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Introduction

4K ultra high definition (HD) cameras deliver four times more resolution than 1080 
pixel high definition cameras – a difference of eight million pixels in an ultra HD 
television image vs. a two million pixel image of a typical HD television. The term 
“4K” refers to the 4000-pixel horizontal resolution of the ultra HD format. Because of 
the higher number of pixels, 4K cameras excel at capturing extremely small details.

Capturing aerial and motion images with high definition 4K cameras requires 
filmmakers to utilize a gyro-stabilized camera platform capable of providing stable, 

crisp, clear shots even when using 4000-pixel horizontal 
resolution – a speed close to impossible for the human eye to 
visually process. 

The base or support system to which the camera is attached 
creates unwanted jitter and movement, whether it’s a crane, 
boat, camera car or helicopter. This base motion must be 
eliminated or it will affect the HD picture. How well this is 
achieved is determined by the bandwidth of the gyro-stabilized 
platform housing the camera. The higher the speed of the 
camera, the more comprehensive the data acquisition capability 
required to transmit camera tracking data, including camera 
attitude (pitch, roll, and yaw) to the servomotors. Such high 
rates of data demand sensor systems with very high bandwidth.  

The sensor system must also be rugged enough to meet the demands of outdoor 
filming for land, water, and aerial camera platforms. Among the challenges in 
designing a platform capable of stabilizing ultra HD cameras is the integration of three 
to five high-performance gyros to interface successfully with software and servos. 
Other considerations for the sensor system include size, weight, durability and cost. 

This paper examines the process behind Gyro-Stabilized Systems’s C520 
gyro-stabilized platform that utilizes five axes of rotation to create a fully upgradeable, 
interchangeable, portable gyro-stabilized system. This system is able to accommodate 
a range of existing cameras as well as future advancements in camera technology. The 
gyro sensor used by Gyro-Stabilized Systems LLC (GSS) and described here is KVH 
Industries’s digital DSP-1750 – a commercial-off-the-shelf fiber optic gyro (FOG) 
with bias stability of ≤0.05°/hr and input/output data rates of ±490°/sec.1

While 4K ultra high definition television in the home isn’t going to happen overnight, 
4K production is here, and 4K projectors are being installed in cinemas around the 
world. This also has implications for still photographers as well as moviemakers. 
Many cinematography experts believe it’s as big a step up in visual realism over high 
definition as high definition was over standard definition.

A helicopter, above, uses a GSS C520 

camera platform during filming. Gyros 

are essential to stabilize camera 

platforms mounted on vehicles that 

produce significant vibration.
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Challenges 

Removing the angular base motion is the most important job of the stabilized system. 
Angular disturbances are vibrations that are perpendicular to the axis of the film frame. 
If the camera has an angular disturbance of 1° and the focal point of the lens is a mile 

away, that 1° is multiplied by a mile so that the line of sight of 
the lens causes a huge sweep in the camera frame. 

A high bandwidth system will stop a large range of base motion 
from getting to the camera (e.g., the vibration of a helicopter, the 
rapid shakes and bumps from a camera car, or the rocking and 
rolling of a boat and sway of a camera crane). 

We will discuss the use of open loop fiber optic sensors that use 
a piezo-electric modulator integrated directly into the fiber optic 
path as a key element in the stabilization system. This all-fiber 
approach is less expensive than closed-loop designs, and yet 
delivers accuracy that can match or exceed these types of gyros. 

Advantages of Fiber Optic Gyros for Stabilization 

The KVH FOG uses a superluminescent diode as a light source, along with couplers, 
polarizers and a light detector to utilize the Sagnac Effect to measure rotation. It also 
uses a coil of proprietary elliptical core “D” shaped fiber as the optical path.

The Sagnac Effect, discovered by Georges Sagnac, is a physical phenomenon that 
involves sending two beams of light in opposing directions around a closed path, and 
then using a detector to examine the beams when they travel back to the starting point. 
The light beams will recombine constructively in a distinctive interference fringe 
pattern. However if the apparatus is rotated, the beams will travel different distances 
before recombining. The result is a distinctive interference fringe pattern as the two 
out-of-phase light beams come together. By harnessing the Sagnac Effect, engineers 
at KVH Industries have built lightweight devices that can very accurately measure 
angular rotation and do so without any moving parts, improving the effective life span 
of the device. 

