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0, Di(u,v) << Dy or D:(u,v) < D,
H(u,v){ (5.5)
1, others

AN RO 24 ) W 7 Y SO FELAE i — 3% D0 G 44 4 C )
A, RNAE B. AE C. #hm—1F% D. 54w
E®:B
RN« 4 Mo U Fl 9 o {1 o5 722 1) AN [) 15 4 o
E5.1.1 If the value range of uniform noise is doubled, then its mean( ).
A. keeps the same B. is uncentain C. is doubled D. is tripled
Ans: B

Hint: Analyze the different situations of the changed two endpoint values.

C5. 1.2 G SRoRs 35 5 W 75 1) 5 SO TRl o — 4% U H: 7 22 ).

A RAE B. 3 2 i
C. ik 4 £ D. Himh 8 f%
ExR: C
RR: HIET 2 5E LuHE B REOCH .,
E5. 1.2 If the value range of uniform noise is doubled, then its variance( ).
A. keeps the same B. is 2 times that of the original
C. is 4 times that of the original D. is 8 times that of the original
Ans: C

Hint. Consider the function relationship between the variance and the value range of

uniform noise.

C5.1.3 A —ME EHER. P ROANER LA KNS MEROBL. MEHE
o 2 S T BRI AR R T I C ).

A, 3X3 WBEARIIMHE UE B 4% B. 7X7 BB AR 8P 4
C. 3X3 Wil Il ¥ {E kI 4% D. 7X7 WD E 1D A
ZEXE.D

PR« TR IR R0 U5 A o BEUER I P A R M AN )

E5.1.3 There is a binary image with a white strip of 5 pixels wide on the black

background. In order to eliminate the white strip by spatial filtering, ( )is needed.
A. a 3X3 arithmetic mean filter B. a 7X7 arithmetic mean filter
C. a 3X3 harmonic mean filter D. a 7 X7 harmonic mean filter

Al’lS; D
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Hint: Harmonic mean filter has different effects on the two parts of the salt-and-

pepper noise.

C.5. 1.4 TFIHOC T A5 W7 2 A% B i i v IE 4 i A )
A. PET 1 SPECT G FHAH [ 1) ke 55 14 25 5
PET F1 SPECT 1) % 55 5 4B 75 1 A5 0 49 12 1y o 58
PET #1 SPECT F 4t #f 2 /b B WA 46 £45%
PET 1 SPECT #4455 £ #A0 f 9 1K 1) %85 3 e e 5
. B
: SPECT L — 5 J7 [a] i Hh i) 6745 1T BB e G 0 40 Gz 00 21

. 1.4 In the following statements about emission tomography imaging, the correct one

fn I}
A Mo o

E.

at
~

is (

>

PET and SPECT always use the same radioactive ion
B. the emission sources of PET and SPECT both are in the interior of the
tested objects
C. PET and SPECT system should have at least two detectors
D. projection data of PET and SPECT is only decided by the density of the object
Ans: B
Hint: In SPECT, the photons in certain directions may not be detected by the detector.

C5. 1.5 — M@ ER A — T M 75 2 78 R0 b I H, g SPL A 4 v 7 AR i L i L
ToX e P — ) — ofr 225 [ A0 2R M 7 3o ol M 7 2 )
AL T T e B. g ps C. A rs D. ik nfrige s
ExR: C
E5.1.5 In animage, there is a noise that is generated from the interference of power

or electrical in the image acquisition, and is the only kind of space-dependent noise. It is

( ).
A. Gaussian noise B. Gamma noise
C. periodical noise D. impulse noise
Ans: C

C5.1.6 HeguuEdt#% % T ( )%

A KB B. &5 E1&

C. o/ P45 3 2538 D. i E B
EXR:B
E5.1.6 Wiener filter is usually used for ( ).

A. denoising B. image restoration

C. reducing the dynamic range of image D. image smoothing

Ans: B
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E5.1.7 When homomorphic filtering method is used for image enhancement, which
of the following process does it not include? ( )

A. By taking the logarithm of the image, the product term of the illumination
component and the reflectance component of the image model are separated.

B. Turn the logarithmic image into frequency domain by Fourier transform, choose
the appropriate filtering function in the frequency domain, and perform filtering
to reduce low frequency components and strengthen high frequency components.

