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Abstract

For proper  reproduction o f real -l i fe  scenes as digi ta l  fu l l -co lour  ho lograms,  HPO d igi ta l

holographic pr inter s require  a  se t  o f scene images p repared according to  cer ta in rules.  As  the

visual  f ie ld  o f v iew character i s t ic  o f modern digi ta l  pr inte rs now approaches 100 degrees,

previous "camera on a  rai l"  technologies have been largely incapable o f genera t ing the required

images.  We descr ibe here a  new type o f "camera on a  ra i l"  device which a l lows one to  prepare

high resolut ion undistor ted image sets  appropriate  for  modern high-reso lut ion high-FOV digi ta l

pr inter s such as those deve loped by Geola Group and  XYZ Imaging Inc.  The  device descr ibed i s

based  on lates t  generat ion d igi ta l  camera technology,  a  spec ial ly programmed l inear  and angular

camera tra jectory and sof tware image d is tor t ion.  The se ts  o f real  l i fe  scene  images prepared by

our  device are  a lso  compatib le  wi th images se ts  produced by 3D design programs;  this  a l lows

combina tions o f rea l  l i fe  and vi r tua l  scenes to  be pr inted as  digi ta l  co lour  ho lograms

.

Introduction

Simple d igi ta l  s tereographic ho logram printer s appeared in the 1970s and typica l ly used  image

data  from a s tat ic  movie camera and a  ro ta t ing s tage on which a  subjec t  was placed .  La ter ,  re flex

cameras on a  rai l  were used to  genera te  da ta  par t icular ly for  small  embossed holograms but  a l so

for  larger  work.  Due to  the poor  qua li ty o f da ta  o f  these  ear ly stereographic pr inter s image

capture was  not  perce ived as a  prob lem.

More recently however  ful l  co lour  dot -matr ix pr inter s such as those pa tented in 1999 by Geola

UAB have been ab le  to  produce fundamenta l ly higher  qual i ty HPO (horizonta l  paral lax only)

ref lect ion holograms.  These holographic pr inter s can produce holograms up to  1  x 1 .5m.

This new generat ion o f ho lographic pr inte r  p laces  fundamental  new pressure on image cap ture

sys tems for  the production o f  holograms based on rea l -l i fe  objec ts .  Because o f the s ize and

increased resolut ion o f the  new holograms,  up to  1000 high resolut ion pictures are  now typ ica l ly

required to  be  cap tured wi thin  a  few seconds f rom a rea l -l i fe  scene i f  an HPO ho logram of th is

scene i s  to  be p r inted.  Addi t ional ly the fie ld  o f  view of contemporary ho lograms has  r i sen to

around  100 degrees.  Typica l  modern pr inter s therefore require  image da ta  to  be col lec ted from a

camera that  has an FOV of approximate ly 100 degrees -  P icture 1 .
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Fig.  1  A d iagram of a  per fect ly t ransla t ing high-FOV camera on a  rai l

The combina tion o f high-reso lut ion holograms and the ir  high FOV means tha t  the conventional

solut ion for  image capture o f a  rea l  world  scene o f  t rans la t ing a  forward facing camera on a  ra i l

is  impract ica l .  CCD arrays  are  no t  current ly avai lab le  of t he s ize required.  One known solut ion

is to  t ranslate  the  CCD in  the camera i t se l f  as the camera i t se l f  t ransla tes on a  ra i l .  However ,  not

only does th is  require  making a  spec ia l ized camera and an extremely precise  movement o f the

CCD, but  the resul t ing image  i s  necessar i ly severely distor ted by the  need for  an extremely high

FOV lens .

We therefore needed  to  f ind a  novel  and e ffec t ive  so lut ion to  th is  image capture problem. Our

invent ion,  GEOLA HOLOCAM ( ini t ia l ly ca l led HOLOSHOT) i s  a  por table  sys tem tha t  compr ises

a s tepmotor -control led translat ing digi ta l  camera mounted on a  1  to  4  meter  hor izonta l  ra i l

whose direc t ion is  constantly modif ied us ing a  ro ta t ional  e lectromechanica l  stage.  The camera

uses a  low FOV lens wi th  zoom-in zoom-out  funct ion.  A computer  running a  GUI controls

camera opera t ion and camera movement.  Because o f the high frame ra tes required accelera t ion

and  dece lerat ion phases o f the camera a re  provided for  such that  when taking pictures the camera

does so  at  a  constant  rate .  We use  a  novel  numerical  a lgor i thm to  transform the  data  obtained

from the camera to  produce high-resolut ion d is tor t ion free data  o f  a  format  tha t  is  required by

modern pr inter s ( i .e .  data  produced by a  high FOV pure ly translat ing camera) .  Resul ts  from our

sys tem clear ly show i t  to  be  a  super ior  method to  the pr io r  ar t  and i s  capable o f producing

fundamental ly be t ter  holograms.  The s implic i ty o f the solut ion also  means  that  HOLOCAM is

portable  and,  for  sta t ic  objec ts ,  several  HOLOCAM systems can even be  l inked together  to

produce be t ter  da ta .

