate. Theteering

response was sluggish and mushy comparedgeaaed

head. Even with wheels for steering, gyro dwfuld

require a constant rotation rate of the wheels tustand

still. In most cases aerial camera operaweseneeded
when aerial equipment was used on tireund. This

caused undesirable disruptions in treemalworkflow of

groundshooting.

Stabilization goes to thground:

Early ground based products offering stabilizatibealt
with this clash by allowing the operator tchoose
between quality steering vs. stabilization at tlig &f a
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switch. This truly made the gap between the worlds
obvious, and new products were developedridge this

gap.

What Stabilization is andsn’t:

Stabilization systems remove unwanted angutention
from the camera and lens. They do ramnove
unwanted linear motion.Passive isolation systemscan
help to reduce this linear vibration but sotinear
motion or parallax as it is referred to willalways
remain.

Stabilization and steering are very different tlsingrhe
gualities of one often come at the expense ofatteer.
A camera floating in space free of the influencethaf
earth’s atmosphere and gravity is perfectly steliere
are no outside forces to act upon it). Howewathout
some outside contact it is impossible to steerf wé
brought this same camera back down to earthcardd
support it on a gimbal system balanced aboutétster
of gravity (it may help to imagine a single axjanbal).
Now if the camera were perfectly balanced the
gimbal, the bearings had no friction, anthe
atmosphere were not considered the cameirzéstia
would cause it to stay pointing in the sadieection
regardless of the motion of the supporting baSéhere
would be no force to rotate the camera. Agpgrfect
stability.

Down here in the real world the camera will rioe
“perfectly” balanced and the bearings do hdsietion,
and the atmosphere must be considered. Howéker,
inertia of the camera will still try to fightthese
disturbances. Imperfect balance will cautisturbing
forces when the base is accelerateceatly (Try
holding your pencil lightly between your thunamd one
finger off to one side of center and then shakibhg
vertically). The bearing friction along with eétforces
from any cables that cross the gimbaill veause
coupling forces (forces that tend to make taenera
follow the base motion). The atmosphere wilise
aerodynamic forces as the camera is moved thratigh
(wind).

It is the task of the stabilization system awercome
these disturbing forces to stabilize the emn It

should be obvious enough that minimizihgimbalance,
coupling forces and wind load willirectlyreduce how
hard the stabilization system must worklt is less
obvious, however, that even the bstbilizationsystem
is only able to remove most (a percentagd)the
input motion. Regardless of how stronthe
actuators are, good balance will always directgluce
the image jitter in any system. Also, the effeofs
imbalance can be minimized by reducinthe

accelerations that the system is exposedthtough
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passive vibration isolation. For any givetabilization
system, good mounting choices with an eyep#éssive
isolation, and good static balance are tlwavest
hanging fruit that you can find. Improvemeritsre
show up directly in the resultingnage.

CLASSIFICATION SYSTEM:

To understand and categorize stabilization aichbal
technology it is helpful to begin with a look #te
development cycle that it has gone through insidel
outside of the filmindustry.

Gen-1: The WESCAM Stabilized RemoBamera
System

This was the first commercially availabdgro stabilized
remote camera system. Originallgeveloped by
Westinghouse  Canada (later Istec Ltdvhich
became Wescam Inc. and is now Pictorvision Init.),
represented the state of the art when it waioduced
in the 1960’s.  The basic technology heslergone
many refinements over the decades by Wesem
SpaceCam. This stabilization technology relies toe
angular momentum generated in threarthogonal,
large mechanical rate gyroscopes (gimbaledwheels)
to augment the natural inertia of the cametatform.
This artificial mass osynthetic inertia is usedpassively
to maintain a stable platform that the camerateered
relative to. A servo system uses the angufates
measured by therecession of the gyros to cancedny
disturbances. A dome enclosure keeps thed vaimd
weather out and an internal passive vibratisalation
system minimizes the vibration input to tlgstem.
The line of sight stability (<5 micro radians RMi&er)
of the original WESCAM type systems istill
unsurpassed in the industiyday.

Gen-2: The Classical Active Gimb&ystem

While this technology predates the Gendimbal
technology in military use, it was notused
commercially in this industry until after Gen-1ln its

commercial introduction this under-performedhe
established Gen-1 technology on the gdsu of
stability. It was however, simpler, lighteless

expensive and exhibited better steenqregformancehan
the Gen-1 technology. These systems closteloops
directly about each gimbal axis. Rasensorsuch as
small mechanical sensing gyros are usedsense
angular rates relative to inertial space. These
rates are summed with the steering condmato
stabilize and steer eaelxis.