C. Calculate the cumulative distribution probability of grey value in the image.

D. Perform inverse Fourier transform and inverse logarithmic operation on the
filtered results.

Ans: C

C5. 1.8 i [R) 25 0k e 75 12 R A PR A 498 s kLA Ak BT 1 Ay ) 2 Do

@ 38 3k % P AR HORT B8 B PR R iy B RE 43 i 5 B O 0 £ 1 e FR O 43 JF

@ g % K P A5 30 5 e L o 28 i 7 ) AR A 0 R 5 5 0 D e e K AT 9 5 AR A
T 5 5 50 FF) 8 95

© TG 28 AN K BEAE ) Z 3T o0 A

@ X U e 25 R AT AT L v 300 A2 6 R0 B s 5

A. OO® B. D@®® C. ©DO® D. D®O®

EE: A

E5.1.8 When homomorphic filtering method is used for image enhancement, which
of the following processing sequence is correct? ( )

O By taking the logarithm of the image, the product term of the illumination
component and the reflectance component of the image model are separated

@ Turn the logarithmic image into frequency domain by Fourier transform, choose
the appropriate filtering function in the frequency domain, and perform filtering to reduce
low frequency components and strengthen high frequency components

® Calculate the cumulative distribution probability of grey value in the image

@ Perform inverse Fourier transform and inverse logarithmic operation on the filtered
results

A. OO® B. D®® C. OO D. DO®®
Ans: A

143 )
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2. Bk
C5.2.1  PEIMGR AL JE PR T L ),

A. BEEA%E B. MR &N

C. St fk D. 35 H AR TR I2 Bl
ZEX. ABC

R BIGOR A S A3 B i R A e e I S LSS N W A TR AL

E5.2.1 The causes of image degradation include ( ).

A. lens chromatic aberration B. noise superposition
C. illumination change D. fast motion of the object in the scene
Ans: A BC

Hint: Image degradation means that the image obtained from the scene does not

reflect completely the true content of the scene, resulting in distortion.

C5.2.2 " HIMBLEHLTL IEM? ( )
LR R G — @ HA Mk

HA MM R R G BA — & — Bk
HA —BUEr iR b R G 5 A O & (235 1D A AR PE
HA N E S DA HER ARG S L MR
EE:D

RN : TERE 4 Pk BT il 7 1 78 o0 PR AL S

E5. 2.2 Which of the following statements is correct? ( )

ow

o

. Linear degradation system must have additivity

Degradation system with additivity also has a certain consistency

ow @

Degradation system with consistency also has position (space) invariance
D. Degradation system with position (space) invariance is linear
Ans: D
Hint. Pay attention to the sufficiency and necessity of the establishment of four

properties.

C5. 2.3 UM & p IR 1k )

Ao B8 LW B R AR KN B, 2 EHRER " LR
C. 2 HERZR D. 2l [R5 1 23 0] 53 B3R R
ZER:BC

E5. 2.3 The degradation caused by blurring( ).
A. will make the regular pattern irregular
B. will make the target pattern to form ghost image
C. will make the target pattern larger
D. will recrease spatial resolution of image

Ans: B C
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L4 R ( )%

HE A m i i B. WA SR o
S5 T 1Y) 01 5% ] i P9 A A ] A fiE D. BA—ErRENLIE

. D
 MRFR RN RAR 2, 75 5 EOAS [R) MR S YRR A R A
.4 Noise( ).

. only has high-frequency components

frequency components cover the whole spectrum
has the same energy in the frequency interval with equal width

always has certain randomness

: D

Hint: There are a lot of noises. We need to consider the characteristics and

similarities of different noise.

Cs. 2.
A.

ESES

=R

A.

C.
AI]S:

5 AN R AL )
P B. [RRRE R C. K5t D. i
: B
o AT YA R A B AT
E5.2.5 Colored noises include ( ).
thermal noise B. flicker noise
shot noise D. Gaussian noise
B
Spectrum of colored noise should be uneven.

Hint :

C5.2.6  —WR KRB 15 5t EA — A U@ R B ER 0 2R 2067 B 36 A2 40, ] fii ]

( Do
AL IR SRR B. B R AR U I A%
C. e/ MHEUED A% D. g A
E®E: B

R B IETER B X AL L 25 8 DA% 25 f0ur He 1 MRS D5 i A2 8

E5.2.6 There is a dark ring on the light background of a gray level image. (

can be used to make the ring thinner.

A. Median filter B. Max filter
C. Min filter D. Midpoint filter
Ans: B

0

B

145 )

Hint: Consider each filter will move the joint, the contact point of black and white

segments, to which direction.
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C5.2.7 h{HuENE S ( )

o R R U D 2 T R AT AH 7] 1Y) 08 45
B KR DR 0 2% A 7T e A A [w] 1 0 i 45
T S I A% T RE A A (W) 1Y) 8 T 45
T rb R B D A AN R BB AR [ Y U 4 R

: AC

: F IR K EEAH —FER B

.7 Median filter ( ).

. may have the same filtering result as max filter

I o 0w >

oW
N/

can not have the same filtering result as max-value filter

may have the same filtering result as midpoint filter

O 0% >,

can not have the same filtering result as midpoint filter
Ans: A C

: Consider an image with identical gray values.

