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X1V. Walsh Transform (Hadamard Transform)

® 14-A Ideas of Walsh Transforms

e 8-point Walsh transform m 3521.,5 ['?F‘Z\hnas)
11 1 1 1 1 1 170 DC term

low
_F'equ 1 1 1 1e°-1 -1 -1 —-1}]1
1 1 <-1 -1 -1 -1-1 1

1 Te—-1 —-1¢1 1 -1 -1
le—1 -1e1 1<-1 —-1-1
wh Jl1e—1 1ol e-1e1 1 -1
freqeng 1101 o101 1110156
Is=l1-12—-1<1e—-1°1--1|7
e Advantages of the Walsh transform: )

(1) Real ;kb};%_:()

(2) No multiplication is required

Wim,n]=

B~ W N

()]

\-‘d')\A-PWN““O

(3) Some properties are similar to those of the DFT



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 Z W [my,n|W |m,,n]=0 Z W|m,n|W|m,n]=N
n=0

. ifmy=m, "
e Zero-Crossing Property

Even / Odd Property
e Fast Algorithm

Useful for spectrum analysis

Sometimes also useful for implementing the convolution



Walsh transform §= DFT, DCT 3 3 % 4p it A i
I 1 1 1 1 1 1] 2
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| ,»DFIlm,n]=exp(—j27zm n/N),
-1 -1 1 -1 1 1 -1
11 -1 -1 1 -1 1 M ow DLT

i youw Walsh

Wim,n]=

ot e ek e e e e

26ro
8 point DCT wlfiphat by g = - L T (romles
page 34( [ 1.0000 1.0000 1.0000 1.0000 1.0000 /1.0000 1.0000 1.0000 |
1.3870 1.1759 0.7857 0.2759+-0.2759 -0.7857 -1.1759 -1.3870
1.3066 0.5412¢-0.5412 -1.3066 -1.3066 -0.5412- 0.5412 1.3066
1.17590-0.2759 -1.3870 -0.7857 = 0.7857 1.3870 0.2759 =-1.1759
1.0000 *-1.0000 -1.0000 e 1.0000 1.0000¢ -1.0000 -1.0000 ¢ 1.0000
0.7857¢ -1.3870 ¢0.2759 1.1759e-1.1759 -0.2759 * 1.3870e-0.7857
0.5412 3-1.3066 % 1.30669 -0.5412 -0.5412 «1.3066 ¢-1.3066 «0.5412

0.2759¢ -0.7857 « 1.1759 ¢-1.3870 ¢ 1.3870+ -1.1759 & 0.7857 «-0.2759

[a—

DCT =

ot PPw vV — O
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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.



® 14-B Generate the Walsh Transform

2-point Walsh transform 4-point Walsh transform
1 1 1 110
1 1 1 1 -1 =11
W = W =
ZL—J Yl -1 -1 1] 2
1 -1 1 -1] 3

How do we obtain the 2¥"1-point Walsh transform from the 2*-point Walsh
transform ?

te b +

2

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




-1

)

sign changes

1 o1v1 1] 0
W, W,]| [le-1¢1°-1| 3
W, —wj 1T ] 1
_1-—1\—1-1_ 2
sign changes
11 1 1'1 1 1 170
I 1e-1 —1¢1 1e-1 1|3
le—1 —1-1 [le-1 —Io 1] 4
le—lele-ldl ecleolo—1|7
1T 1 "-—1 EUT Y
I 1 -1 111 -1 1 112
I -1 -1 121 11 -1 s
1 -1 1 —1'-1 1 -1 1] 6
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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 operation.



® 14-C Alternative Forms of the Walsh Transform 477

e Sequency ordering (i.e., Walsh ordering)
e Dyadic ordering (i.e., Paley ordering)

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

L7 X -
/*ﬂ“} S from zero-crossing

usingor signal processing

using for control

using for mathematics

Sequency ordering| Dyadic ordering Natural ordering Wim, n]
+——>(Gray Code) «——(Bit Reversal)

row 0= jvoo row 0 = Doorow 0 = 1, 1, 1, 1, 1, 1, 1, 1]
row 1 = 09| row 1 = |00 Tow 4 = i, 1, 1, 1,-1,-1, -1, —1]
row2= pl| row3= 1o row 6 = 1, 1,-1,-1,-1,-1, 1, 1]

el row 3 = 0] 0 TOW 2 = 0| Tow 2 = i, 1,-1,-1, 1, 1,-1, —1]

] 00 row 4 = 110 row 6 = 01 row 3 = [1,-1,-1, 1, 1,-1,-1, 1]
row 5 = Wl row 7= [l) TOW 7 = [1,-1,-1, 1,-1, 1, 1, 1]
row 6 = lo|row 5 = (0] row 5 = [1,-1, 1,-1,-1, 1,-1, 1]
row 7 = loorow 4 = 09| 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 80

