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VI1II. Data Compression (B)

@ 8-A Differential Coding for DC Terms,
Zigzag for AC Terms

iz ¥ 4L 5 JPEG Huffman coding % ¥ 1 1%
Differential Coding (£ » $n#%)

If the DC term of the (i, j)™ block is denoted by DC[i, j], then

encode DCTi, j] — DCTi, j-1]

instead of DC(Ti, j]

(» &3 * space domain } - Ik {4)
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1gzag scanning

#-2D 1 8x8 DCT outputs & = 1D 03] iy

e Fe PR “zigzag” VB R (R BV ALK AT G )

u=0, — EOB (end of

8x8 DCT output: L r/i,ﬁ;«- block):
Clu.v] ). B dats & g R
u:O, 1,...,7 3 Fﬁ%"/ﬂ\‘f_@
v=0,1,....,7 4: quantization 2_

5. % =0

6, )

7 | 4 4 L

(+ i * frequency domain - 3R |2)
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@ 8-B Lossless Coding

Lossless Coding: The original data can be perfectly recovered

Example:

direct coding method
Huffman coding
Arithmetic coding

Shannon—Fano Coding, Golomb coding, Lempel—Ziv, .....



312

@ 8-C Lossless Coding: Huffman Coding

e Huffman Coding 7.%:#% & B|: (Greedy Algorithm)

(1) #73 <% % % Coding Tree iz gtk > £ 7 3 173 A~ i«
(Fh 8~ RfFR gz T f345)

(2) # F 4% = 57> code length 4% ; % 4% -] 9> code length 4% £

(3)E3Kk S, 4% L & chnode > S, _% L+1 & rnode
Bl P(S,) > P(S,) % 3% B

F o R E R RS, At - R
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J A S0 > 3

datad M BTG @Y ke -
pl& - B¥ s ehiE@ * floor(log M) 2 ceil(log M) B bits % S5
floor: & if i 3

ceil: & 1% * & i~

[]

Example
F73 8BV A chiE > p2iBix F7 10 B ¥ 5 i 0 p3ik i
AT 0 F & 3B bits PFAST 2R 2 B 3B bits




Example:
i # % # ]
332700 301000 114000 7700 4390
3920 11700 11700 3130 36500

s ip* 23 = cHHuffman Code 3% 4 i@ 3
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Huffman coding 313

Initial: * J 46073 38 50 1826740
0 1
1784200 42540
00 01 10 11
1633700
150500 53400 19140
000 00 010 011 100 101 110 111
12090 7050
832700 801000 114&(300 36500 11700 11700
A F = A 1100/ 1M1 1114 N1
exchange 7700 4390 3920 3130

average code length = 3.0105
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The rules of the Huffman coding process.

(1) Process the case with lower probability first

(2) If the node in the lower layer has higher probability, then move it upward.

(3) For the node to be moved upward, if it has a partner, then move the partner,
too.

(4) Re-sort after moving upward.
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d X MNF Ao fg > — - B X3

7050 7050
— / ) 0 =

3130 3920 3130 4390 3920 3130
( 1 Oth) (9th) (8th)

| —

7700 4390 7050
) They do not (moving upward)

10
satisfy the rule

3920 3130




11440

7700 7050
4390

sortin
00 01 ( &
3920
11700
_)

7050

3920 3130

_)

Huffman coding 318

30840

N

19400

A

3920 3130

19140

114407700 (moving upward =

and sorting)

4390



Huffman coding 319

42540 42540
3400 19140 ///\53400 19140’
11700 11700 11440 7700 = (36500 11700 11700 11440 7700

(5") iy
/// 7éi9f 4390
3920 3130
3920 3130

193040

~o -

3920 3130 3920 3130
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193040
/////”\\\ 79040

114000

42540 36500
_)

3920 3130 3920 3130

(moving upward (moving upward
and sorting) again)



Huffman coding 321

193040;
-------- 994040
////// 193040
801000
114000 79040

_)
42540 36500

19140

11700 11700 X11440 7700

7050

3920 3130

3920 3130

(moving upward)



Huffman coding 322

004040 1826740
193040 994040
832700 801000 832700
t
(19 114600 79040 201000 193040
114000 79040

42540 36500

3920 3130

3920 3130
(moving upward
and sorting)

(no paring)



Huffman coding by the greedy algorithm 323

1826740

\1\

832700

994040

801000

average code length = 1.7498

\\@1001

entropv/log(2) = 1.5830
py/log(2) o0 o
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BABE S

¥

r /.