=
=
-

Q
3
Do

I# o0 x>

-8 I N R AR )

- T R ok g

LU B 0 e e AR T AR R AR S B ST R R TR R R AR R
Fof o b B AR B 10 7 22 B g

Xof G v T A 45 35 R TR) A 1 Ak 27 =X

: ABC

= BEPA] /i % s STPOE S BrAy A/ 3/ &t KN

.8 Adaptive filters ( ).

. are suitable to eliminate pulse noise

T
> S

=8

can adjust the size of template based on statistical feature of pixels covered by
filter template

C. have their output determined by the variance of the degraded image

D. handles all pixels in the image by the same way
Ans: ABC

Hint. Adaptive filter is an extension to the non-adaptive filter.

C5.2.9 AU PRAR h KA IR A2 Bl e i 18020 B 25 B mT LA 7 BEL DB 90 &% A o 38 7T LA
ffi i ¢ )
AL AR E D8 A B. il P A
C. 7 U P A D, R8I 35 A i 3 8 e
Zx.CD
$ROR ¢ BH R R R Cle AR i e TR ) B BO B 26
E5.2.9 To remove the components in a certain frequency range of an image, ( )

can be used in addition to the band-reject filter.
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A. low-pass filter B. high-pass filter
C. band-pass filter D. low-pass filter and high-pass filter
Ans: CD

Hint: Band-reject filter can remove intermediate frequency components (frequency

range between the lowest and highest frequencies).

C5.2.10 BRUEMIEEHC D,
A, FEYHE EORTT S B.
C. EAREE R AR Fm g Pean 245 D &
E®:B
PR FAUE AN AT LB 1k s g A1 A0 5 Sy Hp s 14 408 B ) A%
E5.2.10 Notch filter ( )
A. is physically unrealizable

5005 300 20 O At s L B A 2 A
Je B Lk AN A3 A i 3 o

B. is similar to band-pass filter or band-reject filter
C. is the combination of the low-pass filter and high-pass filter
D. always rejects a certain frequency component

Ans: B

Hint: Notch filter can reject or pass a certain frequency range centered on some

frequency.

Cs5.2.11 ®EIARIFSC ),
AL ST 1A N T R
B. ] R B o W 1A 9 BT 1) 9
C. A JH R 45 Bly = [ 850 % 0 K P9 18 19 2 B2 43 A eR B
D. A5 %3 i) A ST 5 i 8] I8¢

Z%x.BC

E5.2.11 Magnetic resonance (NMR) signal( ).
A. depends on the density of neutron within the object
B. can be used to determine the density of proton inside the object
C. can be used to rebuild the spin density distribution function within objects

in question
D. is only related to space but has nothing to do with the time
Ans: B C

C5.2.12 A S HLIETZ S 4 52 B 3D H i B )

A, B B R AR B. ffi AR5
C. HZAEHR D. i HZ A
Z%x.BD

R HEARENOR AR AR
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E5.2.12 To implement a 3-D reconstruction using computed tomography, we must

( ).
A. use fan-beam scanning projection B. use cone-beam scanning projection
C. use multiple emission sources D. use multiple receivers
Ans: BD

Hint: Cone-beam scanning is the extension of fan-beam scanning.

C5.2.13 e HL it Jiz 728 e o 7 32 C )
AL U] 2 B B s
B. B A B O A AR R
C. BEZHE) 1D et 2 2 2D 25 e
D. — AT B S s e o A i Y IR B AT T
ES

EX.C
ROR - AR i A Lk sz AR e T A R 0 R LR AT A0 AT
ES5. 2.13 Inverse Fourier transform reconstruction method( )

. only uses inverse Fourier transform

A
B. performs the transform and reconstruction directly in the discrete domain
C. needs not only 1-D transform but also 2-D transform
D. has been calculated using the principle of inverse Fourier transform reconstruction
method
Ans: C
Hint: Analyze according to the principle of inverse Fourier transform reconstruction

method.

C5.2. 14 T3 A B 87 AR 2 R G b 205 B 5 i ( ) 5k A &R

B,
A, YRR RS B. ElEH R
C. Ffg &R D. K871k
ZEE.ABD
E5.2.14 1In order to design an effective digital image restoration system, it must
quantitatively determined the image degradation caused by ( ).
A. the physical imaging system B. image enhancement
C. the image display D. the image digitizer
Ans: A BD

C5.2.15 T A WL gk i T AR Sp o L BRI A5 2 ¢ )

AL B UE R B. A 8k C. " HuEN D. B I8
EHEE.AD
E5.2.15 Which of the following filters can well remove the periodic noise? ( )
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A. band-reject filtering B. low-pass filtering
C. median filtering D. Notch filtering
Ans: A D
3. B
C5.3.1  HEALIME S B 47 Ry RS2 1) 1) BE ) 02 RO .