(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)




482
(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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fin] * gln]=w (W ( fIn])W (gln]))
W : Walsh transform
then A[n] = f[n] * g[n] = F[m] G[m] W1 . inverse Walsh transform

* means the “logical convolution™

m—

(10) Convolution Property
Itfln] = Flm],  gln] = G[m],

W) =] * glnl = S f[1]g[n@1]= f[n@1]g[i]

oLl
04 7 305 Vol
For example, when N = 8, R:4,n:3 o 5,n:3 I 1O
h[3]=/10]g[3] + M11gl2] + f2]g[1] + /13]g[0] + A4 7] + f[5]g[6] + f16]gl5]
+/171g[4] X ) »
h[2] = f10]g[2] + f[1]1g[3] + /12]g[0] + f[3]g[1] + fl4]1g[6] + /[5]g[7] + f16]gl4]
+ A712L5) 4 el
21, Y: 2:3,n%
00 O |
@ 019 o ( r’>
oVl
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Comparison : In digital signal processing, we often use

linear convolution (standard forn}P of con\Jfolution) N:8 .
- N-1 < -|J 92},]-‘- —_——- _pEr'] 3':_4]
h(#)- ] iy LhT3]: (P9 BJ+
] ;f[ lg[n-1] hT2] : £0°1 91 +£01 901 +. -~ H:C’I‘JQE-S]

circular convolution I¢ £[1:=0 for 2 M
v _ gm1:0 for h> )
Zf[l]g[((n_l))zv_ owd N 2m4(-) , theh

N-1 [Theaw (owolu-l—‘rm = c‘(rcul?y
IDFT, {DFT, [ fIn]DFT, [glnl]} = 3 f[1]e[(n-1),] "

Ext ¥ ct"i:%() for n=9,,2,3,4,5 (Mm:=¢)
For example, when N\=/8, y gv,]jf 0 for n O (L:3 )
g

H[3]=/10]g[3] + /T11gl2] + A2]1g[1] + /13]gl0] + /141 7] + /[5]g[6] +f[6]g[5]‘
+f71gl4]
4 v v
H[2] = f[0]g[2] + AT1]gl1] + f2]1g[0] +A131gl7] + f41gl6] + f151g[5] + f16]g[4]
+ f71g[3]
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® 14-E Butterfly Fast Algorithm

AbDs = 8x3 =24

(Method 1) John L. Shank’s Algorithm

x[0] X[0]
x[1] v >—1< X[7]
x[2] >1©< X[3]
1 DX > =
ws LXK =
IFANNID -GS -
x[7] m \ /_1\ >_1< X[S]

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

486



® 14-F Applications 487

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

may not be better than DFT, DCT
Applications of the Walsh transform S‘f‘a\?\f - ll‘l(e

Bandwidth reduction
High resolution
Modulation and Multiplexing

Information coding b

Feature extraction r
T
ECG signal (in medical signal processing) analysis —

Q'S

Hadamard spectrometer

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

New Applications: CDMA (code division multiple access)
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® 14-G Jacket Transform

J IR ] +2° Bk 1 x x 1]

4-point Jacket transform J, = Lw —w -l w=2% x=2",
I —x —x 1
I —w w -1 ¥t WE 05

2Mvowt T) 05 -0.5 -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.



® 14-H Haar Transform = Wauelet +ransform

490

A Y
| 75 %
‘K‘ ~| Y)_
0
A - 74-

eLrvek -él Yows

repeat +the
entries ol Mwys
¢« lagt —;", yous

L, -1 with

di Fferent o contions

[Ref] H. F. Harmuth, Transmission of Information by Orthogonal Functions,

Springer-Verlag, New York, 1972
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G*“ row O‘P Hsz

-1 -1 -1 -1 -1 -1 -1 -1

1
-1

-1 -1 -1

1

-1 -1 -1 -1

1

0
0

-1

H16 =



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

492

19172 256-pot Signal / reg e
Transforms Running Time | terms required for NRMSE < 103
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)

(2) Analysis of the local high frequency component
(The wavelet transform 1s a generalization of the Haar transform)

(3) Extracting local features wth A1lfevent <ca |¢5
(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.
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PROCESSING
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Journal information
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Publisher information
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IEEE-IN

ENGINEER

IEEE Trans. Image Process.

