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1.0 Problem or Need 

1.1 Problem Statement 

Develop a Satellite Active Vibration Inversion (SAVI) mount system that will identify and cancel low frequency 

vibrations from a cryocooler that cause image smearing on a telescopic camera.  

 

1.2 Problem Details 

Satellites in orbit frequently encounter vibrations from internal subsystems, such as cryocoolers. These vibrations, 

called Exported Force and Torque (EFT) signals, have a negative effect on the functioning capabilities of telescopic 

cameras. The vibrations from cryocoolers typically occur at dynamic frequencies between 40 and 60 Hertz with 

amplitudes on the order of 20 microns. These vibrations cause a detrimental effect called image smearing, which 

involves the blurring of image quality due to pixel movement. For a representative telescopic camera with a 20 cm 

diameter and specifications similar to those of GeoEye 1, a 20 micron EFT vibration results in image smear of 200 

pixels
*
. SAVI will mitigate vibrations and image smear of similar magnitude. 

2.0 Previous Work 

The SAVI project will involve active cancellation for a satellite payload of small mass. At its core, vibrational 

control can be defined by asking two questions, “Suppress vibrations at their source or at the payload?” and “To use 

a passive or active system?” An example of a system used to mitigate vibrations at its source is the COLBERT 

treadmill, which uses a series of springs as passive filters to decrease the high frequency vibrations given off the 

treadmill to the rest of the International Space Station
3
.  On the other hand, projects such as Boeing’s ARIS use 

actuators to reduce vibrations at the affected area, instead of at the source. ARIS was designed for keeping an entire 

rack several feet high and wide in place, so it used larger pushrods as actuators between the rack and the space 

shuttle structure
4
. A deficiency of ARIS is its inability to reduce internal vibrations caused by a payload within the 

rack, making projects such as SAVI necessary for singular payloads of smaller size.  g-LIMIT, the successor to 

ARIS, is designed to mitigate the background vibrations on the ISS from umbilicals (ex. power, data, and coolant 

channels running about the payload). Normally passive dampers would act as low-pass filters, but as the mass of the 

payload decreases, they become less effective. For small payload masses, it isn’t feasible to mitigate vibrations at 

frequencies less than 1 Hz to a precision of ± 1 cm, by using passive filters such as mounts of reduced stiffness. This 

makes the usage of active cancellation techniques increasingly necessary. Furthermore, mounts of increased stiffness 

are required to passively reduce inertial disturbances, which come in conflict with needing softer mounts to damp 

basic vibrations, making it impossible to achieve both without the aid of active cancellations. Many active filters are 

composed of a high-frequency acceleration feedback control loop used to mitigate inertial disturbances and a low-

frequency feedback control loop which is used to isolate resonant vibrations and keep the payload centered at its 

preferred position. Passive filters can be used to remove the upper harmonics from the vibrations caused by EFT’s 

(exported forces and torques), and feed-forward loops can be used in place of feedback
5
. SAVI will use passive 

filters to eliminate higher frequency, low energy vibrations past the 1
st
 harmonic, while each strut will include active 

filters to remove the remaining vibrations. It can be assumed the EFT’s are periodic, so a feed-forward loop will 

likely be used for active inversion. 

The SAVI system will consist of a “to be determined” number of struts which will mount the payload to the greater 

satellite structure.  There have been similar systems developed and investigated by MOOG CSA Engineering which 

use struts to cancel or isolate incoming vibrations from the payload.
6
  These systems are typically a hexa-pod or 

octo-pod design and are used to provide six degree of freedom positioning and vibration cancellation. Other systems 

with 2 and 3 struts provide only 2 and 3 degrees of freedom respectively. Systems designed or investigated by CSA 

Engineering and due to inclusion of 6 DOF are larger and more complicated than is necessary for the SAVI 

requirements.  Unlike the CSA Engineering hexa-pods and octo-pods, SAVI will be a self-contained system 

including its own integrated electronics to actively cancel 2DOF of angular vibration (tip and tilt) between 40 and 60 

Hz and will be designed to meet stringent weight size and power requirements for space applications.   

3.0 Specific Objectives 

This project will involve the design, model, and test of a mount system that will cancel vibrations between a surface 

and a payload. Active inversion will occur in a TBD number of struts between the payload and vibrating cryocooler. 

                                                           
* This is based on a pixel resolution of 1 microradian imaging at 1000 km. 
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Each strut will include an accelerometer to identify the longitudinal vibration and an actuator to apply the necessary 

inverted vibration. The accelerometer will send data to a microcontroller, mounted under the payload platform, 

which will analyze the data based on the predetermined control laws to define an output vibration for the actuator. A 

gyroscopic micro electro-mechanical system (MEMS) will be installed on the sub-system platform to measure the 

initial and residual vibrations that are experienced by the payload. The design focus will include reducing angular 

displacement of the payload in two degrees of freedom defined as tip and tilt. 

1. The first level of success will be achieved by reducing the amount of image smear by 60% which will result in 

80 pixels of smear. The signal is defined as being periodic with a constant set of frequencies between 40 and 60 

Hertz at amplitude of 20 microns. Accomplishing this task will include the design and manufacturing of the 

mounting system which includes the installation of electronics equipment. The microcontroller will also be 

programmed to handle the data that is provided by the accelerometers and use control theory laws to compute 

an inverted vibration which is applied to the mount system through the actuators.  

2. The second level of success is defined by reducing the amount of image smear by 80%. This will result in a 

final image smear of 40 pixels or less. In addition the disturbance vibration will change frequency, while being 

limited to change at a rate of no more than 1 Hz per second. 

