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KLT - 6.5m TWIN Telescope
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Subsystems of K-SPEC in my charge

» K-SPEC Focal plate & GFA Camera
(Guide, Focus, and Alignment)

» K-SPEC Electronics

» K-SPEC ADC motion & Bezel design
(Atmospheric Dispersion Corrector)




K-SPEC Focal plate & GFA Camera




Components of focal plate

esamaf Or! an See the Next
presentation
by HSHwang

» GFA - Guide, Focus & Alignment Camera =1 O] =41 S/W Engineer

LT O»

’ ’ ’ o

» Ref: KMTNet Camera to Telescope Interface Control Document (ICD)



https://drive.google.com/drive/folders/1EszFv292XSyd_IEWOH4CgpTGFZLdArnW

Selection of GFA detector

» DESI : e2v CCD230-42, frame transfer CCD, 4 readout, 15um/pix, 2048x2048
=> Operating at Room Temp.

» KMTNet : e2V CCD47-20, frame transfer CCD, 13um/pix, 1024x1024
=> imaging aera : 13.3 x 13.3 mm (177mm?)

» K-SPEC : Sony IMX540, CMQOS, 2.74um/pix, 5320x4600
=> image area : 14.6 x 12.6mm (184mm? ,9.7 x 8.4 arcmin?)




Sony IMX540

» Web page : https://www.sony-
semicon.co.jp/e/products/1S/industry/product.html

imaging area : 14.6mm x 12.6mm (9.7 x 8.4 arcmin”2)

pixel size & FOV : 2.74um => 4 x 4 binning (10.96um) => 0.44arcsec/pix if
focal length is 5152mm

» 12 bit ADC, QE peak ~ 67%, QE at SDSS r filter(623.1nm) ~55%, , dark noise :
0.351 e-/pix/s

» Basler Camera (GigE) : a2A5328-4gmPRO - Basler ace 2 pro
» Foot print : 29mm x 29mm

» https://www.baslerweb.com/ko/products/cameras/area-scan-
cameras/ace2/a2a5328-4gmpro/



https://www.sony-semicon.co.jp/e/products/IS/industry/product.html
https://www.baslerweb.com/ko/products/cameras/area-scan-cameras/ace2/a2a5328-4gmpro/

* Procurement of GFA cameras

GFA cameras arrived

7 set of GFA camera

SDSS r filter ordered : 3mm(6ea),
2mm(lea), 4mm(lea)

C-mount ring & camera tripod
adapter are ready




The measured performance of Basler Camera

Item of measured performance Results
Readout noise 2.1e”
Conversion gain 2.44 e~ /ADU

linearity 99 %

Full well capacity 8660 e~
Defects Dead pixel 0 74
White pixel (95%) 6 7}

Warm pixel 4500 7|

Cold pixel 5189 7
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601 . et s EMVA1288 is an electronic

? measurement standard developed by
’ the European Machine Vision
Association. Its purpose is to define
the methods to measure and
characterize image sensors and
cameras that are used in machine

vision. Wikipedia
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https://en.wikipedia.org/wiki/EMVA1288

Draft of GFA mount

Fiducial fiber
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When the error budget of optical design & mechanical assembly, image shi
gravitation direction change are fixed, we will reinforce the GFA moun
Element Analysis(FEA).



GFA Filter changer

» Using filter changer, GFA camera is
in guiding mode at most time with
SDSS r filter 3mm thickness.

When focus or alignment mode are
required, 2mm and 4mm filter are
setted at the front of camera.
(Idea from Chung-Uk Lee, Designed
by Yongseok Lee)




K-SPEC Electronics




K-SPEC
Electronics
Block
Diagram

K-SPEC Electronics Block Diagram
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EtherCAT mater Is needed

» We should use EtherCAT for fiber
positioner

» EtherCAT stack or RS485+PDU

» Beckhoff module as base

» several I/0 module - GFA filter o RRbHRE
changer motor & limit SW, Lamps =, ERnRnRAnRAana
ON/OFF?

» Motor & motor drive for ADC

+
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K-SPEC network

» KMTnet Network

» SSO network = Cisco Router at KMTnet dome =

Network Switch : ER—
» No PoE - new Network switch required

» BMC for IPMI
» K-SPEC network Aruba Instant On 1930 24G Class4 PoE
4SFP/SFP+ 370W Switch
» Min. 16 ports : ICC, Metrology Comp., SP comp.,
Fiber comp., GFA comp., PDU & 6 GFA camera, 4 el JAaLe
Fiber positioner controller « Aruba Instant On 1930 24G Class4 PoE 4SFP/SF..