The actuator can be either a direct-drive or geared
motor. The use of a geared actuator \wmitrease
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coupling forces substantially and limit tisandwidth of
the system by an order ofagnitude.

The structure between each successive gimbal iaxis
subjected to the high frequency torques of dbwiator.
Compliance in this constraint structure widirectly
limit the bandwidth of the control system.For this
reason Gen-2 gimbals are incapable of higimdwidth
performance with the large cameras used inrtation
pictureindustry.

Gen-3: The Active Follow-up GimbabBystem

This technology takes a limited travelhigh

performance inner gimbal and mounts it on @uter
follow-up gimbal. The inner gimbal provides théh
bandwidth stabilization and fine steeripgrformance,
while the outer gimbal provides the coarse steecngr
a large field of regard.  The inner gimbal udegh
performance, direct drive actuators and the ogisbal
uses geared actuators.
still applied through the inner gimbalstonstraining
structure. With the large cameras of the fimdustry
the compliance of this structure limits the bandtidf
the stabilizationsystem.

With the use of Fiber Optic Gyros (FOG'shhe
stabilization performance of this type ofimbal
approaches that of the Gen-1. It is, howevstill
simpler, lighter, and less expensive than the Gerith
better stability and steering than tGen-2.

Gen-4: The Unconstrained Actuator ActivEollow- up
Gimbal System

The Pictorvision XR avoids the bandwidth limitatiard
the Gen-3 gimbal system by using a patented proskss
torquing across the constraining structure instedd
through it.  The high frequency torques &pplied
directly from the outer gimbal to the camera bptse.
Combined with a high performance FOG basedrtial
Measurement Unit (IMU), this stabilizatiosystem
raised the bandwidth so high that th&ructural
compliances of the camera system becamelithiting
factor. To raise the stabilization bandwidth evegher
the XR makes use of a “camera sled” tdfesti the
camera, lens anchagazine.

The Pictorvision XR (formerly Wescam) represettis
current state of the art with geared head Bkeering
and the ability to stabilize and steer tmelustry’s
longest lenses (beyond 2000mm ldB).

With the most advanced stabilizationechnology,
Pictorvision is focused on steering quality anfef a
variety of new steering modes and steering resslt@r
“raise the bar” in the art of cameséeering.
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Sub-classifications:

Attitude:
Some gimbal systems can be mounted any
orientation.  They are said to lml-attitude.  Others

may be restricted to mounting in or@ two
orientations such dsanging or sitting (inverted).

I solation:

The purpose of the vibration isolator is to minimithe
linear accelerations that the stabilization systemst
cope with. It is not intended to deal wiphrallax.

Isolation systems can be external (betweedhe
outermost gimbal axis and the mount interface
internal (between the inner and outer gimbal). @amn-

3 and Gen-4 systems the inner gimbal and isolaion
often mounted inside of a dome enclosureetbucewind

loading and provide soreavironmental protection.

Gimbal Number/Order:

We typically think of moving a camera in 3 linearda3

rotational axes of motion. However, the numigr
degrees of freedom that a gimbal system has dags
tell the whole story. Stabilization  systems che

constructed with various numbers of gimbalsvarious
orders.

A typical 3-axis gimbal (Pan/Tilt/Roll)si able to

position theline of sight (LOS) in any direction irspace
with the camera at any roll angle. But, as thieatilgle
approaches +90° the system experiergieal lock. The

pan and roll axes are parallel. The LOS carbetully

stabilized or controlled as there are nomly gimbal axes
in tilt and roll. If the system wermountedon a moving
vehicle a vertical LOS could nbe maintained.

Another 3-axis gimbal configured in the ordef
Pan/Roll/Tilt is able to maintain a vertical LOS an
moving vehicle. This system would experiergienbal
lock at a roll angle of +90°. Pan and tilt woult
parallel.  Any conventional 3-axis gimbal systewill

experience gimbal lock at some point. The trisktd
place the gimbal lock where you don’t needperate.

Additional gimbal axes are required in order avoid
gimbal lock. The control law for these additioreales
gets complicated and is often unstable &ome
orientations.

The Gen-3 and Gen-4 gimbal systems haeparate,
limited travel, stabilized inner gimbals mouwht:n
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coarser, large travel, outer gimbals. Both theeirand

outer gimbals vary in number and order of gimtesds
well as actuator type. The order of gimbaling limited

travel inner gimbals is usuallinsignificant because of
the limited trave(<+15°).

