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Technical Contribution

» Rainbow Hologram
» Alcove Hologram
« Edge-Lit Hologram
» Ultragram
» Electroholography
Rainbow Hologram
Bai*ﬂ o)%ﬁgﬁx FE20. Hologram Reconstructions with Extended Incoherent

| . Sources. STEFREN A. BENTON, Revearch Laboralories, Polaroid
Corp., Cambridge, Massackusells 02139 and Harvard Universily,
1969 OSA Annua Meetlng Cambridge, Mossachuselts 02138 —A two-step technique for
. elimination of vertical parallax in hologram viewing has re-
(Frlday 24 OCt_ 1969) sulted in significant reductions of information content, allow-
ing relaxations of the reconstruction illumination-coherence
. requirements. The subject for a second hologram is a real image
Ch|Cago_ I II USA of the scene, projected by a narrow horizontal strip of a con-
! ventional hologram. The second hologram is illuminated to re-
construct a real image of the first hologram, so that the entire
field of view becomes visible when the eye is positioned at the
image of the strip, and correct horizontal parallax is presented.
The original point-illumination source can then be replaced
with an incoherent vertical line source to produce a continuum
of vertically displaced strip images. The eyes may now move
throughout a large volume while viewing an undistorted,
speckle-free, three-dimensional image that displays normal
changes of horizontal perspective with viewing position. A
particular arrangement produces hologram image structures
that are suitable for transmission on a 515-line television
raster that has increased resolution in the horizontal direction
oaly. Another such hologram yields white images over a con-
siderable depth of field when it is illuminated by a Auorescent
lamp without auxiliary optics. (13 min.)

S. A. Benton: J. Opt. Soc. Am. 59, 1545A (1969)




@\‘ Rainbow Hologram
\;Ef Technique
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S.A. Benton: Applications of Holography and Optical Data Processing, pp. 401 (Pergamon Press, 1977)

Rainbow Hologram® s A
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Alcove Hologram Technique

L
e (7t i el

S.A. Benton: Proc. SPIE, 761, 53 (1987)




Edge-Lit
Rainbow Hologram
2-step

a) axposure

ey white-light ilumination

S.A. Benton, S.M. Birner, A. Shirakura: Proc. SPIE, 1212, 149 (1990)

Edge-Lit Rainbow Hologram 3-step

&) exposure b) first transfer

f white-light ilumination




Ultragram Recording

i

1

Two-step mastering Two-step transfering

M.W. Halle, S.A. Benton, M..A. Klug, J.S. Underkoffler: Proc. SPIE, 1461, 142 (1991)

Ultragram Reconstruction

d
|

Viewsr u_ooemer

Direct-illumination




Ultragram Practical Setup

Practical setup used to expose Large Chevrolet Wheel

Edge-Lit Ultragram

MASTER SET-UP TRANSFER SET-UP

— 00 mm ——

W.J. Farmer, S.A. Benton, M.A. Klug: Proc.SPIE, 1481, 215 (1991)




Electroholography |

e

Benton

S.A. Benton: SPIE Institute of Holography, IS 8, 247 (1991)

BE. SF. LI LCTV - SLM L3 Mask
: g ’ | &
He - Ne Laser [
Hashimoto [{mwm}, = ’ |
* Video signal 10 LCTV - SLM

N. Hashimoto, K. Kitamura and S. Morokawa: Proc. SPIE, 1461, 291-302 (1991)

Benton#t
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Electroholography Mark Il

tandem cross-fired
18-channel acousto-optic
modulators

six ganged
horizontal

scanners

330 mm dia
250mm F.L.
output lens

S.A. Benton: Proc. TAP International Symposium, S-3-1-3 (1993)

8-1% MITOEFH0SZ 7+ —H%BOEE

52 B AN (190)  MARKI(192) MARK II (1993)
FHMT—5 2 MB 6 MB 36 MB
F ¥ VALK 1 3 18
B 15 15 30
I~ B (F) TINHT— B (5R)
AEHEY > AN 32k 32k 256 k
AFAMEERE 2750 kHz 2750 kHz 150 kHz
T EAN 64 64 144
B e S xpy 36X24XS0mm® 36X24X50mm* 150 X 75 X 150 mm*

SERIETE :RAT5T74—, pp. 196 (BEE, 1997)




Benton in Ulyanovsk and Moscow
USSR

Aug. 1978
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Holographic Movie (NIKFI)

Visit to Kiev, USSR

Sept. 1989
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Carrying on the Benton Vision

. Artience Lab Inc.

RCImBRIGRN & OV 571 2RI L BF
~ R FRED1ORFEDEME (N/h XEITI) ~

HBREtt 7—F1IAX+FK (Artience Lab Inc.)
http://www.artience-lab.com
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Interference or...?

In memory of Dr. Stephen Benton

Akira Shirakura




Interference .
is essential to

Holography

in-ter-fer-ence
n.

