[

4 15 3R 0 H e B M B

~PREN P -
7—I/TZIR, DCTE RS

f é %ﬁli m SR BN
ol RELTFRE HLWRLH
]
R @itz

Shin Yoshizawa: shin@riken.jp
SBORENE

www.riken,jp/brict/Yoshizawa/Lectures/index.html
www.riken jp/brict/Yoshizawa/Lectures/Lec15.pdf

1. BIEIDEE-EFEDHE.
2. T TEHERIREBIEE.
3. ;&% :Discrete Cosine Transform
(DCT, BB Y AU EH) KD T ILZNIE,

SHOEBFIRDLAR—FTHI DT,
HIFSATRERD TS —p(M)q

Shin Yoshizawa: shin@riken.jp

88 Image77R + BMPORiL

V' testBMP.cxxZemacs TRILNVTH TLFEELN.
(D BMPIOYS R %new. o g o o100 D

(2 readBMPSizeOTEI& Y XEHER.

(@ readBMPO)CE&Z5RAAL.

@ @1’%751’&Hﬂ%bf:ﬂ"f7\"€new )i(mybr‘npj; adBMPSize (ks ,&sy ,argvi1])) { ®

EERES e
@ MEE“'_ mybmp->readBMP (R,G,B,argv[1]); @
/U&
(© saveBMPOTE{RZRTE. ! %oym o @
(D new Lt=A T x4 & delete. st .65 rss; )
E LR LSERS T
)dele

= B!

BEAEENTHYET. liiilio;

Shin Yoshizawa: shin@riken.jp
828 /B07-1: ppmEbMPOER

v ex07.cxxZERELTUTOZ2NTAYSLEE>THE
L&D !
— bmp2ppm: bmpEI{ %55 A A A TppmE{EEL TE—T
I57055 L.
- ppm2bmp: ppmE{E %5 A A A ThmpEI{EEL TE—T
570554
- Bk :ppm® AW S ldppmio.hZE{FES(ex01_2.cxx X LB
HEE01E2SR).
- HWS—EgTHETIE.
V' 1 A= A ldpgm2bmp&bmp2pgmE > TH TLEELY
V' MakefileZfRELT 42D T OS5 LH make TIU /N
AIWHEBHICLTHELLS.

B1ELAE—FE1ZEE O THEES>T—p(*A)q

Shin Yoshizawa: shin@riken.jp

PNM (ppm,pgm ) EBMPOYZEIR

]

PPM BMP
bmp2ppm.cxx
(et

PGM BMP

Shin Yoshizawa: shin@riken.jp
PNM (ppm,pgm ) EBMPOYZEIR 2

V—AI—FE—>aV A IL>FEIT
v a2 INA)L:
— gt++ —o bmp2ppm bmp2ppm.cxx
- gt++ —o ppm2bmp ppm2bmp.cxx
— g++ —o bmp2pgm bmp2pgm.cxx
- gt++ —o pgm2bmp pgm2bmp.cxx
4 5"%?7 [/ETI74)L AAEE BAEE]
./bmp2ppm lena.bmp lena.ppm
- ./ppm2bmp lena.ppm lena_ppm2bmp.bmp
— ./bmp2pgm lena.bmp lena.pgm
- ./pgm2bmp lena.pgm lena_pgm2bmp.bmp




Shin Yoshizawa: shin@riken.jp

bmp2ppm:RiE{ERk

A EYEo7=bmp2ppm.cxx|EBMPZEILVTPPMTIRTE

BMPEIROALT

testBMP.g(x ‘

BMPIO.h | | |
I

PPMEIROALT

exﬂl_}igg L

BMP—BMP PPM—PPM
BMPZ L\ TBMP TR PPMZRBALNTPPMTIRETE
BMPiE{§—>PPME(S: BMP—PPM
L —— BMPZ B\ TPPM TR
meZPPm-fEXJ,g

BMPIO.h
ppmio.h

v BMP®D A 73 :testBMP.cxxD &I .
v PPM®DH 71:ex01_2.cxxD & .

Shin Yoshizawa: shin@riken.jp

ppmZbmp

ppm2bmp.cxx(ZPPMZ B LY TBMP CRTE : bmp2ppm M.