Sensor Type and Location:

There are 4 basic types of angular rate sensoaslable
for use in LOS stabilization systems: mechanieaé
gyros, Coriolis rate sensors, Fiber Optic Gy(6©GS),
and Ring Laser Gyros (RLGs). They are listecbider
of current performance capability. While RUGased
gyros exhibit the highest performance levels tkaffer
from a periodic loss of rate data availapiliduring
internal frequency changes that make them diffica
use for LOS stabilization applications (they woulded
a back-up ratsensor).

Within each type the performance levelsary
dramatically. The main figure of merit for rasensors
is the drift rate stability (measured in °/hour ovethe
operating temperature range). The differebeéween
low and high performance rate sensors used @S
stabilization systems can vary by several ordefs
magnitude. High drift rates require regular mugliwith
“drift pots”.

These rate sensors can be single abdsgices or
combined with accelerometers into a 3-adisertial
Measurement Unit (IMU). Individual sensors che
mounted directly on each gimbal axis or moungétdght
angles to each other on the LOS. Integraielis are
mounted directly to th&OS.

Mounting the sensors directly on the LOS yielte
highest bandwidth but requires the measured ratée t
resolved back to each of the actuators axdss
complicates the contraoftware.

Classification Example:

As an example the Pictorvision XR is a QGenall-
attitude gimbal system with a 3-axis direct drighigh
bandwidth) inner gimbal. It uses external isolatiand
has an outer gimbal that can be configuredPam/Tilt,
Pan/Tilt/Roll, or Pan/Roll/Tilt gimbal order. lisesa
high performance (low drift) IMU mounted directiyn
the LOS.

STEERING:

With the current state of Pictorvision’stabilization
technology our emphasis has shifted fratabilization
to steering. As such, we are developing a suitaew
steering tools to aid the cinematographeraichieving
his or her creativeision.
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Frames ofreference:

In order to discuss steering we must first discmsne
established, standard, frames of reference. Adraim
reference is the co-ordinate system used to desthid
position or motion of the LOS. There areigfinite
number of frames of reference but the followingre
used commonly in LOS stabilizatiosystems.

Line Of Sight (LOS):

The line of sight is the primary reference. Thighe
camera’s point of view. This is also the framaf
reference of the sensor if it is mounted tbe LOS.
The absence of a steeringsolver will default to this
frame of reference (provided that thensors are
mounted on the LOS). The roll axis is the LOS; prag
axis is perpendicular to roll and vertical with pest to
(WRT) the camera. The tilt axis is perpendicularthe
LOS and horizontal WRT the camera. Pan right
positive, tilt up is positive, roll right (CW) igositive.

Earth-Local Vertical:

This is the secondary POV and will be referrecso
EARTH. This is the normal frame of referentteat
traditional Wescam (Gen-1) steering is resolted
The Pan axis is the local vertical WRT the eatftle,
Tilt axis is perpendicular to Pan and is levethe
horizon. The Roll axis is still the LOS, Pan right
positive, Tilt up is positive, Roll right (CW) igositive.
When tilt is +/- 90° the pan and roll axes aaallel.

Mount:

The mount’'s frame of reference is with respecthi®
mounting surface of the first gimbal axis. The peis
is the pan gimbals rotational axis; the tilt aids
perpendicular to pan. The roll axis is still th@s,
Pan right is positive, tilt up is positive, rolgtit (CW)
is positive. When tilt is +/- 90° the pan and raXes
areparallel.

Gimbal:

This frame of reference refers to the independes
of the gimbal system. The absence steering
resolver will default to this frame a&ference
(providedthat the sensors are mountedtbe
individual gimbal axes). In this the pan axis is thas
of the pan gimbal. Similarly, the tilt and rollexare
those of the tilt and the roll gimbatespectively.

Inertial Space:

Inertial space is independent of the earth’s frarhe
reference. The earth rotates and orbits in inespace.
It is referenced to the staystem.
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Steering Resolvers:

Steering resolvers are tools that allow thesteering
controls to beresolved to any of the above framesf
reference. The control system calculatabe
components of each of the steering inputs requfioed
each new axis in the desired frame of referendéey
allow the steering to be independent of gimbader.
Steering resolvers can be quite significantdypnamic
environments or in steering moves that inclucsl
steering.