Working Princ iples of  the  GEOLA HOLOCAM

Fig.2  shows a  d iagram of  the stat ionary GEOLA HOLOCAM system incorpora t ing an

elec tromechanica l  stepper -motor  ra i l  (2 .1) ,  a  d igi ta l  camera (2 .2) ,  a  stepper -motor  precis ion

rotat ion stage (2 .3) ,  a  camera zoom object ive (2 .4) ,  a  contro l ler  that  d igi ta l ly contro ls a  stepper -

motor  precision rota t ion s tage and an s tepper -motor  dr iven ra i l  (2 .8)  and a  computer  (2 .7) .  The

object  (2 .5)  to  be recorded i s  p laced a t  a  known d is tance from the rai l .

In i t ia l ly a  frame (2 .6)  is  used to  mark the physica l  edges o f  the desired scene to  be pr inted for

the hologram. I t  is  p laced hor izontal ly paral le l  to  the camera track and ver t ica l ly such tha t  the

camera track he ight  i s  the same as the centre -point  he ight  o f  the  frame.  The  object  i s  general ly

placed  wi thin th is  frame and whatever  par t  o f the objec t  projects  out  in front  o f th is  physical

frame wi l l  then project  out  o f the f inal  hologram accordingly.



3

Fig.  2  A d iagram of the GEOLA HOLOCAM system.

Given the d istance o f  the  frame from the camera t rack (h) ,  the hologram wid th (D)  (= the frame

wid th)  and the hor izontal  FOV ( θ ) required by the ho logram printer  o f  an idea l  pure ly

transla t ing camera,  the  camera tracking length may be ca lcula ted.  The ha lf  o f the required

camera track length i s  then given by

DhT −= )
2

tan(2
θ

 (1)

Since the camera must  move  symmetr ica l ly from le ft  to  r ight  (or  visa -versa)  about  the hologram

or frame centre -po int ,  g iven the track length,  the s tar t  and end camera posi t ions  are  defined.  The

rotat ing camera should move  a t  a  constant  ve loc i ty from one end o f the rai l  to  the o ther .  Whils t

the camera i s  moving,  the ro tat iona l  stage is  ac t iva ted cont inuously so  that  the  camera always

targe ts  the  centre  po int  o f the frame.  The camera takes  pictures at  regular  in terva ls.  When the

camera has f inished taking pictures the image data  a re  processed using a  spec ia l  a lgor i thm.

The opera t ion o f the camera  can be real ized in two  d i fferent  ways .  One method (Sti l l )  i s  to

synchronize  the camera’s  shut ter  to  each par t icula r  camera posi t ion on the ra i l .  Another  method

(Movie)  i s  to  use a  cont inuously f i lming camera and to  star t  f i lming when the l inear  ve loc i ty o f

the camera i s  constant .  Both methods have thei r  advantages and disadvantages.  By synchroniz ing

the camera shutter  to  each par t icular  point  on the ra i l  more precise  pictures are  taken,  but  thi s  i s

slower  compared to  continuous shoo ting.  On the o ther  hand,  the Movie  method a l lows us to  use
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in  our  HOLOCAM systems cheap d igi ta l  movie cameras ;  but  a t  the moment  those  cameras have a

captured frame reso lut ion that  is  only acceptab le  fo r  cap tur ing scenes o f sizes up  to  90x60cm.

Fig.  3  HOLOCAM camera movement

Control  o f the s tep motors i s  d i f ferent  fo r  S t i l l  and for  Movie methods.  When the  St i l l  method is

used,  the camera is  moved to  the exact  p lace required,  then stopped  and a  pic ture i s  taken,  us ing

external  camera tr igger ing.  Camera  angular  movement  at  every posi t ion can be calcula ted by the

formula (2) :
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Where X n - 1 ,  X n  – are  the  coordinates  o f camera  l inear  movement,  D – d is tance from l inear  rai l

(T-plane)  to  pho tographing objec t ,  α – rota t ion angle for  next  image .

