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A robotic focal plane system using robotic fiber positioners enables multi-object spectroscopy for hundreds to thousands of
galaxies by utilizing a dense array of positioners that are closely packed at the focal plane of a telescope. While this dense
arrangement increases the number of observations, it also introduces the potential for collisions between adjacent
positioners. A fiber positioner is designed similarly to a SCARA robot. It is driven by two series of BLDC motors. Each
positioner is manufactured with an outer diameter of 16 mm. It operates within an annular workspace with an outer
diameter of 33.6 mm and an inner diameter of 12.8 mm. As these positioners are arranged with a spacing of 16.8 mm,
target assignment and motion planning are critical to avoid collisions caused by overlapping workspaces. To address this,
we proposed an optimized step choice algorithm using a motion planning method based on optimization with the sequential
quadratic programming algorithm. Simulation results demonstrated that paths for all positioners within a tile were
successfully generated with a success rate of up to 93.75% across 80 files.
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2. Robotic Fiber Positioner
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Fig. 1 Multi-object spectroscopic telescope: K-SPEC

BN Workspace of a robotic fiber positioner
@ Fiducial illuminator

15070 9] HAE #=3H7] flal L= TH15]. Fig. 12> K-SPEC
2] Focal Plate®] —TLZ——

4
UJ
g
i
a
lo
i
X
fo 1
-
N
oo
é
11

o
ﬁ
o
1o,
it
X
<
o
o
&
)Y
v

2.1 K-SEPC2| Focal Plate 7

Focal Plateol== RFP ©]&]ol thkst 2471 wix|=o] 2t}
Fiducial Illuminator (FI)= W&l = LEDE 53] E& A4
Z 4= 9t} o] WS Focal Plate 2-2¥#H0o] 21E Metrology Camera
& F3] #=3L Focal Plate®] 7]5H o2 AME-SHH RFPY
Calibration®l] AF&-3 4= ST}, FI= Focal Plate W 573+ $1X]o
ujx] = o] Slvh. RFPS}F FI= YA 3+ 7H4 Pitch(P)E X =]H, o]
%ol et Focal Plateoll ¥iX|& <= 1= RFP] 47t 278 €t &
Z#ow RFPS} FI7} H2E Focal Plates= Fig. 29F 7t}
256 mm 273 2] Focal Pate®ll 15071] RFPS} 187112] FIE wi x| 5}k
7] 918 P= 16.8 mmE 2|53t

T

2.2 Robotic Fiber Positioner A4A|

RFP?| =& 917 #8lls s 271 fal Ldutze 3]
A BE| F2 71oju|e] 7o =g FAgrE =&9 RFP
AREE 2719 BEE 6 mm 272 BLDC RE|(ECX SPEED 6 M,

i
oft

Eale



o
Hl
0z
e
oF
o
foir
>
=
N
N
H
=
fo

January 2025/ 81

Yot

@ Fiber
Workspace

B o-arm

B B-arm

Xy
Fig. 3 Kinematics of RFP

Maxon)Z 854:12] 7]¢] 3| =(GPX 6, Maxon)S 43t A&t
ot 2719 BE= Z47) g-arm#} B-armS 21Tk oW g-arm@]
Aol(lyg FA()E WEshs W9l s RFPY] &2
B-armol| A RF HAFIER A Z AFe] FE WA BAE st
T Atk oWl D, BH A7 S Sulitt

Focal plateol] = 2,
F2E ), Focal plate®] ¥ 37 glo] BE <
A RFPE] F Arme| Zol& F4(2)5 weljoF gt ofuf RE
9 RFP BE9] 713 245 785, g-arm® ZolE 52 mm,
B-arme] ZolE= 11.6 mm= A 3T}

l,+14<P @)

Fig. 3& RFP9] 7]98rS HoFErh #3479 A= EEY
7tz et Ame| Aol wet A=, F3E 3 A G)H Zrh
(x5 Y= RFP4 A FBolth NIE A e HE Hrol
FolA™, o 73S Fal d ARl =estr] f3 2E 9
e g WS‘ T Atk olw) HE gholl gk o 7]4-8to] sl
o] FE 7HA17] 913l B-RES] ZEE 00llA 180°% AFHEIT.

x| X N cos(0,) cos(6,+ ) || I, 3
l:xj - |:yb:| |:sin(6’a) sin(6,+ Hﬂ)JLJ ®

2,2 2 2
+y,—1,—1
0, = cos- LY~ faT bp 4)
20,1,

T -1 [.sin6

0,=tan "L —tan —L "B _ ®)
x; la+lﬂcos Hﬂ

HzA o= MAFE RFP= F1g 49Jr 72t} S35 p-arm 2

AA=H, RFP WHE

= AREZEE ARt @QQ‘:} ]*‘ 75“"1‘” "FiE‘C B
7t 53 F UEE FF FUE AFFH o} gt} Ty SF
Fulol AZEE o-RHo| HPHOR dAH] ofFHSER
Lollipop Feature F-3©] "2 o]t}g,10]. ©]1& T3 o-EEH=

Bearing axis

4 B-Matar Spacer | a-Matof
l 1 Lulll;lE_n_Fra!ure_

cartridge

Bea ing
lock-nut Middie Coupling
2w Beasing carlridge & Shaft

Baaring a-Matar
cartridge

Fig. 4 Robotic fiber positioner for K-SPEC
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{a) Blind move

(b} Calibration move

Fig. 6 Calibration process
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Fig. 11 Simulation results of the path planning algorithm
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