BMPEIROALT

testBMP.g(x ‘

BMPIO.h | | |
I

PPMEIROALT

exﬂl_}igg L

BMP—BMP PPM—PPM
BMPZRBLVTBMP TR PPMZBAL\TPPMTIRTE
PPM&{%—>BMPE{S PPM—BMP
PPMZBILTBMP TR E

Lppmlbmp.cxx |
L BMPIO.h
pmio.h

P

v BMPD 71 : testBMP.oxxD & ¥
v PPM®D A 51 :ex01_2.cxx DRI,

Shin Yoshizawa: shin@riken.jp

bmpZpgm
bmp2pgm.cxx|EBMPZEBALYTPGMTRTE : Gray=(R+G+B)/3
BMPEISAAET PGMEIRAAET
testBMP.’cz(x H [ﬁ
BMPIO.h pgmio.h B
7EI\;P—>BMP PGM—PGM
BMPZEL\TBMPTRE PGM#ZRALVCPGMTCIRTE
BMPifi{%:—PGME (% BMP—PGM
BMP%EALVTPGM TR E

bmp2pgm.cxx | |

BMPIO.h J
pgmio.h

v BMPD A 71 : testBMP.cxxD AT .
v PGMMDH 77 :ex01.cxxD .

Shin Yoshizawa: shin@riken.jp

pgmZbmp
pgm2bmp.cxx|EPGM%Z LY TBMP C{R7F : saveBMP(Image*, char*)
BMPEHEOA LT PGMEIRAALT
testBMP.’cz(x H [ﬁ
BMPIO.h pgmio.h B
7EI\;P—>BMP PGM—PGM
BMP%BLVTBMPTRTE PGMZRILVCPGM TR
PGME{%:—~BMPEi{% PGM—BMP
—] PGM#ZBILVTBMPTRTE

pgm2bmp.cxx | |

BMPIO.h J
pgmio.h

v BMPD H 77 : testBMP.cxxD & 3.
v PGM®D A 71 :ex01.cxxD BT

Shin Yoshizawa: shin@riken.jp

SHORERNE

PR A -

7—I/TZR,

DOTE R EIRIE

Shin Yoshizawa: shin@riken.jp

SHORERNE

www.riken jp/brict/Yoshizawa/Lectures/index.html
www.riken,jp/brict/Yoshizawa/Lectures/Lec15.pdf

1. T TR EFIRBIRE.

2. (B :Discrete

Cosine Transform

(DCT, BRI Y A )LD TV RN,

SHOEEZBFZRPODOLR—FTHIT DT,
HIFEATEERS TLIEE L Ma—p(M)g




Shin Yoshizawa: shin@riken.jp

188 : = AR

VEAZABOAENISIORSDOLEEZS.

Shin Yoshizawa: shin@riken.jp

B8 miRy

W ZAN 5 MUNTE SR v BRSO IERE - ERR
A R OB b e

df) _p SCerh) = f()

dx h—0 h
y:x":%:n‘xrﬁl ©wikipedia
v %ﬁ&iﬂﬁ@iﬁff%ujw—ﬁ%t: fX) 1y
_(I f(x)dx)= f(x)
dxb | £
y=x"= Ix"dx =[an+l]z _ L(b"” —a"
n+1 n+1 v mE AL |

Shin Yoshizawa: shin@riken.jp

B8 ER-wRK

vV ERITTFEAEOFNEDOH:
P=-l = x=t/-1

- EEEf =1
- ﬁuiﬁzﬁxﬁziﬁ

- mams: Re(o)=x
- EHES: Im(z)=y
- Bl

z=3+2i = Re(z)=3, Im(z)=

v EERERREEHROBIM: Z=Xx+1)

2

Shin Yoshizawa: shin@riken.jp

1B : $5ERAAEK - A ZRFIEK

vV EERER: y=f(x)=d"

C REMMISEREROBREK:

x=g(y)=log, y
- yldaFE LT BHxD % #(logarithm).

y
R ES 10gey=j%dt, y=e'

1

- RMETH: e=2.71828---, e=

lim(1 + 1"
n

n—>0

Shin Yoshizawa: shin@riken.jp

1528 35BAREK - exp()

vV IEBEE: y=f(x)=d"

vV FMETEHMNEBAXE)DIEHELE
exponential function D& Texp()E R T

y=e = y=[f(x)=exp(x)

- BAGEFHICRIMEE: -
d ) FA45—nK
—e"=e", ¢’=cosO+isind, etc.
dx

Shin Yoshizawa: shin@riken.jp

Bk 7

J—1)T&H,
WaveletZE#E
AR e

HEUR B

B E -
3]




