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Study on educational system with three-dimentional images and
structures which can change form

Oshima Teppei

Abstract: In the current field of education, Information and Communication Technol-
ogy (ICT) devices such as a projector and an electronic blackboard, etc. are mainly used
for teaching method to students. However, they are described by plane figures. When
the curriculum progresses, students will come increasingly to imagine three-dimensional
(3-D) structures from plane figures. As a method of understanding the 3-D, it is possible
to put shadows or to express a part which is not visible from the front by the broken
line or to combine some of figures. However, it is difficult to confilm whether students
are able to have correct images. Therefore, in my study, I have developed a 3-D teaching
method using the structure which can change form a two-dimensional (2-D) mode into
a 3-D mode and the digital holography. A method for creating a strong structure when
the two endpoints are pulled has been developed. Structure according to this method
is reversible, therefore it is also possible to return a 2-D mode from a 3-D mode. It is
possible to make a curved body such as a sphere or spheroid which is difficult to mold
from a sheet like a paper. Since structure with our method is able to see the change from
the planar state to the solid state, it is superior in terms of converting the plane view to
3-D images. In addition, it is difficult to prepare a number of students because the 3-D
object takes a lot of storage space. However this structure can not troubled in the storage
space because it is made of paper and become the plane. In that point, there is the advan-
tage of simply introduction. I have created educational materials about the astronomical
education, and actually asked to create and use in junior high school students, and ware
conducted a questionnaire. The digital holography is a technique for recording the in-
terference fringes of an object by the image pickup element such as a Charge-Coupled
Device (CCD), and reproducing a computer. Among them, in-line digital holography,
which has the light from the object (object light) and reference light on the same straight
line, can take a photograph easily, so it has been widely used. However, when I play
in-line type, there is a double image problem that the reproduced image is degraded by
overlapping the desired image (object light) and unnecessary image (conjugate light and
transmitted light). To solve this problem, “periphery method” and “random phase shift
method” have been proposed. “periphery method” is a method of reducing the influence
of the double image by putting a diffuser plate that can randomly change the phase of the
incident lignt on the periphery of the object, photographing a hologram, and performing
iterative calculations. “Random phase shift method” is a method of taking out an object
light using by phase shift method with modulating reference light randomly. In these two
approaches, because the photographing of object is only once, it is possible to observe
in motion. Furthermore, focusing on points that can be executed by the same optical
system, I developed a reproduction calculation algorithm that combines two methods. As
a result, by using the initial values proposed here in the simulation, the improvement of
quality of the reproduced image can be realized.

Key words : three-dimensional structure, paper craft, globe, educational tool, digital
holography
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BHAETRETH L. HHEBORERZEDL LT, ARTZ MNLVEE 7L 2)VEFEFHED
MAZLTS [21] .
2.1 ABARY MNLE

AT MV, KEIDOVHES TH 5 ZEMEABE (fx, fvr) DEZERIEZ 7 — ) 4
MU= DTHD. 2 =0DEZE NS Z U(r,y,0) TERT &, AART MLVOEEIIL
TOLIIZTRINSG.

Alfx, fr,0) = [ [ Ule.0)exp{=s2m(fxa + fyo)dady (4.13)
WEANZ NV ECERBT 5 EHEEER S L,
p(,y,2) = expljk - 7] (4.14)
LRENB. FIREOMBEERT RS P LT,
i,

T Z
=Tty + 22— (4.15)
ERMTRNE
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TEINDS. 3R ZEMDr = (v,y,2) EWVWIALEIZH B FEHIPEIZDOWTRLEZWVWE EIT
AW (4.7 7).
kRO S E RSN LT,

—

- 2, T v Z
k=—(a—+ 6= +v—) (4.16)
Al A

TRING. RKES L T(a,f,) DEWVSHMEHEL TESFEHBIZOWTRL W
YEIZHWS (K4.74).