1 a : the act or process of interfering b : something that interferes :

248 (as of light or sound) that constitutes
alternating areas of increased and decreased amplitude (as light and dark lines or louder and softer sound)
R) a : the legal blocking of an opponent in football to make way for the ballcarrier
b : the illegal hindering of an opponent in sports
4 : partial or complete inhibition or sometimes facilitation of other genetic crossovers
in the vicinity of a chromosomal locus where a preceding crossover has occurred
5 a : confusion of a received radio signal due to the presence of noise (as atmospherics) or signals
from two or more transmitters on a single frequency b : something that produces such confusion
6 : the disturbing effect of new learning on the performance of previously learned behavior with which
it is inconsistent

s patial M Y gl Degiee O [ O"iaD




Interference
is essential to

Holography

Dr. Stephen Benton
never interfered 1n relationships with others,
but intercommunicated at a comfortable distance.

S p 2"y @ iSm 3 Jdol DeGies O [ O" D




20 Ames Street. Cambrdge, Massachusens!




MIT Media Lab

20 Ames Streed. Cambrdge, Massachusen




Xmas Party(@media-lab




Benton Math

Interference Fringes in a 2-D Plane: spatial frequency

= ,JI. (sin b']“Asinb':.)

) sinth
A

“spatial frequency™

n-line point sources
Here, the point sources are arranged one in front of the other, at —Z;, and the

second at —Z3. The phase footprints are now

L 2T T 2 2
l;a](x,_})— TZI +AZ] (). + ¥ ).

24

¢y (x,y) = ETEZ;_ + (A'2 +_vz) .

/s
AZ,
The leading terms in both are constant phases, and we will assume for the
moment that they are both exact multiples of 21, equivalent to zero, and can
safely be ignored. Plugging the rest of the terms into the master interference
equation (again assuming that the intensity of both waves at the hologram plane
1s unity) then gives a characteristic intensity pattern:

fotal (%, ) = 1+1 +2\n"ﬁcos[ JL; (x2 +_v2)— ,1;7 (x2 +_1.-2 )J

25




Welcome to Bertucci's. Come learn
how our rich Italian heritage has
created a wonderful place to eat

Holo-dinner

or work. We guarantee that

d
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Beach Volleyball
Tournament




Sush1 Scandal 89

Sush1 Boat

SPIE Photonlcs West e .
Momoyama

(@Los Angeles




Steve encouraged our
holographic project at Sony.

METREON:

Our revered mentor and
inspirer of our work
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I wonder 1f we couldn’t carry on Steve’s vision,
in holography, in research and industry
by interfering or intercommunicating with each other
among these Benton Village people.




Carrying on the Benton Vision

. Artience Lab Inc.

~ Benton VisionMEIRIc@FTee--
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=i H: et 7—F1IR-FFK
(Artience Lab Inc.)
http://www.artience-lab.com

BRMFAA: 2013%2A26H

BERRE: ‘SEEROI7LDOHIE- & - IR5T
‘SERFOV7LDIHE mOM TR 525 & - IR5T
ROV 7 LEER: 2 5FEHR

<EEHEZ>

1. EMA)ERIERMT(Science ) &2FIAL . HEHRICEECREIZKERL
TWEFRESEHLVVE R -Y—EXZEIH. BE. RERSHE. LS
Eiachs%¥%28IELEY.

2. BEMEZESCENAH2EBELEY, MIKTHEI=—/THOE VB M
EHEBHICIRHEL. BLVBRERELOTVWEEZLEREERLEAET,

3. EBOMAEEZEEL. TEBRELO> TR TCEMNTIRIRZIRMELET,

(k) 7—TA4IVAR-S5K RNEQEWEHEZIELES 16



| Artience Lab Inc.
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REMW
Number of Parallax images

—Ha BHE
n=2 h=3

Holographic

. &> Type
Display 3D DISPLAY

() T—TFA4IVR 5K HNEOEWEGEHEZIELET 18
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SLE/N—RaE—iELE

Various types of 3D hardcopy

2514 | LoF%a15 | wn957494 fggfb
UFER =4 —| RFLAIFL | Comouter
Stereo- Lenticular Holographic
Pair Phot Phot ot Generated
air Photo oto ereogram Hologram
AEOEERE ) I i i
Continuity Discontinuous [ESNIILICEEE Continuous
= E {3 S
Number of ({BL, StEEMS
parallax 2 3~30 30~1000 (Lonm*) ,
) g computing
iImages time required)

() T—TFA4IVR 5K HNEOQEWEGHEZILLET 19
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|
WRBROV S LEDELE =comparison-

HEFROTS A
Conventional Hologram

2DV TIVSE

Analogized to 2D print,

710V LhX5+IRIEEEIRE
Analog camera + Silver halide Photo DPE

SCERIRIE
Recording
Principle
EMEICL—F—2BHEHLTEL
Real objects should be exposed by laser.
(. TERLVERIE
E{ERIRD t?p%gné?%* AL
% The object must be
Object *As smaI.I as the hologram
Restriction | ;3tandstil

FOT571497
ATVAIS L
Holographic Stereogram

TINA+TV) 05—

Electronic Photo: Digital Camera + Printer

Reference
aser

| Hologram
Film

+FO75 4
A

Object

Cylindrical
Lens

FRAFERICKY., 2R TREEIRIIELHRIFERE N
Hundreds of elemental holograms are sequentially
recorded as projected image of 2D-LCD.