The following are some examples of whezach
steering resolver can be useful. The Pictorvisidh
supports each dhem.

NONE (LOS):

This resolver is particularly useful for overheashots
where it allows the operator full steering conteslenat
vertical. With the camera roughly positionederhead
the operator can still steer the camera acrosdréme.
With the desired point in the center of thenfeathe
LOS can now be rolled about its axis witke roll
steeringcontrol.

EARTH (Local Vertical):

This is the most commonly used resolver. It stdi&es
a Pan/Tilt/Roll gimbal mounted on a pitch amdll
leveling head.

MOUNT:

This is useful when you are shooting a scenethmn
same vehicle that you are mounted on. Adikering
input will follow the vertical WRT the outermosixis
regardless of rolangle.

GIMBAL:

| haven't personally been able to think of a goae for
this resolver. We include it because it is thee that
most Gen-2 gimbals use if they don't resolieir
steeringcommands.

Steering Modes:

Steering modes are separate and indeperfdemt
resolvers. While resolvers are applied to all ates
once the steering modes can be appliethdependent
axes.

RATE:

The most common steering mode used irreathote
heads is rate mode. In rate mode the rate ofiootaf
the hand wheel (or force on the joystick)pi®portional
to the rate of rotation of the LOS. Stabilizationrate
steering uses inertial space as its frame of retereln
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the absence of steering inputs, the LOS will remain
the same angular position in space as the vehidees
around. This is typical for all stabilizegimbal systems.

RATE AID:

Rate Aid steering makes the rate or rotation offthed
wheel (or force on the joystick) proportional an
acceleration of the LOS. This is useful wheamstant
steering rates are required such as when orbiting
subject. The stabilization in rate aid steeringpaises
inertial space as its frame of reference. Inahsence
of steering inputs, the LOS will remain at th@me
angular rate irspace.

POSITION:

The position steering mode is a special caseaf
steering that uses the MOUNT as its frameedérence.
In the absence of steering inputs, the LOS weithain

in the same angular position WRT the mountswface
of the first gimbal axis. This can allow the operao
steer relative to the vehicle that the systermdginted
on.

LEVEL HORIZON:

Level horizon is a steering mode that locks thé aals
to the measured local vertical. The quality, typad
how the sensor is used will dictate the performanfce
this steering mode. There are three basic typés
sensors available to sense the locaértical:
inclinometers (pendulous or bubbleaccelerometer
arrays, and vertical reference gyros. Alltlhésesensors
are subjected to the accelerations of viehicleas well
as the earth. They all tend to toppleder sustained
accelerations (like an orbit of lorlimear acceleration).

The only way to create a “bulletproofiertical
reference on dynamically moving vehicles is to ase
Inertial Navigation System (INS). A typical INGses
an IMU and a GPS or other position refeeerto
constantly compute its position and attitudeatieé to
the earth.

The INS has other advantages too. If you recallsaid

that stabilization systems stabilize the lens netato

inertial space. The earth is rotating at 15°hiouinertial

space. The INS can compensate fordheth’srotation

and allow the system to stabilize and steer the

EARTH frame of reference. This is the francd

reference that cinematographers are accuston®d
working in.
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GEO Tools:

GEOgraphic tools are a set of steering modedspecial
functions that make use of th&S.

GEO:

GEO steering is the most commonly used GEO tdol.
is similar to the RATE steering mode except thaisies
the EARTH as the frame of referencer fthe
stabilization. In the absence of steering inpthg,LOS
will continue to point at the same spot on tharth’'s
surface, even as the vehicle moves past. Stkering
inputs simply steer this point around on tearth’'s
surface.  When shooting stationary or nstationary
scenes from dynamically moving vehicles (suels
helicopters) this mode eliminates or minimizéise
steering inputs required to control tframing.

GEO AID:

GEO AID steering is similar to the RATE AlBteering
mode except that it uses the EARTH as the frafe
reference for the stabilization. In the abseoftsteering
inputs, the LOS will remain at tleameangular rate
on the surface of the earth. Thisusefulfor targets
moving at near constant speed¥he steering inputs
required to hold the target in franvéll be minimized.

GEO CUE:

This is a special function that allows the opera&tanark
a target position on the earth. When the target
in the frame a reticule appears on the video oyetta
highlight the target. When the target is outsafethe

frame an arrow appears on the video overlay scteen
show the operator the direction to the targéfhis is
particularly useful forblind reveals giving the operator
complete control of how the target enters fitzene.

