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Sequencer for Prime Focus Spectrograph 

of Subaru Telescope



Introduction
• Prime Focus Spectrograph

• 2394 fibers at focal plane
• wavelength range from 0.38 micron to 1.26 micron
• 1.25 deg^2 field.

• Major Components
• PFI
• MCS
• SpS

• Engineering challenge of Fiber Positioning System
• Allocate 2394 fibers within 120 seconds.
• Distance error of fiber should be less than 10 micron 



Major Science of PFS
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Software Development of Instrument 
Controls System



Message Hub System

•
LSST

• Python
Tron

• Python
actor

•
stageManager

• TCP /IP
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Metrology Camera System



Calibration of Cobra Arms



Fiber Positioning System



From sigle module to Cobra array



Cobra Geometry using Computer Vision

HHoughh Circlee 
Transformation



Cobra Geometry using Computer Vision



Motor Calibration Arm Motion Range



Motor Calibration on-time optimization



Motor Calibration Motor Map



Engineering Result



Major Testing Result
• Geometry Repeatibility

• Convergence Performance

• Raster Scan Result with Spectrograph

• Convergence Optimization
• Number of iteration
• Total time



Geometry Repeatability



Convergence Performance



Raster Scan
(1) Converge Cobras to the target
(2) Take spectra at this pointing, and several points 
around it by moving the telescope.

If the Cobra is moved 
to the target perfectly, 
the flux at the center is 
the brightest

If the Cobra has offset 
to the target, the flux is 
distributed to more than 
one fibers.

(3) By measuring the CoG of the fluxes, estimate 
the offset to the actual star position
(4) Improve coordinate transformation.

a part of PFS at the center and nearby 
positions (spectrain the same colour
scale)

points 

Flux map of one set of raster scan data. 
telescope movement is projected on PFI 
plane.

Vector plot showing measured 
offset. In this case, scale 

difference is dominant.



Convergence Optimization
• Use the optimal number of iteration.

• Shorten the operation overhead
• Not to produce engineering data
• Use optimal exposure time
• Use multi-core for centroid detection
• Write image in the background (to be tested)



Convergence Optimization: Number of Iteration 

• Combining all convergence
data from eginerring data
of 2023, we see that
convergence performance
did not improve after 8th
iteration.



Convergence Optimization: Time Spend



Summary
• We deliver MCS and PFI in 2018 and 2021 respectively.  After the 

delivery, we also joined the system itegration activities.

• We deliver the control software for both MCS and PFI.  Especilly, 
the Fiber Positioning System.

• By calibrating cobra arms carefully, we are able to control those 
arms in a decent accuracy. 

• We are still improving the system performance.

• PFS is expceting to start science operation in 2024!



Thanks