BER: FBREMR

E5.3.1 The ability to simulate the behavior and influence of noises is the core

of

Ans: image restoration

C5.3.2 BRI M 45 H = Ak 1 JUIH Af g3 o Al o MG HLIE 0 A5 AT
3N il M

B HMARMR S N R L PR JE TR

E5. 3.2 Image noise can be divided into and according to their
causes. From view point of statistical theory it can be divided into and
noise.

Ans: external noise, internal noise, stationary, non-stationary

C5.3.3  F W75 Xof R 9 52 i |l 43 oy g 75 A5 750 1 Mg 75 AR RS
T MR 7 R Mg 75 s

BRItk SR, . bk

E5. 3.3 According to the influence of noise on image, noise models can be divided
into two major categories: and . Additive noise is usually performed as

noise and noise.

Ans: additive, multiplicative, Gaussian, impulse

C5.3.4 3B ERPEG b DLIG W 7S A . il .
B RS kel R DR
E5. 3.4 Common noises in remote sensing image have , ,

Ans: Gaussian noise, impulse noise, periodic noise

C5.3.5 A LA SR Ay 7 A N )RR AT B0 i R G A R X T i IR R R
15 B AT B A w43 A 0 25 A R ER L ] LSRR o B SR 5 5 BRARE 5 L IR AE TR 1 D 22
BR: KGYS
E5.3.5 can be understood as interferences to human visual perception, or
a variety of factors which interfere with the system sensors to understand or analyze
received the image source information, and can be understood as the deviation between real
signals and ideal ones.

Ans: Image noise

149 )
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C5.3.6  EIMRACI b 5 DL AL S A . . . &,

B MO MRS R RS L K R S i R R

E5.3.6 Common random noise in the image processing are , ,
’ , etc.

Ans: uniform noise, Gaussian noise, impulse noise, Rayleigh noise

C5.3.7 BFRRLEI SR NG Hrp SRR A W A 1 o PR AR R A
YR =4k B .

ER: KpERE

E5. 3.7 Digital image processing contains a lot of contents. is to construct a
three-dimensional image of the object based on the two-dimensional image data of the object.

Ans: Image reconstruction

C5.3.8 Al 4100 9 7 0
BRI HIE R
E5.3.8 can reduce the effects of periodic noises.

Ans: Band-reject filters

C5.3.9 W PE P AT b I 7 200 M 7 5 e 5 0 X HEAT UE I, U8 e R B
o ) R AR R

ER: BUEB. BRI RS

E5. 3.9 Inverse filtering is essentially to perform filtering on in the case of

ignoring the noise influence on the image. Its filtering function is the reciprocal of the
response function of

Ans: degraded image, original degraded system

C5.3.10 21 X S 10 2 Lo 5 B 50 S R
C. 2R/ 3R uR ik D. [F]Z5

E®:B

E5. 3. 10 filter needs to calculate the noise power spectrum and image

power spectrum in image restoration process.

A. Inverse filtering B. Wiener filtering

C. Constrained least squares filtering D. Homomorphic filtering
Ans: B
4. JM

C5.4.1 4R EMRCE AL . B Je e E R AL BE ., RIS AL B, ( )
BEE. EH
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E5.4.1 If the image is degraded, it should first make a restoration process, further
enhancement. ( )

Ans: True

C5. 4.2 [ I 8 e A0ty BELUE B P DAAR G b, 26 B RS R P, C )
ER.: E
E5. 4.2 Notch filter and band-reject filter can remove periodic noise well. ( )

Ans: True

5. Wiz
C5.5.1 ik FEHRIE AL IR S AR , i 4 P9 5 0 g ikt
R BRGSO R )

] ™ 2(x.y)
FCaay)ilat —ARG H KA — kM 7 () i R L7 ]
AR — M S g (s ) s WAL 5.5 T . T
SRR PR H 3 A PR A B AT S ¢ g y) = o)
H[ f(z,y) ]+ nlz,y), 5.5 EMGR LR

E5.5.1 Describe the basic model of image degra-
dation. Draw the diagram and write the mathematical expression.
Ans: The key of image restoration is to establish

Sixy) &x)  degradation model. The original image f (x, y) is

=
L | . .
regraded to the image g(x,y) as a result of passing a
e system H and superposing an additive noise n(x,y),
shown as the Figure 5. 5.
Figure 5.5 Image degradation . . . o
The mathematical expression of the image degradation is:

g(x o) =H[ f(xyy) |+ nlx,y)

model

C5.5.2 [ 5.6 Mg rs 15 e i RIG . FHIR AR J7 20nT L2 B s 2

6 5.6 B I5 Y R

B FBRGHER S T5 5 .
(1) 7523 [ gl AT SR P 08 D e e A 08 sl e 0k vl (BB i) Ikl M s . v {0
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A ] A g AR,
(2) AEAR AT, ] P AT 0 208 D5 45 910 7 M 7
E5.5.2 The image shown in Figure 5. 6 is corrupted by noise. What way can remove

the noise?

