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The features of combining monochrome components of color images of depth-extended objects reconstructed

by transmission pulse holograms in monochromatic light with differences in conditions of holograms recording and
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in size and depth and numerical assessments of mismatches are given. The advantage of combining monochrome

components in depth is shown.
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1. Introduction

Three-dimensional color imaging is one of the most

attractive applications of holography. Digital color imaging

techniques based on the reconstructed field amplitude and

phase calculation followed by display using spatial light

modulators [1,2] or printing on recording materials [3,4]
have been extensively developed in recent years.

In digital holography, provision of color specifications,

necessary horizontal and vertical parallax together with

depth imaging requires a large amount of computation.

Despite continuous improvement of computational algo-

rithms, there is a problem in reconstructing deeply extended

items [5–9]. Therefore, it appears important to focus on

analogue techniques that enable imaging of extended items.

In analog color holography, the greatest success has been

achieved in making white-light reflection holograms using

continuous wave lasers [10–14]. However, when using

continuous light, stable recording conditions are required

and still holograms can be made.

Pulsed lasers provide a considerable advantage. Pulsed

holography has been developed towards making white-

light holograms using a two-stage technique [15,16] due

to the problems with sensitivity of high-resolution material

to pulsed light. This technique is based on making

transmission holograms at the first stage and white-light

reflection holograms at the second stage. However, white-

light reconstruction imposes restriction on image depth.

Extensive development of semiconductor technology and

emergence of high-intensity visible light sources provides

an opportunity of making large-depth color images recon-

structed in monochromatic light by transmission pulsed

holograms. The advantage of transmission hologram

recording is in the opportunity to reduce the resolution

requirements and to use materials sensitive to pulsed light.

Our previous work [17] discussed the special aspects of

making images of extended objects to be reconstructed by

monochrome transmission pulsed holograms and showed

an opportunity to reduce the pulsed laser output energy

requirements. This paper will address the aspects of

reconstructing color images of extended objects by pulsed

holograms.

2. Transmission pulsed hologram
recording conditions

Transmission holograms were recorded using single-layer

materials based on silver halide emulsions made by National

Research Center
”
Kurchatov Institute“ with introduction of

optical sensitizers providing wide visible spectral sensitivity,

as well as using combination of commercial materials VRP

and PFG-01 (
”
Kompaniya Slavich“).

Ruby and neodymium glass frequency-doubled lasers,

693 nm and 530 nm, and stimulated Raman scattering

laser [18], 678 nm and 530 nm, with pulse widths of

about 10 ns and output energy of 0.2−1 J were used as

pulsed light sources.

To avoid
”
extra“ images, reference beams in the recording

geometry were spatially separated. Simple computation per-

formed for recording wavelengths of 678 nm and 530 nm,

reconstruction wavelengths of 633 nm, 650 nm and 530,

532 nm, angular extent of an object 40◦, an angle of

incidence of the 678 nm refence beam of 30◦ and angular

selectivity defined by the end point of an object gives an

angle between the reference beams equal to 23−25◦ .

Dual-wavelength recording provided 405× 280mm

transmission holograms, including holographic por-

traits [19,20].
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3. Aspects of making color images of
extended objects

The issue of aligning monochrome components of color

images of extended objects with different wavelengths and

recording/reconstruction geometry parameters is of utmost

interest. Possible differences are, in particular, associated

with a tendency to reduce dimensions of monochromatic

light fixtures. Let’s consider two special cases — provision

of equal dimensions of monochrome components or align-

ment of monochrome components in depth. For the purpose

of analysis, the following expressions will be used [21]:
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where V is the transverse image magnification, z 1 is

the distance from the object to the hologram, µ is the

reconstructing and recording wavelength ratio, z c is the

distance from the reconstructing source to the hologram,

z r is the distance from the reference source to the hologram,

z 3 is the distance from the image to the hologram.

3.1. Equality of magnifications of monochrome
components of a color image

First let’s consider the equality conditions of magnifica-

tions (dimensions) of monochrome components with image

dimensions equal to object dimensions:

V1 = V2 = 1. (3)

In this case, for reconstructing source positions according

to expression (1), the following conditions shall be satisfied:

z c1
=

z r 1

µ1
, (4)

z c2
=

z r 2

µ2
. (5)

Indices 1 and 2 correspond to
”
red“ and

”
green“ compo-

nents, respectively. Misalignment of components in depth is

determined as:

1z 3 = z 31 − z 32 . (6)

Using (2) and substituting (4) and (5) into (6), we find

1z 3 = z 1

(

1

µ1
−

1

µ2

)

. (7)

Now let’s consider the case of magnification equality

when image dimensions are not equal to object dimensions:

V1 = V2 6= 1. (8)

We introduce a simplifying condition and assume that

the reference sources are at the same distance from the
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Figure 1. Depth misalignment of monochrome components (1z 3)
vs. the distance to the extended object fragments (z 1) for various

values of z c2 . Recording wavelengths are 678 nm and 530 nm,

reconstruction wavelengths are 633 nm and 532 nm, z r = 120 cm.

hologram plane (which generally corresponds to recording

conditions):

z r 1 = z r 2 = z r . (9)

Using (1), the reconstruction source position ratio is

calculated:

z c1
=

µ2

µ1
z c2

. (10)

By substituting (10) into (6), the expression for depth

misalignment is derived:

1z 3 =
z c2

z 1z r

z 1z r + µ2z c2
(z r − z 1)

(

µ2

µ1
− 1

)

. (11)

Figure 1 shows the curves of depth misalignment vs.

object length for various z c2
. The curves are plotted for

z r = 120 cm, µ1 = 633/678, µ2 = 532/530. It can be seen

that misalignment of monochrome components in depth

increases as the distance to the extended object fragments

increases. The increasing distance to the reconstructing

sources also leads to growing misalignment, whereby differ-

ences in misalignment for near and far fragments decrease

as the distance to the reconstructing sources decreases.