FLEANTRIL KBTIV

4.7 REERZ ML R ML

WA T FVIZDOWT, TSIZHIATE720, BI48IZABENY ML EIEBRZ MLD
BfRE 2GR U7z, R (414) 128 END k- 7IE, AR ML EfIER2 b
DOHNET, FHKDOMMHTH S, K48 LEDRENS, H48LGDIRED K S ITE RS
MIVEBEEAR T PIVITERT B Ml a THE L CHEMKETH 5720, MHEIZ/LL
B, koT, k-rlk-r REAUMIZARS. 7 =Ff+a & XEBDT, BHERZ bLED
W,

k-(F+ad)=k-7+k-a (4.17)
THED., R4 D k-7 LA U 2570, k-d=0%ii73. ZOZM4EM:ZTE
MWD Sl & RPN PV THB.
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k
.............. k
4 :
NG N T ¢ _—
yk a e
X X X
— — B _—
ITA=XaNXs] |V REARTRIL BT BEARIRIL
X 4.8: A7 ML DS
InozX(414) RALTERET S L,
27
zﬂxJAZ):=exp{Jj;(ax-%ﬂy-%v2)} (4.18)
ERIN, 5, 2=0DEEEZTVWSLDT,
27
zﬁx,yﬁn==exp{3j;(ax-%ﬁy)} (4.19)
KB, Ik, RAMA13)Drky DEBEEELT, fx=a/\ fy=8/ATkDSH
50DT,
a B o) _ o (@ B
A <X’ X’()) = // U(x,y,0) exp{ ]271'()\13 + )\y)} dxdy (4.20)
EHRES.

FelI T, AR PIVOIEREZFHT 5. B4.9D K5I, x-y HAFATT, z8iA I
z BN Tz x-y I COWHE) U(x,y,2) D AT ML,

af \_ (et P

A (X’X’z> = // Ulz,y, z) exp{ 327r(/\a:+ )\y)}d:cdy (4.21)

THRIND., ZO@7—1) T&HIZ
_ a p on(Pe iy Bl a2 P

Uz = [ 4 (A, A,z) exp {m(AH Ay)}dAdyA (4.22)
b, Tk, NIVLAFRLVY R VU + RU =0 25729 DT, RATHIX, AD
W R

& (a8 27 ? 2 a8 L
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w, Foh, O GREAD I

A(—,é,z) :A<g,é,0> exp (sz—W\/l—ozz—Bz) (4.24)
AT AT A

EEFEITBL. J1-a2 -2 =yTHBHDT, exp(jz2—“\/ - 2—ﬁ2> = exp (jvk.) &, z

WADFHEE L DND. £oT, 2=0DHART MLV A(S,2,0) 7, 2#li5HEEREL
TWHERTHDILERLTNS.

e

U(xny,o) U(x”y’Z)
X 4.9: fIANRT NV HERE

2.2 7T L RIOFEE

AARY MVIE, EIBIEHEN KR E L RD LMENRKREVWEZDEETIEAICBEWTH
WwWoiva, (EIEIEHLAR WSS ,7v$»Emﬁ%#%wa5.7v$w@mﬁﬁmu
TOXRTHRT LI ENTE 3.

Uz, y, d) :e"”’“l // (€m0 exp(imsf(x — 7+ (y—n)ydedy  (425)

ZZ T, W dEREL D RER, x, yTHb. & nXMEHTDEEERLTWD
JIEREEAL, N FEE, k(=27/)) ZEETHS. X (4.25) FEARAADIL LD TT —
D LA - SAHOE TRBTE 5.

lﬂxdkd)ZEKPdeVTVWFVWlﬂén,)}FT{——%XPO——E2+47D}} (4.26)

T, FT{x}, IFT{x}i¥FNnTh 77—V &M, #H7—V)LHErRLTV5. K
(4.25), (4.26) 1FEKEDORID-D, FHEMTHEEZTI IEIAMETHS. TD1D, ¢
FIE, n AROY > 7)) v IEEZTNTNAE, Anp 2L B2 LT, BEERORBICE S

-
—
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Zlz. TNFNOBER LU -BEEZ S T) v 7 L, TORE N &35 7L 3)LE
FE 1,

k

J§3KA£W02+(AHHVD}}
(4.27)

YFRED. 2T, my,n,me,ne 1 (=N/2,—-N/2+1,..,-1,0,1....N/2— 1) TH 5.

