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X1V. Walsh Transform (Hadamard Transform)
® 14-A Ideas of Walsh Transforms

¢ 8-point Walsh transform " Zero (rosgs
FT 11 1 11 1 1 1] lewfeay 0
24w '. A
ciN I 1 1 1-.-1 -1 =1 -1/1 |
I 1e—-1 —1:=1 =11 1|2 2
1 Te-1 —1+1 1 -1 —1|3 S
Wim,n]= ' D —
le-1 -1+1 1 -1 -1+1 |4 4
le—-1 -1°1-+-1°1 1-°*-1]|5 5
1--1 °1-—1?)—1 «l--1-116 J 6
1ol -1 =131 =11 --1]7 high Sequeney ]
e Advantages of the Walsh transform:
(1) Real WWT= 87
(2) No multiplication is required ( W) T
(3) Some properties are similar to those of the DFT W - | _8_ W = % W



e Forward and inverse Walsh transforms are similar.

forward: F[m]= ]:Z:_;f[n]W[m,n] , inverse: f[m] :%g W|m,n|F|n]

e Alternative names of the Walsh transform:

Hadamard transform, Walsh-Hadamard transform

N-1 N-1
e Orthogonal Property D W [my,n]W[m;,n]=0 D W(m,n]W[m,n]=N
n=0 : n=0
. if my # m,
o Zero-Crossing Property
m=9), 2, 4
e FEven/ Odd Pro ert ;,

e Fast Algonthm

Useful for spectrum analysis

Sometimes also useful for implementing the convolution



Walsh transform §= DFT, DCT 3 ¥ % 48 i fw

T

Wim,n]=

JSDCT =

I

ke ek e ek e e

1.0000
1.3870
1.3066
1.1759
1.0000
0.7857
0.5412
0.2759

1 1
1 -1
-1 -1

1 1
-1 -1

1

1.0000
-0.7857
-0.5412

1.3870
-1.0000
-0.27759

1.3066
-1.1759

1.0000
-1.1759
0.5412
0.2759
-1.0000
1.3870
-1.3066
0.7857

1.0000 |
-1.3870
1.3066
-1.1759
1.0000
-0.7857
0.5412
-0.2759
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1 | » DFTIm, n] = exp(-j27 m n/N),
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References for Walsh Transforms

[1] K. G. Beanchamp, Walsh Functions and Their Applications, Academic
Press, New York, 1975.

[2] B. I. Golubov, A. Efimov, and V. Skvortsov, Walsh Series and Transforms:
Theory and Applications, Kluwer Academic Publishers, Boston, 1991.

[3] H. F. Harmuth, “Applications of Walsh functions in communications,” /IEEE
Spectrum, vol. 6, no. 11, pp. 82-91, Nov. 1969.

[4] H. F. Harmuth, Transmission of Information by Orthogonal Functions,
Springer-Verlag, New York, 1972.
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® 14-B Generate the Walsh Transform

2-point Walsh transform 4-point Walsh transform
=2-point DF T 11 1 1
1 1 1 1 -1 -1

W = W =
? L —1} Yl -1 -1
1 -1 1 -1}

How do we obtain the 2¥"1-point Walsh transform from the 2*-point Walsh
transform ?
W, W,
2 2
Step 1 V=

W, -W,

2

Zero (rossings
Step 2 345 sign changes #-rows /8 B & RTH 7|

AV permutation

2k+1

>W

2k+1
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e s W, & & row chsign change #ic > d + 3| T A w4
0,1,2,3,....., 21
B Ve & & row chsign change #ic > d +F BT A W] %
0,3,4,7,.....,21-1,1,2,5,6, ....., 2k1=2,

% row index ¢ 0 B 4>

AV

Sl % n % row (n is even and n < N/2) £ sign change = 2n

(n is odd and n < N/2) = sign change = 2n + 1
(n is even and n > N/2) ¢ sign change 5 2nt+1-N
(n is odd and n > N/2) ¢ sign change = 2n—N

£ {995 sign change h#icP #- V  dirow £ ATR 7

permutation
V2k+1 > W2k+1
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sign changes

3

1

1

le—1¢1e—1

W, W,

sign changes

0

7

1

1
-1

-1
-1
1

1
-1
-1
-1

-1 '1

-1
-1
1

1
-1

1

1

1
1"

-1
-1

-1

-1
1
1

1

-1
\
-

_,.

