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Abstract 

For small earth observation satellites, alignment between the optical components is important for precise observation. 
However, satellite cameras are structurally subject to misalignment in the launch environment where vibration 
excitations and impacts apply, and in space environments where zero gravity, vacuum, radiant heat and degassing 
occur. All of these variables can cause misalignment among the optical components. The misalignment among optical 
components results in degradation of image quality, and a re-alignment process is needed to compensate for the 
misalignment. This process of re-alignment between optical components is referred to as a refocusing process. In this 
paper, we proposed a 3 - axis focusing mechanism to perform the refocusing process. This mechanism is attached to the 
back of the secondary mirror and consists of three piezoelectric inertia-friction actuators to compensate the x-axis, y-
axis tilt, and de-space through three-axis motion. The fabricated focus mechanism demonstrated excellent servo 
performance by experimenting with PD servo control. 
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2. Focus Mechanism Design 
  

2.1. Target Optical System Design 
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Fig. 1 Sensor Types of Earth Observation Camera 

  
2.2. Kinematic Design of Focus Mechanism 

Fig. 2 Focus Mechanism Using PIFA 
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Table 1 Actuator Displacements Required for Assigned 
Tilts 

Tilt 
(μrad) #1 (μm)  #2 (μm) #3 (μm) 

x y LVDT PIFA LVDT PIFA LVDT PIFA 

0 100 -1 -2 -1 1 2 1 
0 200 -2 -4 -2 2 4 2 

100 0 1.73 0 -1.73 1.73 0 -1.73 
200 0 3.46 0 -3.46 3.46 0 -3.46 
100 100 0.73 -2 -2.73 2.73 2 -0.73 
200 200 1.46 -4 -5.46 5.46 4 -1.46 

Fig. 3 Flowchart for Tilt and De-space Calculation 

2.3. Opto-Mechanical Design of Focus Mechanism 
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Table 2 Material Properties used for FEM Analysis 

Material Density 
[kg/  

Young’s 
Modulus 

[GPa] 

Poisson’s 
Ratio 

Element 
(ANSYS) 

Zerodur 
(Mirror) 2,530 91.3 0.24 SOLID95 

EC-2216 
(Adhesive) 1,140 0.565 

 0.47 SOLID95 

Super 
Invar 
32-5 
(Flexure) 

8,140 145 0.23 SOLID95 

Fig. 4 Wave front Error of the Secondary Mirror 

3. Servo Performance Verification of 
Focus Mechanism 

  
3.1. Configuration of Focus Mechanism 

  

Fig. 5 Focus Mechanism Assembly using PIFAs and 

LVDTs 

  
3.2. Modeling of PIFA 
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Fig. 6 PIFA Schematic Diagram 

(a) Measured Voltage using 
Oscilloscope (b) MATLAB Input 

Fig. 7 Input Voltage for PIFA  
 

 Table 3 Parameters of the PIFA 

Coefficient    
[kg] 

 
[kg/s] 

 
[N/m] 

Value 2,674 221.5 
e-6 

471 
e-6 48,866 220.6 

e6 
  

3.3. Focus Mechanism Servo Performance 
Experiment 
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Fig. 8 Experimental Interface Configuration for the 
Focus Mechanism 

Fig. 9 Experimental Device Configuration for 
the Focus Mechanism 

Fig. 10 Simulink Simulation Result 

Fig. 11 Experimental Results of Focus Mechanism 

 
4. Conclusions 
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