1
U(my,ny,d) = exp(jkd)]FT{FT{U(mg,ng)}FT{m exp(

31 fIiAY 7 hE

L1BITRREZ@EY, 1S4 VOTFIRNFAT T 7 11%, BENEP LG
DRIZEZL->TUE S 2EGMEZGISE IS, ZOMEZMERT 5720, [HY 7 b
FORNKT T T 7 4 (RS 7 b)) [10] pMRE I iz, fifHS 7 M, YoV ET
EFHWTSHNOAMHZ Y 7 h 3, TNENDOY T N THRUE Y T L2 FIRGHRT 5. %
Nz, EEAOGER I IEFDRN. MY 7 MEOIRHT, NEFINHY 7 T 200
R0 777 4 (WHMALS 7 MiE)] [11-13] & TV XAZBHENMHY 7 v FY X )Lhn
57 4(7 Y XLBHAAMST 7 ME) ] [14-16] DD 5. Zo ik, YIRDEREH 1[ET
TE.

3.1 (MHEVYINTFIYILEAOTTT4

ik 7 MiEIE, BI4.101I2RT&D12, YIVEFEZHWTSRNEOAMEZ Y 7 b X
¥, TNETNOYT7 VETELSZHRO ST LR T 2FETH S [10]. kL 788D
FOTILEANDEZLIZE->T, MERKOAZID T Z MR TES.

RESLTIE, 0, 7/2, 7, 3n/2 TV 7 M IEVGETHIET . 2L R IFITEEM
WTWBDT, 4B 7 hIETHERO S I LAHTELTHALUTHS. £oT, B
LTEZBIENTES., BRNGEZABRBEY 7 hSETHBLAEFT TS L2 TNEN,
1(0), I(n/2), I(n), I(37/2) £ T 5L, tOZ T AEHTOYMKNE Uy ZAFORTRD
LND.

~{(0) = I(m)} + j{I(x/2) — I(37/2)}
Uy = 1] (4.28)
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E-LXTUvH1

E-LXTVwH2

X 4.10: fiFHY 7 NEDMNFEZR

3.2 WMHHMHESTINTFIYILEQAT ST«

WFIAH S 7 MIEOREE I % X 4.11 13RS, MY 7 NETIE, Borsns o L%
o U, MM 7 b Pz T2 I 328, WFINHS 7 METIE, 1D
R IZERIRDNMD T 7T L 2Glek U TR ZID s FIETH D, KX TIE, ¥
ZhLTWAREWRBESZ I AL (YT H0) &, —n/2Y 7 MUZHBTTL (YT —1/2) %
I BUZELER U BT 5. BIREZITOBRICIE, Y7 0& Y7 b —n/2 DEBZELD
HU2MOEGE/ERT 2, M4.11%2RAThrb2ED, ¥7h0&¥7 b —n/2H0%E
R I N T WA 72, BID L7z & SITHBMENPRE I NTWRVEENEL S, 2D
BU%, FAEOBBZOERE D L ICHZ2ToTWVWA. 2O X512 LTHES N 2 DR
2, 2BFEY T ST 7 bR EE W T TUMARE 2 LD 1T
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E-nZXTVUyH1

8= 7 b
7LA

o
i
o

I

O |y

O oy
O |y

O oy

1
SIE
1
O |o]a
1
SIE
1
O |o]s

=K ccb

O

X 4.11: MFHAIAHS 7 MIEDEF R

E-LXTVUy52

1 .
Uo = §ﬁﬂ{{1(0)—-a}-J{IC—W/Q)-a}

v — V2= 2w
@g=
2

v=1(0)+ I(—7/2) + 2| R?

w=1(0)*+1(—7/2)* + 4|R|*

ZZT, RiZztezRkLTWnWa.

(4.29)

(4.30)

(4.31)

(4.32)

WiFAiAH S 7 MEEDOMER & UT, M K 2MEEOME TR, Sffitgh D mitkae At
VINTVANRBETHDIEDNDHITOoND. HEOERELZR/NRIZT 5728, 2BREO

VIR EoLEHHEMLTWS.

3.3 TV LBBXMEBIYINTIYILEAOTTT 4

7 v X LBRHMAM Y 7 M (RP ) OBIIER % X 4.12 1279, K 4.11 DfIHY 7 b
T LA DHBIGHNT, HEEELS ZETEENE T VA LIIERHLTWS. BHREETS
BRI, RIS 7 BT L AR Lo &0 EMMEPZIL R WD TR L 72 h a7 T LDk
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BT AEBOMEHEDIELVWEWSIIRETE S, ZOREXHAWSZ & TUHRNIE, BIF
DATRKRDSNS.

