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Multimedia Distribution System
- No.5 Video Compression Technology -

Hiroshi Watanabe
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B Spatial Redundancy Reduction
— Image Compression Technology

B Temporal Redundancy Reduction
— Motion Compensated Interframe Prediction
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Purpose of the motion vector detection
Motion compensated interframe prediction

Shape from the motion (Reconstruction of 3-D
shape from 2-D Video)

Feature Extraction for video search

Feature extraction for video coding control
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Motion Compensated Interframe
Prediction

B Block-based Motion Compensated Interframe Prediction

— Predict pixels of the next frame by shifting block-
based image in parallel

From where in
the previous
image does this
block come
from?

k-1 frame image k frame image
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Gradient Method

Method to obtain motion from adjacent pixels between

successive frames

— Utilize the feature of constant gradient of brightness
In a small section

— Called “optical flow” in the area of computer vision
(Horn and Schunk, 1981)

Derivation for 1-dimensional case

— Let the pixel value at index i of frame k be x;(k),
motion u is given by

. x. (k) —x,(k—1)
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Gradient Method (2)

Brightness change by motion ... In case of motion is
almost 1 pixel

value A Motion value R Motion
vector vector

x(k-1) . x(k-1)

x;(k)
x; (k)

>
! position ' l position

k-1 frame image k frame image
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Gradient Method (3)

Brightness change by motion ... In case of motion is
almost 2 pixels

value R value
x,(k-1) Sy

tj.oh vector otion vector

x;(k)
x; (k)

>
! position ' l position

k-1 frame image k frame image
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Gradient Method (4)

B Derivation for 2-dimensional case

— When k frame image x;; moves w=(u,v) at k+I frame,
and changed to x,., ., , Taylor series expansion of
pixel value in regard to position i, j (1st term) is
calculated
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Gradient Method (5)

B Derivation for 2-dimensional case

— Insert interfame difference to Taylor series
expansion

— Vector form based on horizontal and vertical unit
vector [ J

0 0
la+Jb)Y[—+J—)x. .=—d. .
(la+Jb)( p aj) . i
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Gradient Method (6)

B Derivation for 2-dimensional case
— Slope of x;; Is represented by gradient

(al +bJ)Vx, ; =—d,

l,]

— Since motion vector is (u,v)=(al, bJ) , we have
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Characteristics of Gradient
Method

Detection method utilize similarity of brightness change
Detect one pixel accuracy motion

Weak against noise
Unstable when difference of adjacent pixels value is
small
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b, b

(w,v)=argmin > > |x, ,(k)-x._, ., (/’C—l)‘2
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Brake image to block and obtain average motion in the

region

Presume parallel motion of rigid object

Motion vector search

— Image signal at small block in & frame: x; k) (0 <i<b,
, 0=j<b)

— Search range: S(mn)...(-s;<m<s;, 5;<n<s;)

— Motion vector: (u,v)

(U,V):argm”] .' . z'—m,j—n(k_l)‘2

m,n

m,n
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Full search method

Search

k-1 frame image k frame image
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Characteristics of Block
Matching Method

Method to utilize similarity of absolute value of
brightness

— Similarity is calculated block basis, stable against
noise

Simple motion model

— If the condition of rigid parallel motion is not hold, it
IS Impossible to detect the right motion

Problem of full Search method

— Immense operational cost
— Needs high speed search processing
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(u,v) = mmIEZ x,, (k) =x,_, ;. (k=1)

i=0 j=0

— MADBEELFEIIN S
e« MAD: Mean Absolute Difference
(cf. MSE: Mean Square Error, SF¥2FLE)
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Speeding Up Block Matching
Method (1)

B Employment of L1-norm

X,y Xy

(u,v) =argmin °S (k- 1)}

— Called MAD criterion
e« MAD: Mean Absolute Difference
(cf. MSE: Mean Square Error)
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Speeding Up Block Matching
Method (2)

B Tree Search Method
— First step ﬁ: B
9 points *
— Second step * ¥ |4
+ 8 points
— Third step
O 8 points
B Computational Complexity
(c=2b)
— Full search:b’c’=b’4b°=4b*
— Tree search:(9+8+8)b? =25b°

