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Outline

e What is signal
e Fourier Transform
e Cosine Transform

e Homework:
e Problem 1 - Filtering
e Problem 2 - JPEG compression

e Rules



What is signal

. BERE—ERRMITABIEMNEFERKE
o Example ‘

o f(t) . %Eﬂ

o f(x,y): B

° Type
o Continuous
o Discrete Continuous Signal
. (takesvaluesinthe set[-7,7])
e In this homework, we use :
e discrete signal ®o
@ @
@
® |
o |
l @ Py .l.

Discrete Signal
(takesvalues at the integers {-7,-6...0...6,7})



Basis

o How to use basis in signal analysis X = [X0, X1, -+, XN-1]

o Given a speech signal
o Can we find basis to describe this signal ?

/| B ={by,by,..,by_1)

[X]B= [ao, a4, ...,aN_l] =4a

X = z akbk

k=0




Joseph Fourier

Any periodic signal
can be represented
as a sum of

sinusoids.



BEExE EH ={Ebasis vectorsB
- = ASEZ gy cosine signal4H i}

Fourier Transform X = ayibyy + by + Agsbpa

Lt wrtem

Fourier Transform

| a fo EELwmE

Ay




Cosine Transform

e Fourier Transform includes complex number computation
e We use cosine transform instead

e Cosine Transform Formula

e Given a discrete signal x = [ xg, X1, ..., X5, ..., Xy—1] With N length
e Basis Matrix:

*B=1{by,by,..,by_1} ENiEbasiszksEx, et S ANEIER, ERATERT

1 if k=0 How to get a X = Ba Inverse Cosine transform
VN’ -
bn,k “\VZ  (n+05)kn — a = B71X cosine transform
N 2 N selse i ‘XX\/\w | Why sine/cosine waves are basis?
n: B _EAYindex A (ij,w) = fcoij cos kx dx
k: $83 _Ffindex LA
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If we want to get the low frequency signal of a mixed signal...
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Application

* Filtering
* Human voice

* Man: 85-180Hz
* Woman: 165-255Hz

* Remove high frequency noise from speech signal

* Compression

* Mel-frequency cepstral coefficients (MFCCs)
* JPEG

strong "energy compaction" property.
In typical applications, most of the
signal information tends to be
concentrated in a few low-frequency
components of the DCT




Homework

* Filtering (problem 1) 3%
* pl.py

* JPEG Compression (problem 2) 3%
* p2.py



Code & Data link  Colab link

Github repository contains below files:
*pl.py
*p2.py
*example data
* test.txt
* test.png
e example_output
* freq.png
* fl.png
* f3.png
* reconstructed.png


https://colab.research.google.com/drive/1DyAi7vy1h2A-AylKBYZnd11GIcR1AE09?usp=sharing

Problem 1 - Filtering



I n p u t d a ta 1 2.000000000000000000e+00

) 1.807043722803219010e+00
1.301131695689425438e+00
6.732702563537411589%e-01

5 1.595661667536837358e-01
-4.894348370484646882e-02

.207594915133041180e-01

.958100580910720145e-01

.185323674418810924e+00

.653344919876962527e+00

.809016994374947451e+00

.579530237150736927e+00

.037985621796358338e+00

] .755301115537416079e-01

5 -1.715930046262574837e-01

-4.122147477075268629%e-01

17 -2.731901993959511277e-01

5 1.727366797267690379e-01
.347962859400198887e-01

® example data/test.txt
e Total 1000 lines, one value per line

W N |
WRRRRRU R

— \'5 . 20 1.177141547059625148e+00

X = 2i=1 Cosme(ani) 21 1.309016994374947451e+00
22 1.057706881539801413e+00

o fl < f2 < f3 < f4 < fS 3 4.963983089606727184e—01

24 -1.836837608106426378e-01
> —7.462264748456348684e-01
-9.999999999999998890e-01
-8.718075139042609223e-01
8 —4.343502279392522092e-01
’9 1.216356797892221842e-01
30 5.603271072100921568e-01
1 6.909830056250526598e-01
32 4.408924416902699206e-01
3 -1.167622971901245421e-01
—-7.907706684766655503e-01




if _name__ == '_main__':

# Do not modify these 2 lines

signal_path = sys.argv[1]

I O DO out_directory_path = sys.argv[2]

r original waveform to fl-only and f3-only time-domain waveform

e Goal:
Original waveform contain f1 <f2<f3 <f4 <f5

Filtering to extract only f1 and f3 component in time-domain
e You should finish all the #TODO block in pl.py

def CosineTrans(x, B):
# TODO

# implement cosine transform

def gen_basis(N):
# TODO

return

InvCosineTrans(a, B): return

implement inverse cosine transform

return
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f1 and f3 in time domain
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Run the code

* python p1.py <input_signal_txt> <output_dir_path>
*e.g.

python p1.py example data/test.txt ./

* Your code should generate 3 .png files in <output_dir_path> (e.g. ./).
* freq.png
* fl.png
* f3.png



Scoring

1. (1%) Plot the figure of a (freq.png)
2. (1%) Plot the figure of f1 (f1.png)
3. (1%) Plot the figure of f3 (f3.png)



Problem 2 - JPEG



Extend 1D DCT to 2D DCT

The trick is to apply the 1D DCT to every column, and then also apply it
to every row, i.e.