. ¢ 28 Ports - Manageable - 3 Layer Supported - Mo...
» Candidate network sw : Aruba 1930

Tech spec

$599.99 Ships within 1 business day



Network Diagram of KMTnet SSO
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Network Diagram for K-SPEC
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2X} FPU Prototype ‘B A| : Communication Scheme

—> Power cable

——> Network cable(LAN)

1 Controller > Maximum 100 axis

— Motor cable Power supply |
24V DC [
Slavel IN, . Slave 1 OUT (< Slave 2 IN)
k| 1
0[1*&1% cee  |ogmm
=115 5| DC Motor & Encoder(X5 PIN) | s ; Lo

X1of  X3aXea XMXAL X8 X7

x1

Driver power input 24 V (X1/X2 PIN)

Slave1 IN Slave 1 OUT (< Slave 2 IN)

Main PC

Distribution(Hub)

C6015-0010 Industrial PC
(Max. 100 axis)

Protective Earthing
Total 4 Controller : Maxi

37
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To be decide (TBD)

» Location of Network & power supply
» KMTnet computer rack

» Computer : same model of all computers?
» If possible, the same model

» Power Supply : Switch power supply or Linear power supply
» Almost Switching power supply

» One or Two computer for GFA camera

» Test the frame rate of network switch vs network card(4 port x 2)




K-SPEC ADC Bezel & motion
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From YJ Kim’s slide

* Constraint
ADC CA Diameter:

* Variable
L4 Position
ADC Wedge Angle
L4 to Focal Plane Di

» Design Check
ADC Thickness

Inital

ADC Wedge 0.326947
Angle(®)

L3 to ADC1(mm) 223.3\

ADC1 to ADC2(mm)

ADC2 to L4(mm)

L4 to FP(mm)

ADC CA(mm)




KMTNet FSA & ADC From YS Lee’s slide
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From Gabor F

Athermal lens mount

- lens RTVring  metal bezel

lens mount rear retainer

Figure 2.33: Cross section of a continuous RTV bonded lens mount. The lens is bonded to a
bezel (green), while the bezel is supported by the lens mount (gray). The retainers (purple) are attached
to the bezel and do not touch the glass. Their role is only safety, to prevent the lens falling out of the

mount in case the RT'V bonding fails.



Sketch of Prism bezel

Material of Bezel : AL60 series

Thickness of RTV bond : 3mm (Cal. By HY Oh)
Bearing : Kaydon metric 4 point, bore 360, outer 386

Fixing of inner rim of bearing : nut(tap at Bezel) and
bolt(tap at mount & gear part)

Sietch of prism bezel
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3 3 3 3 38¢ 2022, {, 24
R miIE g0 gx 73
-k ! ! &
5 I
l‘ L~
8 - BQGV"na-
e 1 I
15
[

P %1 - as

Bezel

K14 RTV %5 M, - ;n,m

%2: Bezel &M W&;ﬁlﬁxma‘ fng 2EE)




KMTNet FSA & ADC From YS Lee’s slide

Prime Focus Assembly: 595.4
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3D design of Bezel & mount

Gear + bearing fixer

Bearing

Bezel

RTV bond

Retainer

Prism ADC2




Lens/prism bonding technique

centering gaugepins
teflon tip lock screws

witness hole

bonding fixture

RTV bond

Figure 2.73: Lens bonding technique

KMTNet team has some knowhow of bonding RTV. They recorded these detail
procedure on KASI technical report.
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1. BaslerZt2f &5 & Zif

dsEH list 41t
Readout noise 2.1e”
2.44 e~ /ADU

Conversion gain

linearity 99 %

Full well capacity 8660 e~
Defects Dead pixel 07|
White pixel (95%) 6 7|

Warm pixel 4500 7|

Cold pixel 5189 7




2. Basler ZI2} 85

Resolution (H x V Pixels) 5328 x 4608

Sensor Type CMOS

Sensor Format 1.2"(3.048cm)

Pixel Size (H x V) 2.74 ym x 2.74 pm
Frame Rate 4.2 fps

Mono / Color Mono

operating temperature 0-50 °C (32-122 °F)




3. Basler ZlG2f 4

& A ol=

> Basler 7}

\

™ A0S

v/ Manual website ) https://www.baslerweb.com/ko/products/cameras/area-scan-cameras/ace2/a2a5328-4gmpro/