Numerical estimates for z c2
= 50 cm are as follows. For

near fragments (z 1 = 40 cm), component misalignment in

depth is 2 cm, and for far fragments (z 1 = 200 cm), it is

4.5 cm, which can be seen when viewing the images from a

typical distance of 50 cm from the hologram.

3.2. Alignment of monochrome component in
depth

Alignment of monochrome component in depth is deter-

mined by the following condition

z 31 = z 32 . (12)
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Figure 2. Absolute misalignment of monochrome components

(1V ) by magnification vs. the distance to the extended object

fragments (z 1) for various z c2 . Recording wavelengths are 678 nm

and 530 nm, reconstruction wavelengths are 633 nm and 532 nm,

z r = 120 cm.

Similar to Section 3.1, when the distances to the reference

sources are equal, using equation (2) we find that to satisfy

condition (12) the ratio of distances to the reconstructing

sources shall meet the following condition

z c1
= z c2

z 1

z 1 + z c2

[

µ2
(

1− z 1

z r

)

− µ1
(

1− z 1

z r

)] . (13)

Misalignment by magnification is calculated as

1V = V1 −V2. (14)

Using (1) and substituting (13) into (14), we find

1V =
z r z c2

(µ1 − µ2)

z 1z r − µ2z 1z c2
+ µ2z r z c2

. (15)

Using expression (15), curves of the absolute misalign-

ment by magnification vs. the object length (Figure 2) were
plotted for z r = 120 cm, µ1 = 633/678, µ2 = 532/530.

For clarity, the curves are shown for the absolute

magnification difference because the value of difference (14)
will be negative, i.e. the

”
green“ component size will be

always larger than the
”
red“ component size. The given

dependences show that at z c < z r the differences in magni-

fications (dimensions) of the monochrome components for

far fragment of the extended object are smaller than for near

fragments, i.e. far fragments will be better aligned. When

z c > z r , vice versa, these differences will be larger.

Numerical estimates for z c2
= 50 cm are as follows. For

far fragments (z 1 = 40 cm) |1V | = 0.05, which for the

image dimensions L1 = 20 cm and L2 = 4 cm corresponds

to the dimension difference 1L1 = 1 cm and 1L2 = 2mm.

For far fragments (z 1 = 200 cm) |1V | = 0.02, which for

the same image dimensions corresponds to 1L1 = 4mm,

1L2 = 0.8mm, i.e. the differences are much smaller than

for near fragments.

Figure 3. Fragment of reconstructed color image.

Comparison of the determined misalignments in dimen-

sions of the monochrome components of color images,

when they are aligned in depth, with the results obtained in

Section 3.1 with equal image dimensions and misalignment

in depth, as well as comparison with the eye resolution

demonstrate the advantage of the alignment in depth for

visual perception.

4. Experimental results

The experiments for alignment of the monochrome

components of a color image used a 405 × 280mm holo-

gram recorded on 678 nm and 530 nm. Images were

reconstructed using the 633 nm (helium-neon laser), 650 nm
(semiconductor laser module) and 532 nm (SDL 303 laser

pointer) light.

Figure 3 shows the photo of a color image fragment

reconstructed at 633 nm and 532 nm. Alignment of

monochrome components in depth is provided in the recon-

structed image. Mismatch in dimensions (red carnation) of

about 2mm with a larger size of the
”
green“ components

can be seen, which agrees with the calculation results in

Section 3.2.

When viewing rom a distance of 50 cm from the

hologram, this value is comparable with the eye resolution.

Moreover, it can be seen that, for a farther object (white

carnation), mismatch in dimensions is smaller.

For full alignment of monochrome components, according

to expressions (11) and (15), the following conditions shall

be satisfied

µ1 = µ2. (16)

Conditions (16) can be essentially satisfied taking into

account a wide range of monochromatic light sources based

on LED and laser diodes. However, the light sources with

alignment in depth used in this study, provide images of
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color objects and humans with quite good characteristics

for visual perception.

5. Conclusion

The paper discusses the aspects of alignment of the

monochrome components of color images of deeply ex-

tended objects reconstructed by transmission holograms

with the difference in hologram recording and image

reconstruction conditions. Analytical expressions for two

case have been obtained — misalignment in depth with

equal image dimensions and alignment in depth with

misalignment by image dimensions. Quantitative evaluations

of misalignments have been made for dual-wavelength

pulsed light recording and the advantage of alignment in

depth has been shown. The findings may be also applicable

to three-wavelength recording.

The findings are of interest for making pulsed and contin-

uous laser transmission holograms and for monochromatic

reconstruction of images using analog and analog-digital

techniques. The findings may be also useful for the

development of compact light fixtures based on modern

monochromatic light sources.
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