H,R — HR,

mwzﬁﬂﬁfﬁﬁf (4.33)
H,=1— I, — (|R|* — |Ra|?) (4.34)
Hy =I5 — Iy — (|Rs|> — | Ry|*) (4.35)

R,=R,— R, (4.36)
R =Rs— R, (4.37)

E-LRTUvH 1

E-LRXTUvE2

4.12: TV R LSBT 7 MEDFEFR
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Ri| R,
URP
R3 R4
SBR(KOS S LE) WSRO S L)
G INET %Y &5E%RTIE
EH ZLWWVEDET S
L | I
13 14- CCDIZER 4%
=LA VN
X 4.13: FS0 7T L, Yk, SEEORER

REZ T L, UKk, SEEOBBRENA4.13I1ZRT. 22T, Ry, Ry, R RyIIBR
HaFRLUTWS. RPIEDEEICIEIZHENOERIRFELLETHS. MY 7 M T LA
MAHDZALA 0 & —71/2 DT, IRIBIZHEDRND, JBIROEE, iz 7> X LI
S 25DT, B2REOERIRIEZFARZITNT RS2V, D, BHEYIKZELD
BRE, 372225V ETFENRDOVICES, LB CHET L -2t 0EHE
IRIEIEH 2 A0 7 MEER W TSRS 5.

UL, 2k sns 7 AOMAGHLEIZE-oTHE, K (4.33) DD 0 L2855
DH5. ZOLOIBWHEEN1DOTEHD L, HEZT-oTHLHRERLIILNTERL. £
D7z, FHETRD IHRIEMEAI TG S VMEE R o 7258, AT AT V74 VA Z#EAT
B2k o THIBEAZMIL TWEN, HEIXED .

48 {UtE[LE

CCD X CMOS 2 v Y X DM TIEKTZ 2 DIE, HOBEDOATH S, DF D,
SeDNAHE IO S, REEFDIEDRETRD o DA IR Z K ed 5 Tk 2 ALtH[E]
(=R TR

Gecherberg-Saxton % (GS %) [17] Z & U & 3 2 MHBEIEOFETIX, YIHHEDOHKE
DIHHE R PUR B 522 % 5-2 5. Error-Reduction % (ER ¥%&) 12 GS & 1357 5 #1)
Rz 52, WKRDPIFAET 8 & TN DRI D2 IV TAAHREIEZ1T 5 [23].
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Periphery method I%, JEFREINZFETH Y, GSEE FARRICHIIIMEDFE R IRV
Br 525 [18,19).

4.1 Gecherberg-Saxton &

RRRDE D CCD 72 ¥ TlE, YR Uik I T WiRwnDgy, YR & =i cicsx L
TREE D CICKEETRE RV IRT Z & TYMRTHE T DA ¢ % kb 5 FiE% Gecherberg-
Saxton {% (GS ) &\ 5 [17]. B 4.14 12 GSED 7V TV X L ORI % AW T GS D
MNEBIAT S, £ ED (|f],0) D |f] IFFHEERTH S N7-YHAE TORIET, ¢ ixkbns
fiHTH 5. BEETIE, EEOBEZVIEE TS, (|f],¢) 27— ) T&HL TKRD
7RG L AAHAY (|F|, @) THD. ZDL & |FIIMEEOYIED 5 RD SN -iRkiIETH 5.
fRIEIX CCD 72 ¥ CRiskAlfEZR D T, EERTIEMEREZRDTH L. ZD L EDHEEKRTK
D O NTARBE TORIED |F'| THD. TNk, (|[F|,®) % (|F|,®) IcHESHMZ 217
5 (HHEM A). (|F/,®) 27—V TEHBT 5 & TRDSNED (|f],¢) TH 5.
|| REBRTRD SN |f| LDEDRDZHGER, |f| % |flICESHIT FHEMB),
BE, (|f],¢) CTEREZ#EVIET I LT, MHZREET 2.

F 7z, MR E2YIAD B BB LI D, fESAADIRIEZ 0 & A72F, Error-Reduction
% (ER¥E) DGSEDRAL UTIREINT WS [23].

