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VRPN S, BTV F AU RRILBEE N E L, TOEITAREIZE A LT
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FHIERORE, £ U TEONMEEHEOMIANTREE 725 (K 1.1), 72, STV F—
7Y RROBHNTIFHEIZHED TOWAIE IRV F—BHREHSDIIT LI R HEREE AT
BD—>Th 5,

R 4
o
s
. S
. -
3 o
.
-
.
.

ot
.
oL
vt
o

b
o
. >
.
)
.
.

Copyright © 2002 Main-Sequence Software All Rights Reserved

1.1 Felif (k) & A () OHIERERR S A = 1]

1.2 Ay <HEOH £

1.21 HAVIEHLLDF L VATH

HIBRIZEIR T 2@ T 3L F —H » HRIIHIBR KRG DR 1% & O EAEHIZ & - TEREH A
TRV vy U —%FREIED, FRTIZETINF -2 (1 RRF) IFRK L HEAEH
CEVETHETNEREZEIL, BT - BET QRET) 2REIE, E5I2FNLAK
KOFRFETANVF—IZ X > THIBIBS 2RI U iz REIES, ZORBEA Y~
MOT XN F—DEL - BEFERDPEN TH ST 3 I)LF— (HIERAKIZH U, #83MeV)
PARIZ B £ T IRI N, FHRMIZK FPERINS, TNEEWIAT— Ry T =&



W, 7z, EERT AEmHOR TG T TH Y, KRRFDR 7L D o0 difl] 7D &
FELTWSEDENFRBY Y YT =L, INH6E2RLTELAY Y7 —2 0D (K1.2),
R Y T —DRARFEESEIL L KO RNV F—IRKFE L, TRV F—RHE S
b, BFIZINSELRY v 7 —DORAM E ZNZND KGR T8 & O EAEH OB

2R,
o BFBRTFHER

o fHilBhBET
TOHR DB

X 1.2: BEAAT =R YT — (£)enRaryy 7 — (£) ok

o BHTPHE T WA - XTEW
EIANK =N UIBPR T EERET 2L, BT LBETORNZERT D (FERK).
TN U, EF. BEFVEEST S EHRL T, EHEFFOEN»S, T4 VA
R MVDK <% 2 2EKT 5 (R (1.1) (K 1.3).

et +te —v+ny (1.1)
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1.3: FEF 7 7 RHH R
o THIENH
HENBR & @ TRV F—EFPET. 1AV WO 7 —a VI THE % 5217 7215

IRTEBH T HHAEETH D (K 1.4), BIHINEIHTDART MVIE, 1ZIF]1/E
WZHAHIL T, B3 VF—Izfhr> TERAD LU TV EFHTART ML e b,

- @ -

1.4: GBI (2]
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o w0 HhfH] T D B
BTN F — DG AR FRICESET 5 & N (1.2) DX e E, 0 1%
REIES,

p+p—=p+p+ar’+brt, —p+n+a+ar’+brt (1.2)

p: B n: BEF mom, e BT a, b 1,23 OEE Lo TWD (p+(He
JRF8%) DG EHHD 5 2B), ZD5H 70 P FIdEMm84x 107" s T2 DODH iR
ZHREET S (K 1.5).

on?t

C; g<*\\ %DDL
n on™

X 1.5: 70 i 7o A AR AU

O HE AL L TV B EGA, TRIVF—H367.5 MeV(n0 O kT 3L F —DH47)
DAV EEPHNMZIERN OISR E 5,

BN F—HUYEIII DG vy T —I12 k- T, B ECEHIT 2 Z & BAHRAR W,
UL UZBRY Y 7 —HDMERN X T DOHEENELRTONEEZBZ S LIZL>T, Fo b
YATHENIHEII TS (X1.6),

FIlrad#k

EREBR IR EEE

FLraoiik
X 1.6: F =z L Y37yt Es

ZONDOWESMHITHED 2 FIIKILHIL, HHRIFEL B I NE2, M ECELSET
WAV LBV A ) —8EL,. I —8ELIZ L D EEZ 2, # BTl 300 nm~500 nm
WL b, £/, FoLya7NEELKLY ¥ 7 —NOR FOEE G UATF
DORD &S BHAETHIN NS,

v
0. = arccos(n—c) (1.3)

