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Abstract: Holographic video imposes impractical bitrates for storage and communication
without compression. We introduce exact motion compensation in a codec using rotational
transformation of angular spectrum and obtain SNR improvements of 20 dB over HEVC.
OCIS codes: 090.1995, 100.2000, 090.1760.

1. Introduction

Implementing holographic display pipelines for video with an acceptable field of view is challenging due to the
Gigapixel resolutions required coupled with the poor performance of traditional video compression codecs on
holographic data. A framework for tackling video compression where ground truth knowledge about the scene
was introduced in prior works [1]. The hologram of the current frame is segmented into individual contributions
from different objects in the scene, and a motion compensation algorithm is applied on each object to predict the
next frame. In this work we introduce a motion compensation algorithm that is analytically accurate. However,
additional information has to be stored due to the finite size and discrete nature of digital holograms which is
identified using short-time Fourier transform (STFT).

2. Motion Compensation

Rigid body motion is described by using a sequence of rotations (θz,θy,θx) around a pivot point (xo,yo,zo) followed
by translations (xt ,yt ,zt ). To predict changes due to this motion, we perform the relative motion on the hologram
domain. The hologram of the current frame g(x,y) = F−1(G(u,v)) is used to compute the hologram at a parrallel
plane using the angular spectrum method such that the origin of the translated hologram and the pivot point are
the same, where H(u,v; ·) is the transfer function of free space propagation between parallel planes. Thus we start
from the Fourier transformed hologram

G1 ≡ G1(u,v) = G(u,v)e j2π(uxo+vyo)H(u,v;zo) . (1)

The rotational transformation of angular spectrum method is used for formulating the propagation between
non parallel planes sharing the same origin [2]. We use it to perform the same relative rotation motion which is
described by the rotation matrix

R(−θz,−θy,−θx) =

a1 a4 a7
a2 a5 a8
a3 a6 a9

 , (2)

giving us the intermediate transformed hologram G2 ≡ G2(u,v) = G1(α(u,v),β (u,v))|J(u,v)| with

α(u,v) = a1u+a2v+a3w(u,v) , β (u,v) = a4u+a5v+a6w(u,v) ,

w(u,v) =
√

λ−2−u2− v2 , J(u,v) = (a2a6−a3a5)
u

w(u,v)
+(a3a4−a1a6)

v
w(u,v)

+(a1a5−a2a4) .
(3)

The final hologram Gmc ≡Gmc(u,v) is obtained by using G2 to compute the hologram at the parallel plane having
origin (−xt ,−yt ,−zt) which implies a translation of (−xt − xo,−yt − yo,−zt − zo), thus we have all together

Gmc =

Resampled hologram︷ ︸︸ ︷
G(α(u,v),β (u,v))

Motion compensation transfer function︷ ︸︸ ︷
H(u,v;−zt − zo)H(α(u,v),β (u,v);zo)|J(u,v)|e− j2π(xt u+yt v−xo(α(u,v)−u)−yo(β (u,v)−v)) .

(4)
The effect of applying motion compensation for rotations and translations in the spatial domain of a hologram of

fixed size is shown in Fig. 1. The information outside the central crop is discarded while the missing information
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(a) Spatial Domain (b) Reconstructed views of compressed holograms at 0.25 bpp (c) Rate-Distortion evaluations

Fig. 1: Motion compensation and its impact on holographic video coding performance.

needs to be signalled. The rotational transformation of angular spectrum method rigorously satisfies the Helmhotz
equation [2]. However for implementation in a digital system, the fast Fourier transform that is defined for an
equidistant sampled grid cannot be directly applied to Eq. 4 due to the non-linear nature of the frequency sampling
in Eq. 3, unless we apply interpolation. Interpolation causes errors that depends on the frequency grid warping [2].
Errors are localized in space and frequency and we use STFT with rectangular windows for identifying and re-
signalling these neighbourhoods from the ground truth.

The motion compensated hologram of size A×B is divided into uniformly sized sub-holograms gk,l
smc[x,y] of

size Nx×Ny. The 2D-discrete Fourier transform of these sub-holograms is divided into uniformly sized blocks of
size Nu×Nv which are denoted as space frequency blocks Gk,l,i, j

s f mc [u,v], or SFBs for short:

gk,l
smc[x,y] = gmc[(k−1)Nx + x,(l−1)Ny + y] Gk,l,i, j

s f mc [u,v] = Gk,l
smc[(i−1)Nu +u,( j−1)Nv + v]

1≤ x≤ Nx,1≤ y≤ Ny,1≤ k ≤ A
Nx

,1≤ l ≤ B
Ny

1≤ u≤ Nu,1≤ v≤ Nv,1≤ i <
Nx

Nu
,1≤ j ≤

Ny

Nv

(5)

The same operations are done for the ground truth frame to obtain Gk,l,i, j
s f gt [u,v]. The decision metric D[k, l, i, j]

computes the mean squared error (MSE) between corresponding SFB’s and is used to identify which SFB’s to re-
signal. The metric is motivated by the orthonormal nature of the DFT transform which implies the MSE between

the global holograms will be NuNv
AB ∑

k= A
Nx

k=1 ∑
l= B

Ny
l=1 ∑

i= Nx
Nu

i=1 ∑
j=Ny

Nv
j=1 D[k, l, i, j]. We apply uniform quantization on the

SFB’s that are chosen in the decreasing order of D[k, l, i, j] and include an overhead to signal their locations.

3. Results and Conclusions

We test the rate-distortion performance of a holographic video encoder/decoder system by applying the rigorous
spherical wave propagation equation [1] on a point cloud object undergoing a rotation of 30◦/s around the vertical
axis to generate holograms of size 4096×4096 and a pixel pitch of 1 µm at 30 frames/s. The distortion measure
used is the peak signal to noise ratio (PSNR) calculated on the reconstructed absolute valued hologram in the
object plane. Results shown in Fig. 1 indicates a significant BD-PSNR gain of 20 dB for the rate region from 0.25
to 2 bpp, over standard video and still image codecs. Techniques for segmenting holograms into contributions of
individual objects needs to be investigated for extending this method to general scenes with multiple objects.
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