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Analyses of internal structures of early-geologic-time
animals utilizing the rock-core micro-CT system
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SUMMARY

I. Title

- Analyses of internal structures of early-geologic-time animals utilizing
the rock-core micro-CT system

II. Purpose and Necessity of R&D

- Structural/morphological analyses of internal/external structures of
early-geologic-time and modern similar biota using micro-CT system

- Based on upper mentioned methodology, keeping pace with the
world-wide research trend applying micro-CT for analyses of fossils
modern analogues for 3D reconstruction of internal/external structure

and morphology
III. Contents and Extent of R&D

- The 1* year: establishment of technology and parameters of micro
—CT analyses of fossils provided by KOPRI, and returning the analysis
examples back to KOPRI

- The 2" year: establishment of methodology and parameters of micro
—-CT analyses of fossils and modern analogues provided by KOPRI,
and returning the analysis examples back to KOPRI

- The 3™ year: establishment of methodology and parameters of micro
—CT analyses of fossils and modern analogues provided by KOPRI,
and returning the analysis examples back to KOPRI

IV. R&D Results

- 100% accomplishment of planned goals throughout the entire 3-years

research period and every year step
V. Application Plans of R&D Results

- Worldwide-wide application of the technology accomplished by this

research

- Creation of new demands of additional micro-CT machines and
accommodation of extended analysis requisite of fossils and modern

analogues
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3tA1 9] micro CTH#A v 3y BA 0w - 5 A4S FiebA] il - R IxE
e 7] wiEel vy 8 AoE Aol HA iy

D, 2016). &=3F o] WAlS &8ty GFHEG el 3AdH Hd 5 ST s
ojm| A& ofe] ZLo|A WRFE7MA] Hup 2] #EE F glojA av] AEe
T2 % FHel g B moto] Zhssttk (4 Racicot, R., 2017)(1¥ 1). 53]
Hol= 7] B=olA FAstE 7] I 7] AEe ®yL w Rk ojuz)
(dl: Ryan and Sukhdeo, 2016), B2 A& WA 534 22 AZFY AFF39
gk o] HFstar Q=4 (Sasaki et al., 2018, Kouraiss et al.,, 2019), °o]&= i
7= 5, A 2 st H3A el 8% 717 H7] wWiiEolwt (49 Penny,
D., 2016; Racicot, R., 2017). 22J1} op# & o] 3 77|55 &8&3to] 7] A&
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AE wAE ol&ete] V)7 AAE % 7TXE A A, ol Uy g4
ot} FATE B E ARE AXSt=H Fel® AEetal vk w3 o3 7 &
= CT 938G 4e o542 d7Asw vito]l = HEE e 27y X
Walell Aaet A 4w A& He A ol st stds FHsk=T
o2 olojx A "ok Hg CT d5&EGS Fdde] WeF U Aols IJ4
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T GAE AdE 554 £ FE vk a8 =13 dA7A Y dAr|se
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=2 A= AAHoln

AdALdAT ol = CTA 9 AAE AFst] s AA 319 Al &4
£ @dldstar X-ray source$t HHEES AE FHA AL F e S33td
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O Manipulator A]2~#l
- X-ray A7, flat panel ©|7] ] HEH, 3] work table & AFHAAZ 34
) o 8% 049 o]lF & 7 1AW Manipulator Al 2=

A<
ET?
F ol% 5L dvkdE AN

T
=52 HdS 7Ivte 2 X AUEE $3A] optical

[K

- T
linear measuring -3

- Adolese AAAEE: 2m

- 3] work table ¢ 3] A7 x: 0.0004°
- 3] work table 9o =g 4

3ol 6300mm x 1800mm, 120kg ] A
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[e]

3

= TR
- X-ray ZA7I9F oln R f]EE Alo]o] A= 400mm T 1100mm °]d-S 7HH
% 4 9

- X-ray ZA7]¢ 3 work table®] T4 Alol¢] Al 10mm ~ 840mmo] <

- olF 2 FfolF, Aotols, AFolE, a2 IHAHS YRR A H
1) X-ray &A= ¢ ojn#] HEE 9 Aato]ls 712 1,100mmeo]