[ 5.6 The image corrupted by noise

Ans: It is corrupted by salt-and-pepper noise.
(1) In the spatial domain, smoothing filters (such as averaging filters, median filters)
can reduce the noise. Median filters have better effect to remove the noise.

(2) In the frequency domain, low-pass filters reduce the noise.

6. Ly
C5.6.1 FEHEWE 5.7 Frs i B AG & i o] Fh e 75 51 58 A9 7 nl R AR 7 3 25 B axX b
I 7 2

(1) (1)
5.7 BEMEFS VS YL ) =R R

R KI5 TCL) 2 — kA e 5 5 1 (% v (i 8 I8 vT DA A 0 b 2 S AR MR 7

&5, 7CI D) 2 i HL e 368 i Ay — ol Jo] 300 M 7 5 38, 3k ol s 01 M 7 7 AT 2 300 0 A 10y 2
B P P e BEL U I8 e A 10 U IR e R

5. 7CHD 2 H 3z 2l | S i MR R T2 M P 1) 308 I B8 AR X 52 2% o T A0 38 P R 7 7 0 g
SRR AT R IO o 03 O T A A AN U O A

E5.6.1 Point out by what kinds of noises the images shown in Figure 5.7 are

corrupted. Which methods can be used to remove the noises?
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(1) (1)

Figure 5.7 The three noise-corrupted images

Ans: Figure 5. 7( [ ) is corrupted by a kind of additive salt-and-pepper noise. Median
filtering can be a good way to remove the salt-and-pepper noise.

Figure 5. 7(CIl ) is corrupted by periodic noise caused by electrical interference. The
noise components can be seen as symmetric complex conjugate pairs in the frequency
domain. They can be removed by band-reject filter or notch filter in the frequency domain.

Figure 5. 7]l ) is corrupted by noise caused by movement. The algorithms to remove
this noise are relatively complex. It can be removed by frequency domain filtering, such as

inverse filtering and Wiener filtering method.

C5.6.2 G EMGR AL/ B I B AR 5 ) 2P 22 S8 AR OC AR 4 S e M i oA A2
ZAF N i S R ek A IR AR
Ex.: KGR/ ZIEERmME 5. 8 Fin.

flxy) = aEEs D )

SES ATk
H

Ik i
B4k nxy) I

5.8 PGB IL /IR A S AR A

A
g,y =H[f(x,y)]+nlz,y)
KRG
oo
g = || faphtea.y pdadgt ey

;B;EP h(laaayng)i‘j/%éji H E"J#F?%ﬁulﬁjmo
XHTJ'Z:Q,Z%,L,)HU H@S(I*a,y*,@):h(x,a,y,ﬂ)

feo o
g(l‘yy):J7 J7 f(a,ﬂ)h(x*ayyfﬁ)dadﬁﬁ—n(xyy)

+oo

= f(x,y) @ h(x,y) +nlx,y)
E5.6.2  Write down the general model of image degradation/recovery; Use the

knowledge of the linear system, derive the degradation model of continuous image function
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under the condition of linear time-invariant system.

Ans: The model is shown as Figure 5. 8.

g &lx.y) o - 3
- Degradation Restoration o
fe) =) Function H Filtering = fo)
I —

‘ Noise

nix,y)

Degradation ‘ Restoration ‘

Figure 5.8 General model of image degradation/restoration

because
g, =H[ f(x,y) ]+nlz,y)
In the linear system,

e
g(x,y) = J, 7 J, ﬂf(a’ﬁ)ll,(l‘,a,yyﬁ)dadﬁ+ n(x,y)
Where h(x,a,y,:8) is the impulse response of system H.
For the time-invariant system,
H@&(J*a,y*ﬁ) - h(I?Q/’yaﬁ)
oo oo
g(x,y) = J7 .J, SlasPhlx—asy— B dadf+ nlx,y)

= flx,y) @ h(x,y) +nlx,y)
C5.6.3 W 5.9 Finmy 256 X256 19 “(HEMG (A 1. BN 0O HPMAFRETHBE

Y210 R . P AR Z A Y 98 3 0 17 AR 3R, 20 HT T T80 B9 J7 125 Ak BRI 1145 A4 28 Ak 45
Rt At GlfSE i EARECO 5 1. BRI R A% 18D

B 5.9 JEE®

(1) 3X3 My KA IR

(2) 5X5 [ KAEUE P .

(3) 9X9 i f5c KAFIE D .