AL ENREHE (S
‘EFATES(1007L—LELE)
AVEL—RV 71V ARBE,
The object can be anything including
Portraiture, Video source of more than
100frames, Computer Graphics, etc.

(B) P—T4IVR- 5K RNEOEMEHEEZZILLFT

40
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1 Artience Lab Inc.
F&O

- We will carry on the Benton Vision---

(B) F—T4IVR-5K RNBEQOEMEHEZEILLET 94
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Sea Phone Co., Ltd.f\Z#
SeaPhone@att.net

HE

XU AAEELRLEO SN T, 1992 FEE RN A — )L TRIEZIL7="The 1992 International
Conference on Three Dimensional Media Technologies” CL7=, [y al CRURAELEDIK
WCRATRETR L E L7, RO ER ., SEEIT LotV E SN AL 2 ThvEL
Teo ZLTC, [ WER S B oD T, 2k T JEFDNEINTBNWELZ, ZORHIT

RSP B SAL LI, B HOFERE, A7V CIRIEEADND, [Ny IT7A NI A E
WHRDoTE T |EEONRILETHE LB S22 82T TOET A, fE R bkl

Bl T 2BRIHVEEATU L, BITZENLESEALDTDD 3DT A AT LA D%
DIRNG, Z OREIH %3Djw771//;<f<3 3D7 4 —T b, IS CIESPIE/RE T%’%i%bibto
ZFREDOEBHIBNTRURAEAEDFDITIZNDH ZLD AN T, 1TV B CEHEE 1T
EHVEFATL, —ER2T, ﬂc‘:%@ak%ﬁd\l—?ﬁﬁké’ﬁ“//‘ﬁ@ﬁ% HHILTHNTNDE,
IR B— Ntk b B LELTZ, ZORE, SEAFBUTIZT B AR NIIRITHEND L
FHRIDNTR? -+ | EF > TN~ ES T Eo T ELT,

9:00 ~ 12:30
Session 5:  Holography and Autostereoscopic Displays
(’f t g

5-1 A Case Study of “The Clear Day Hologram” - Stephen Leafloor, (Starlight Holographic,
Kanata,Ontario, Canada)

4 54 Developments in Embossed Holography - Ed Diatrich, (American Banknote
"~ Holographics, USA)

5-3 Production of Canada’s First Holographic Stamp - Dean Karakasis, (Canada Post
Corporation, Ottawa, Ontario)

54 Interactive Holographic Video Imaging - Stephen Benton, (M.I.T. Media Lab, Cambridge,
s USA)

5-5 Progress in Autostereoscopic Display Technology at Nagoya University College of
Medical Technology - Tomohiko Hattori, (Nagoya Univeristy, Japan)

5-6 OmniView™ Volume Visualization Display - Darold Smith, (Texas Instruments Inc. Dallas,
USA)

57 PHSColograms: Past, Present & Future - Ellen Sandor and Stephan Meyers, (An‘)”
| Laboratory, IIT, Chicago, USA)
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HoloTV Project (Prof. Benton)

« 1968 Start research at Polaroid
Inventing “Rainbow hologram” to reduce
information quantity

e 1986 Startresearch at MIT Media Lab.
Studying suitable high resolution devices
and information reduction

« 1987 US WEST became a sponsor
Proposed AOM method




HoloTV Project (Prof. Benton)

1988 Building AOM prototype
Computation on CM?2

« 1989 MKk I display operates Real-time with CM2
1990 Hi-res with three AOMs

1991 CGH with solid model
and holographic stereogram
Fast computation (Table look-up)

1991 Full-color Interactive system
1992 Mk II, Jumbo display (5, 36 MB)




 Team HoloVideo (1989)
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Holographic Imaging
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Computer-generated hologram (CGH)
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Moore’s Law
The Fifth Paradigm

Logarithmic Plot
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VAT LWE (AL{REXEME  4Kx2K, 3x3)

Parameter Design value

Wave length of lasers (AR, AG, AB) (633, 532, 473) [nm]

Number of pixels for each SLM (3840, 2160) [pixels]
(Nx', Ny')
Pixel pitch for each SLM (px, py) (4.8,4.8) [um]

Image size S’ for each SLM (Sx’, Sy) Diagonal 21.1 (18.4, 10.4) [mm]

Viewing-zone angle for each SLM (5.6, 2.8) [degrees]
(6, &)
Number of SLMs (Kx, Ky) (3, 3)

Gap between adjacent SLMs (7x’°,7y’) (55.2,31.2) [mm]
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Hologram production possible in a short time using the holography camera
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Jun Ishikawa, Ishikawa Optics & Arts corporation
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Abstract : The production of the hologram is difficult for many years; have been thought technically.
In this report using the holography camera it is easy, and introduce hologram production possible in a

short time.
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