NI KRLADJEITR, clTNHE, v TR TFDOHEETH B,
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R YT —DOHDRF LA TROIIRIEY v 7 —NORF DI 0, #EAAAEE
D(BRTIZBITBF L rya7H0Y) vy rOERGLYE) L7425, £/2F L a7 HOMR
HFEIITCD T Y DI XV F—IZHHIL, LYy V=D oD F L a7 HOM ET
DIENRD X, V¥ 7 —DBRAFEESE TOD 0, 2GS 5 HONEITIFIE b0 (5
4N T=) BED, L. TONOHBIZIZELR Y v 7 — OFERRNC & % REKE A
TR S (B1.7),
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Bl 1.7 TRV F =AU BN SDF = L v 3 7HEAK [8]

ZhoDZehro, MIETFo L YyaT7HERA, BRI YT —A A=V L HTEES
BT AZ T, BTRNVX—Hry~iisaih ECRIBEMICEBIRITAZ ERTRETH S,

1.2.2 KSEGEFI L YI7ERBOHEE

i ETEKY Y7 —05DF o LA T7HOBH L, BMEMIZETRVX—H Y k%8l
T 2EMADEREGEE KAF Ly a 7RG \ND, T O a8 13 BRI 8% X0 i) i 65 72
CORMEEZHWVTELY Y Y=o SnsFocLryazitedEd, £HHEICKEL -
AATTEDEMREREBGE L, KT (BEE) 280T 5, JETEH RO I
F—IINTFREEIZIVRET S0, T3V X —BRMEITIFE 5 85T o iR 1 S B L.
1 TeV DA VAR TIIBOE A — MVRREDRRE L 15, 72, F b va7NIEMEsa
D7, ENZHE? D DR WKEREIPANTOREIFR#ETH 5, £ U TATHRRLIE, b
B, BRSOy 775 Reld, Fxb a7 EOMERBEEIXITIEGHE
T, ZBEYY 7 —HNOKFHIRIENNETED 2O, Ry T —DF L a7 HD71 b
T =V OWEEA T ns TH D, ZO-OMEIOEORIZ B ns T LTI &K
TONY 2759y NeBRSEsZ ertiks,

AX=I VI

v ay121 ThRREZESIZ, HYy UG TR OFEEN O LY v T —
(NRBEYYY T =) AMESNDE, TOVYT—HOKTFHRS5EF Ly a7 E NG
72, HUSBEZRZDIIXIOFEEENY 2757 R SESZHMNTIE2HELRD S,
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HUFDER Y Y T =N ROy Yy V= TREFORENRLRL-D, V¥ 7 —DIR
ML D, HTYBDOELRY v 7 — DFGEIIBE BB B, HIBIHBE (BREHEEEM)
K0 FAET B 2 KK T FFD 1 KT D AT S I B E 7 EE) &8 70 fHEGERE (A EAEM)
MEMORKETHENRO YO YT —DEDLDE/NI WD, IR I NT My 7 —
AR b, 72, NFR Y Yy T =3B L > TR 2R 7P T L F—
IS5 DENRE VWD, IR FE T 5 (X 1.8),
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X 1.8: v Ial—va Vit kBBEUAAT — Ry v 7 — (k) enRavy v 7— (4]

ZDESBRYY T —DIRDEBNIZIDLOSHFINEF L ATHRIZEEY YT —DF
WZHENE KITT, 72, BEEOEE FURD A VAR A DR GE. TDH VT ERE
MORETIHURIZ L DRBEY v T —DBIEH A T DHFINNT Hf%%#\%b<ﬁ¢®
ST NALE CREIAGELE ER T S XS BRMEMNRE RS, UL UFEHEROGE Tk~
RAAPSERT 5720, EHEOEMARIZIES XS &R 5,

INSDBOENNI L > TEERNNY I T T REFNT 2 HiEE2A A=YV THEE W
Vo TDEIBA A=YV ITEERNIZRAF b Va7 EEEE 2RI KGREGAF = L v
IT7LEEBEE N, TOEEGEIIZ DA A=Y VT EIC DRk BE L B,