TILFAT 4T EIEL AT L / Multimedia Distribution System




B EFE(0,0)DETEHELREFEDITIY
B JOUSIVTDIXRICESEERL

min.d = e(0,0);
loop X,y (-si<m<si, -sj<n<sj);
sum=0;
for (i=0; i<bi; i++) {
for(=0; j<bj; j++) {
sum = sum + d ( x(i,j,k), x(i-m,j-n,k-1) );

+
}

iIf( sum<min.d ) min.d=sum;
end of loop xy;
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Speeding Up Block Matching
Method (3)

Pre-evaluation of motion (0,0) and break off error calculation
Speeding up by programming design

min.d = e(0,0);
loop X,y (-si<m<si, -sj<n<sj);
sum=0;
for (i=0; i<bi; i++) {
for(=0; j<bj; j++) {
sum = sum + d ( x(i,j,k), x(i-m,j-n,k-1) );

+
}

iIf( sum<min.d ) min.d=sum;
end of loop xy;
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®  when (x,v) giving the minimum error is obtained, we can
detect where in block gives the small error by 1 pixel
accuracy by viewing error distribution d(i,j,u,v) in regard to (i)
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B Motion vector search at pixel unit
— We can obtain motion vector at pixel unit by
obtaining (m,n) which gives minimum d(i,j,m,n) for
fixed (i)

B Remedy for instability by noise

— Method described above are influenced by noise and
shape change. Thus, soft decision by weighting
neighborhood pixels to detect (m,n) Is taken after
storing 2nd and 3rd candidates as well as the
minimum one.

TILFAT 4T EIEL AT L / Multimedia Distribution System




1EZETYS

B EERNINLOFEE
— RIS TEE L AEE

u Fl:ﬁ % lﬁ\

- ERGEE=
— BHIERENTEHHE

TILFAT 4T EIEL AT L / Multimedia Distribution System




Characteristics of 1 Pixel
Matching Method

B Accuracy of motion vector
— Detaliled vector distribution
can be obtained

B Problem

— Huge computational cost
— Unclear soft decision
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B Creation of hierarchical image and motion detection at
higher layer (smaller image)

(1)motion vector detection
Z7 > L7 (2) vector
enlarge
X2

shrink 174 /f | %

(4) vector
enlarge
X2

k-1 frame image k frame image
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B FHERIMNLDIEK

— LAY L DEEE x(L). TDL/ABEEE x(L+1) &5, LAV
L+] TOEERYNIL (u(@l+1), v(L+1) ZHALT. LAY L
DEERIRILEFS,

(u,(L),v,(L))=2(u(L+1),v(L+1))

B HRANIMILDELE
— IARAIFLVORE+/-1BRDEHE CTR/AMEZIR R

d=x(i,j k,L)
-x(i—u, (L)), j—-v (L)*Lk-1L)
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B Enlarge of motion vector

— Let layer L image be x(L). and ¥4 shrunken image be
x(L+1) . Obtain layer L motion vector by enlarge x2
from L+1 motion vector (u(L+1), v(L+1))

(u,(L),v,(L))=2(u(L+1),v(L+1))

B Modification of enlarged motion vector
— Search +/-1 pixels around enlarged motion vector

d=x(i,j k,L)
-x(i—u, (L)), j—-v (L)*Lk-1L)
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Characteristics of Hierarchical
Search Method

Can avoid noise influence, relatively correct global
motion can be obtained

Can reduce computational complexity
Needs memory to store shrunken images

Detection error at higher layer propagates to lower
layer

§s(§?-e%§a
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B For estimating motion vector over several frames, first
obtain motion for one frame distance and then, shifting
Its search area based on the obtained vector frame by

frame.

(u,vy)

k-3 frame k-2 frame k-1 frame k frame
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Telescopic Search Method (2)

By adding vectors, motion for N frame distance is
obtained

(Uy,Vy )= Z(ui’vz’)
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Characteristics of Telescopic
Search Method

Computation cost is small since search range can be
limited compared with direct search between N
frame distance

Needs to store all images in the memory

Once wrong vector is selected at the 1st stage, it
continues to search in the wrong direction and
cannot be recovered.
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X (k)= Nz_lx(n) exp(—j2mk /| N)

x(n) = %Nzl)((k) exp(j2/mk! N)
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B Method to detect motion from similarity of phase In
Fourier transform

— Let discrete Fourier transform of signal x(n) be X(k)
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— 5 x(n) D m YOTIIEIFLINIEEFZE yin) EL. ZD
R — I EHZE Yk £ 5

Y(k) = Zy(n)exp( j2mk | N)

n=0

N-1
Zx(n +m)exp(— j2mk/| N)
n=0

N-1+m
=exp(j2mmk [ N) Zx(s) exp(—j2msk | N)

S=m
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Phase Correlation Method(2)

— Let m sample shift signal from x(n) be y(n). its Fourier
transform be Y(k).