1
-1

-1

1

-1

-1

1
1
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Constraint for the number of points of the Walsh transform:
N must be a power of 2 (2, 4, 8, 16, 32, ........ )
Although in Matlab it is possible to define the 12 -2 point or the 20 -2* point

Walsh transform, the inverse transform require the floating-point o/eration.

L\ao‘ awmard (/\/> Vto(ﬂ*‘(”".‘"l \/‘*"Hle’/; @ f ioh
rt’qu”wrd Pov the wverse
w alch transform



® 14-C Alternative Forms of the Walsh Transform

e Sequency ordering (i.e., Walsh ordering) ....... using

¢ Dyadic ordering (i.e., Paley ordering) ............

e Natural ordering (i.e., Hadamard ordering) ......

using for control

using for mathematics

from zero-crossing

dor signal processing

480

Sequency ordering| Dyadic ordering Natural ordering Wim, n]
+——>(Gray Code) «——(Bit Reversal)
row 0 = 0oorow 0 = ~3°~3r0w0= 1, 1, 1, 1, 1, 1, 1, 1]
rowl= [00)rowl= |00 row4= [, 1, 1, 1,-1,-1,-1,-1]
row 2 = o llrow 3 = 119 row 6 = 1, 1,-1,-1,-1,-1, 1, 1]
row 3 = 0 10row 2 = 01O row 2 = i, 1,-1,-1, 1, 1,-1, —1]
row 4 = 119 row 6 = ol) row 3 = [1,-1,-1, 1, 1,-1,-1, 1]
row 5 = Iy Tow 7= (11ToW 7= [1,-1,-1, 1,-1, 1, 1, 1]
row 6 = 10 jTOW S5 = [0 )row 5 = [1,-1, 1,-1,-1, 1,-1, 1]
row 7 = joQdrow 4 = 00 [row 1 = [1,-1, 1,-1, 1,-1, 1, —-1]




e Dyadic ordering
Walsh transform

e Natural ordering
Walsh transform

Wim,n]=

ke e e e e pd

Wim,n]=

ke ek e e e pd
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e binary code ; = pr 2771 to gray code

When N =2k 7=
g, =b, g,=XOR(b,,,b,) forg=k—-1,k-2,...,1 = quzq—l

e gray code to binary code
When N = 2#
b,=g, b,=XOR(b,,g,) forg=k-1,k-2,...., 1



® 14-D Properties 83

(1) Orthogonal Property

(2) Zero-Crossing Property

(3) Even/ Odd Property

(4) Linear Property
If f[n]= F[m], g[n]= G[m], (= meansthe Walsh transform)

then a f[n] + b g[n] = a Flm] + b G[m]
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(5) Addition Property

Wm,n|-W|l,n|=W|m®I,n]

3L ! Addition modulo 2 (denoted by @)
020=1®01=0, 0@1=100=1,

(Zk:akzp)@(zk:bkzp) = i(ak ®b,)2"

Example: 3 0 , therefore 3 ® 7=4
1

® 7
4 1

1 1

1 1

0 0 @: logic addition
(similar to XOR)

5® €= 7
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(6) Special functions

oln]=1whenn=0, Jo[n]=0whenn=0
onl=1, 1= N-Jn]

(7) Shifting property
If f[n]= F[m], then f[n ® k] = W(k, m)-F[m]

(8) Modulation property
If f[n]= F[m], then W(k, n)-f[n] = F[m @ k]

(9) Parseval’s Theorem

If f[n]= F[m], If f[n]= F[m], g[n] = G[m],
S|l = SIFnl .  feln] = 3 Flon
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(10) Convolution Property fn] * g[n] =W (W(f[n])W(g[n]))
It fln] = Flm], gln] = Glm|, W : Walsh transform

then h[n] = f[n] * g[n] = Flm] G[m] W1 . inverse Walsh transform

* means the “logical convolution™

hnl=fln] * glnl= Y f[l]g[n@1]=Y f[n®1]g[l]

For example, when N = 8,

h[3]=A01g[3]1 + M11g[2] + 12]g[1] + A31g[0] + 141g[7] + A151g[6] + f16]gl5]

+ f71gl4]
h[2] = f0]g[2] + fT11g[3] + f121g[0] + f[31g[ 1] + fl41gl6] + /51l 7] + f161g[4]
+ f[71g[5]
When nN:2 28] o0\ 0
;330 o P,@I 3 _0ol
O\l |