GEO TRACK:

This is a steering mode that is like GEO steemxgept
that it steers relative to a target point thatbising

continuously updated. The target data can comma fo
GPS unit mounted on the target or any sim#aurce.
This is particularly  useful when shooting froome

moving vehicle to another. The operator is ableontrol

the framing with much smaller steerifgputs.

GEO FOCUS:
This special function makes use of tadculated
distance between the target and the camei@momand
focus. It is particularly useful with the GEDRACK
steeringmode.

The accuracy and usability of these GEO Taslémnited
only by the quality and accuracy of teensors
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and algorithms used in the INS. The PictorvisidR
currently includes the GEO and GEO Al@odes.
GEO CUE, GEO TRACK, and GEO FOCUsre
currently undedevelopment.

MOUNTING CONSIDERATIONS:

When considering the problem of mountirgjabilized
gimbal systems, like any other problem, we shaathtt
by defining the problem: What are the requiremeuits
the shot? What field of regard or travel in eagis @o
we need? How stable do we want the shot to beaand
what focal length? How close will the subject é&ed
will this cause focus or parallax issues? What the
required steering rates and accelerations®hat
environment is the shot to take place in? Isuéabicle
rough or smooth? What about wind loadingspeed?
Wet or dry? These are some of the questions rnbatl
to be considered when choosing and riogna
stabilized gimbakystem.

Configuration:

Generally the Pan/Roll/Tilt gimbal ordes more
suitable for mounting on vehicles because of lask
down steering capabilities. However, look out lexal
angles are limited to less than +9QS,, due togimbal
lock. At % tilt angles >2Q%.,: the LOS may beolled
continuously.

The Pan/Tilt/Roll  configuration can allowfor
continuous roll but experiences gimbal lotkik

angles of+90° . They are un-usable ftwoking
down from moving vehicles and require a levelimgad
to look down in non-vehicle mounteapplications.

If roll steering is not required and the doned roll
angles of the vehicle and isolator are expecteletess
than the available travel of the inner roll axisen a
Pan/Tilt outer gimbal may be acceptableGen-2
gimbals always require 3 axes on moving vehiclesa if
level horizon is to benaintained.

Leveling Heads:

All attitude systems can be mounted in aosientation
and typically don’t require a leveling head. Thieans
that a Cube Mount can be used in place of theervo
driven leveling head on telescopic cranes. Tig only
saves weight but also can shift the gimlwadk point,
due to the crane elevation angle, to a morelewss
favorable location. A Cube Mount can mountthe
system from any of three faces (hanging, sittingpo
axis).
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Isolation:

If the system requires external isolation, eveffort
should be made to use the hanging orientatiofhis
places the center of gravity (Cg) below #pmingcenter
(Cs) like a pendulum. This means thgavity will
help the system recover from lateratcelerationsin
the sitting orientation the Cg is almost alwayeell
above the Cs and is less stable. The isolatayé&sr
much smaller and lighter for a hanging attitude aiildi
usually out-perform a sitting isolator. Armdeal or
decoupled isolator would place the Cg at thes.
External isolators are not usually attitude.

You can find isolation in some of the mastexpected
places if you know how to look for it. You wamin
appropriately low resonant frequency. With #stem
mounted you can usually spot this buy thurgpor
shaking the mount interface pointNext you need
enough friction to damp out the resonance quidldy
the vibration doesn’t carry on for more than a deugf
cycles after you stop shaking it). Additionalafety
structure should be provided to limit the deflestiof
the “Isolator” (stops).

For example: a dolly lashed down to the front pooth
a camera car can make a great external isolatbhe
long overhang of the structure of the frgurch,
friction and movement in its mounting, frictioand
movement in the dolly tires and lashing straps adn
combine to make a well damped, Idnequency
isolator. And you get it for free. A piece of Hctube
running a few inches under the Mitchell offset plaan
be used to limit the down travel asafety.

The deflection of the isolator can cause foandParallax
issues when shooting a subject that is cldsethe
camera. Low frequency (<2Hz) isolatorsause more
parallax and focus issues but isolate bettean high
frequency (>10 Hz)solators.

Isolation systems aren’t usually instrumented.This
represents an un-measured angular displacement
conventional encoder based CGI data outputdlS
based CGI outputs are referenced to the EARAM
are thus unaffected by isolator andtructural
deflections.