27 L A&l

ERY Y U —IFHIERKKTRI D, Yy UVl o/ ETF L AT HERZS
EHURERREREER Y YT — DB THRAEDRE L S, TOROMETE S X 6ND2EE T Y
7 — OB FETRH D 50T N/ ETZOBMH O AR FER AR ZM L Z &I
25, 1DDH VAR MWL, BEROLEBETHEL, ThEThoyy 7 —th%EE
REZLIZE > THREFRAAEKRDIADZ L HPHKS (K1.9), ZOHEEATLVAEE W
Ve AT UVARIIRK 2 BOLEEETITO TR ED, 3B LB TITAIE, 38
IEIZHBEDRAY, RED AL D=0, BEI M2 5 IFXRERE X LT 5, £
72 AT U A BRI OIM 2 WS Z & TRy Y —DREGEENPHETE 5720,
COERIZED A UVIMOI XN F—IREREL M EIEELI VA REL RS, EVTHIL
OYIalb—yareEU»S, AUIBOBFERAEKLAME Y YT —A A=V BOEMD
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REEOMPFEHEIIZFDO ENROIIY— 2 2/ O30 d, ZORKERE Y YT —
e O DAFEREOEND S FHEHENNY 77570 RO EE@L,
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#82% Cherenkov Telescope Array
(CTA) 5tE

2.1 Cherenkov Telescope Array (CTA) &tE

X 2.1: CTA MK,

Cherenkov Telescope Array (CTA) FH & 1k, FAPEER & ALPBERIZERE U 7z KA 720 K<
GRF oLy a7 EEERIZLD, BEIRLVX—H Y O LB 217 5 R O F B
HFEERTH D (K2.1), CTAFHHEIX, JAWHFZ T LA RICHE L - EEEETEW, 120
RV YT — %L K DEEFTTATVABNT L2 L1280, BEBREFHTH S, HESS.,
MAGIC, VERITAS &\ o 72RO EEEE & b BIEEE i L2E 2 (1 mCrab~10"
erg s lem™2: 1 Crab &, MNZEEBOH VU IHBRIE), 72, 7L A 2 3FBEORL>ZO%
DLEEBEDMAZOIZ L > TR T 2 Z 212k b, BHIFEEZ T 3L F — k2 B+ GeV
~100 TeV A EOB X Z 47 RE TR 5 Z L 2FEBT 5 (K2.2),

EIZANF =AU RIEIZINE TCOEEBFIZLD 100 A EBHIThTE/2, 2L T, T
D CTA &> TZDEMET B AV < HIFROEIL 1000 B2 5 & FHEI NS (K2.3), CTA
DEBUZEH T XL F — KX REAZREIE D LHIFTE S,

GLAST

10" b ;-‘-"“-\_‘C@b

EF(>E)
[TeV/cm?s]

10712 T 10% Crab -

50hrs

107" L

CTA 0.1% Crab 1% Crab

10-14

10 100 1000 10* 10°
E (GeV)

X 2.2: BT 3L F—HFIZ BT B CTA(K). MAGIC(7). H.E.S.S. (%) o H e i 9],
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. Asca
.- Ginga e
Y " Fermi
103 - Tenma o AGILE ® CTA
¢ ’ N
ﬁ ‘,’Hakucho /’/ ~1000ﬁ;ﬁ
> Uhuru ’ . S
ki ; -rays) . EGRET .
I 102 . y-Taysy, - o HESS Il
'\ @ ! .),' ~MAGIC I
E N // COSB s
o K . MAGIC
1% g . <" HESS
E ’ IVHE y-rays ¢ HEGRA
F . - SWhipple
- 5AS-2" '.4
1 =‘ 1 l: 1 I 1 =‘lWhiPp'eI 1 1
1960 1980 year 2000 2020