2) olv A HEE e 2% olF 72l 600mme]d

3) olm A HEE e A5 o]F 72l 200mme]d

4) 3] A work table?] #H-$ o]% 78] 840mmo]*4t

_ /H;GHL uq]o]/\ =1 x]x] 434]01

1) AFol= 3000mm x 1500mm x 300mm(LxWxH) o] 4}

2) MRS =ik 9AMS ARESteoF &k =2 shock tolerance®t anti-

magnetic 545 7FA 3 dAvl & 172m ¢ HAHE 7]
o

3 AARE A ZY el dAgd 222 A HA AATE

NE

AFYA T

- 72t & Uy 2 AMSS

1) X-ray 2 9] A3tols

Directional target ¥} Transmission targetS 2t3et dual X-ray A= 27}
=gA o R olFHolof a1 olF Al AR FES WAV fg 72 B AR
T4

(1) Directional targetS &3t X-ray WA AH

FE3tolok G},



e %W =g}o]B: servo motor & servo drive
Scale : linear en—coder(resolution : 4.88nm)
FhuketE: #vl 90kgol %

A9 1,100mmeo]

[e)
AR AL +2m
HEE AT T +1um
A = +2um

In—position stability: £0.5um

Maximum velocity: 200mm/s

(2) Directional targetg &2 3t X-ray 24 4%|
BH 9 =¢glo]H: servo motor & servo drive
Scale : linear en—coder(resolution : 4.88nm)
7hRkeks: FH o) 90kgeol

78] 300mme]

2 1)

ol&

(0]
SN of
O:

D £2um
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D E1pm
pm
In—position stability: =0.5um
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Maximum velocity: 200mm/s

(3) Transmission target2 &3k X-ray @A %%
R W =glo]B: servo motor & servo drive
Scale : linear en-coder(resolution : 4.88nm)
7hRbskZ: o] 90kgol

sAe: 1,100mmeo] /¢

In—position stability: +0.5um
Maximum velocity: 200mm/s

2) ol A HEE 9 Astols

2H ¢ =glo]H: servo motor & servo drive
Scale : linear en—coder(resolution : 4.88nm)
7hRbeks H ol 60kgeol

ol %A% 1,100mm
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AR AL +2um
HEE AT T +1m
A= +2um

In-position stability: +0.5um
Maximum velocity: 200mm/s

3) olv A HEE e FHg-o]s

T E 9 =g}o]H: linear servo & servo drive
Scale : linear en—coder(resolution : 4.88nm)
7hebsl g H o) 300kg

o] &7 gl 400mm

174 = £2um
=

o
N o
o

.
A% +1um

L x

-
2
M1 oox

)

m
In—position stability: +0.5um

Maximum velocity: 200mm/s

4) olvx] HElE e AFolE

BH ¢ =glo]H: ! servo & servo drive
Scale: linear en—coder(resolution : 4.88nm)
7hiraks Aol 60kg

o] g 200mm

Of

A AL +2um
Ll A S W
VA &= +2um

In-position Stability: +0.5¢m

Maximum Velocity: 200mm/s

5) Work table2] #-$-o]%

T2 E e =gFol B linear servo & servo drive
Scale : linear en—coder(resolution : 4.88nm)
7hesk g H o 120kg

o] 572 900mm

O

=i}
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AV

X £2um
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foi

+1um
(m
—-position stability: +0.5um
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Maximum velocity: 200mm/s

6) Work table2] 3] 4 (RO)

E ¢ =g}o]H: servo motor & servo drive,
FH A Y worm gear

7hekstg: H ol 120kg

Turn table Ale]= 2 3] ¢300mm, nx360°
HEE A 2 +().0004°

314 run-out: <3um

Angular scale speed max.: brps

O X-ray 24 Al

- B A 2" X-ray HAAA= F A9 focal spot size(2.0m & < 6.0um)E
one switch =2 H3s]A A& 4= Q& transmission?} directional targeto =
¥ two micro focus target W2l o2 A4

1) Directional target X-ray #4874

Tube Type: Open high power tube

Target design: Rotating tungsten target, water cooling =2
High voltage range: 10 to 225kV

Tube current range: 0.02 to 3.0mA

Max. tube power: 320W

Max. target power: 280W

Beam cone angle: 36°

Inherent filtration: 0.5mm Beryllium

Focal spot size: Multi focus mode A&

< 6um for < 5Wi(acc. to EN 12543-5),

< 15um at 25W(acc. to EN 12543-5),

< 200pm at 300W(acc. to EN 12543-5)

Long term intensity stability: < £ 19

Long term focus position stability: < 1um

Long term focus size stability:

< 20% of focus size for focal spots < 6um,

< 15% of focus size for focal spots: 6xm~50um,

< 10% of focus size for focal spots: > 50um

Duty cycle: 100% at max. Power

Long term intensity control function included

Isowatt function included

_‘|2_



High voltage generator

High voltage cable

Vacuum system

2) Transmission target X-ray %A% #](high power target 3X3$}),
Tube Type: Open high power tube

