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Special Relativistic Visualization using Depth
Information and Its Application

SHUHEI TSURUOKAT YOICHIRO KAWAGUCHIf

When visualizing astronomical-sized objects, because they are too large in relation to the speed of light, the
phenomenon of seeing the past in distant space will occur when observing them. For example, when we stand at the
edge of Galaxy and see it, the shape of it will be distorted because the speed of light is too slow. When the objects move
at high speed, the distortion is very large. This paper proposes a method to produce time difference visualization, using
two-dimensional image series and deep information based on a time series. The method is extremely simple, has the
characteristic of being easy to implement, and can be effectively used with existing visualization techniques. The
proposed method requires a massive amount of memory, but by using high-speed and high-capacity memory,
animations can be generated sufficiently in real time.
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Figure 1: NGC 4414 is about 55 thousand light

years in diameter (Photo credit: Hubble Space
Telescope NASA / ESA [NASA].)



2 RAAHUEFEL, Iva T RF—F AT
77 5 LT, BREOR () TREIND.
Figure 2: A conceptual diagram of a conventional
method in a Minkowski diagram. Dotted line is
constant t.
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Figure 3: A conceptual diagram of a time-space
visualization method in a Minkowski diagram.
(along dotted line).
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Figure 4: A time-space ray-tracing diagram
approximated by combining conventional ray tracing
images. This method correct red circles to constitute
approximate visual image

X LT, BB ZEL RS X, FEMEI LT 45
PEME N2 CHIR Sl & AT A HETH D LB X
HZ ENHERD (Fig.d). 2T, BEEIL, t=00#%
FlizwnWa o, R EEE R BT, RS S o Bk
W, BN —EORMICE T 28T LRETHD. Z0F

time-resolution

A

Ccamera

5 : ZEM DY A XL RERFGE 2R ET 5.
Figure 5:Determine the size of the time-space, and
how many steps are required for light to pass

through.
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Figure 7:Color Image (left) and depth information (right).
In depth information, white area is farthest, and black
area is nearest from camera.
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Table 1: Image Resolution and required
memory size.

Resolution VGA XGA FullHD
Width 640 1024 1920
Height 480 768 1080

Memory Size 600 153 4.0

(time-resoluti MB 6MB GB
on 256)

(time-resoluti 1200 3072 8.0
on 512) MB MB GB

F2 o EBY A XL fps. (BRI E T 256)
Table 2: Image size and frames per second (fps)
at execution.

Image Memory Fps
Size (MB) (frame/second)
400%400 312.5 51.3
500%500 488.3 51.3
600*600 703.1 3.73
700%700 957.0 1.95
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Fig 8: Oblique projection (left) and perspective
projection (right).
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Fig 9: A rotating cube. (From the left, the maximum
speed of the surface is 0.5¢, 1.0c and 2.0c). The front
surface rotates from left to right (Oblique projection).
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Fig 10: A grid that moves from left to right at a speed
of 200% of the speed of light in a translational motion.
The projection method used is transparent projection.
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Fig 11: A grid that approaches the camera at a speed

of 200% of the speed of light (Perspective projection).

-1.0 u
-1.0
— -1 +9. v
P | 1.0 2.0 g )
1.0 0.0

D%, T=A—TaryOiMBE L REEERE L, £
WIEZ DT — 2 BT LW O 7 — Z ORI, Hi5E % FHi
T & THEENDEGRZ ST 5. BBROGMKIL, —
DOFERENE A 155D DIZ, WG IE ORI T A R 0 i
T ZOTRRIZE, 777 A bra—FERAW.

ZORE, VX X—%<TED, TNENOERIL, U A

NHNC LT mERAEE 52 DN TERSNS. Bt
BT HREEENOHEGR A5 556, WEl t-At OYEIE, cAt
PUFEGICHDHITTTHDH. oM, BEZt-At 2B 5
B, BITE D THDH L REHKICH LT, LLFOHB)
X7V T 7iEa AL AR L.

a =exp(—{| cAt—D | -f}?) ®)

(f 1, BEBRAO72MEENNS.)

WERIARIGRE S/ N S WIS, At ORI KX < 72572,
Uy X—2BHITE L. £, b7 bWIROESEE
BEKE VA IR AR R 415 5 AN HE LU 720, BERIAR
BEERELTHLERD D,

4, RERLER

ARETIE, ERINTEBRICONTIHRNS. SEIT,
OpenGL2.0, Cg (C for graphics) #HW\/=. £/, n—F
7 = 7 1%, GeForce 8800 Ultra (786 MB) % A\ /=, Z D A
£V, BRAMERE 256, HD\V T 512 DOFF, 400x400
DOHEEY A RNIZBWT, +o72 A€ ) &E2WEZL, VT
A DOWEARLSATRETH 5.