R

Eé' )u’g‘a\;

h
u

4y

4o i@ * Huffman coding ®
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@ 8-D Entropy and Coding Length

e Entropy *¥ : 3* & (Information Theory) X alog o In
1 logy # ¢

J
entropy = JZ_;P(SJ. )ln P(Sj)
P(S,) =1, entropy =0
P(Sy) = P(S,) =0.5, entropy = 0.6931
P(S,)) = P(S,) = P(S,) = P(S;) = 1/4, entropy = 1.3863

P(S,) = 0.7,y= P(S,) = P(S;) = 0.1, entropy = 0.9404

P: probability

iR 4fEE  BFAGARES o P RARS
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e Huffman Coding 1T 5L B

J
mwn =2 P(S,)L(S,)  P(S):S %2 et > LES):S hshmE R
j=l1

*@non Sk >

entropy

entropy 1
Ink F i kB e ntE

<mean(L) <

Ink

e Huffman Coding ¢ total coding length b=mean(L)N  N: data length

ceil(Nemmpyj <bhH< ﬂoor(Nemmpy + Nj
Ink Ink

F8{e entropy 7 % 7 B %

ceil: & if %2>, floor: & if %383
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Entropy: % 3+ coding length & & 1 £

entropy

= average bit length
Ink

entropy

N = total bit length

Ink



@ 8-E Arithmetic Coding 328

e Arithmetic Coding (& #4%/5)

Huffman coding #_#-% — 3 T4 B ¥t

Arithmetic coding B Z_#- % & T4l - A2 %8 » F P R 45 7% &
Huffman coding { 3 > iT & ka3 fLR: 15:}iﬁtr< 5 fe’ #* arlthmetlc
coding

K. Sayood, Introduction to Data Compression, Chapter 4: Arithmetic
coding, 3" ed., Amsterdam, Elsevier, 2006
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FdataX 3 MB¥ s chiE (X[i]=1,2,...,or M) & * k&g > ¢

P :the probability of x =n (from prediction)
Sy=0, S,=>P
j=1

A& ¥ data X %S 0 B3k length(X) =N
Algorithm for arithmetic encoding

initiation:  lower =S upper = §

X[1]1 X[
fori=2:N

lower =lower + § X1 % (upper —lower )

i

i

upper = lower + S X[ % (upper — lower)
end (continue)...
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Suppose that
lower <C-k™" <(C+1)-k™" <upper

where C and b are integers (b 1s as small as possible), then the data
X can be encoded by

C(k,b)

where C , , means that using k-ary (k :& =) and b bits to express

(k.b)

(3L © Arithmeticcoding &3 H s 2 pe> 34 > P A @ * H o -
i # f§ B hrange encoding 17 ;%)



ada

aad

aada

encoding

331

[14-27,15-27]



aa

decoding

332

""""""" 0.49152

b aadba T fF 0.475 13_6] __________

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ aafibaad 1

odo0g N
[14-27,15-27]

ld




Example:

333

Bk B X ks R (k= 2) it

vad F AR X[ =a P L 0.8, X[i]=b ik L 02

P=08, P,=02,

S,=0, S =08, S, =1

FREL WP L X=aaabaa

Initiation (X[1] = a):
Wheni=2 (X[2] = a):
Wheni=3 (X[3]=a):

Wheni=4 (X[4]=b):

Wheni=35 (X[5] =a):
Wheni=6 (X[6]=a):

lower =0, upper =0.8
lower =0, upper =0.64
lower =0, upper =0.512

lower =0.4096, upper =0.512

lower =0.4096, upper =0.49152
lower =0.4096, upper =0.475136
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d 3 lower =0.4096, upper =0.475136

lower <14-27 <15-27° <upper
0.4375  0.46875

ST Yok Nk % 4

14,5 =01110

/ N\

27 5 % bits
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f&275
B3R b % % 5 Y, length(Y) =5
H s K > fodhib (see page 329) 40 ¢ ®* kARG
Algorithm for arithmetic decoding
initiation: lower =0 upper =1 j=1
lower 1=0 upper 1=1
fori=1:N % loop 1
check = 1;
while check =1 % loop 2

if there exists an # such that
lower + (upper-lower)S, | = lower 1 and
lower + (upper-lower)S, = upper 1 are both satisfied,
then

check = 0; .
(continue)....
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else
upper 1 =lower 1+ (Y[ j]+ k™
lower 1=lower 1+ Y[ jlk™’
j=jt
end
end % end of loop 2
X() =n;

lower = lower + (upper-lower)S, |
upper = lower + (upper-lower)S,

end % end of loop 1



Coding Length for Arithmetic Coding
Bk B, ASERIDX[I] =n i S
Q AFu o Xi]=nasF

(» fj%wf".\ % length(X)=N, X &

M
upper —lower = H PN

m=1
¥ - 2w o d 3 (from page 330)

k™" <upper —lower < (2k)k™

337

¢ €3 ON B elements ¥ 3% n)