Y(k) = Zy(n)exp( j2mk | N)

n=0

N-1
Zx(n +m)exp(— j2mk/| N)

n=0

N-1+m
=exp(j2mmk [ N) Zx(s) exp(—j2msk | N)

S=m
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— &8 ym) PMEB xmn) OREEABR#IZGE>TULVRIE, Yk (&
X(k) EGIMEEIERDIETEREINDS

Y (k) =exp(j2zmk | N) ) x(s)exp(—j2zsk ! N)

N-1
=exp(j2zmk | N)) x(s)exp(—j2zsk | N)

=exp(j2mmk | N)X (k)
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Phase Correlation Method (3)

— If signal y(n) is a periodic function of signal x(n), Y(k)
can be expressed by X(k) multiplied by phase shift

Y (k) =exp(j2zmk | N) ) x(s)exp(—j2zsk ! N)

N-1
=exp(j2zmk | N)) x(s)exp(—j2zsk | N)

=exp(j2mmk | N)X (k)
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X (k) = X (k)| exp(jF,)
Y(k) = Y (k)| exp(jFP,)

Y (k) =1 Y (k) | exp(jP,)
— exp(j2mnk | N) | X (k)| exp(jiP,)
=| X (k) | exp(jP, + j2mmk | N)
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Phase Correlation Method (4)

B EXxpress discrete Fourier transform by separating
amplitude and phase term.

X (k) = X (k)| exp(jF,)
Y(k) = Y(k)|exp(jFP,)

Y (k) =1 Y (k) | exp(jP,)
— exp(j2mnk | N) | X (k)| exp(jiP,)
=| X (k) | exp(jP, + j2mmk | N)
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d(n) = F " (exp(jP.) —exp(jP,))

N-1
_ %Zexp(— 727k | NYexp(j2mk | N)
k=0
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Phase Correlation Method (5)

B Only the phase difference is inverse transformed.

d(n) = F(exp(jP,) —exp(jP,))

N-1
_ %Zexp(— 727k | NYexp(j2mk | N)
k=0

n—mYk [ N)
n—m)Kkil V)

TILFAT 4T EIEL AT L / Multimedia Distribution System



EEDUINOMUBEDT—YIHEHITA/NLR

n

RAEEDT—) T E L

TILFAT 4T EIEL AT L / Multimedia Distribution System




B Shifted signal - Inverse Fourier transform of phase
difference is impulse

Amplitud Amplitud

S S

1

n

iInput signal Inverse transform of
phase difference
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Characteristics of Phase
Correlation Method

Signal having impulse at the location of motion by
calculating inverse Fourier transform for phase
difference of two signals

Normally, some decision is necessary since multiple
number of impulse appear in the calculated signal

Multiple motion can be detected by one operation

Motion can be detected regardless of
brightness/contrast change

Accuracy decreases when signal is not periodic
High computational cost (especially for 2D case)
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Detect motion vector less than 1 pel accuracy
Used for sub-pixel motion compensation

First detect motion vector at block basis, then
Interpolate vector at pixel unit using neighborhood
block’s motion vector
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Motion Vector Interpolation (2)

Let the motion vector at location » and n+N be d, and
d .- Motion vector d, , at location n+k 0)between these

n

points can be obtained as follows.

dn +N
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Affine Transform

Affine transform denotes pel’s motion by 6 projection
parameters

When pels at x(m, n) moves to x(m’, n’), change of
location (m, n) IS written as

EERE R

— For parallel motion, a=d=1, b=c=0, and motion
vectors are (e, f)

G
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a=d=k, b=c=0 THY . BESNIMVIE ((k-D)m+e,(k-D)n+f) T
5Ezond

o elnll e
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Affine Transform (2)

. \

— For k times zoom up plus parallel motion a=d=k,
b=c=0 and motion vectors are ((k-1)m+e,(k-1)n+f)

b
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Affine Transform (3)