4. AI /(/ E/

4.1 py/on viewer

@ Ip configurator£ 0|23} ip ®Z (tool - ipconfigurator) (@ Image format control
# pylon IP Configurator 64-Bit - (n]
Na;np - Device User ID  Serial Number  MAC Address Status IP Configuration IP Address Subnet Mask
L=
& 2A532.. 108121-08 40074358 00:30:53:35:FA.. OK Auto IP 1038230208 255.255.255.0

# Assign Temporary IP Address (Force IP) X
~
Please specify a temporary IP address, Category heature Valie
This address will be valid until the ndo
e v 108121-08 (40074358) Width 5328 = I
Yg a g’.‘“ﬁﬁ :‘ng Image Format Control > . 608 I
= Height =
Acquisition Control > =9 ]
Auto Function Control > Offset X I
Analog Control > Offset Y I
IP Address: 103,8,230,208 Image Processing Control >
s Center X Execute
Subnet Mask: Digital 1/O Control >
O 3000 Counter and Timer Control > Center Y Execute
laul way:
O sutc P 100121-00 (mru; ] Scftvare Signal Control > Pixel Format Mono 12
| RS Action Control >
IP Address: | Vendor: B | Cancel | il e
Subnet Mask: {Jkioda[Nsne: JRs — Periodic Signal Control > Pixel Size 16 Bits/Pixel
N | Device User ID: 108121-08
Gateway: | Serial Number: 40074358 User Set Control > Dynamic Range Min 0
O DHCP ‘ MAC Address: 00:30:53:35:FAF1 L S et «
IP Configuration: Auto IP
OEBALL | IP Address: 103,8,230,208
Device User ID: | SubnetMask: 265.256.285.0
— - Gateway: 0000
Save |
H H = =4 H H H H
v Pylon ip configure £ A/&£3f 0 ip address ¢ &% (Basler v" number of pixels(width & height)

ZIH2foF AZEl 2H 7/ 0/Z 9/ ip address & AFE -> error v pixel format (Bit/pixel - Monol2 : 16Bit/pi
O A[X] O A] +5218}= address &&




4. &8 MHE

4.1 pylon viewer

= ime A
(3) offset (=black level) ¥ (@) exposure time A X
\Feature Documentation s X| [T sy e
|Common Tasks vl I Search for parameters D I Category A Feature Value
v 108121-08 (40074358) Acquisition Stop Mode |Abort Exposure
i B Feat i Image Format Control > a0 = l
g0y Acquisition Control > postteime sl
Vv 108121-08 (40074358) Gain [dB] 0.0 B I Auto Function Control > Exposure Auto Off
Image Format Control >
9_ Il Gain Auto Ioﬁ vl Analog Control 4 Exposure Mode Timed
Acquisition Control > Image Processing Control >
Auto Function Control > Black Level [DN] 4035.0 & il Digital 10 Control , | Sensor Bit Depth Mode Auto
Analog Control 4 Black Level Compensation ... loff v| Counter and Timer Control > Sensor Bit Depth |Bpp12
Image Processing Control > )
Digital /0 Control B Gamma 1.0 B I Sonware;Signal Control % Acquisition Frame Rate [Hz] |100,0 4 l
Action Control >
Counter and Timer Control > Digital Shift 1} 2| l Periodic Signal Control N Enable Acquisition Frame R.. []
Software Signal Control > User Set Control > Sensor Readout Time [us] 67657.0
Action Control > Rl s o =
Periodic Signal Control >
User Set Control > Edit Feature Tabs [ Polling
Hmme Pafimmd Vialimn ~ 5
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&g HE

4.3 &8 Mg

24 Setting

- Lamp :8W
- Monochromator : Grating 4 (2HA8-4)

- 7|2} Setting (Pylon viewer setting)

- Black Level : 400
- Bit/pixel : mono 12 (12bit/pixel)

Exposure time

Conversion gain

0s~10s 7tX/ 0.5s 7+Z o= Z,—‘\

Readout noise

&
18us \

Full well capacity

0s~10s 7}A/0.5s 7tZ o Z :,_tg\

linearity

0s~10s ZtX/ 0.5s ZFHZ o=

Defects

4s




5. &g Z4f

5.1 Conversion gain

Signal vs. Variance

1600 : , 15 Log(Average Signal - offset) vs. log(Temporal Noise)
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5. &g Z4f

5.2 Readout noise

Pixel Number

28X CDF

06

08

Pixel Value[ADU]

12

Black levelO| 400 & 0ff, Zt mMlo] &= HX}
Readout noise : 2.44[e~/ADU] « 0.87[ADU] = 2.1