When the Movie method is  used,  the camera  should move continuously.  As  the camera’s  in terna l

clock i s  running at  a  constant  frame ra te ,  the l inear  ve loc i ty must  be  s tr ic t ly constant ,  to  have

pictures  taken a t  the correc t  points .  Rotat ion speed then may be ca lculated us ing the formula (3) :

( ) ;
22
xD

D
vx

+
⋅=ω (3)

Where ω  –  i s  the angular  speed,  x  –  l inear  pos i t ion o f camera,  v  –  l inear  speed,  D – di s tance

from l inear  rai l  (T-p lane)  to  pho tographed object .

Both camera movement control  methods have been physical ly implemented in di f ferent  models o f

the GEOLA HOLOCAM device fami ly.

HOLOCAM Systems Family

Currently Geola manufac tures two  models  o f HoloCam systems – the Studio and the Compact

sys tems.  Both sys tems are  based on the same camera movement pr inc iples.  The d i ffe rence

between the sys tems i s  in  thei r  des igna tions –  the Stud io sys tem is  used for  the  cap ture o f  large

l i fe -scenes and  i s  per formed in a  p rofessiona l  photographic-l ike s tudio .  Compact  sys tems are

des igned for  the cap ture o f smal ler  l i fe -scenes  on-the -road and  for  the capture o f sma l l  museum

art i fac ts  for  their  fu ture pr int ing us ing a  digi ta l  holographic  pr inter .

The Studio HOLOCAM System.

In the Stud io HOLOCAM system ( the fir s t  one i s  currently instal led in OpTIC Technium, Wales,

UK) we have used a  CMOS camera (MIKROTRON MC311 High Speed  CMOS Camera  wi th

Camera Link frame grabber)  having a  pixel  resolut ion o f  1280 x 1024 and a  maximum frame ra te

of 500 frames/second.  We have used a  basic  s tepmotor  and  rai l  sys tem suppl ied by Ise l  wi th  a

physical  rai l  length o f 4 .34 meters  and a  l inear  movement o f 4 .1  meters.  We have used a

rotat iona l  stage having a  resolut ion o f  200 s teps /degree.  We have buil t  our  own e lec tronic

control ler s for  both mechanical  advance  sys tems and  for  the  camera  cont rol  and da ta  download .
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We have implemented a  GUI in Microsoft  Visual  C++ running under  Microsoft  Windows XP tha t

controls a l l  func tions o f the HOLOCAM system inc lud ing da ta  process ing.  The camera control

method “Sti l l”  i s  used for  a l l  camera operat ion.  Below are the pho tographs  o f the sys tem

components and camera’s  assembly.

Movable universal

targe t  screen wi th

holder

Holoshot  motors and

camera control ler
•  Rapid moving

precision trans la t ion

•  Precision ro ta t ion

stage

Picture  1 .  Some components o f the Studio  HoloCam (HoloShot)  sys tem

Picture  2a.  Stud io HoloCam (HoloShot)

assembly

Picture  2b.  Scene setup in  Stud io  HoloCam

(HoloShot)

For  a  cquick and proper  scene setup,  we  have  used in  th is  model  a  targe t  screen wi th  10 potent ial

hologram sizes draf ted  in  conjunc tion wi th a  laser  d is tance-measur ing device  incorporat ing a

bluetoo th in ter face .  The photographer  posi t ions the targe t  screen in such a  way tha t  the des ired

hologram format  fi l l s  the whole  HoloCam program inter face  window (P icture 3a) .  When the

targe t  screen i s  p laced at  the r ight  p lace,  the dis tance i s  checked wi th a  laser  d is tance meter  and

the measured f igure i s  entered into  the  HoloCam software;  this  i s  used then for  image

transformation p rocessing.  The screen i s  then rol led up and the photographer  can se t  up the

des ired scene l ighting (Picture 3b) .

Picture  3a.  Stud io HoloCam GUI screen shot .

Target  screen i s  p laced for  shoot ing a  ho logram

of 1x1.5m

Picture  2b.  Scene l ight ing setup  in Stud io

HoloCam

When the scene i s  setup ,  the camera moves to  the  fi lming sta r t  point  on the l inear  ra i l  and

rotates  unt i l  i t  po ints a t  the center  o f the scene to  be sho t .  Then the distance  control  key i s

act ivated and the f i lming s tar t s .  In 15 seconds the camera moves f rom i t s  s ta r t  posi t ion to  the
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end  posi t ion (4 .13m maximum),  whi le  ro ta t ing and point ing at  the center  o f the scene.  Dur ing

this movement  the  camera makes 640 shots o f  the  scene  to  be pr inted on the ho logram.  Then each

frame shot  i s  processed by software and is  ready for  submiss ion to  a  digi ta l  ho lographic pr inte r .

The Compact  HoloCam System.