Fiber optic gyros have a set of inherent errors that are mitigated through digital signal 
processing, which compensates for their errors and produces FOGs with great accuracy 
and improved reliability.2

Even when a gyro is stationary, it can register some rotation. This is known as bias 
error and it varies with temperature. This is a repeatable error in fiber optic gyros, 
allowing KVH engineers to build an internal table of bias offset values for each FOG. 
A single internal sensor measuring the temperature of the laser diode allows the unit to 
adjust based on values stored in this internal lookup table, and then subtract them from 

GSS’s C520 camera platform has 

been used to create unique ultra high 

definition films of extreme snowboarders 

and high altitude skiers because of its 

ability to deliver extreme stabilization in 

demanding environments.

FAST FACT
Stability refers to the  
ability of the camera 

to remain in the same 
orientation while the base it 

is attached to is moving.
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the result to increase the gyro’s accuracy. 

Scale factor error relates to the rate of rotation of the FOG and is defined as the 
difference between the input rate and the measured rate output. In other words, if you 
rotate the gyro 90° does it register a 90° turn? As the rate of rotation increases, the 
error potential increases. 

The output of a FOG includes a broadband random noise element. Angle random 
walk which is defined in terms of degrees/√hour, describes the average deviation or 
error that will occur as a result of this noise element, even when the FOG is at rest, 
and should have an output equal to zero. Major contributors to random noise are the 
active elements in a FOG, such as the detector and/or light source. KVH continually 
strives to reduce these errors in its precision FOGs through next-generation technology 
including the development of ThinFiber – an innovative thin polarization maintaining 
optical fiber used exclusively in the company’s gyros. FOGs with ThinFiber offer 
accuracy equal to or better than costly closed-loop FOGs or ring laser gyros because 
more fiber can be used in a smaller package.

The resulting DSP-1750 FOG is a highly accurate, compact and reliable commercial-
off-the-shelf gyro with a very desirable ratio of size to level of performance. This 
combination of accuracy and size led the engineers of GSS to select the DSP-1750 
FOG from KVH Industries to stabilize its innovative gyro-stabilized camera platform, 
the C520. GSS is a company that specializes in the development of customizable 
stabilization technologies. 

The World’s Most Advanced Portable Gyro-stabilized System  

The GSS C520 is an advanced five-axis fiber optic gyro-stabilized servoed 
electro-mechanical stabilization platform. The high bandwidth design relies 
on electronic sensors, actuators and servomotors to correct the base motion 
from affecting the high resolution film being shot with high definition 
cameras. The C520 removes almost all of the angular disturbances from the 
shot, utilizes electronic control servo loops, and extremely high bandwidth, 
and is very adaptable to various camera/lens payloads. 

This system can be used on camera car, crane or suspended cable systems 
as well as in aerial work. The C520 can stabilize almost any camera and 
lens combination as it is designed as a hybrid platform in which cameras 
and sensors can be changed in minutes. The C520 platform has a high 
speed gimbal slew rate of 0-120°/second, azimuth of 360° continuous, 
and elevation of +30° to -205° from horizontal.  In addition, the C520 
gyro-stabilized platform has a steerable roll feature ±120° from horizontal 
where the roll axis can actually perform a dutch angle (tilted or canted angle) 
while still stabilizing or can just keep the horizon level.3  

FAST FACT
KVH’s ThinFiber represents 
a 30% reduction in diameter 
of KVH’s proprietary E•Core 

optical fiber; this means 
more fiber can be used 
in the gyro, significantly 
increasing its accuracy  

and performance.

FAST FACT
The output of a FOG 
includes a broadband 
random noise element 

called Angle Random Walk 
(ARW). ARW is defined 

in terms of degrees/
hour/√Hz or degrees/√hr. 

this describes the average 
deviation or error that 

occurs as a result of this 
noise element.

The GSS Gyro-Stabilized Systems C520 

uses five axes of gyros to achieve the 

stabilization needed for extremely 

sensitive high definition cameras. 
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High Bandwidth and Low Noise 

The GSS engineers required high performance gyros that delivered enough bandwidth 
to accommodate the high-speed delivery of data to the sensor servo. High bandwidth is 
very important for closing a high-speed servo control loop. The fast response level and 
higher bandwidth are essential for the high-speed data transfer required to accomplish 
the stabilization and precision pointing of the C520 platform.4

To enable the GSS gyro-stabilized platform to accommodate film or video cameras 
shooting high frame rates at 4K resolution or higher, the sensor system also required 
gyros with very low noise levels. A low noise signal was necessary for a precise line 
of sight control vital to this cinematography product and eliminates interference in the 
operation of the servo. 