J—ILEH
Ifl ¢ - IF| &
1 I
HREHB HRSEHA
If'l ¢ - |F'| ®
WI—) IR

4.14: GSIED XA T T T I

4.2 Error-Reduction j&

ERJETIE, GSEOMHESMDB %, X (4.38) D & 5 1WA OREEOEE 0 124 H
U, HUGT 29REHEH 2 EE ORI HE#ROA L LT WS (FIREMC). 2D, B
WA EAE T 22 H 5D Uitk L THEL B ENH S, K415 IZERED T LT
A L OB X % 7R 9.
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[ F mkomsm)
f ‘{ 0 (RO 439
=) TEH
If1 & S IF] @
f |
R SAC HRGEHA
If'l ¢ |- |F'|
#o—yTEHR

4.15: ERIEEO XA T 7 F L

LU, RFMERRIZH> T U 55604 < H Y, KIS RERD KD 5730,

4.3 Periphery method

Periphery method 1%, B L 7-WYHARE DK E X DNROWZILEHREZ WS, %
DILHAR TEIPT U 72D ERRIEZ AW T ZBEET 52 FETH 5.

E-n2TUvs1

L—5—

HLEAR

Cccb

ETVRT

E-LXTUy52

X 4.16: FEEK TR U 72 608 E R IE D 3 &%

ZD7D, E£THHMTET U2 HOERRIEEZMHES 7 MEEZHWTERET 5 (M
4.16). Z D& ZEER I NN DA COEREREZ Ry, WK T OEEREZ

20



Royy &5 5.

E-ARTUy51

HEEHR

\ BEMA

Cccb

EIVHRTF

E-LRTUwvH?2

B 4.17: A0 7T LD (WK & BLER)

RIZ, HEERDRD & ZAIZBIEMEREREL 1 v 74 VRITHAR 7 I L %3likdT %
(B4.17). ZOLEFBLIzA0 T I L% LT 5.

P ED &S iciiskInzbu s I Lns, MHERET 2720121%, #IfEE LT, &
HCOEERE U, A FOXNTHET 2.

R
m:¢%ﬁ1 (4.39)

ZOBHEIRMEIZN LT 7 — ) TR TR, BIREHR 21T WYIRT C OERIRIE U,
ZRD 5.

Uobj = Fro{Un} (4.40)

I T, Fpo{x} BT S YMATI AN DERRGTREZ R L TW5B. IRIZ, Uy, iIZH LT,
LB DIRONE L ZDMTHB 2T L ELLTO X 512015 (FREM: D).

o) Uy (JEEUR DI D NER)
Uppj = { Ruy; (Z ) (4.41)
CNEEEIRIE U, £ 35, WK, U, &K CEBEE 5.
U, = For{Usny} (4.42)

ZT, F{x} 3YEKED S EREAOEMEHERL TS, ®BIZ, U, 2L THl
Ml % B8 U7z 2 RO N (4.39) IZAND (FIREFME). Lo T, (ERETOH L WE

-
N
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RRIE U, 23k 5.

U, (k)
Z ) (4.43)

Un :\/7|U/
C D DR & BEE O EEER D K UM LD 3 (5 418).

EEHE
Uy » Uppj
LT E D
U, - U,
h (g obj

4.18: Periphery method D X1 7 2" F A
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7y

5E IREXF

N2

Al
Jdiq

4HICR Uz B OAMIEE T, MO EBIEE R LICR I E 2 5.2 5
HBDN D, ek, WHEOMNMIZIZT v X LGP, SREOERLEHV ST
7z. ZDFETIX Periphery method (25 W T, YMANITIEWEEIREZ2 D7 v X LS|
KA 7 METRO 70 EHE € Hik e RE T 5.

181 REFZE

AR, REFHEDOT VT AL%mRT (5.1) . Periphery method Tld, ¥kt &
WBIRD IR WL DAL 2 WIHE DA & UL THWT WA, Ko T, #IHEIZYRED
Bz EATEERAWS Z L TRRVPUBGETE 2 L PR, RIF%ETIX, HHEZ KD
HFHEEULT [ ZLSROEAMY 7 Mk 28 L (M51DB) .