In the compact  sys tem (Pic ture 4) ,  a  shor ter  precis ion transla t ion rai l  is  used –  only 1  meter  in

length wi th a  92cm l inear  movement.  The same rota t ional  s tage having a  reso lut ion of 200

steps /degree was used for  the camera’s ro tat ion.  A s tandard pocket  pho tocamera  (a  Canon

PowerShot  S2 IS)  i s  used  as an image cap ture device.  An externa l  ac t iva t ion tr igger  was

implanted into  the  camera,  thus a l lowing us to  act ivate  the camera  from our  contro l ler .  The

device  uses  the  “Movie” method of camera movement for  l i fe -scene shooting.  The “Sti l l”  camera

movement  cont rol  method i s  however  also  implemented in the  device contro l ler ,  so  i t  i s  a l so

possib le  to  shoo t  small  s ta t ic  scenes wi th ful l  pho tocamera resolut ion.  Of course the scene’s

capture then takes a t  leas t  hal f  o f  hour ,  but  th is  fea ture is  useful ,  for  example,  for  fi lming

museum ar t i facts  for  ho lographic archiving.

Picture  4 .  HoloCam compact

The size o f the scene tha t  this  device can shoot  is  only 64x48cm. However  i t  is  the  per fect

solut ion when scenes must  be shot  outside the stud io .

The HoloCam and Hologram Production.

As ment ioned above,  before the invention o f  the  Geola HoloCam system, modern commerc ial

large-format  holographic  pr inter s were only ab le  to  pr int  scenes created in  sophist ica ted three-

dimensional  des ign programs such as 3D Studio  Max
TM

.  Because o f this ,  three-dimens iona l

pr int ing was  used problemat ical ly in the  usual  adver t i sing and mass media  production chain .

Moreover ,  a l l  the experience and expert ise  o f two-dimensional  media crea tors  were not  invo lved

in the  new process o f the crea t ion o f three-d imensional  pr ints .  With HoloCam, putt ing a  three-

dimensional  scene onto  a  three-dimensiona l  pr int  becomes a  convenient  and s imple process,

simi lar  to  usual  pho tographic opera t ions.

Below we present  one example o f resul t s  ob ta ined wi th  a  GEOLA HOLOCAM in middle o f  2005,

when the f irs t s  l i fe -scenes were cap tured and  pr inted as co lour  holograms.

le ft centre r ight

Picture .  5 .  Beer  adver t ising ho logram wi th model .  The scene was  captured us ing the  f i rs t

Stud io HoloCam device and  pr inted on a  digi ta l  ho lographic pr inter  in Vilnius,  Li thuania.
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The scene  was sho t  in  a  profess ional  photographic s tudio ,  us ing professional  pho tographic

expert ise  for  the scene’s se tup,  make-up,  l ighting and model  behavior  p reparat ion.  The  l ive

capture o f th is  scene took one hour ,  o f  which the scene’s capture  i tsel f  took 15 seconds and the

res t  o f the t ime was used for  the scene’s set -up in  a  professional  pho tographic manner ,  us ing the

photos tudio  l ights.

The 640 shots taken were  processed  wi th Geola’s HoloCam program.  Figure 5  shows three

frames from the whole captured image sequence

Picture .  6  Raw camera  data  taken wi th a  hybr id  ro tat ing/ trans lat ing camera

Then the images were automat ica l ly t ransformed into the images tha t  would have  been cap tured

i f instead o f  the  rota t ing-t rans la t ing camera a  purely t rans lat ing camera wi th much higher  FOV

would have been used.

Fir s t  image processed Center  image processed Last  image processed

Picture .  7  Cut  Transformed images da ta

Note  tha t  since the format o f  these l i fe -images i s  ful ly compat ible  wi th  the  format o f v ir tua l

images ob ta ined from three-dimensiona l  des ign programs,  i t  i s  possib le  very eas i ly to  combine

real  and vir tua l  scenes  in  one ful l -co lour  d igi ta l  hologram.

Conclusions

•  A new device enabl ing the capture o f l i fe -scenes for  d igi ta l  ho lographic pr int ing has been

invented.

•  The HoloCam (previously HoloShot)  device separates the l i fe -scene imaging acquis i t ion

process f rom the hologram product ion process thus  al lowing the  prepara t ion o f  images for

holograms in  a  convenient  pho tographic way and in pho tographic s tudios.

•  The scenes sho t  by Geola’s  HoloCam devices are  ful ly compat ible  wi th those crea ted in 3d

design programs;  th is  opens up a  lo t  o f new possib i l i t ies for  posi t ioning digi ta l  holograms as

a new adver t i sing medium.

•  Geola’s HoloCam device ,  in conjunct ion wi th modern digi ta l  holographic pr inter s should

he lp open a  new commerc ia l  era  in imaging ho lography.