2.3 X#h AU BET IOV — T 2 R OBHIEB O IR X 1 2 R 9],

2.2 CTATHEHIYAIA1TZVR

CTA TIEZDJAVWIZ R I)VF —HifH L HWEEIZL D, 2L DY AM TV RIZEHBTE S,

SRITRAARARD —fil & U T OEH BEREEHICZE TS, BFERE L IXTO4DOED B
BIFERBRIIERAIMEDZ L TH D, ZOEHERE CFHMOABIFMEINKLZ 5L I, R
RNTOR I D 5% 10" eV BUN (FHIARZ ML D knee LIFXN L v £T) D
FHARNEDO A HE/ME SN TWw5b, UL, BRSTEHIENZZRILEF =R hL
S TIRFEHEIEN 104 VEEETULAEHRTETTES T, £/, FOIRXLF—AR
7 MIVIZEER E L BIZRBEIZfLLTWwWB EEZ 5N T WS, CTA TlE—HEWEEIZ XD,
BUR O BIAIEIFA Tl W T W AR WERTIT UL (8 kpe) % X HIZH X 723 H £ CBUAIEF %2 51 5
Na7-0, S0 BOBHEREEZBINT LI B AREL kb, TR, 10 eV £T
O FHEMBMERREKDEE, T H5IZTRINVF—ART MVOREZFOfAPGTE 5,
SR AA D FHARNEFUER D —D & U TIEENER A B 5, IHEERMIETMIERT
Z v 2 R —)l (supermassive black hole) ZHi DI TH O, £ DHLEPEHIRETH 5,
TEENSRIZ I IO S YR WK TR 7 A 2R E M HM®RN R Y oy hE2HOE
DORHY, FTEZOY zy bHPEEIE[HEIZANT WS EDE T L —F—2\WnS5, 207
L —HF— I RADH T fRERAE L LT, b L < ntnsd, MHiliwmley oy
MZEB2FHHNMELZEZ S5NTE D, HE T RIVF —FHMANEFROBEM L ThTWwd,
CTA TlE & VRGO £ T OBNEFEZ LT 5N D720, TOBNKER» S X 0 FHM
miEmx e L 9 5,

2.3 CTA ORI E

CTA Tl& Large Size Telescope(LST). Medium Size Telescope(MST). Small Size Tele-
scope(SST) DF7e - 7 3FIHD RO LEfi 2 @A MM T 5, 2o O TR\ HH
ET7VARDES ZLDE-T, Fxb a7 7 VA AMITRAZ ZEWTE, T—X
DEMNMEST S, 5T, 1DDH YA Ry M UBEBRIZSNT 2 Luiio a8z
WmEEs ZenTE, FHREONME, AENRE, TXVF-DREbH LTS, X
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72, 3SFEDSH, KIOARLERETH A LST OENAEEEEROE R E LV AL TEHI L
WES>TERZ AN T —DH U RENRSDNFOMENm EL, TXIVF—FEE2 FiFsZ e
DHREL 728, ZNHICE D, ERHEBRTS 281 GeV~100 TeV B DR T 4 )L F —
FTINETLD —MiEWREOBMIZEH TS, LFOXK 2.1 12ZF0F 0D EiEHE D7
*xE b,

#+ 2.1 FNFNDLE =S DOFH

ST MST SST
4% 23 m 10~12 m 4.3 m
BT 2 VX —HiPH 10 GeV-1TeV 100 GeV - 10 TeV 1 TeV - 100 TeV
ISEONTIRIZIN Parabolic Davies-Cotton Davies-Cotton
or or
Schwarzschild-Couder Schwarzschild-Couder
5 1 A 400 m? 100 m? 37 m?
FE PR e 28 m 15 m 7 m
PTG 4.5° 6°- 8° ~10°

D3O EEE EEBEMASDLETT VA 2T %, TNFNOLE @O E X
EVTAMVEYIalb—YavilkoTHEfEZIT>TWS, ¥ Ialb—Ya v TIEEAERE
BEOMRE (O£, HE, MRERY) &7 LA REDEE, S EERRDMERE (RE, AED
fRE, TRV XF—DREE. Ny 27TV RERERD) PR E, EEOY Ialb—Y s
VK DBEH U, Bl REE X 2.4 12R9,