Shin Yoshizawa: shin@riken.jp @

AR B B IERO Sz
Eig o BEEL . mmm o EE

Shin Yoshizawa: shin@riken.jp
Aif&X (Frequency)

v BB IRENE RE - IREVEEA D (1 /B ER).
v [E#fi(Period): 11EIRT 5 FE TOHHEA.

v RIS (Amplitude): IREID KEZ.
ERRE: D 50Mh=KE1EH
— T T
NN N T N
RARANANANANANANAN
BRI : CEOM="v—T 18]

s "\\7 s T By =
RiE |

B

Shin Yoshizawa: shin@riken.jp
B30 ? 2120 ?

V TUBI IR —TAAUNGA  ERO T —L
I8 - NPR(Non—Photorealistic Rendering)|Zf F.

Shin Yoshizawa: shin@riken.jp
fER: S AR
VEAZAEOAENLSIDRIDLEEEZ 5.
. a b
sind=—, cosfd=—
, h
tanﬁ—%zsmz £
cos O
cotezé— ! v b .
a tan@
cscﬁzﬁz ,1 :
a siné
secl=—= !
b cosf®

Shin Yoshizawa: shin@riken.jp
FASR R

vV BHEERELFHDIREERIEETRIE.
VBIZE=AREBERRLT HE

BERAE - — i

BRI
a, X 27x 37zx P
f(x):7+alcos7+azcos—+a3cos—+--- T AT
+}p sin 2+ b '—2m+b '3£+~-- RS -
| S I , SIN I 5 §1N I Iﬁﬁ;& —
‘ R = RBED:a,b ‘ ‘ £ & :sin, cos ‘

s = #&FH% X

Shin Yoshizawa: shin@riken.jp
RS2

B r0 = FRE

a,

I BE [J

e EEmR

v 2RFTTIE--(ERLIEE)

5k = XN X HEE

I
I a, a, - o




Shin Yoshizawa: shin@riken.jp e Shin Yoshizawa: shin@riken.jp e
P — i B8 mRe g
v =) I [-L LIO/NRE—UERYIRTE Y WA SR OMNE LR 7 CEROERRE B
HARE %% . sin(x) &cos(x) DFITEKRY . -
Vo] | )y L= )
a, ™ 2mx 3mx =
f(x)=7+alcosTJrazcosTJra]cosTJr»»» /\/-\ /\/\ /\/\ X dx h—0
.o . 2mx . 3mx \/ \ \Y
+b,sin—+b, sin ——+bysin—+--- P
a, ”[ ‘ nm i nm] I‘I y= x" 3dl nx"! o
=5 2| cos" b, sin NV Ny dx
T e + ¢ BH BB OB TIRUIO— AL
zce L e’ =cos@+isin@ 3
: RPN L[ e = £
/ BRBAS REORH {%-LI,MCOSM T - dx
a, tb 0)1*&)73_193 f(X) :l - (x)sin 22 dx _un n g | 1 n+lqh _ 1 n+l n+l
oon. simgaiy Ty, U LY yox = [ = e e
Shin Yoshizawa: shin@riken.jp Shin Yoshizawa: shin@riken.jp
° * 1= ° o
0 SR 1R 1SRRI - B SRR
V ERTTAROFNEDH: VERER: y=f(x)=d"

xl=-1 = x:i\/—_l :
v ST IR OB RER:
- B =1

= =1
- Bl 2= Tix2 =i x=g(y)=log, y
- yldaFE LT BHxD % #(logarithm).

v EERRERREEHROBIM: Z=Xx+1)

y
. R 1
- SR st by - _ [t oy
_ mams. Re(z)=x BIHR: log, y _! i, y=e
- BEES: Im(z)=y
- {Al;

- RAETH: e=2.71828+, e=lim(1+ )

n—>0

z=3+2i = Re(z)=3, Im(z)=2

Shin Yoshizawa: shin@riken.jp

ﬁg : ;E&ﬁ& . exp() Shin Yoshizawa: shin@riken jp 7—' ’Igm

V&R y:f(x):ax v HEDBEEF(x) M. Bl DBEEF (k) ~DZEH#:
v HAORTI—IEBRAE
v RAETHAE(E AN B D I S % IRZHR | F (k)= J—I [0 dn Bl e
exponential functionD & Texp()& KT i
f(x) j F(k)e™ dk ‘ o
y= ex = y= f(x) = exp(x) ﬁgm [ e =cosO+isin 6
(1, e J—YITEBDME i i
- BRAGHFHICRIMER: 1= S)rgle) = FRTGH) - arle) = o () == -
o v BB EF (k) DS (~FD). i Sareed
) FA5—1H v F(k) ) ABRS IS &> TR
—e"=e", ¢’ =cosO+isind, etc. 0 EF () ORIERTS. s e
dx‘ x waaaa&mfl :¢F<k>l.—;;rﬁw<csmm' uuuuuuuuuuuuu