The C520 gyro-stabilized platform uses three DSP-1750 FOGs, one for azimuth 
axis, one for the elevation axis, and one for the roll axis. The angular roll signal in 
each gyro is used in the platform’s control loops for each axis to drive the voice 
coil actuators that counter any angular disturbance from the external environment. 
This closed loop control system requires the gyros to provide high-speed delivery of 
angular rate data into the system to provide immediate feedback to the controller. 

With an abundance of angular rate sensors available on the market, the major point 
of concern to the developers at GSS was finding sensors with low noise levels and 
high bandwidth that were commercially available. The levels of performance needed 
are typically considered tactical grade and restricted by EAR regulations (Export 
Administration Regulations) or ITAR protected (International Traffic in Arms 
Regulations), both of which are administered by the U.S. Government. 

For the cinematographic application of the C520 platform, it was essential that 
non-ITAR, non-EAR restricted sensors be used for stabilization. There are many 
desirable locations in the world that have not been filmed due to these restrictions. But 
without sensors of this quality, aerial imagery of choice locations cannot be obtained 
to a level that the global cinema market would accept. The KVH DSP-1750 fiber optic 
gyro offers the right balance of high performance, low noise, low drift without export 
restrictions. 

Another challenge faced by GSS was the gyros needed to be compact and have small 
circuit boards. The tethered design of the DSP-1750 gyro offered engineers at GSS 
the design flexibility to locate the 1.7" diameter optical sensor directly on the sensitive 
axis, while the control circuit cards can be integrated elsewhere. 

Conclusion 

The success of any design is determined by its reception in the targeted market. GSS’s 
introduction of its C520 gyro-stabilized platform was enthusiastically received by 
the film industry, in particular when it became the launch partner of Teton Gravity 

FAST FACT
Specifying a gyro with a 

low noise signal eliminates 
interference in the operation 

of a servomotor.

FAST FACT
The majority of high speed 

gimbals use gyros to 
determine how quickly 
the unstable platform is 

moved about each axis of 
stabilization, and command 
servomotors to counteract 

that rotation by moving 
an equal amount in the 

opposite direction.
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Research, an award-winning action sports production company known for 
its athlete-driven productions in the world’s most demanding environments. 
According to Todd Jones, Teton Gravity Research’s co-founder, the GSS 
C520 platform “has the potential to redefine aerial cinematography at the 
highest levels of filmed entertainment and reshape the way we see motion 
pictures.”5

1DSP-1750 FOG Datasheet, KVH Industries, Inc.

2 An Update on KVH Fiber Optic Gyros and Their Benefits Relative to Other Gyro Technologies,  
KVH Industries, Inc., 2012

3C520 Specification Sheet, GSS Gyro-Stabilized Systems, LLC 

4Steve Rudolph, CTO, GSS Gyro-Stabilized Systems, LLC 

5 Transworld Business, April 1, 2013, Teton Gravity Research Becomes Exclusive Launch Partner for World’s 
Most Advanced 4K Gyro-stabilized Camera Platform

About KVH Industries
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applications.  KVH is also a leading manufacturer of solutions that provide global 
high-speed Internet, television and voice services via satellite to mobile users at sea, 
on land, and in the air. An ISO 9001-certified company, KVH is based in Middletown, 
Rhode Island, U.S.A., with facilities in Illinois, U.S.A., Denmark, Norway, Singapore, 
the U.K., the Philippines, Belgium, Holland, Cyprus, and Japan. 
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KVH’s DSP-1750 Fiber Optic Gyro 

(FOG) provides the ideal combination 

of high performance, low noise, high 

bandwidth, integration flexibility, and 

affordability to accommodate all of the 

design requirements of the GSS sensor 

system.

See David Strong of Gyro Stabilized 

Systems, LLC discuss their gyro-

stabilized platform and KVH’s fiber optic 

technology.

http://youtu.be/vxl6CZ1ImlU.


