Software Development of Fiber Positioning
Sequencer for Prime Focus Spectrograph
of Subaru Telescope



Introduction

...................................................................................

* Prime Focus Spectrograph
e 2394 fibers at focal plane

* wavelength range from 0.38 micron to 1.26 micron
e ~1.25 deg”"2 field.

* Major Components
* PFI
* MCS
e 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

Big Rip?

Dark Energy
Accelerated Expansion

Externe
Xpansion?

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation

Big Crunch?

Quantum
Fluctuations

1st Stars
about 400 million yrs.

| Big Bang Expansion

13.7 billion years



”“*-.'




NAOJ

Cradit



- PFSEAMZ EENM AR

Prime Focus Instrument Wide Field Corrector




Software Development of Instrument
Controls System



Message Hub System

stageManager
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~ Metrology Camera System
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Calibration of Cobra Arms



“ Fiber Positioning System

Predict the object positions
on the prime focal plane
FERLOXEDOUEZ FHI

Predict position
FAE

Move Cobras while
measuring the
fiber position
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Measure the fiber position
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* From sigle module to Cobra array




=~ Cobra Geometry using Computer Vision

Hough Circle
Transformation

Search with fixed R

If the circles in an image are of known radius R, then the search can be reduced to 2D.
The objective is to find the (a, b) coordinates of the centers.

x = a+ Rcos(0)
y =b+ Rsin(6)
The locus of (a, b) points in the parameter space fall on a circle of radius R centered at

(z,y). The true center point will be common to all parameter circles, and can be found
with a Hough accumulation array.

Each point in geometric space (left) generates a circle in parameter space (right). The circles in
parameter space intersect at the (a, b) that is the center in geometric space.
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Cobra Geometry using Computer V
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= Motor Calibration : Arm Motion Range
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= Motor Calibration : on-time optimization

Fiber 57 Phi Fwd

Phi Fwd




= Motor Calibration : Motor Map

" Fiber No. 3
o
—— Avg Speed = 0.0637+/-0.0101 Ontime = 0.0433
—— Avg Speed = 0.0611+/-0.0182 Ontime = 0.0537
« =« Avg Speed = -0.0522+/-0.0088 Ontime = 0.0413
- == Avg Speed = -0.0520+/-0.00968 Ontime = 0.0480

— Avg Speed = 0.0464+/-0.0370 Ontime = 0.0160 l i
— Avg Speed = 0.0774+/-0.0203 Ontime = 0.0205 |

- - - Avg Speed = -0.0570+/-0.0145 Ontime = 0.0178

=== Avg Speed = -0.0723+/-0.0145 Ontime = 0.0190




Engineering Result



Major Testing Result

...................................................................................

« Geometry Repeatibility
« Convergence Performance
« Raster Scan Result with Spectrograph

« Convergence Optimization
« Number of iteration
 Total time
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= Convergence Performance

Cobra Convergence 96996
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T T T T
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0.040

4-th Iteration
5-th Iteration
6-th Iteration
7-th Iteration
8-th lteration
9-th Iteration
10-th Iteration
11-th Iteration
12-th Iteration

N. of non-converged (MCS) = 538.0
N. of non-converged (FPS) = 52
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raster field ngc6633_pa-90_fluxstd v2.1 from 99003

pa:,go repeat rasterﬁfieldingc66337Ea—90quxstd7v2.1 from 99003
pa=-90 repeat

Raster Scan

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

' If the Cobra is moved R A S Y A s
\V*V’ to the target perfectly, SRS NIty NS S e - e T
e the flux at the center is R B L e % Flux map of one set of raster scan data.
the brightest

telescope movement is projected on PFI
plane.

If the Cobra has offset

-200 -150 -100 0 50

/, to the target, the flux is x (mm)
o q 99003..990009 raster_field_ngc6633_pa-90_fluxstd_v2.1 mag < 15
v, distributed to more than (dx, dy) = (-10, 6)mu dtheta = -0.00415deg scales=-0.000426,7.38e-09
2 one fibers. g |

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

"magnitude" based on weight

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

offset. In this case, scale
difference is dominant. ~200  ~150
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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 ALL Cobra Convergence
data from eginerring data +  Convergence Run
of 2023, we see that
convergence performance
did not improve after 8th
iteration.
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> Convergence Optimization: Time Spend

FPS Time spent in each step (visit=100337, t=465.783s) FPS Time spent in each step (visit=101659, t=191.997s)

FPS init

Iteration 0
Iteration 1
Iteration 2
Iteration 3
Iteration 4
Iteration 5
Iteration 6
Iteration 7
Iteration 8

FPS init
Iteration 0
Iteration 1
Iteration 2
Iteration 3
Iteration 4
Iteration 5
Iteration 6
Iteration 7
Iteration 8
Iteration 9
Iteration 10
Iteration 11
Iteration 12

Time spent (seconds)
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FPS ops Cobra Move Link file

Cobra Move Link file




Summary

...................................................................................

* Wedeliver MCS and PFlin 2018 and 2021 respectively. After the
delivery, we also joined the system itegration activities.

* We deliver the control software for both MCS and PFIl. 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!
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