B Characteristics of motion compensation using affine
transform

— motion compensation to the overall frame (global
motion compensation at MPEG-4)

panning and zooming can be represented by 6
parameters

— combination of global motion compensation (frame
basis) and local motion compensation (macroblock
basis) can respond to complicated motion
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Motion Compensated Interframe
Prediction

B Block basis motion compensated interframe prediction
— Prediction for the next frame image by shifting block

search from
where this
block has
come in the
previous
image

k-1 frame image k frame image
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VLC
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ME: B)E#&
FM: L —LAE!
VLC: eI ZEESE1k

Q:=Fit
1Q: ¥ EF1t

FELT—%

-
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Motion Compensated Interframe
Prediction (2)

B Encoder Structure

Intra Mode
»0 Coded data

-

Input image

ME: Motion Estimation
FM: Frame Memory

\/l C=- \/ariahla | anath Cndinn
V L\ = VAL ITCGAN IO I_L;IIHLII U Ilu
Q: Quantization

1Q: Inverse Quantization

Coded data

-

TILFAT 4T EIEL AT L / Multimedia Distribution System




ENE@HETIL—LEFE (

B {§5%% (Decoder) MR

JL—LRNE—F (Intra Mode)

»O
@—»o

BEER

)
7

FM:JL—LAEY
VLD:AIZRES
1Q:FEF1k
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Motion Compensated Interframe
Prediction (3)

B Decoder Structure

Coded data

Intra Mode

VLD

»O Decoded image

Coded data

»
a

— VLD

FM: Frame Memory
VLD: Variable Length Decoding
1Q: Inverse Quantization
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HEBETIL—LRTE (4)

— B 1iJd N~

B ANERTHSRET HIEEDFSILIERDERK

L—LRNE—F (Intra Mode)
>0 FEILT—4
Q L ViLC —

EM ME: SR H

FM: 2L —LAEY
VLC:RIZE KA Sk
ANEET Q:EF1t
BERNIR)LZE Ry

il 1Q: ¥ E=-Fit

K 3

FEleT—%

[
»
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Motion Compensated Interframe
Prediction (4)

B Encoder Structure when motion is detected from input

Image
Intra Mode
»0 Coded data

Input image ——o0—— —

o(D—o

A

FM

ME: Motion Estimation

Motion detection FM: Frame Memory _

by input imagies VLC: Varlgblg Length Coding
T Q: Quantization

1Q: Inverse Quantization

Coded data
ME VLC -
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Wl

vV v YV w

BEEREDIL—LHISEIFMHETL—LEF A
IBEARDFEESEFROFADEAETHE
Bi-directionally prediction, MA R FAl&HFEA
E¢72=wi=Pl)--tivi

JILEj:‘I‘:ﬂ%y

/
g
/

/
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Bi-directional Prediction

Motion compensation from past and future frames

Combination of prediction by forward and reverse
prediction

Macroblock basis

forward /
predict}

g
_—

/

k-1 frame k frame k+1 frame
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i)

v v vYv

WA FDBEHETL—LBEFRIFEHETITS

k-1 JU—LbD k TU—LADEENTNIVE (b v), k+1 TL—LHD
kIU—LADFERGRILE (hy, v,) ETBE. x (mn) DT RERDEFE
ElxrKXTEZLNDS

Xea(m+h,,n+tv.)+x ,(m+h,ntv,)
2

551( (m,n) =

SE—FDUIYEZ

— JEAMFHB (Forward prediction)

— WA MFA (Backward prediction)

— MAMFA (Bi-directional prediction)
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Bi-directional Prediction (2)

Motion compensated bi-directional prediction employs mean

Let motion vector from k-7 to k£ frame and from k+1 to k frame
be (h; v) and (h;, v,), prediction value for x,(m,n) is given by

Xea(m+h,,n+tv.)+x, ,(m+h,ntv,)
2

551( (m,n) =

Three modes switching

— Forward prediction

— Backward prediction

— Bi-directional prediction
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B OS5EZEREDOEI=ZME (MPEG-1)
B KE, EEIZEFREZHR

(afcenya
(A+C)/2 O — O (B+D)/2
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2-D Half Pixel Accuracy Motion
Compensation

B 0.5 pixel accuracy motion compensation (MPEG-1)
B Interpolation pixels in horizontal and vertical direction