! ]
> ° ° S ) s
2 - & a g &

Cumutative Curve{Cument pixel numbaritotal piced number]

o
o

|22t (mode)= O &350




5. &g Z4f

5.3 Full well capacity
15 Log(Average Signal - offset) vs. log(Temporal Noise)
MAX = ( 3.546,1 .4287)

14+ 1
3

131
% 503X +-0.353
5 12f v io|xetAlmo| TS S8, Eat KT AEHS
= v X|CH =3} X} 74 (Full well capacity)
51t : 2.44[e~/ADU] » 3548.13[ADU] = 8660[e
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£ 1}
(2]
= O

09
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Log(Average Signal - offset)[ADU]



5. &g Z4f

5.4 Non linearity

ADU vs. Exp.Time

4500 T

4000 | /
00 O

R-square : 0.9999
438X +6.35

3500 |-
3000 |-
— 2500
< 2000 }
1500 |
1000

500 -

0 2 4 6 8 10
Exposure Time [sec]

== A|ZH0f| 2 pixel value[ADU]Zf2| A 2t2tA|
o M B}
pixel value[ADU] ZH 7O 2 fittingst Z= M| M 1F A%
square(Z 7 $)E AL
linearity = 99%



5. Alg Zif

5.5 Defects
v Dead pixel < HCiESto| FZUHE L EA| (1946ADU +F) X0} 8= (4096) 2| 10, 5, 24
2% 5% 10%
Number of dead pixel 0 0 0
v’ white pixel X Z3to| FteFE =B Al (1946ADU =F) 2|0 ZL3t4=F (4096) 2| 90, 95 98%E =
98% 95% 90%
Number of white pixel 5 6 12
98% 95% 90%

NO. row col NO. row col NO. row col
1 685 4226 1 685 4226 1 57 3925
2 836 3457 2 836 3457 2 464 3207
3 982 1755 3 982 1755 3 541 1170
4 3359 4248 4 1867 2948 4 685 4226
5 4669 2665 5 3359 4248 5 751 1101
6 4669 2665 6 836 3457
7 982 1755
8 1867 2948
9 2649 3394
10 3359 4248
11 3694 1572
12 4669 2665




I ol
5. &g Z1f
5.5 Defects

v’ warm pixel (8= Lt} 30 0|4 T4 i)

warm
Number of pixel 4500

v cold pixel (Bz LffH] 3 ¢ O|5} = 7|=)

@ @

Number of cold pixel 58258 24012

O/ 3l HFAH B/ =
@ @ =250/ g9 57 @( dust2 2 g o
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Baseline models of Electric
components




Baseline Model of Surge Protector

Novaris SD3 Multimov Surge Diverters

Model : SD3-100-275-N

MULTIMOV Surge Diverters

Use SD3 - MULTIMOV high energy surge diverters for

three phase point of entry protection at main

switchboards. Models are available for all wiring o poure® ¥ 3100 275N
- wﬁ,uvmﬂn

systems worldwide.

All Mode Protection

Models containing N-E protection (-N versions) feature
all mode protection. Protection is provided for all
combinations of lines (L-L, L-N, L-E, N-E) ensuring the
maximum level of protection is achieved at all times

Heritage from KMTnet SSO



http://www.novaris.com.au/product-category/power-protection/surge-diverters-power-protection/

Baseline Model of UPS

APC Smart-UPS SRT 5000VA RM 230V

Model : SRTS5KRMXLI

High density, double-conversion on-line power protection
with scalable runtime.

Includes: Documentation CD, Installation guide, Rack
mounting brackets, Rack mounting hardware, Rack
mounting support rails, Temperature probe, Warranty card,
Web/SNMP ...

Heights : 3U

Heritage from KMTnet SSO



https://www.apc.com/shop/sg/en/products/APC-Smart-UPS-SRT-5000VA-RM-230V/P-SRT5KRMXLI

Baseline Model of PDU

APC Rack PDU 9000 Switched, ZeroU, 32A, 230V,
(21) C13 & (3) C19

Model : APDU9953

With Industry leading reliability, manageability,
and security, APC Switched Rack PDU's provide
advanced load management plus on/off outlet
level power cycling and sequencing control.

Includes: Installation guide, Rack mounting
brackets, Safety guide, Serial configuration cable

Dimension (mm) : 1829 x 56 x 46

Heritage from KMTnet SSO



https://www.apc.com/shop/my/en/products/APC-Rack-PDU-9000-Switched-ZeroU-32A-230V-21-C13-3-C19/P-APDU9953