Periphery method & RP #EZ2#BA U ZHEIE, K412 X416 1I2RTEED, JHFER
IZALE A B BERLN. HEHR OB FE IR (X 4.16) - RPERABTZ 7 4 (X 4.12) -
Periphery method FiR B 277 A ((14.17) %, BIEYMADALIERZZ 5 721 CTEHA - Gk
THILENTES (51D A)

RP HE TR -0 AME 2 W2 IR EFHE L, KD Periphery method & T RIEKH
BIRIENE ZADSKEFHEDTI 22N TELLEZ NS (K5.1DC). TDORER,
BONDIHERPLET 22 LRI NS.
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FatE
|

A / M ONET \

AR D R 8%

RPiZF
N = A FNOERE

Peripery method Fi

\ ROSS LD E /
1

B RP3E THMASL

UpptktH’

ME A~ E R
¥

C
( MHAEOWIRL W WRE A~ ( ?ﬂﬁ%#Bi@Fﬁf&@%ﬁij‘é?

Uopj | EREE t Un

YES

HREHD

HREMHE
|

HREHAERZOMIEN W AROYSLEA ( RO SLEDYIERS
\\ U'opj J EigEE t U'p /
‘ @7 ]

5.1: MEFHEOXAT 7T A

281 IR FE & Periphery method DFERELE

Periphery method & e R FIEDICRFER DK Z1TS. SEIINATA—-R L LT, ¥
R 532[nm], CCD OEFEY Y F % 9jum|, YHEP S A0 275 LA E TOHHd % 20[cm] &
L7-.

BIEYIRIE, HRIEE UCTR— b, fMHE LT (K5.2) 2 A5 [24]. HEHO
Y X% 512 x 512[pixel] T, FEHAKIEZ, V1 ZXH31,024 x 1,024[pixel] THIEE KA
100%, PIMDIT VR LZEMT B L5 R DEHAVWE LT 5. GLED A% Xorshift
Z W [25], MMAEIEAR ST L0y FEEH U 9um] MR TEIT 5 & L. By
R 7% FEEOIR D FRUMZ Bl i U 72 IRBB DX 5.3 & 7 . K 100% D72, R—bDEH D
P IE A TREI N, AMHIET VY X LT 20T, DA D OFLHHRKIZ RO X
HZHRoTW5B.

o4



(b) fickd
B 5.2: FEkIZ W2 (512 x 512)

(a) fRE (b) fi#f
B4 5.3: Wik & HEARHR (1,024 x 1,024)

5.4 75 Periphery method % FHI\WTC 50 FEIR L 728K TH 5. X 5.5 BREFHEEH
WTH0 [T o R TH D, TN OMERZHET 5 L fRETFHREZ MWD Z & THEMIRE
DIEME, NLAHD] J5 A Periphery method & LERTHE L TWA Z MR TE 5. Lo
T, FVE LSRR AW THIIEZHET S5 Z LIk o T, HAEGIPEET S Z & hH
RTET-.

(a) #ilE

5.4: Periphery method
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5.5: e TR

0 10 20 30 40 50 60
k&R
—EBEFEURE —IREF AU
—Periphery method (#Ef&) —Periphery method ( {i )

5.6: KRBT & 5 PSNR OZAL

5.6 1A RIENIZ & B PSNR(Peak Signal-to-Noise Rate) DZALD 75 7 TH 5. Al
EDR T, REFIED PSNR IZIRIEA 14.6[dB] T, AiFHAY17.4[dB] TH b, Periphery
method TIXHRIEDS 13.6[dB] T, MAHA6.5[dB] T, #EFIEDOAIREV. KE[EEE 50
[l 0 IR U 72T, $2 K FIED PSNR I HRIEAY 36.2[dB] T, {ifHA%39.3[dB] TH b,
Periphery method TI3HRiEAY 15.6[dB] T, fitHA%21.4[dB] TH 5. #xiF, ALFHILIZH2EE
FiEZ HWS Z & T Periphery method & £ &EWPSNR 286N TW5 Z &b nb.
7z, MIMEIZ X 5T, BHBREEEICHERH DL ERINT VS,

PSNR O A& (5.1), (5.2) TALRTE 5. (5.2) TSy IdcHiEDMEFEDME, S;; 13FFAME
DEFEDEEZRL TS, PSNRAEWMEZRT &, SLHEGFISEVEENFSNTWS Z
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Ml A
PSNR =

iy Y (Si — S

MSE = e

3 REFEEFBUMEY 7 MNEDHERILE

RETFIE, MM 7 ME, WHNHY 7 ME, 70X LASREAHEY 7 MEDKR & D
e 5. &FHROBAEGRZR 55, 5.7, M58, H59I1ZmR7.

