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Introduction to Stage-5 Surveys 4

The MUltiplexed Survey Telescope

led by Tsinghua University

Stage-V Spectroscopic Instrument 

led by LBNL in Berkeley
Widefield Spectroscopic Telescope

(Pending proposal to ESO)



Evolution of the Focal Plate 5

Manual focal plate for static fibers

Automated focal plate with individual optical

fiber robotic positioners

Automated focal plate with modules of optical

fiber robotic positioners

SCARA Robot with 2 degrees of freedom

1/6 of a real focal plate



Modular Concept for Stage-5 
Surveys 
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Silber, J. H., Schlegel, D. J., Araujo, R., et al. 2022, 25,0005 optical fiber positioning robots for next-generation cosmology, arXiv, doi: 10.48550/arXiv.2212.07908

6-Positioner Prototype 

developed within an 

InnoSuisse project in 

collaboration with MPS 

Micro Precision

Systems AG (Biel, 

Switzerland)



Testing Setups 7

XY Positioning Performance Test Setup Angular Tilt Test Setup



XY Test Results
Positioning Repeatability
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● The data is acquired by commanding the alpha and beta arms repeatedly to 

a specific position. 

● The centroids of the light blobs are found using 2D Gaussian fitting, and the 

root mean square of the data is calculated from 20 iterations.

● The data presented in the figures below shows the mean of the root mean 

square values of the program repeated 24 times.

Req.: 6 µm RMS Req.: 6 µm RMS



XY Test Results
Datum (Hard Stop) Repeatability
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● The data is acquired by moving the alpha and beta arms to their hard stops.

● The centroids of the light blobs are found using 2D Gaussian fitting, and the 

root mean square of the repeatability is calculated from 100 iterations of 

reaching each XY position. 

● The data in figures below show the mean of the root mean square values of 

the program repeated 24 times. 

Req.: 50 µm RMS Req.: 50 µm RMS



XY Test Results
Backlash
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● For the backlash measurement, the positioner is commanded to move to a 

particular position from the two directions and the centroids of the blobs are 

calculated for each direction. 

● The angle between the two centroids for each direction is the backlash. 

● The data shown in the figures below presents the mean of the root mean 

square values of the program repeated 24 times.

Req.: 5° Req.: 5°



XY Test Results
Motion Range - MPS Prototype 1
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Alpha Motion Beta Motion

Req.: 370°, Tested so far: 360° Req.: 190°, Tested so far: 180°



XY Test Results
Arm Lengths - MPS Prototype 1
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Positioner Alpha Arm Length 

(mm)

Beta Radius and Arm Length 

(mm)

21 1.81 1.82

22 1.84 1.84

23 1.82 1.82

24 1.78 1.84

25 1.42 1.82

26 1.84 1.83

Nominal Arm Length for each arm is: 1.8 mm



XY Test Results
Non-linearity - MPS Prototype 1
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Alpha Arm Beta Arm

The requirement for the non-linearity was set to be about 0.8° for a movement of 1°. As long as the non-linearity behavior is

repeatable, the effect can be compensated for. The results above show 3 iterations for each positioner of MPS Prototype 1.



Angular Tilt Test - Axes 14

Tilt between FIA# and Ferrule Axis

Before installing the optical fibers on the robotic positioners, they were installed on a perfectly-round cylinder, shown in Figure 4.2(b), and rotated to be able 

to measure the tilt of the fiber inside the ferrule. 

Tilt between Ferrule Axis and BetaA# (denoted as f in the figure below)

The tilt between the ferrule axis and the beta arm axis is measured by rotating the beta arm at several angles, fitting a circle, and measuring the radius of 

the circle.

Tilt between BetaA# and AlphaA# (denoted as 𝜑 in the figure below)

The tilt between the beta arm axis and the alpha arm axis is measured by rotating the alpha arm at several angles while the beta arm is stationary, fitting a 

circle, and measuring its centroid. Then, rotating the beta arm at several angles while the alpha arm is stationary, fitting a circle, and measuring its centroid. 

Finally, calculating the angle difference between the centroids.

Tilt between AlphaA# and PosA# (denoted as 𝛳 in the figure below)

The tilt between the alpha arm axis and the positioner axis is measured by having a calibration cylinder that is inserted in one of the empty module holes (as 

shown in Figure 4.2(b)) and acting as a non-tilted zero-reference. By rotating this calibration cylinder at different angles, measuring the centroid of the 

captured blob, and fitting a circle, the zero-reference is estimated as the center of the fitted circle.

Calibration Cylinder



Range of 𝛳 (Angle between zero-reference and alpha arm):

~0.08° and 0.3°

Range of 𝜙 (Angle between alpha arm and beta arm):

~0.1° and 0.45°

Range of the vectorial sum of 𝛳 and 𝜙:

~0.19° and 0.5°

Range of 𝑓 (Angle between beta arm and optical fiber):

~0.2° and 1.05°
Note: This value can be significantly improved with better alignment

and smaller bore ferrules. The values should be around 0.1°.

Angular Tilt Test - Results 15

Total Tilt Req.: 0.4°



Summary and Outlook 16

● Prototyping of the very first of its kind robotic positioning modules

● Comprehensive mechanical testing conducted (XY positioning repeatability, hard

stop repeatability, backlash, non-linearity, tilt, thermal, etc.)

● Still to be conducted: optical testing (throughput and focal ratio degradation testing)

● Results so far are very promising, and more prototypes are to be investigated

21-Positioner Prototype 

by MPS Micro Precision Systems AG 

(Biel, Switzerland)

21-Positioner Prototype 

by Orbray Co., Ltd. (Japan)