TO01o h-Q =)
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Comparison : In digital signal processing, we often use

linear convolution (standard form of convolution)

> /ileln-1]

circular convolution

}:f Je[((n=D)y]

IDFT, {DFT, [ fIn]) DFT, [glm]} = 3 /[1]¢[((n =), ]

For example, when N = §,

H[3] = fl0]g[3] + fI11g[2] + A12]g[1] + A131g[0] + M41g[7] + f5]1gl6] + /16]g[5]
+/171gl4]

H[2] = fl0]g[2] + fI11gl1] + A121glO] + A131g[7] + A41gl6] + A51l5] + A16]gl4]

+M71gl3]
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® 14-E Butterfly Fast Algorithm

Adoli sz 3XE = 24
(Method 1) John L. Shank’s Algorithm — N/: - < Z‘4 = Mlvg N

x[0] X[0]
e

x[1 - 7

- V/ >
XX/ =

x[3] m| m| XT4]

x[4] >1<><><>< X[1]

x[5] /1><>< >1< XT6]

MY PANNDS =4 o

ol NN =

J. L. Shanks, “Computation of the fast Walsh-Fourier transform,” IEEE Trans. Comput. (Short
Notes), vol. C-18, pp. 457- 459, May 1969.



(Method 2) Manz’s Sequence Algorithm

[0]
" e

X[0]

X[1]

. oo >

X[2]

i NXX L

X[3]

=

X[4]

X[5]

MY ZANND -Gl
A

X[6]

-1

Manz, J. (1972). A sequency-ordered fast Walsh transform. /IEEE Transactions on Audio and

Electroacoustics, 20(3), 204-205.

There are other fast implementation algorithm for the Walsh transform.

X171

489



® 14-F Applications 490

Walsh transform i & 1% spectrum analysis > & & % if & {FTconvolution

may not be better than the DFT, the DCT
Applications of the Walsh transform

Bandwidth reduction
High resolution
Modulation and Multiplexing
Information coding
R

Feature extraction M
T
ECG signal (in medical signal processing) analysis

o~ <
Hadamard spectrometer

Avoiding quantization error
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 The Walsh transform is suitable for the function that is a combination of
Step functions

o FoM , (DM A
New Applications: CDMA (code division multiple access)
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® 14-G Jacket Transform

Jo 2RA e ] * £2F Bogu 1 x x 1]
4-point Jacket transform J, = Lw —w -l w=2% x=2",
I —x —x 1
1w w 1]

J, J,
2K 1-point Jacket Jen = { i i } P: row permutation

[Ref] M. H. Lee, “A new reverse Jacket transform and its fast algorithm,”
IEEE Trans. Circuits Syst.-11 , vol. 47, pp. 39-46, 2000.
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® 14-H Haar Transform

Yo Hx ADIGED
11 (1 Dl -1) 244:6ADDs
N=2 H,= N=4 H,=
Y ! I -1 0 0
2ADpg “">7Fe 0 0 1 -l

[ 1
1

Nog 00 0 0 1 1 -1 -1
H8: ~ - - — — — T T
210 0 0 0 0 0
4814 LPDs 1o 0 1 -1 0 0 0 o0
\ 00 0 0 1 -1 0 0
My o 0 0 0 0 0 1 -1

[Ref] H. F. Harmuth, Transmission of Information by Orthogonal Functions,
Springer-Verlag, New York, 1972
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Hlm, n] ht& (m=0,1,...,2¢=1, n=0,1,...,2k1):

H[0,n] =1 foralln
If 2 < m < 271

H[m, n] =1 for (m —2")2" <n <(m— 2" +1/2)2F"
H[m,n]=-1 for (m—2"+1/2)2s"<n<(m —2"+1)2k™"
H[m, n]=0 otherwise

iF 8§ v Walsh transforms § “°

—_—

Applications: localized spectrum analysis, edge detection see page 299
AP 1712
Transforms Running Time | terms required for NRMSE < 107>
DFT 9.5 sec 43
Walsh Transform 2.2 sec 65
Haar Transform 0.3 sec 128
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Main Advantage of the Haar Transform

(1) Fast (but this advantage is no longer important)

A FFevent 'Mcrhm?