(afcenya
(A+C)/2 O — O (B+D)/2
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A —I\—5v I Eh=4H{E

— ¢ w

OO Oy BEAMDFETBENTIIEL BEIOVIEELSED
2. PHIERBEIZEAFAZEDITT. EREHhEEFE
FEE/ A XDIERBIZHENHY . FRIZIEH R L
EEYRL—FTER (H.263)

0 16 31 0 16 31
EIE AT ETES A=

JOV BEDOEEHIE F—n—3vTEEHE

TILFAT 4T EIEL AT L / Multimedia Distribution System




Overlapped Motion
Compensation

Unlike the conventional parallel shifting at macroblock
basis, prediction block is weighted to be overlapped by
data from neighboring block

Can reduce coding noise, increase prediction efficiency
Effective at low bit rate (H.263)

16 31 16 31
Pixel position Pixel position

Block based motion Overlapped motion
compensation compensation
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J4— LR/ —LEIL B =E{E

— ¢ w

B A AL—REBOHEHE (MPEG-2)

JL—LFH (GL—LXTR)LX1)
T4—ILEF | (F4—ILRRIRJLx2)
Dual-prime %l (F4—ILEATRILXL, dmv)

T4—)LEFE] (F4—ILERTER)LXD)
J4—)LE16Xx8F | (F4—ILEATRILX2)
Dual-primeF |l (F4—ILEATRILXL, dmv)
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Field/Frame Adaptive Motion
Compensation

B Motion compensation for interlaced image (MPEG-2)

Frame prediction (frame vector x1)
Field prediction (field vector x2)
Dual-prime prediction (field vector x1, dmv)

Field prediction (field vector x1)

Field 16x8 prediction (field vector x2)
Dual-prime prediction (field vector x1, dmv)
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14— LR/ — LEICEEwHiE

— ¢ w9

(Frame structure) [ZHIT5E={E

g 75 5] %7 8

\
\
\

—l

VAV VAN

VAV W\
VAV WMWY
V\AV\ W\
V\V\ MW\

VAV VAN

VAV W\

V\ W\
VAV
V\\WW\ )

VNV VAN

VAV W\
VAV MW\
VAV W\
VAV \ MW\

b
+
~
\J
]
b

k-1 7L—L
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Field/Frame Adaptive Motion
Compensation (2)

B Motion compensation for

forward
prediction

\
\
\
\
\V\\\

—(

VNV VAL

VAV W\
VAV MW\
VAV W\
VAV L\ MW\

= XYY\ \ '
5 VNV VW\WDY
= v\ VvV
o vV v\
V\ V\
V\\\
V\\VW\D)
v\ v\
\V A\

k+1 frame
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J4— LR/ —LEIGEIEHEE (3)

\Lamk 4 _J —_— D

(Field structure) [ZHEIT5E=HHE

Top field Top field A

k-1 TL—L
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Field/Frame Adaptive Motion
Compensation (3)

B Motion compensation for

Top field Top field prediction

k-1 frame
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J4— )L/ —LEE=#{E ( (4)

™ =

2HFHFRE—F

16x16

S - Frame-base
16x8 \
Odd Field-base
Field |\/|V2

il — Interlace
Field TOp
16x8 fleld
Odd % /
Field MV/2+dmv
Even

Field 3|\/|V/2+d

Bottom
Odd % /’ Field
Field

Even Field
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Field/Frame Adaptive Motion
Compensation (4)

Prediction mode at

16x16

IEEEE - Frame-base

(F)'dldd @ Field-base
e MV2
/
Even

Interlace
Field
16x8
Odd % /
Field MV/2+dmv
Even

Field 3MV/2+dm

= /0
Field

Even Field
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J4— )L/ —LEE=#{E ( (5)

™ = -

[2HEF2FRE—F

16x16 OR

Odd Field % 16x16 Field
Even

Field

Odd Field

odd Field % ><: / |
Lower _ oOdd Field
OR Dual-prime

16x16 i
Odd Field %/
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Field/Frame Adaptive Motion
Compensation (5)

Prediction mode at

16x16

odd Field % 16x16 Field
Even

Field OR

Odd Field % ] MVL
Odd Field
Lower —><: / e Odd Field

[ vz Field

Dual-prime

16x8 —
16x16 i
Odd Field %/

MV/2

Even dmv
Field
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