! AL RBEDOT,
oz HEYMISLECTRY




Shin Yoshizawa: shin@riken.jp
BERK7—1 I TR

v TORIVEE:
- =) IEBROK LEGHRRE I T EHED.
- TUAWERIEY LTIV T ENT, RURD (BT —5).

v BB —) TH - T ot
- Eﬁﬁf?-@':#?éj_ulg*ﬁ'ﬁ%@ L Tlog(1+F) %@ A.

- EROBROBEBIILHBIIKED. 105 oo 225
- 1024x1024DE 18— 2x1024x1024DFHEF: eo0,1... v 1)

Shin Yoshizawa: shin@riken.jp
REK7—ITER2
B TIE2RITED T

N-1M-1

F(u,v) = S j)exp(--)

i=0 j=0

~.

- 1TEROBET—)IEREHEISDICETOERDEH
HFHNBLE ! >ETOEROEBREHETDICEANER
HO2FICHAEITHHEENSLE !

v BRI IEWBFFT) IGEDLOYET.
- HUTYTED 20D RESR (]:512451,024) DEFIC
BERIHETEIAENORERDAZLH D).

Shin Yoshizawa: shin@riken.jp
7—ITHE#R2

VINT—ZARGE L BRBDEE.
|F(u v)| = Re F(u v) +Im F(u o)

ERNETIE
KKRRE

2 1—3, 24,
3—1,4-2&
ANBZ B
BERLS.
(BHAtEERL
1B %
1751=8)

Shin Yoshizawa: shin@riken.jp
7—ITFER3

[d][a] 7=V TR~ b2 le][b] 27 [fllc] BF—YTRAZ b

Shin Yoshizawa: shin@riken.jp
REEOH 1 S ZHA(DCT)

v XS (cos) DAFREEICHAN-FH:

- AN%E vEITIVERLTREBRIEL TR — ) TEHRTSHE
CRIE BT — I ERIEERITHLTEREETRT DI
LT, DCTIEEIZEHEIRT.

- ERERDICERENEASOE
AuLsh TS,

B2 4

LTI ANE TR

2(] + 1)u7r 2(1 + l)wr

Flu,v)= C(u)C(v)z icos( ST T cos(B——

2( j + 1)x7r

A

wrm | =—ZZC(:)C(;)cos( )eo (2(’”””)F( 7

Shin Yoshizawa: shin@riken.jp
BRI 1L EE(DCT)2
ERR

— 1
N C(x){ﬁ x=0)

REIROH HEROH I (x#0)




Shin Yoshizawa: shin@riken.jp

RERKDH1 2R (DCT) 3

VOBICERT S

32x32M7 Ay &EDDCTHI:

v IEEICMEBREND T, FFTEFEHIEUEEL
ERFEGEFHRSEZROOVY)IZHEILTIO

Shin Yoshizawa: shin@riken.jp

BiRE211LR 7

vEBOT—) TEH:
- ZEREIFEEAS BLR B FEE A
- J—YIFEBRTIIE, ERIZED.

Ahifk ol
flxy) gl y)
HTERBHEERE.
T-UIEH PR Y ©COARTSHER
G(u,v)=F(u,v)H (u,v) . Sz, U Togo
Fu, v) Glu, v)
Flu, v)H(u, v)

v 7—)IEBRLT, EREER AL
LTLERIE, 702000 1E,. ZDDOE$
ZEMIHITETEET

Shin Yoshizawa: shin@riken.jp

BikERIRE

fx ¥y

AR B L RO )
mig o PR mws o R

;’[-,-)l

Shin Yoshizawa: shin@riken.jp

O—/NR71I1L2
v UMD, UOETDIEE RS E1T5R T

AEBOBWEFEOR F®) ZHT.