R 33 PHENE . A& ERAGAEIM 2 MER L SXE PG . A& BT A
GERIGE I 4 MMEEIOX9 FIUE R A& L AL 8 MEFE., Ik 3X3.5X5,
9X9 ZJF W 5. 10 Frm AN Z AR N 3X3.5X5.9X9 ),
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(1) (1)

(1)
5.10 CIOCI CMD 451K 3X3.5X 5.9 X9 7 AL W& I 1 B 1%

E5.6.3 As shown in the Figure 5. 9, a 256 X256 binary image (white is 1, black 0),
where the white bars are 7 pixels wide and 210 pixels high. The separation between bars is
17 pixels. What would this image look like after application of (gray value is 0 or 1

according to principle of proximity, and the image boundary is not considered)

=

Figure 5.9 The original image

(1) 3X3 max filter.

(2) 5X5 max filter.

(3) 9X9 max filter.

Ans: Every edge of white bars in vertical and horizontal directions is added 2 pixels
after 3 X 3 max filtering. Similarly, every edge of white bars in vertical and horizontal
directions is added 4 pixels after 5X5 max filtering, and 8 pixels after 9 X9 max filtering.
Results are as Figure 5. 10 (from left to right, they are the results of 3 X3, 5X5, 9X9

max filtering).

C5. 6.4 BTV AGI f T 00 1 R 52 20 % 248 5 RN RI SC S i 2 m . i s 151 &
R B APPSR AR 30 R AT o R BT 273 7 W 7 19 249 07 22 /N B RO A 1710, 0 T
5 [ 2 7 2R B 2 LI 22 4[] 2
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(1) (1) (1)

Figure 5.10 (I )CII) () are the results of 3X3, 5X5, 9X9 max filterin, respectively

BRI RO TE T LUK W 1 07 22 AR B JE0OR (1/MD L M o T 4 Y 1R

ANEC T L) AR
1 _ /1
Og — 10(771 - M n

M = 100
T = 100/30 = 3. 33(s)

E5.6.4  In industrial detection, the workpiece images are affected by image-
independent noise with zero mean. Assume that the image acquisition device can collect 30
images per second, how long should the workpiece be fixed ahead the acquisition device if
averaging is used to reduce the mean square deviation of the noise to 1/10 of the
original one?

Ans: Image averaging can reduce the mean square deviation of the noise to (1/M)"* of

its original one, where M is the number of image to be averaged.

_ 1 J1
% T 1% M°"

M = 100
T = 100/30 = 3.33(s)

C5.6.5 #nlE 5. 11 Frs i) 256 X 256 B9 — {8 E 1%
(AR 1L EBR O P MEARETBRER. 210 8F .
PIAN 45 2Z 0] 10 58 B 0 17 AR 38, 24 0 1 T ) i Ak B
ik A 1) A8 A 45 R A A (e B S 3 JE AT B 0 5% 1, 1A
BN RAFE D)7

(1) 3X3 &Rl P 1 Uk ik

(2) 7TX7 &R 3l F 1 8

(3) 9X9 & 4a - 44 1 iz

ER: MTHRMAERNLIWASFHEER 7, KT 9X9
TEVE T TE R —2F L MAR KT 7 X7 R 3 X3 AT BE A — B5.11 JRE %
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o XA LA AR X = A AR B g P IR PR R MR E S 1 R B T 1 AR
WZ TN 0 MADE IR & AT RS RAN R 1 R 32 DE AR R A (B2 0., T 38
WedEh 0 AL Z TEN 1 BDEG I & AR S R/ 0, Br DL #8 E xf —
(B PEL% = b K /INAS [R) £ 408 St A7 406 3o S 459 30 0 st 20 2R 4% 5 TR L% A )

E5.6.5 As shown in the Figure 5. 11, a 256 X256
binary image (white is 1, black 0), where the white
bars are 7 pixels wide and 210 pixels high. The
separation between bars is 17 pixels. What would this
image look like after application of (gray value is 0 or 1
according to principle of proximity, and the image
boundary is not considered)

(1) 3X3 neighborhood averaging filtering

(2) 7X7 neighborhood averaging filtering

(3) 9X9 neighborhood averaging filtering Figure 5. 11 The original image

Ans: Due to the width of 1-valued white bars is 7,
more than half of 9 X9 filtering window. And so are the 7 X7 filtering window and 3 X3
filtering window. In this way, the number of 1-valued pixels in the filtering window is
more than the number of 0-valued pixels if the central pixel is 1. So after averaging and
rounding, the result is still 1. Likewise, the number of 0O-valued pixels in the filtering
window is more than the number of 1-valued pixels if the central pixel is 0. So after
averaging and rounding, the result is still 0. Therefore, the resulting images are same as

the original one after three neighborhood averaging filtering with different window sizes.

C5.6.6 XJLE & Ml y Jrinl DAL RS iz ), B R
EX:. KX ao=ct/T, yo:"l‘/TaJn\UF

H(u,v)= frexp[—jZTc(u %Jrv%)}dt

= Lsin[n(uc + vr) Jexp[— jnCuc + vr) ]
w(uc + vr)

E5.6.6 Derive the transfer function of arbitrary uniform motion in x and y
directions.