(2) Analysis of the local@h frequency componentX ( different scalec
(The wavelet transform 1s a generalization of the Haar transform)

(3) Extracting local features
(Example: Adaboost face detection)
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4%+ 7 SCI Papers % 3§ = 3\

A s F B3 SCI # < > impact factor.... 7% & - %_SCI 4r impact factor ?
i Pk ek < _SCI Papers? Impact factor Bi4cfe % 29 7

SCI » & : Science Citation Index

(A) SCI #p B 3= =t : ISI Web of Knowledge

@ 2 1 ISI Web of Knowledge
http://admin-apps.webofknowledge.com/JCR/JCR?RQ=HOME

A FE AL P NE BH B GBS ISIEIE = F
¥ 10 ig % ISI Web of Knowledge
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(B) #= Go to Journal Profile

By~ R R A (R D)
ﬁ;;])\

2 Clarivate” 5! Products

Journal Citation Reports Browse journals  Browse categories QD My favorites Signln

The world's leading journals and
publisher-neutral data

Journal name, JCR abbreviation, ISSN, eISSN or category

Already have a manuscript?

Find relevant, reputable journals for potential publication of your research using

Manuscript matcher.




w
=\
¥

I P4

L T

A

i® #p 7| E_SCI & 7|

TP ¢ &or 41 i B 8P 7 5 impact factor

Impact Factor (%2 58 % #c)

Jovurnal Citation Reports Journaits

[z -
IEEE TRANSACTION
ON IMAGE

PROCESSING

105T-7T149
1541-0042
IEEE T IMAGE PROCESS

IEEE Trans. Image Process.

Journal’s performance

A Impact Factor

actar (WF} iz 3 journal level metric calculated from data inde:

ure for individual rescanchers, institutians, ar articles

Journal impact Factor Trend 2024

128

wed in the Web of Science Core Callection. it should be used with careful atbentio

n ta the many Esctors that influcnee citation rate:

uch az the valume of publicatian and citatians chal
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(C) B >+ impact factor (F2 58 (% #) :

% - 1 journal & & 92 F > AW A 31 * =t Ak 5 Rz B journal
77 impact factor 4% 3

- 4& @ = > impact factor & 3.5 ™2} erjournals 0 © 58 F_F -k # ey T
¢ %K endp 7] e impact factors & 1.5 3] 3.5 20 @&

Nature 7 impact factor 5 48.5
Science £ impact factor = 45.8

IEEE % 7| en#p 7| cr impact factors 3 ¥ A& 2 3| 15 2. &



(D) & 39— BAf3 3 v SCI journals

i 2% 3 ISI Web of Knowledge 2. {¢ » 2Z:-:% | Browse Category |

2 Clarivate” i Products

Journal Citation Reports  Browsejourna Q My favorites  Signin

The world's leading journals and
publisher-neutral data

Journal name, JCR abbreviation, ISSN, elSSN or category

'_-:.' Already have a manuscript?

-
=5 Find relevant, reputable journals for potential publication of your research using Match my manuscript

Manuscript matcher.
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£ EH L %3 e category 0 4o

NUMBER OF CATEGORIES NUMBER OF JOURNALS NUMBER OF CITABLE
ITEMS
; ;
S Economics & Business
21 3,188 239,113
NUMBER OF CATEGORIES NUMBER OF JOURNALS NUMBER OF CITABLE
ITEMS

Engineerin A
& & 41 3,387 722,757 =

Covers multiple subspecialties of engineering in a AGRICULTURAL ENGINEERING
variety of industries.
AUTOMATION & CONTROL SYSTEMS

CONSTRUCTION & BUILDING TECHNOLOGY
ENGINEERING, AEROSPACE

ENGINEERING, BIOMEDICAL
ENGINEERING, CHEMICAL

ENGINEERING CLULL

ENGINEERING, ELECTRICAL & ELECTRONIC

ENGINEERING, ENVIRONMENTAL

ENGINEERING, GEOLOGICAL
ENGINEERING, INDUSTRIAL

FNGINFFRING MANIIFACTIHIRING
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(E) EI (Engineering Village)
T 4k 0 www.engineeringvillage.org

http://www.engineeringvillage.com/search/quick.url

AP E AT L E]
http://tul.blog.ntu.edu.tw/archives/4627

(F) SSCI (Social Science Citation Index)

T A € L

http://www.thomsonscientific.com/cgi-bin/jrnlst/jloptions.cgi?PC=]
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(G) Conference £t ¢