Shin Yoshizawa: shin@riken.jp

D—/IRkR71IL22

(uV=(00)D74¢

i L E0EA%G

il DT, (4v=(00)

o OESDRES
hd

d —~EROTY
eSS

i FEn.

Shin Yoshizawa: shin@riken.jp

N IR 74ILR
v —u0AD, LOETDE B KRB ATZITET.
Hiu,v) Hhigh (M,V) =1- HIUW(M,V)

‘ vV 1A /INRZESIK:

H(wv)
1
: u




Shin Yoshizawa: shin@riken.jp

IR 7L R

v INAIRRTLIVEMSAED BN HIES.
themph (u’ V) = 1 + thigh (u’ V)

Shin Yoshizawa: shin@riken.jp

F2R3I0% -Overshooting

v A—/XRTANWNAEA=BREBRS DYV TIET—42
2Ty B o5& IR ERE T — 2% E i3
TR TBHITYPEBTHDREMNEFIZKEL
HAEE BB TIEV T T7—T477IEFEENRTL
5 EECHBETOA—RILOITHYYRZE.

e

Shin Yoshizawa: shin@riken.jp

F2R1R % -Overshooting2

Shin Yoshizawa: shin@riken.jp E
B

EOMOZEIR

v 7= ) TEBLSH, R GEEZRALE
HERFAIMBELERBEFICALLOATNS.

- KL(Karhunen—Loeve) B : 7—4m
SBATHIDEERVMERELT S &I —F RO
ZENICRET AEELIERIER. (PCAD— i1t

=_ BB x B
= 7’5 S S PCA: Principal Component Analysi

> ERFHT: SALNRET— 2SR L TR ZFH
N4 [ZRHBBEA RN AR ERELHET S

A W, FHE. Hyperplane HDT—5~0D 4 TIFH B/ = Fiffsl).
i / - Covariance matrix(# 5 MiTH=-FHN SO Z)DEHE- <IHL
° Li 1% Best fit #5. ellipsoid % ML
os
- BFE;H%DF;&%& BHRE L OBRZERMOE s

fﬁ-ﬁxgrgm«bﬂz«o)aﬁﬁmrmﬂm 080
FIZLASTLY).
““i.&““

- ZernikeBE%% . EAREEUER. etc.

Shin Yoshizawa: shin@riken.jp

EOOERZ

v Wavelet: ADEBZ/NILEED
LAMENEFTEBDEREHET
=RE.

- 7L LR EREE ETEIC— C
—VEFHSIT—ARMICEREN BEl et
ISR THRE—U DB 2T 2 |
FFRAETHD. YT—TLINEBRTIEE ¢

FRRE TR CRERT | |
T 2100, BROEMAI<dT 50 el

HERITTHICIT=ABKIYBELTNS.
2 B fRA&E 24T (Multiresolution Analysis):
INE—VEBIRBAD R DIERERYIRL
TUVSERE AT

ED/B - —v\l'v»— ‘J\f
-

e

Shin Yoshizawa: shin@riken.jp g
B

Bk D RERE

AN TR E MEROFEE H
Big o FEE T mgs o B

\n 9| u )]

‘ 7=UIRk DIG-ARTOR A T=UIERR ‘

Flu, vy Glu, vy
Flu, v) Hlu, v)




Shin Yoshizawa: shin@riken.jp
mE. DCT

www.riken,jp/brict/Yoshizawa/Lectures/index.html
www.riken jp/brict/Yoshizawa/Lectures/Lec15.pdf

BRI AU EBRICKBREIRE T ILE

www.riken jp/brict/Yoshizawa/Lectures/Ex08.zip

ATEID;EE (BMPEPPMMD B E ZE ) AN 4>
MM of- or HETULVEL or RELT-
A&, BIEIDEENSIBDHDHE !

Shin Yoshizawa: shin@riken.jp
B Ex0801H9

v DCTh: ROV (o ED T Oy RE:

v [EZEH#E : Image *DCT(Image *in,int X,int Y): A 11
#BinZXxYJOyY TDCTEETLERHMEEF
RYIETIRY.

- AESEEBERIEIADNEGRYAXNTOvIH A XTEYL)
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v HEEH

void InverseDCT(Image *dct,Image *out, intX,int Y):

DCTOICTEMEINT-ERdetZX X YT OV THE

L D E{Eout ~MRTE.

v make T /(L.

v 5|84
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2. HAZ7A4 WA (F==LYIL5RF bmpZiL).
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H 774 L% _smooth_spectrum.bmp
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