Environment:

Extremely rough environments may require tigging
of special isolators for the specific shot. | daigged
several such isolators from scaff tube and bungeel
for shots at over 1000mm focal length (o3 thch
video) while mounted on a flat bed truckossing
railway tracks.
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If the vehicle speed is high a dome or soother
method of shielding the stabilized gimbal nfrovind
may be required. Similarly, water may require tise
of a dome, cover, or other form of shielding pmtect
the system and camera. High wind speeds afégct
the function of externakolators.

CONCLUSIONS:

There are a growing number of stabilizgimbal
products available to today's cinematographerEach
represents a different set of design tradeoésd
compromises. As with automobiles, you woulchot
expect one design to meet the needs ofaatbmotive
applications. So it is with gimbals too. rF@some
Formula 1 represents the pinnacle alitomotive
excellence. However, they are hardly practi¢at
carting the family arountbwn.

Each product represents its designer's beliefsvhat
makes a product “ideal” for its intended applicatioTo
determine which product is best suitédr your
application you first need to understand thasic
technology. This understanding should allgou to
spot the tradeoffs and match them to yapplication.

Once a product is selected you begin the proadss
configuring it with all of its accessories amgtions.

What you are really doing is tailoring it to yospecific

requirements. For many applications thsetock”

configuration will work fine. But, as you pushe

performance envelope the systems will becomere

tailored to the specific requirements of steot.

High performance stabilized gimbals tend torbere
configurable and have more modes of operatio
order to meet a diverse set of demandaggplications.
Conversely, lower performance units tend tosbapler
but have narrowly defined applications whedhey
excel.

A final note for those who fear the cost acmimplexity
of the high performance systems. The many mauebs
options that make them more complex not oehable
shots that were not previously possible, but aksduce
the number of takes required to get the maretine
shots in the can. But then, you can be the judgbad.

Pictorvision is committed to establishing partnership
with the motion picture industry. By establisg a
dialog we hope to get input from the comitwnon
what types of tools it would like to have availalitethe
form of newproducts.
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DEFINITIONS:

Actuator: A servo motor. It may be direct-driver
geared. Direct-drive actuators are capablehigher
bandwidth and produce high frequency forces tba
constrainingstructure.

All-attitude: Can be mounted in aryrientation.

Bandwidth: The bandwidth of the stabilizatiogystem
is the frequency range over which tkgstem is
considered to be effective (i.e. 0 tobH¢).

CGIl: Computer Graphics Interface: This refersthe
data that is captured and used either in real tme
post production for key framing animateffects.

Drift rate stability: The time rate of outputleviation
from the desired output. It consists of @mdand
systematic components and is expressed ams
equivalent angular displacement per unit tiVM&RT
inertial space

Gimbal: In its simplest form a gimbal is just
mechanical contrivance to constrain the motahan
object about a single rotational axis.Combined
together, several gimbals can constrain the mooiban
object about each successive axis (i.e. Fdélh, and
Roll). Gimbal is often used to refer to stabilized
gimbal system.

Gimbal lock: A phenomenon, where 2 or more the
gimbal axes align, thus reducing the effectivember
of gimbal axes. Control systems often can’t coyth
this condition.

Hanging: The orientation where the LOS and cemér
gravity are below the mountingurface.

FOG: Fiber Optic Gyro: An angular rate sensging
a laser diode and a spool of optitibler.

IMU: Inertial Measurement Unit: An sensamit
containing an array of 3 gyros and8celerometers.

INS: Inertial Navigation System: A typical INSses
an IMU and a GPS or other position refeeerto
constantly compute its position and attitudeatieé to
the earth.

Inertial space:ls independent of the earth’s frarok
reference. It is referenced to the stgstem.

LOS: Line of Sight: The optical axis of tHens.
Orthogonal: At right angles to eachther.

Parallax: Generally unwanted vertical artrizontal
motion of the cameral/lens (leftover linedabration).

Passive isolation: Isolation that is notactively
controlled with a serveystem.

Precession: The rotational motion that results whan
spinning wheel or gyro is rotated about an inpuis
perpendicular to the spin axis of the wheellhe
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precession will be about an axis perpendiculabdth
the spin axis and the input axis. In a rate gtive
precession angle is proportional to the in@te.

Resolve: To break down into its componeangles.

Synthetic Inertia: The angular momentum o&
spinning wheel appears to have greater rotatiamettia
in axes other than its spin axis. An wrraf 3
orthogonal gyros will create this effedh all 3
rotational axes.

Sitting: The orientation where the LOS and cenbér
gravity are above the mountireyirface.

WRT: With RespecfTo.
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