Microsoft Academic Search 3 7] 1 & 47 3¢ 4v % &1 conferences I 4v 12 £t 7
(R 3 ARSI H ARG ot ZAXT G )
Jrid 3027 2 5L A 4P B ¢ conferences » + % B £30

http://academic.research.microsoft.com/RankList?entitytype=3&topDomainl
D=2&subDomainID=0&last=0&start=1&end=100

£

http://academic.research.microsoft.com/RankList?entitytype=3&topDomainl
D=8&subDomainID=0&last=0&start=1&end=100
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(H) H Index

7 ey < citation ﬁif&f
1

‘I‘
2 5, 2 citation #ic & ) 3T E Y N+
Al Hindex =N
Example: 387 - BF F# % 1 105 > > citation d % 3> & & 5

33,24, 18, 13,9.7.4.3, 1, 1
|z § 4 ch H-index 5 6



506

FrAET¥ERART I Hfpc EoomBhm Fipz S g flapdi
Lo AR ERF PTG EREF BT MEA R L ER
X BT AR ER S AT p e PR R R T EE F
io%ﬁ’%§%?1}$¢wﬁﬁT?ﬁi’—%%ﬁpfﬁ%’ﬁﬂ.
fie & 4% e ﬁitﬁ’<iﬂ'u¢—ww' AT g R o T AR A
303~ S B S fR R

(1) i 7 &far'g o (BB A PAE? ARG G EE-RFENRG
w2 gEk, Y

ﬁwé il *%ﬁmrﬁ§J,m{ﬁme;$
5, o & m&ﬁ@;mm@ ) %fmgﬁﬁmmﬁ§ﬁrggJo
(2) o 3 F et WA F 4 7

BHEP i e E B g sin BdF S 5 ¥ A Jo R 1™ E 4R

g @D AR S AR 0 ARATAR S



507

1
(5) % Tkl A% § AXdF o ARFTARLF
G- BAIEPE Y survey (B £ EH)

(6) Previous work (-é‘?: Ao NPV RFHAETT > S RAp e hf
)I§J< o Introduction 4 ! Prev1ous work 4% % R AT/ - K H =~ g A 2 -

(T)#F+ 4idit+ & F - ekt



508
<&?u%%&§ﬁ#%%ﬁ%ﬁﬁ’ﬁﬁéwéiﬁﬁﬁ

dF A:afc‘ LiEi 4 3T FREETF 6§ 0 nF A ol

(M 2b= F) RI|ETIRP A< mr.r»’?”r

(9) P\?-vfiﬁjiﬁﬂl_,?,l'j? Fﬁ/ﬁg;g;uJ 7 VKRB - X B3 kRS R
LA~ TRAR >~ 2 RER

(10) ¥ 12 * Conference sr#p*Tk & kK p 2
B WA Y P fh 0 Aot - E R Y RV

4

(IS ARHN 0 2 hen T8 g » A HE £ 2 B

ek GEFHRE G ERA G RE- B s ?



509

XV. Orthogonal Transtform and Multiplexing

® 15-A Orthogonal and Dual Orthogonal

Any M x N discrete linear transform can be expressed as the matrix form:

o0 ]| gf0] 40T A2 #[N-1] ][ 0] ]
yl1] ¢ 0] 411 &[2] - ¢ [N -1] x[1]
21 |=| 410 |1 ¢2* 2 9, N-1 x[2]

- A X
y[m]=(xinl.g,[n]) = ¥ x{nlg: [n]

inner product



510

N-1

Orthogonal:  (¢[n].¢,[n])=> & [nlg[n1=0 when k= h
n=0

orthogonal transforms 5]+

e discrete Fourier transform

e discrete cosine, sine, Hartley transforms

e Walsh Transform, Haar Transform

e discrete Legendre transform
e discrete orthogonal polynomial transforms

Hahn, Meixner, Krawtchouk, Charlier
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PR AR R IR o AP F % orthogonal transform?

Orthogonal transform # * &4F e & ?

(1) Expansion coefficients are easier to be determined.
(2) Using more basis — less approximation error.

(3) A-' = DAT (D is some diagonal matrix), which means that the forward
and inverse transforms have similar structures in implementation.

(4) In communication, different channels will not interfere with one another.