(a) H0 (b) Ak

(o) it (b) £z
5.8: MiFAFHY 7 Mk

o7



(a) #lE (b A

5.9: T VR LSBT 7 M iE

KFEFIED PSNR 2% 5.1 1217 . IREFIEOHRIE & A7 PSNR A3, 36.2[dB], 39.3[dB]
T, MY 7 MEOHRNE &AM O PSNR (49.4[dB], 45.4[dB]) IZ¥R\WT@EW PSNR TH
BN B. L, MY 7 MEEXSHIiTRRZZEBD, EHRorn s I L0130
BWThHD. 1 HOEETITONDFEOHFT, REFEI D EV PSNR 21572, /-,
WERD 7 v X LSRR Y 7 METIERIMAIAMMEY 7 MEL D E{EVPSNR7Z 5725 D
7%, Periphery method & flAGDEZIREFEEZH WS Z L THWPSNR 2155 Z &
T&E 7=,

# 5.1: %F¥ L Ol (PSNR[B])

| |%$%&|&WV7h ﬁﬂﬁWV7b|5yﬁA§%%
P 36.2 49.4 30.9 18.4
RLAH 39.3 45.4 34.7 22.7
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A,
ifi]

aih

6E &

Al
Jdiq

AFX T, 2RTGHIRRAIERIZ K D2BEHIETIE, EREOBMRE DAEPHE L7258
RDEMETAZEEHNE LT, 0 2R AEE B X Re I 412853
RTCHNZ RR AR BB HIEZ 5L U 7=, T D - - AR LR EY T, T <IC8E
BUGANEATE, 7T, MARRHMEEE ICET28M 2L 7. EROAEHS
TR U7ZAER, RO EOEMEDKBRN 2P Z2BL T, REKZHLAHEIZEL S Z
EDbrotz. 7, REANOHMIZOWTEHEROIMEEIZ L 5T, HOILAHFDAHED
BB LK<Y, 3Rl NEZ FRINIZEZ D Z N TE 2, £72, KEH
BT L2 T, HRAMNBIEXZELT, 33227 —Ya VEEHDH EZXYD, K&K
MEMHAT S Z & T, Bk 29 2 PR EERT 0 0 72 7 A RE i Emic x4 5
Bk Ebd N TER. TIT147 - 5—o VI HMOBME UTEETH S Z LR
XNz, £7z, 77— MERT, AEMOIZROEHROHL X BEAZ7-DT, %N
ERTE DRI ZERLL 7=,

X 5IT, D IRTCHURTH B -0 277 7 1 2HVWTRREZITD 72O, BifE, Hno
75 L LTS ETHEE - TW5D 2 AR % Periphery method & J > X LAAH
V7 MNERMAGDETRB L. 2O DOHER, RA—0ONERTHRTE, £/, @
HWOMMEY 7 NEEERZRD, 1 [H O Crldkn 887272 OMEE) T 2 WAL IRZ I TH 5.

SHBOBLEL LT, ) 72z ARERREYIE, AR TE20T, HHE
R 3IRTERY M, FREEE AR ERINIZAR D T WESTIZBE U TRICIER 2 B T o nb &
HARFLCWB. 10 7272 A EEREEY DI L T, bRz X208 ZH 5. H
FHRHEHLUZBDI, WoMrcHE, MiRicdsZ L THENIIHENZHDTH S.
Bt LTlE, SFHIET— RS ARE— RIZhZEiiEz2 R L TWwb DT, itz
KT, HOIBMEOBREEZD D, fHNIFRTEIRMRNOLETHS. 51, FITX
BERERNE O NS DB DO WVWTHARS.

RO T 7 4 DREFRICEAL T, WREFOMFZITS & T, FHEEHEZRS U
T, BAEGORENTELEZONS. YIal—vavile¥Ex->TWEDT, Ei
W& BEFHEL DI ZIT V2.
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