3. Weight, size, power, and all structural requirements for space applications will be met for the third level of 

success. The system will run on no more than 10 W of power, will have a mass less than 5 kg, and will not 

exceed 20 cm by 20 cm by 10 cm in dimension. 

4.0 Functional Requirements 

The SAVI system will consist of three main components: sensors, actuators, and an active controller.  The system of 

actuators will be in the form of struts, which support a platform upon which the camera system would be mounted.  

Sensors (i.e. accelerometers on the struts) will be integrated and monitored providing the input to the controller for 

vibration cancellation. An active controller will process sensor signals to determine the required displacement within 

each actuator to cancel the sensed motion within each individual strut. As the disturbances within each strut are 

expected to be periodic in nature, SAVI will use Fourier analysis on each strut’s disturbance data to characterize the 

disturbance wave within each strut, and create a time dependent prediction of the disturbance for the controller to 

use in its calculations and the known dynamics of the struts and actuators. The individual leg displacements will be 

sent to each actuator leg, causing a cancelling vibration within each strut. The residual vibration will be measured by 

additional accelerometers on the top plate and will be transmitted back to the control system to determine necessary 

optimizations for the original actuator displacements. In order to perform this calculation, a kinematic model of the 

SAVI mount system will be required to understand how tip and tilt angular displacements relate to the displacements 

within individual struts.  If this kinematics model is unable to provide adequate predictions (perhaps due to the 

response time of the real world system) a dynamic model would have to be developed which would be able to 

characterize how the system responds over time, using the equations of motion. 
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Figure 1. Functional Block Diagram for SAVI system. 

 

Figure 2. Concept of Operations for Space Operations. 

Figure 2 shows the concept of operations for the SAVI system during actual space operations. As seen, during 

satellite construction the SAVI system will be used to mount the satellite’s image capture system to the satellite. As 

sometimes happens, following launch into Earth orbit, an unexpected EFT vibration is detected that was 

unaccounted for during design which is degrading the sensor’s performance.  SAVI is then able to be used to restore 

sensor performance on orbit with little to no input from the ground. SAVI senses the EFT which is degrading 

performance, and determines the necessary actuator displacements needed to reduce the vibration amplitude.  
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Figure 3. SAVI Test Concept of Operation Using Transmitted Vibrations from the Surface. 

In Figure 3, what is contained in the dotted line box is the SAVI system. This figure is in no way representative of 

the sizing and proportions of the final product. For testing this system, tip and tilt vibrations will be simulated by a 

system of actuators that are external to the SAVI system. The SAVI system’s actuators, located in the struts will 

reduce the vibration amplitude applied by the external actuators that compose the testing apparatus. The gyroscope 

will be used to measure the residual vibrations at the payload. The mathematical vibration cancellation model will 

then be compared to the actual performance of the system. 

5.0 Critical Project Elements 

5.1 Model 
5.1.1 Vibration analysis: The vibration analysis is critical, beginning with the correct usage of 

Fourier Transformations to accurately characterize the incoming waves within 0.1 Hz 

resolution. An inaccurate model will result in the wrong control system parameters being 

chosen.   

5.1.2 Control Theory: If an incorrect control loop is utilized, the system would likely end up 

adding to the vibrational disturbances rather than cancel them.  

5.1.3 Simulink Model of Vibrations: The software must be designed to handle the signal 

processing of the changing waveforms with frequencies anywhere between 40 and 60 Hz 

changing no faster than 1 Hz/s. 

5.1.4 Kinematic or Dynamic Model: Depending on the final configuration of the system and how 

this relates to the accuracy and response time, either a kinematic or dynamic model will be 

required.  This model will be necessary to be able to understand how the combination of strut 

motions will combine to yield ultimately a tip/tilt motion within the subsystem.  This model 

could be validated by simulation of the SolidWorks model and ultimately in real world 

testing. 

5.1.5 SolidWorks Model: The model is required to validate material aspects of the platform as 

well as providing a guide for the manufacturing process. 

 

5.2 Testing 
5.2.1 Electronics and Hardware Configuration: The sensors and actuators must be accurate 

enough to provide data and produce the inverted waveform. 

5.2.2 Testing Facility: Access to a facility with a vibration source is needed to confirm the 

effectiveness of the system. 
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5.3 Materials 
5.3.1 Structure cannot have modes between 30 and 70 Hertz to ensure a response unaffected by 

resonance.   The material chosen for the platform must be stiff enough for the top plate to be 

modeled as a rigid body as well as prevent these resonance modes. 

6.0 Team Skills and Interests 

Critical Project Elements Team Skills Team Interests 

Vibrational Analysis Blake, Joseph, and Justin have 

experience in Fourier Analysis 

Patrick 

Control Theory Joseph has taken an additional 

control theory class (ASEN 4114) 

apart from standard curriculum.  

Patrick, Corey, Blake 

SIMULINK Model We have basic experience from 

ASEN 3128 

Ben, Jackson, Joseph 

Kinematic and/or Dynamic Models Standard ASEN curriculum   Corey, Jackson 

Electronic Configuration We all have basic experience in 

electronics from ASEN 3300 

Corey, Wasseem, Ben 

Testing Facility N/A Wasseem, Jackson, Justin 

Materials Ben and Blake are in FEM class 

(ASEN 5007) 

Wasseem, Jackson, Justin 

7.0 Resources 

Critical Project Elements Team Resources 

Manufacturing Machine Shop, Ball 3D printer, Electronics Shop in Engineering Center 

Testing Shake table from Ball facilities or ITLL 

Vibration Cancellation Modeling MATLAB/Simulink 
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