[]:255%

—log, (upper —lower) < b < —log, (upper —lower)+1+log, 2

cezl( NZQ log, P j<b<ﬂoor( NZQ log, P +logk2j+1
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M
ceil(—NZleongmj<b<ﬂoor(—NZQ log, P +logk2j +1
m=1

B i IR % 2 R T 0 O, = P,

Total coding length b

M
ceil(—NZPm log,

m=1

i

ij<b<ﬂ00r( NZP log, P +logk2j +1

m=1

LAY
* entropy
Ink

ceil(N'

jﬁbﬁﬂoor(N~

entropy

+log, 2+1
mk ok j

(Compared to page 326)

Arithmetic coding ¢ total coding length 3} *2+t Huffman coding { %



® 8-F MPEG 339

MPEG : # jiy 3 5 m Al R % R 8 > % Moving Picture Experts Group
MPEG standard : http://www.iso.org/iso/prods-services/popstds/mpeg.html
MPEG F = % zk © http://mpeg.chiariglione.org/

H.264 (also known as Advanced Video Coding (AVC) or MPEG-4 Part 10)

Other Video Compression Algorithms
H.265 (also known as High Efficiency Video Coding (HEVC))

AVI (Audio Video Interleave)

VVC (Versatile Video Coding )
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2]
Pepsi 7 2
Size: 160 x 120 Time: 29 sec - #; 30 i frames

A lF/i‘{ﬁ : 160 x 120 x 29 x 30 x 3 =50112000 = 47.79 M bytes °
% MPEGR 47 ¢ 1140740 = 1.09 M bytes -

£ 4Rk 612.276%

A KE MR RTF ¢ 1/24 second

- B ERE G F 5T 30 & 60 & & (frames)
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¢ Flowchart of MPEG Compression

| JPEG Y24

"I I frame

MPEG

N
I

—
cTr

Video file

\ 4

y

P frame | | BHEEHEH ﬁ S YU

i

y

B frame |J L,| #FeH{E 4+ JPEG HYZEHE




342

[ frame (Intra-coded picture): iF 5 %% %

P frame (Predictive-coded picture): d 2_ % e $& K #A3g P

B frame (Bi-directionally predictive-coded picture): & 2w % 2_ {4 03 & K #3E
B

I frame TEUH » P frame

I frame TEH] > B frame p TEH I frame or P frame

[ frame: The coding method is the same as that of the still image.

P and B frames: The prediction residues 1s encoded.



343

B3 A REER o - Bopixel Z BFendphd B ¥ &3
Y 2 %3 4§ ehobjects &4k “motion vector”

o ¥ 7t 4% 1§ (Motion Compensation)
FERARIT e s U i B R 1R 3

frame n frame n+1 TR frame n+2

\ 4

\ 4

N
i)

@ C
® YN )

" motion vector
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Flm, n, t]: PR 5 408
boted Flm, n, 6] > Flm, n, t+A] %350 Flm, n, +H2A]?
() # &% & Vm, n), V(m,n)

(2) Fp R Flm, n, t+2A]
Fp[m, n, tH2A1 = Flm - V.(m, n), n - V. (m, n), t+A]
(3) & "IERIFFAL
E[m, n, t+2A] = Flm, n, t+2A] = F [m, n, t+2A]

p
¥R R E E[m, n, t+2A] ‘. S #5
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® 8-G Data Compression % & 73 »

Two important issues:

Q1: How to further improve the compression rate

Q2: How to develop a compression algorithm whose compression rate is

acceptable and the buffer size / hardware cost is limited
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L - 0 BRI AR K T nfy iR

v —+
FEL S
TN

Tooom AR S R RS B D)

B )
v L A N v 2 y 2 y o >~ S -4 <+ 2 'j-_’;
FP (false positive): % F + 7 5 E > #rat st i e 2 352 5 & nii 7
= A : v B ot
TN (true negative): ¥F + 7 5 B > @ X AN P 2 2= 7 5 B i)
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precision = — + P (positive prediction rate)
P+ FP
TP
recall =
TP+ FN
specificity = IN sensitivity = r recall
P IN + FP d TP+ FN

rLpige A G b TP A % A 2 ARIRDenfi A, o FPAm B fe AP en
fw35 > FN {”ﬁ X ARPRNT| A5 0 TN H_| % ¢ XAt el )

-
(@)
(@)
=R
<k
S
-
aO
Q
9]
o
o
=
B

BT MR- F 04 AV A4 B

——> precision & - i€ recall %
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A TP +TN
CCUAY b L FP+TN + FN

Detect t FP+ FN
clcClion error rate TP N FN

STONX 1
F-score , precision ecall

precision + recall

2 .
General form of the F-score (1+f7) precision xrecall

b 2 precision + recall