Journal’s performance

Journal Impact Fagtor

ion and citations characteri:
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is inappropriate to use ajournal-

HOURNAL IMPACT FACTOR WITHOUT SELF CITATIONS Journal Impact Factor contributing items
9.662 Citable items (914)
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e
& Export FFDNet: Toward a Fast and Flexible Solution for CNN-Based Imay ng

Journal Impact Factor Trend 2020

ELECTRICAL ELECTRONICS 445 HOES LANE, PISCATAWAY, NJ 08855-4141

= subject area and type of journal. The Journal Impac

12 issues/year

tapinion

citing Sou

CiTaTIoN couwT

 wytasries

& Export
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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 50.5
Science =77 impact factor = 44.7

IEEE % 7| en#p 7| cr impact factors 3 ¥ A& 2 3| 15 2. &
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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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Microsoft Academic Search 3 7] 1 & 47 3¢ 4v % &1 conferences I 4v 12 £t 7
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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
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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:

0] (0] ol (2] ¢ | N -1 x[0]
yl1] g [0] o1 &[2] - ¢ [N -1] x[1]
21 |=| 410 |1 , 2 9, N-1 x[2]

- A X
N-1 T'_
y[m]=(x[nl,8,[n]) =" x[nlg;[n] AA'=D
n=0 A AT V..(_T

inner product
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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.

¥ 9, ¢z, Gy - Py Owe or‘chogovm\
X= C. @, +C).¢2+C3¢;+ -~ 4 (v D
L% By = CLB, byt (L S+ 6L Ps, Bn7+ + (4 LBy, 00D
2 CmlDm, B>
€ = < A, ¢"\>/< ¢lm,¢m>



e, and e, are orthogonal

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

€; = [19_1] /\/E

\\A: ( 2,,_2.)

v =12e, +2e,

V= 2\/§e3 +4e,

——————

509
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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% -|:

511
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® 15-B Frequency and Time Division Multiplexing

@ % Digital Modulation and Multiplexing : # * Fourier transform

e Frequency-Division Multiplexing (FDM) ‘-—Z-'P"?a? Fbm
wmoAa (

N-1
Z(t):ZXneXP(jzﬂﬂf) X =0orl
n=0

X, can also be set tobe —1 or 1

When (1)t € [0, T] (2)f,=n/T

——

N-1
z(1)=) X, exp(j—zg,”t)
n=0

it becomes the orthogonal frequency-division multiplexing (OFDM)
in the continuous case.




Furthermore, 1f the time-axis 1s also sampled 513

t=mTIN,  m=0,1,2,..... N~1 +€10.7] |
sampling for t-axis
N-1
T\ _ . 2rnm O T
)= 2 e 1277 Y

(OFDM in the discrete case)

then the OFDM 1s equivalent to the transform matrix of the inverse discrete
_Fourier transform (IDFT), which 1s one of the discrete orthogonal transform.

T N-1
Modulation: Y, = Z(mﬁ) = A|m,n

m=0
1 1 1 1
27 A 2(N-O)x
1 e’ v e’ N e’ v
A 87 A(N-)7x
A=\ e’V e’ N el v

2(N-)z J.4(N—1)7r 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

} T
W= W 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



520
CDMA % 3 :
(1) Orthogonal Type  (2) Pseudorandom Sequence Type
3 bids
Orthogonal Type eht|+ @ & 234 [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,“-,1, -1, -1, -1, 1, 1,1,1, 1, 1, 1,1, 1]
1, 1,—1 modulated by [1, 1,1,1, -1, -1, -1, -1 YchannelZ)
- [1,1,1,1,-1,-1, -1, 1, 1,1,1,1,-1, -1, -1, -1,;-1, -1,-1,-1,1,1, 1, 1]
(3) 49 & v e —vh
2,2,2,2,0,0,0,0,0,0,0,0,-2,-2,-2,-2,0,0,0,0, 2, 2, 2, 2]
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demodulation " o2 X3
[222200000000222200002222]
wl [19 19 19 19 19 19 19 1] [19 19 19 19 19 19 191]
1, 1,1, 1,1, 1, 1, 1] U
\ P4 -8
n i =8 ""*5‘ ¢ = 52
¢G,: _& . ! il A
IRt IR SR by Gy Who
<W, W,
If the 4% ehtry of %, ¢ 'o:t )(,‘-'-[2,7-,1,01 0,0,0,0) =5 £:015,0
%(

Wai Ll iy 1 =) =1 -1
: LA,We) g LA Wy . §. Cpr 2l Ma7 . <%
W, W3y 'é"‘} Gy {w; Wy 8" 0\ “ %3 W, WD '53-]:>0
I-(’ the 137 |4"‘"‘ entvries ave |ogt

v_l -6 4.<T 009 00, -2,~]
ooy 050
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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-‘l’—%{r’—q i ﬁ;,]

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

526



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

529

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