10 Y h G A Gy LT S
then, 1o vecover Ca

Y, 3,57 (LB, B +0:X%s By 4~ + (K P, B>
< CV‘ <¢V‘/%ﬂ> -
. <L " no Th'(’?kpffeh(f
Cp é&%‘élﬂ> O\Mong di'@@ﬁm{

chanme\¢




e, and e, are orthogonal 512
v=(2,2)

e, = (0,1) v =2e, +2e,

e, and e, are not orthogonal
v=(2,2)

V= 2\/§e3 +4e,

€; = [19_1] /\/5
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e [f partial terms are used for reconstruction

for orthogonal case,
N-1

perfect reconstruction: X[7]= > .C.'ymg,[n]

m=0
K-1
partial reconstruction: x, [n]=> C,'y[mlg,[n] K<N

m=0

reconstruction error of partial reconstruction
2

x[n] = [n]] = NZ NZK C, yiml,[n]
= Nol :Z;,: C;ly[m]cém[n]m]i C,. v [m]14, [n]
- N NZ C;ymIC;'y [m, ]N ¢, [n)g, [n]
= :; mNz; C,'y[m]C, y'[m]C,6[m—m,]= :ZI:: C.y[m]

- Z_H_r o ¥ OriERZE K 4% % | reconstruction error 4% -]




For non-orthogonal case,

N-1
perfect reconstruction:  x[n]=">» B[n,m]y[m] B=A"1
"
partial reconstruction:  x, [n]=) B[n,m]y[m] K<N
m=0

reconstruction error of partial reconstruction

N-1|| N=1 2

[x[n]=xc [n]] = | > Bln,m]ylm]

n=0 [|m=K
N-1 N-1 N-1

N-1
d > y[m]y*[ml]ZB[n,m]B*[n,ml] F— R
n=0

# £ %7 K 4% % | reconstruction error 4% -|:

514
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® 15-B Frequency and Time Division Multiplexing

@ % Digital Modulation and Multiplexing : # * Fourier transform

diffaent Frequeny

¢ Frequency-Division Multiplexing (FDM) for ifferent cha l
o) Tt teren Chéenhel ¢

N-1
z(1)=) X, exp(j2x f,1) X =0orl
n=0

X, can also be set tobe —1 or 1

T hry = -nm.(.
When (1) ¢ € [0, T] (2)\fn=n/T f e3n71662 Todt
— o

z(t):anexp(j%) =0 +f V\#Wl-/[_ T

it becomes the orthogonal frequency-division multiplexing (OFDM)
in the continuous case. -
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Furthermore, 1f the time-axis 1s also sampled

t=mTIN,  m=0,1,2,..... N1 +€10.7] |
sampling for t-axis
T\_\° 27rnm
z(mﬁ) = ;Xﬂ exp(] N );
e

(OFDM jn the discrete case)

then the OFDM 1s equivalent to the transform matrix of the inverse discrete

O ——

Fourier transform (IDET)_which is one of the discrete orthogonal transform.

e
4

N-1
Modulation: Ym=Z(ml)= Alm,nlX,

N m=0
1 1 1 1
27 A 2(N-O)x
1 e’V e’V e/
A 87 A(N-)7x
A = 1 e] N ej N ej N

2(N-)z A(N-I)7 j2(N—1)(N—1);z

1 e v e v ..o W




Modulation: Y = N A[m,n]X,
m=0
) 1 N-1
Demodulation: N’;} A" [m,n]Y,

Example: N=38
X,=[1,0,1,1,0,0, 1, 1]

(m=0~7)
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e Time-Division Multiplexing (TDM)

z(0)= X,, z(%)z)(l, z(z%)—Xz, ------ : z((N—l) =Xy
N-1
y(m)=z(mL)=3 lmnlx,
m=0
(1 0 0 0
0 0 0
A={0 0 I --- 0 (also a discrete orthogonal transform)
000 - 1
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q P -
1‘7.