TofITiE, MEROEEEEZHE > TWDS, @E, [lEEO®E
B, AEEREERWTETR, ZZTIRARENEDY
2, WARDEER PO B i bW EOEE DK E & TRA
T5. HHEOD ZOEEIIL1 &5, U TFTIE, B
BIZIREE Z D B0, TR L& 50aHT 5720, Btk
GREEN 1.0c 22 5) IZOWVWTDORIFLHEH> TN 5.

41. BEEFi*

TEARD R BIE, EIEIC L > THFICED S fHIREIT,
ERRBICBW TR Ebh 2B TFETH L. RHEEIL,
ANDOENEERD R 2 LD EHEIGE D 72D, Mg
KBTI S E ORIV, WAL ORITEFROZES
B LT WY, AR T AR RIEN O 4 215 5 5
BT, BIEAECEATREICHAT, FLENEZBE LS
T (Fig8). @B, AT X MHLEM B ERRRIZ /0 A
T5H0, ERoBrnskmkic@Bgsns Figl10 ,
Fig.11 1%, HEE T 287+ ThH 5. WIROELOEILIX, K
HRDNHE — 2 ZFER LT D,

42. —BABZRVIEFIORZAS

AFEICBOTUE, BIROERE S, BERHOL &Y
VT DOTRRICOBREET L7720, WO KBRICE T 55
BAMIIZEL LR, o), [HERROL &Y 70
AREZRHPHIC B W TIE, EARICHEME R Y — 2 TH — B
TOARPFRETHD.

Fig.12 and Fig.13.12, KEOKRY T & RO TOE
WO ZRT. BT~ + AR IR TH Y T
A LTMBEERT D Z ENRAETHoT. Z 2B 55
B L, BERZCOLY A Y B 5EEa A b
L, VA XOWMBT -2 EEETHaANTHY, HE



/////////

B12:[EEsT 58 3R

GEBEEIZENS, 0.5¢, 1.0c, 2.0¢, RHEE)

Figure 12: Polygonal shape rotating along the y-axis. From the top, the maximum speed is0.5¢, 1.0c and 2.0c (Oblique
projection).
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Figure 13: Polygonal shape rotating along the x-axis. From the top, the maximum speed is 0.5¢, 1.0c, and 2.0c (Oblique
projection).
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Figure 14: Animation of wire cube rotating with Y-axis. (From left to right, top to bottom, oblique projection).
Four-dimensional shadows appear.
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Fig 15: Rotating object with Y-axis taking into
account hypothetical reflection.
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Fig 16: Rotating object with Z-axis taking into

account  hypothetical reflection.
FHEORAIT, KEDAE)ZETLIHETHLN, MET
KEER AT ZHANDET, WG A X & REREE LI X

ST, V7 AZA LTORBAERNBFAETHS.

7. BE

JERT —#121%, Stanford Computer Graphics Lab O##
T R T — & & V.

This research is supported by CREST of JST (Japan
Science and Technology).

BE XM

National Aeronautics and Space Administration (NASA)
homepage, http://www.nasa.gov/

H.A.LORENZ, A.EINSTEIN, H.M.H. 1952. The Principle
of Relativity. Dover, New York.

Turner Whitted, 1980, An improved illumination model for
shaded display. In Communications of the ACM, Vol23,
No6, pp.343-349.

P-K. Hsiung and ANDDUNN, R.H.P. 1989. Visualizing
relativistic effects in spacetime. In
Supercomputing 89: Proceedings of the 1989 ACM /
IEEE conference on Supercomputing, ACM, New York,
NY, USA, 597-606.

Ping-Kang Hsiung, Robert H. Thibadeau, and M. Wu.
T-buffer: Fast visualization of relativistic effects in
spacetime. Computer Graphics, 24(2): 83-88, Mar.
1990

Hsiung, P.-K.; Thibadeau, R.H.; Cox, C.B.; Dunn, R.H.P;;
Wu, M.; Olbrich, P.A., Wide-band relativistic doppler
effect visualization. Visualization 90, Proceedings of
the First IEEEConference on, Issue 23-26 Oct 1990,
83-92, 465-7.

WEISKOPF.D, 2000, Fast visualization of special
relativistic effects on geometry and illumination. In
SI3D '90: Proceedings of the 1990 symposium on
Interactive 3D graphics, Snowbird, Utah, United
States