Ans: Suppose x,=ct/T, yo=rt/T,then

Hu,v)— Jrexp[—jZTc(u Lty %”dz

- W’Imsm[n(uc + or) Jexpl— jr(uc +vr) ]

C5.6.7 B —M BRI BOM 2 R AE o D7 [ AR 2 8h 7= A 0. 4 =0 B ik
%JJ:’T:E t=0 i'] t=1T |‘Eﬂ%12|§ﬁﬂi§f§% 1-”:61[2/29*51\5*%@%& H(u,v) aﬁiﬁlﬁlﬂﬁﬁijﬁ
9 T 20 L BRI 00 45 4.
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&=, q%‘bﬂﬁg 1'0:(112/2 ’f_t/\vﬁ
H(u,v) = Jrexp[—jZTCu %}dt = frexp[—jrcautz]dt
0 0

R BRARTE - el T IC S5 I A BRAE . BT ATE S BRAE S R S A58/ IN 19 TE (B (o /T B
REEIT 531

Xf &) iz Bl BB BT H Cus o) AT BETE wo V- T E RS0 A7 B B i AR /N, DI
IR AR S UMM Z5 R T B A AR KBy 2200 . X A1 iz g 8 s B B T H (s, o)
WAAE wo P10 HUCFR I 2 ) AT 3 [

E5.6.7 Suppose that the blurring of an image is caused by uniformly accelerated
motion of the object in the x direction. Object is static at t=0, its acceleration is xo =at*/2
from t =0 to ¢t = T. Find the transfer function H (u, v) and discuss the different
characteristics of blurring cause by uniform motion and uniformly accelerated motion.

Ans: Substitute the acceleration xo =at’/2 into the formula of transfer function. then
, at’ ,
H(u,v) = J cxp[—ercu T}dt = J exp[— jraut”]dt
0 0
The above-mentioned integral is a limited value when r tends to infinity, so it should
be a small positive value when r is limited (It can also be analyzed by means of series
expansion).
For the image blurring caused by uniform motion, H (u,wv) may have zero or very
small values on uv plane, so that the recovery results could have a big difference from the

expected results. For the image blurring caused by uniformly accelerated motion, H(u,v)

does not have the zero point on the uv plane, so there is no such problem.

C5.6.8 HETE x Jy ¥4 Jin i 5 B0 EUZ AR [a) i, an SR RS TE c=0 ik, R3S
BUINTE a0 =at® /2 N X TR T, $ H A 6 5 H Cus o) o AT DU PR ] FF 56 15t 8] 220

T

T .. . 2 T . , 2
H(u,‘v) — J eﬂ2x|1x0(t> dZ — J e Jruat d[ — J e P2mul (1/2)at ]d[
0

0 0

T
= J [cos(ruatr®) — jsin(ruar®) |dr

2
= JZ[C(MT) —iS(Vrua T)]
2ruat

5 — [2m J 2
C(x) T Ocosz‘, dz
N
S(x) =, /= J sint“dt,
T 0

X T H A R ANE 5B BRI

E5. 6.8 Consider the image blurring caused by uniformly accelerated motion in the x

direction. Object is static at t =0, and with uniform acceleration x, = at*/2. Find the
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function H(u,v) about time T. Assume that the shutter switching time can be ignored.
AHS:

r i2 T i 2 T 2 19y a2
H(u,v) — J eﬂ muo(z)dt _ J eﬂnua/ d[ _ J e—J aul (1/2at ]d[
0 0 0

-
= j [cos(ruat®) — jsin(ruat®) ]dt

:%[C(W’D-ﬁ(@’[)]
T

5y — [2m J 2
C(x) T Ocost dz

S(x) = |2 rsintzdz,

i 0

This is the Fresnel cosine and sine integral.

C5.6.9 A IR L MEALFE A AL 5 e300 8 P Ik S AR i
ER: WBLEERR g(a, ) HE R AR GGu,o) 25 E R IR A R 1/ H (us0)
M G Cu s o) A 3608 715
Flu,v) = GQu,v)/H(u,v)
Xof b AR A B AR A5 0k P R AR S (el )
f(x,y) = IDFT[F(u,v) ]
DA 3l e 300 38 30l 0k 52 TR AR 1 i B
EAEAEME S s H (u,0) =0, AR FH B RO i Ab
(1) £ HCu,0)=0 W, \CNIEE 1/H (u.v) BI1E ;
(2) i 1/ H Cus o) BATARE P 5T, B
H '(u,v) = 1/H(u,v), X4 D<D,
H'(u,v) =0, D> D,
E5.6.9  Briefly describe the principle of inverse filtering of linear shift invariant
system for image restoration.
Ans: Suppose degradation image is g(x,y), and its Fourier transform is G(u,v). If
inverse filter is 1/H(u,v), perform inverse filtering on G(u,v) . then
Flu,v) = Gusv)/H(u,v)
We get inverse filtering image f(x.y) after inverse Fourier transform
f(zyy) = IDFT[F(u,v) ]
The above is the principle of inverse filtering for image restoration.
If there is noise, in order to avoid H(u,v) =0, two methods can be used.
(1) When HCu,v)=0, 1/H(u,v) will be set artificially.
(2) Let 1/H(u,v) have the property of low-pass filter
H ' (u,v) = 1/Hu,v), X DD,
H '"(u,v) =0, D > D,
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C5.6.10 W PEYLIF Sy A+ 278 AR AT 72 1 P I, A BE R B I 7 1R T 0t g g it
Ui JF 45t TE A AL BT v
EE . 2R AL ek OB AL Y 1B S ELAE B0 T7 I R AR g B . AR TT ik B A