N

F X time-division multiplexing 7% /- i ¥

7R & # * frequency-division multiplexing
fe orthogonal frequency-division multiplexing (OFDM)?
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® 15-C Code Division Multiple Access (CDMA)

",f frequency-division multiplexing §= time-division multiplexing » &_F

7
£7 H # multiplexing #1754 ?

i# * H i e orthogonal transforms
T code division multiple access (CDMA)

CDMA is an important topic in spread spectrum communication

\\\?’;r

[1] M. A. Abu-Rgheft, Introduction to CDMA Wireless Communications,
Academic, London, 2007

2] 58 ME, > 3 “CDMA B4 2R T &, 54,2002,
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CDMA & % # * ¢ orthogonal transform = Walsh transform

channel 1
| [l 11 1 1 17x] /channel 2
Y 1 I -1 -1 -1 —1|x ?channel 3
* I -1 -1 -1 1 11}x /channel 4
V4 1 -1 1 1 -1 -1} =x,
». | 11 -1 -1 1| x /Channel 5
¥, 1 I -1 1 1 —-1|x .—channel 6
V- 1 -1 -1 1 -1 1/|x |« channel 7
el -1 1 -1 1 —1]|x |« channel38

channel 1 channel 2

Channel n = the nt column = the n row
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FFAEA R - BEFAIL (AfBIH) > (CHDRH)
S T < I SU S 2 Rl s

(1) Different Time
(2) Different Tone

(3) Different Language
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CDMA % 3 :
(1) Orthogonal Type  (2) Pseudorandom Sequence Type
/()«o\w\e‘ ' o Chawne| 2
Orthogonal Type 6]+ © & 3 [1,0,1]  [1,1,0]
(1) # 0% 5 —1 [1,—1,1] [1,1,—1]

2) 1,-1,1 modulatedby[l 1,1,1,1,1, 1, 1] (channel 1)
—>[1,1,1, 1?1, 1,1, 1, -1, -1, -1, -le,‘-l, 1, -1, 1, 1,1,1,1, 1, 1,1, 1]
1, 1,—1 modulated by [1, 1,1,1, -1, -1, -1, -1] (%hannelZ)
- [1,1,1,1,-1,-1, -1, 1, 1,1,1,1,-1, -1, -1, —1,5—1, -1,-1,-1,1,1, 1, 1]
(3) 4 & €2 e -

[29 27 29 29 Oa O) 09 Oa Oa 09 07 O) _29 _29 _29 _29 09 09 09 O: 29 29 29 2]



demodulation

[29 29 27 29 09 07 09 095 07 09 09 07 _27 _27 _27 _275 07 O) 09 07 29 29 27 2]

e ,1,1,1,1,1,1,1] e, 1,1,1,1,1,1,1]
e[l,1,1, 1,1, 1, 1, 1] Tnney produ et
*§>0 |
riE =8> | Thvev Fyeo'rﬂ\('(?}"(o}<o
7P -0
S I R I R R I |
Tiney pr o duct
8 70 )\ S yo =| -80>-12>0

I+ the 4t entry T dfshoyeo'

Lzle 000" ---
Thwner proo‘w'( W‘ﬂ" €

-6 >0=>|

Mhnev prod uct with e,
TG >0=1
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525
AR
(1) # * N-point Walsh transform p¥ » 3, & ¥ 145 N i channels
(2) “,f 7 Walsh transform 12 ¢t » H i &7 orthogonal transform » ¥ 12 i #

(3) i# * Walsh transform =74F e



e Orthogonal Transform * if enR* 42: % & I % synchronization

R=[1, 1, 1, 1, 1, 1, 1, 1]

R,=[1, 1, 1, 1,-1,-1,-1,-1]
R.=[1,-1,-1, 1, 1,-1,-1, 1]
Ry=[1,-1, 1,-1, 1,1, 1,-1]

e §_ X I basis, i*u_,ﬁlr 7 F 5 & 2T 02 orthogonal
<Ry[n], Ry[n]>=8, <R,[n], Ry[n]>=0if k1
<R,[n], R [n—-1]>=20r0 ifk=1.

1T 42 ershift & circular shift
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CDMA m@m@ :

(1) & & & 4p ¥ frequency division multiplexing & > % %
(2) ¥ r2 > noise % interference:i 7@ 5

) ¥ Mt A l-ﬁ'—%{r’—q i @,J

4) ,T*u-% ERTINA TRl » 3 F oaede r K0 5L recover F K

(5) 17 W 3 et 3% R RE W 1Rt
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AR 0 # Y LEER A TET ) 0 BT ER

s

B3k A % i¢ * ehorthogonal basis 5 ¢ [n],k=0,1,2, ..., N—1

B % i¢ * forthogonal basis % g [n], h=0,1,2, ..., N—1
nl, un y
<¢k[ |97 ]>) Tl

(4[], 4,[n])
k=0,1,2, ..., N-1,h=0,1,2,..., N-1

BN max(



M- A

¥ chEs s 4

(1) Lightening and Darkening

Input YCbCr
RGB to YCbCr
Example:

7(¥)= 255(2—15/5)“

a < 1: lightening

a>1: darening

Output

Y,=AY)
Cb unchanged YCbCr to RGB
Cr unchanged
_ a=0.5
a=2

50+

1
50

1
100

1
150

1
200

|
250

529



Mtdr- S R ¥ iR AR S 2
original image darken

50
100
150
200
250
300
350
400F
450

500 [ .|I.I bl Al
100 200 300 400 500

original image

- Y

50
100
150
200 i

250 ¢

1 1 ‘ 'l’-" & 4 1 1 1 L
50 100 150 200 250 50 100 150 200 250

400
450
500

100 200 300 400 500

darken

-~ "\ B

50

100

150

200

250
50 100 150 200 250
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SR R AP R

(2) Morphology
(2-1) Erosion (3 “érf W 3 vh [E])
A[m,n] = A[m,n]&A[m—l,n]&A[m+1,n]&A[m,n—1]&A[m,n+l]

® }0/ %

A z 0 y 0
) 0 0 0 0 0 0 0
y 0 0 0 ) 0 0 0
o 0 0 0 ! 0 0 0

Q( 0 /@/ * 0

ES M ES ES

Erosion for a Non-binary Image

A[m,n] :min{A[m,n] , A[m—l,n] , A[m+1,n] , A[m,n—l] , A[m,n+1]}



. AL A

(2-2) Dilation ~ (# =~ ¥ &)

Alm,n|= A[m,n]|| A|m—1Ln]|| Alm+1,n]|| A[m,n—1]|| A[m,n+1]
% e e 0 e

# 0 # 0 0 0 0 ‘

0 0 0 0 0 0 0 0 0 0

0 0 0 0 # 0 0] 0 0 0 0 *

0 0 0 0 0 0 0 0 0

< | o0 | o | o | =

Dilation for a Non-binary Image

532

Alm,n] =Max{A[m,n] , Alm—1n], Alm+1Ln]|, Alm,n—1], A[m,n+1]}
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ML A K R s AR

(2-3) Closing (Hole Filling)

closing = dilation k& times + erosion k times

input dilation 3 times then erosion 3 times
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ML A K R s AR

(2-4) Opening

opening = erosion k times + dilation k times

input erosion 3 times then dilation 3 times




kL

¥ r e s 45 2

(3) Edge enhancement

a0

100

150

200

250

300

350

400

450

input image+a‘edge detection output‘

Original image

A

250 300 350 400 450 500

With edge enhancement

100
150
200
250
300
350
400

s g
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DY RN A Y R

(4) Dehaze (",/TT %)

He, Kaiming, Jian Sun, and Xiaoou Tang. "Single image haze
removal using dark channel prior." IEEE Trans. Pattern Anal.
Mach. Intell., vol. 33, pp. 2341-2353 , 2011.



ML A ¥ P B AR 2

Haze Model I(x) = J(x)t(x) + A(1 — t(x))

J(x): scene, I(x): observed image

t(x): transmission, A: intensity for the whole-haze case
A(1- t(x)): airlight

7_#& dark channel J%*(x)

era-rk* _ . . JC .
() = min ( min (J(y)))

()(x) : some patch (a small region)
Dark channel %z - B Rtk - B[R %5 » RGB e | &

- B ¥ B e dark channel * % i3t 0
— % % haze % %88 % > dark channel ¥ ¥ % % 0
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SV AR AL AR

Dehaze 73 j# 82 542

I(x) = J(x)t(x) + A(1 —t(x))

- o . .y
Je ‘“(X):ngn(yg};&)(ef (¥))) =0. min( e ae )

A: the 95% largest intensity of I(x)

J(x)= I(x) n A[l_lj — recover the original image

((x)

He, Kaiming, Jian Sun, and Xiaoou Tang. "Single image haze
removal using dark channel prior." IEEE Trans. Pattern Anal. Mach.

Intell., vol. 33, pp. 2341-2353 , 2011.
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B & i

o A A ¥EA £ KT BEEE > AP e JRITPERLFA

o LRAER L E N > I HP L RT
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Sk SRS Rl

Ll g ey b1 ivt > 3 T qr digital signal processing ¢ time

1
frequency analysis & & PR 32 > Boeiys 2 k- A=343% o