M—1N-

F(m,n) = — C(m)C(n) ZZ)‘(\ \>Cosl"‘+1”"” ,.__\'+l}nzz'
V MN x=0 y=0 2N
where C(m) =C(n) =1/ V2 for m,n = 0 and C(m),C(n) = 1 otherwise.

We focus on the square image here, thatis M = N,

X = BaB! a ="



a Ba

. a
a;
a
n X =
| __
k

2. Combination of Columns .
L 1D iDCT for every columns

" I " I = by b each column vector in Ba is the

=[Aby Ab, - Abp] . .
o by b weighted sum of column vector in B

The first column The second column




Ba

a a; X

1D iDCT for every rows
each row vector of X is the weighted sum of row vector
in the transpose of B

3. Combination of Rows

o I . b
o IS .

— —

T T T
ai1by +agpby -+ agnby

T T T
az1bi + azzb; -+ azpby

T T T
Am1b; + amzb; -+ + Amnbn

- J—




JPEG compression

(N
é ' Entropy Coding
Huffman Coding

JPEG file

Partitioning

I

717 | T

by TSNS TN

RN

NOIN TS \ \
SN NS NN

Strongly recommend you to see this tutorial for detail
https://www.youtube.com/watch?v=Q2aE

zeMDHMA&ab channel=Computerphile

High

Low
“JI??I‘QIQ 6945172188
43 9577123 Host )Y oS g
23 173419903 |ko |-25|-10)02
DS INT M43 48 |[-18]50 |03 o
29427100 b62| 6161129 Division
shossi)14ba2|24l0rin
LIAISR L9100 Frpl0s5i0s
17 b22k1s}os bos|os [en len 16 | 11 (10| 16 | 24 | 40 | 51 | 61
12 12|14 | 19| 26 | 58 | 60 | 55
14|17 | 22|29 | 51| 87 | 80 | 62
aoolalolalel1]2 18| 22| 37| 56 | 68 |109 103 ] 77
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| S 2120 gl e o .
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https://www.youtube.com/watch?v=Q2aEzeMDHMA&ab_channel=Computerphile
https://www.youtube.com/watch?v=Q2aEzeMDHMA&ab_channel=Computerphile

TODO

SR FplpyEEp2, BAp2.py
Zcall pl.pyRIgen_basis function
e Goal:

Implement 2D DCT in CosineTrans2d and 2D iDCT in InvCosineTrans2d
® You should finish all the #TODO block in p2.py

CosineTrans2d(B, X): InvCosineTrans2d(B, a):




Important

e If you want to know more about the implementation of JPEG
compression, we encourage you to trace other code in p2.py and
play with it.

e but when submission your final code, DON’T modify other code in
p2.py, or your reconstructed image might look significantly
different.



only use 0.15 original size of

J P EG resu |t information to reconstruct

original JPEG reconstructed



Run the code

* python p2.py <input_image_file> <output dir_path>
*e.g.

python p2.py example data/test.png ./

* Your code should generate 1 .png files in <output_dir_path> (e.g. ./),
which is your JPEG reconstructed image.

* reconstructed.png



Scoring

1. 2D DCT (1%)
2. 2DiDCT (1%)
3. reconstructed.png (1%)

HE)DDCT, iDCTEEIEHE, EEZME A ZRE /2 FREartifactEiia & (B
JEVREU T H#TODO LAY} Hcode BB X2 B XA E), AEEEEpixel &R ER A
BE—#x, RANEEFEMEESEHE Lpixelcl



Code Rules

« 1] LlimportfR T numpy LAY Bllibrary 2R B 4E (i.e. E{ZEHIRRA F A~
BEimport{E{ E Mt flibrary, 5% Fnumpy)



Submission Rule

o FREMMEXE FTEXAAMNEER, F—RIMBEMZEX0NETE, E2K
MEMEMEEERE, RMEEEAmossillibEE,

o L{#Ep1.pyiip2.pytE=Z| NTU COOL

e Deadline: 2023/11/17(#) 23:59 (GMT+8:00)

o EXHEIB—X:5H81x0.8 (per day) HBiB=XELk

o KX IBEXE. RIETRMEIREHMELSEE . H8x0.7

o EEEWEFEENinput & output pathil B BHIEMEEE | i
sys.argvi A i EREVIEE

if _ _name__ . ‘
if _name__ == '_main__':

)

im_path = sys.argv[1]

signal _path = sys.argv([1]
= 3 : output_path = sys.argv([2]

out_directory_path = sys.argv[2]




Some utility functions .

def plot_wave(x, path = './wave.png'):

xn

plt.gcf().clear() |
plt.plot(x) il
plt.xlabel('n"')
plt.ylabel('xn") o : : : : :
plt_savefig(path) 0 200 400 600 800 1000

plot_ak(a, path = './freq.png'):

201

plt.gcf().clear()

a = np.abs(a)
plt.plot(a) 10 1
plt.xlabel('k")

plt.ylabel('ak") 54
plt.savefig(path)

ak

T T T T T
0 200 400 600 800 1000



FAQ

Ql. #f1~f5E#ka PR KIS EE B EHaBAEEE 2 R BT ?
A. HaEVZBEME 2 BB & KHISME,



Q&A

EHEXBRARIREFEEINTU COOLYE K& 5w b 2 5
frEEER AT th 2 AR LRI )