Target design: Diamond high power transmission target
High voltage range: 10 to 160kV

Tube current range: 0.001 to 1.0mA

Max. tube power: 64W

Max. target power: 15W

Beam cone angle: 170°

Inherent filtration: 0.25mm Beryllium

Focal spot size: Multi focus mode A&
Nanofocus Mode: < 1um

Microfocus Mode: < 2.5um

High power Mode: < 4.0um

Long term intensity stability: < £ 1%

Long term focus position stability: < 0.5um
Long term focus size stability:

< 20% of focus size for focal spots < 1um,

< 10% of focus size for focal spots: 1pm™10um,
< 5% of focus size for focal spots: > 10um
Duty cycle: 1009 at max. Power

Long term intensity control function included
Isowatt function included

High voltage generator

High voltage cable

Vacuum system

O olnA THE Axd

- Digital Flat Panel Detector

Receptor Type: Amorphous silicon

Conversion Screen: Integral columnar Csl:T1

Pixel Area-Total: 397mm (h) x 298mm (v) (15.6x11.7in)

Pixel Matrix-Total : 2,048(h) x 1.536(v)

Pixel Pitch: 194um

Resolution; 2.58lp/mm@7.5FPS (1x1), 1.29lp/mm @ 30FPS(2x2)

_13_



Fill Factor: 70%

Dynamic Range (saturation-to—noise): 18,000: 1

Scan Method: Progressive

A/D Conversion: 14-bits

Dual/Dynamic Gain Modes, Effective resolution: >16-bits
Inactive Pixels: No inactive visible pixels after interpolation
Maximum Entrance Dose/Frame: Gain-1: 4,000uR

Cooling: Passive convection

Radiation Tolerance: 1Mrad(active area), 10kRad(electronics)
Lead Barrier Cap

Power supply and Cables 15M each

O Workstation 737E Al =€l

CPU: Dual Intel(R) Xeon(R) X5550 2.66GHz/L.3 Cache 8MB
VGA: PCle x16 nVidia Quadro FX1800(768MB), DVI
Memory: 12GB(6x2GB) DDR3 RDIMM Memory (1333MHz)
Hard disk: 250G + 1000G

0OS: Windows XP(64bit) pro

Mouse: 1 unit

Digital input card: 1 set

16X max SATA DVD+/- RW Dual Layer drive
10/100/1000 Gigabit Ethernet Network interface

21 inches and Ultra Sharp LCD color monitor: 1 unit

Key board: 1 unit

O Operating 378 Al2=H

CPU: Intel(R) Core(TM)2 Quad Q9550 2.83GHz/L2 Cache 12MB
VGA: PCIe x16 nVidia Quadro FX1800(768MB), DVI)
Memory: 4GB(2x2GB)

Hard disk: 500G + 500G

OS: Windows XP pro

Mouse: 1 unit

Digital input card: 1 set

16X max SATA DVD+/- RW Dual Layer drive
10/100/1000 Gigabit Ethernet Network interface

21 inches and Ultra Sharp LCD color monitor 1 unit

Key board 1 unit

Color Laser Printer supporting A3

_14_



O CT processing A2~

- CT Software for CT image reconstruction

- CT data collection time: Approx. 20sec. (when taking in 600 views)

- CT reconstruction time: 512 x 512 x 600 views under 0.3 second, 1024 x
1024 x 600views under 1 second.

- 2D Reconstruction matrix: 512 x 512, 1024 x 1024, 2048 x 2048

- 3D CT : 512 x 512 x max. 5000, 1024 x 1024 x max. 10000, 2048 x 2048 X
max. 20000

- Gray scale : 16 bit

- Export; BMP, JPG, 16bit raw data

- DICOM Format Z+H2 &

O 3D YAG% displays 9lgh AZE o]
- VR functions

- MIP functions

- MPR functions for 4 frames of 1 display

O Azl Ao % 2D T BIS AT &
- X-ray control for X-ray system

kV, mA adjustment

X-ray parameters display ( kV / mA )

[kl

=

Motion control for manipulator system
6 axes manipulator control

- Image processing and display

e Beam-Hardening removal filter

e Dynamic histogram range display: 4096 gray level

e Two steps real-time image enhancement

e Real time average for noise reduction (max.256 integration)

e 20 predefined digital filter functions

e Histogram optimization (Auto/Manual)

e Auto adaptive histogram expansion

e Storage of digital images on hard disk, and CD

e Inverse Image function for operators accustomed to Film technique
e Line Profile (gray value profile along a line)

e High dynamic range integration(HDR) function

e Auto white balance adjustment (Background correction)

_15_



Auto adaptive histogram expansion

Local zoom window function

Video file generation

Measurement

Line, Point to Point (horizontal, vertical),

Vertical/Horizontal line, Parallel line, Perpendicular, Poly line,

Center to Center, Best fit,

Circle, 3 point Circle,

Ellipse, Rectangle, Polygon,

2 line angle, 3 point angle, Point target.