PR 1 A P50 4 08 L o A g SR 3 B T AT 0 ) e L o A

Glu,v) _ N(u,v)
H(usv) Flu,v) =+ H(u,v)

A b R LA 3 B A7) 0 R A bR 8, AR T BB TC 1 v A IR AR AR R IRTAR o TR Dy M
ST BEAL PR AR AR R . Y N (w0 iR 0 S8R H /NME . N (s o) /H (us o)
Z VAR By DR D Pl A5 Ao HEL I 72 4 f) i o DT L2052 R 300 3 9

E5.6.10 When inverse filtering, why can’t we use all filtering to a noisy image?

ﬁ‘(u,v) =

Explain by using inverse filtering theory and give the right method.

Ans: The simplest method for restoring degraded images which are resulted from
degradation function is direct inverse filtering. In this method, we calculate the Fourier
transform of original image by dividing the Fourier transform of degraded image by the

degradation function as follow.

GQu,v) N(u,v)
H(u,v) Fluyo) + H(u,v)

From the above formula, even if we know the degradation function we can not

ﬁ(u,v) =

accurately restore the undegraded image because N (u,v) is a random function whose
Fourier transform is unknown. If N (u,v) is very small or equal to zero then the ratio
N(u,v)/H (u, v) could easily dominate the estimate of the Fourier transform of the

original image, thus the inverse filtering can be realized.

C5.6. 11 GEBI f (o) By [ AR O ok Bomd (3 1L A2 s it 2 (o) B0 20 3035 3% 2 )
|Fuw |*,
TERA - AR AH OC E
F(OR f()ecF (w)F(w)
73 i e X
F*(wFGw=|F(uw Fuw |
SCAR A AL B %) Bk
|FGw |"=|Fw) | X |F(u) |
RIRTIERT /(o) By A AR G eR B B e AR S 2 /(o) I D 383 GE R D [FGo |7
E5.6.11 Prove that the Fourier transform of the autocorrelation function of f(x) is
the power spectrum (spectral density) |F(u)|? of f(x).
Proof: According to correlation theorem
()R f(H)eF (wF(w
the definition of conjugation
F*"(wFw=|FwFQuw |
conjugatesymmetry
|F(w |[*=|F(uw | X |F(uw |
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so,the Fourier transform of the autocorrelation function of f(x) is the power spectrum
(spectral density) |F(u) | of f(2).

C5. 6. 12 3IE B ) HE oA e 3 5 o B

R UEUIE AR Y F AT R I R S, RS 2 FR 0 I Lk F
S B AR S f (s y) B8 B AR A2 9T 1) A 0 B 1 AT ANk — ek L TE =0,

WEMG [, ) il B R g, (o

e = | flaydy
LA L AR 4y
SN
G,(w) = J mgy(x)exp[fj27ruf]dy = J
Ty =I5 1L f Co o y) B8 5 HEL 28 46
+oo (+oo
Flu,v) = J7 J,, f(x.y)expl—i2n(ux + vy) Jdxdy
He BP0 BOE S G, (w) =F (s 0) i B8 838 5 8 BRASHIE .

E5.6.12 Prove the projection theorem of Fourier transform.

oo

oo
, J [y yexpl— j2rux Jdady

Ans: The projection theorem of Fourier transform can be stated as trying to prove
that the projection Fourier transform of image f(x,y) on the straight line with an angle ¢
to x-axis is equal to a section of the Fourier transform on the angle §. Without loss of
generality, suppose §=0.

Suppose that the projection of image f(x,y) on the x-axis is g,(x), then

g,(x) :J Of(l‘,y)dy

Its Fourier transform is

oo oo
G,(u) = J,‘, g, (D exp[— 2nux Jdy = J J, ‘f(.r,y)exp[ijer]dxdy

On the other hand, Fourier transform of f(x,y) is
too oo
Flu,v) = J,,, Jiwf(l',y)exp[—jzn(ux + vy) Jdady

Take v in the above formula to zero, then we get G,(u) =F(u,0). The projection theorem

of Fourier transform is proved.
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