Filters

Image Filter: Hipass 3x3 / 5xb5, Gaussian3x3 / 5xb, Median, Sharpen
Edge Filtering: Sobel, Prewitt, Laplacian 3x3/5x5

Spatial Filtering: Edge Enhancement, Smoothing and other filters
Other functions

Annotation: Point, Line, Rectangle, Circle, Ellipse, Poly line, Polygon,
Color Conversion (RGB to GRAY)

Geometric Transform: Resize, Rotate, Flip Vertical/Horizontal, Both.
Pseudo 3D Display

Pseudo Color

Image Saving or automatic saving with automatic file name generation
Image Printing

Reporting

Supply customer designed report format

A 1A IREE A 43 Ug @ Az

2 Ao &8¥ CTE: KIGAM CT E& Asd o ZHss 9579
CT=A  dwbdel waa A4 &8s AANs=s 4%

1100mm(h) ]’ ¥4 50m olete] ez dFF4EY % 3Ad 5
Fste] g W] T B 549 So] AR AFEEE AET &
A=

KIGAM CTE TF43%t= 58 #yl2 Xray 247], 3dA 57~
B, AFH Ao §9 Sola (19 2), & CTole A= &
7178 A E o A
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WA S 2 focal spot sizeZb < 6.0 wholAEolm FHujEY 225 kVEA] Fhe o]

719 2. KIGAM CT.

o 3IAAEAA7E FY 120 kg7tA Y S AUHEAME 93
A2, IAAEEIE £0.0004%0) 2 HEZ Hojd AeS zta da, Fd ¢
HE = 40 cm * 40 cm 271 2A] MAAl Hd 9t E dEEHEY 22 3579

® L CT9 F8 54 T stvte Xray 2A7], SIHAI=AA7], FAEE 119
Adgs Ads] =2dd 5 A AAHJL A fA=E 28R = FFole
A ZAAT] S ARE Xray HA7] How FHoigk 2o F@ dE g 7}
3k g A Aol WA sto] HES s H (L9 3)

Source Object Detector
) h
: |'. "..
1 o
! p
PR FDD !
---------------------------------- ]
Mag(“u,zFDD/FOD
A 7eksta oy




oX,
]
A
%0,
o
4
ult)
()

source

Scanning

source

a9 4. KIGAM CT9 stitching system.

®
Y
i)
>
Al
Ir
i)
o2
rot
ot
i
il
i
-
ox
A
2
X0
M
N
N
)
Lo,
ofd
(i
il
rlo
b R
Jo
Lo,
1=}
oy
Ll
)

(gray leveDolgtal F-2m & CT oA 5% dlo]g = 16bit A o= 0
oA 65536 WSl el oz ¥d Hied (27 5), BAHeR oy

=20l §l= H 5 7] g adeluEs 0o T

65,536
% 5. 16bit EEfol2 o]m XA rE = goldE He.

o TIYst =R FAE AAAEC dg CT &9 23+ 52 1dodd 99
=z 7AIsE Ha, oju] HA o GAE At FEE "ol o oA
3 S Qe wo]l=E HA3lE] s A5 EA W= AA Agy A
FE = Aol v§ a3

o I Aol = AEe asfd ojuA] FHE 98 focal spot size’} 6.0 whol=
#Ql 225 kV X-ray TAGAE AHESAL, W HFYS T3 HAY #F =
A3 150 kV, A7 80 uA)= A &3t



® 7t A8 & Ao HiF FH3lS(averaging) 163], =71 7+ (rotation angle)

0.25°, 100 ms?] readout time Z7°] A L& ow Alxm T ZF= 1440%2] oo
oM A& Ao A= 3D oA E FFsted &
CTAA 54 dAE o]nA] AoAe 2t pixelo] i< CT number %k(%lué

gdele)S A H1 2 2" =de] 293ty S4& wgst

1 al

Aol AlE Wl 5ol AiS th¥steE CT numbers B3] Boja] & + Uvtd
[e)

h=p
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