1500 E |
South _ "t o o
. m e e @
- L e ogogo .
sl ~ bl )
" e e
o ? (s] -
AT N T = North =
o o ® ® o i ) x (m)
o'® @ e .
o e ® o'® o |©
E o 0 O'Ogogc @ o o
- ol © e %e © |,
e o e °
0 . e e o ©
v [e] ‘0 [e]
o o
o o
(o]
@ LsT '
o e Reference
« SST . . L t
o scT ) ' ayou S

1500

1500 -1000 500 1000 1500

24: ®vTFAMRY I ab—YavilkoTiEbI N7 LA, KFD SCT I Schwarzschild-
Couder Telescope(MST) &3,
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2.4 Large Size Telescope(LST)

CTAIZB 5 3FBEOLEHEFED S B, HAZ )L — TIEFIT Large Size Telescope(LST) D
HAICEREENT WS, ST =RV 77 A N—Fa— T2 LD AR—R 7 L — Ll
O LB ICHERAE A SO B8 & EE TS (Photomultiplier Tube ; PMT) THER S 15
EHMMEROMIF7=MEL R T WD (K2.5), Fxb A THOKTBIEZEDLL LD
YRBOTINX—IZHHIT 2, 20D, Bt GeV~1 TeV DIET 3L F — 4 > <#iir &
DNF%2+DEILZ 5I12lE. ThizEdE- 7’:}2’:\,\@%@ D?%fﬁ,\gafxéo LST O)D?% 23 m
THEHME 400 m? &> TH D, T MAGIC OEEFED MM (240 m?) D 1.5F5& 7> T
W3,

LST 3R T AV F — 7 2 GBI IS U 72 LST IZERITRIND 7 > < fif N — 2 b D follow
up BIE TS, 7 <A — 2 kD follow up Bl & 137 =)L IR Y TH Y < ii—2
NERAZE &, ZOEHREBIGIZ CTAIZED, CTA O%Edis 7 =)L IME TR A /-1
FZAY, CTA TEBHlZ175 22 Th b, ZOOEREESTHLORBEL fAZ2EZLZ &
WRE L7220, LST OFURIFBERE» DHIMEOENIZ =Ry 774 N—=F a2 —T%2FHL T
W5, LST 2R E UTHRERZ 70 b IF MRS Z & T20MT180°His% AlRE L T 5,

Shkm
(hA3)

B 1)
()

Hh—RoT74/8—
JL—L

X 2.5: LST ® CG 1 A—Y

2.4.1 LST Dyt 12shaH

LST O EFIIMHEGHE TH O, 2EEEZH 200 WHEAT 2, ZO0EEHEORMAEIZE
THAZLV=TBRHLELTE D, KIRED IEA S WHTIZ B B = ek ic 8/E 2 MfE L T
W5, BUE 30 HOE < DEBIZ LST IZH# T 2 o EIEE EE I Nz, Z O EIBEOFEMIZD
WTikt 2733110 ILST A 1.51m D EBRAESE DRk 12 T 2309,

YiEGHTHERRTE., BEZIZL > TEANEL S, TDEd, DEFL I 5 — L
EEDORIZIZDEEE 1LY 72021 D2DOERY e 2O0ERBET 7 F a2 — X =00 )
o, fEEASIZIZL - =2 WO fHFons, WO =P —IlLoTEAZR
b, TOEAET I7F 2T —X =LKoo THEEHEDM E PR EZFHEL THIET S, 2DV
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AT IF Active Mirror Control(AMC) XN TH O, EEIZ MAGIC T d TIZEML
TNTWVWDS, CTAFENZEWTEH Active Mirror Control IZFRHEINTEH D, FAFKELED 5
NTWa, CTA TIEEFRD AMC DHFIZH L, EFEOFLNI1I DOV —YF—%2FKEL., o
HEZNZT IO M ONIZAA T TEAREDTES L —F—DARY hEHZ, MEP
RZFAEST B 0D FEEbMEGI SN TWa, /2, DEE2T7 7 Faz—X—T+n7iHEHA
AT T-DITIE,. I 7 —XFEEDER 2 m/NMRIZIIZ 2 TR o vy, TOITJ7—K
FEIZ A v XA —T A ATV — b EIEEN, +oRMEEHER L CEREZIMZA DD LST £
ROEBEDHEMEZIMNA SN D & 5 LHEEDORENHED SN TWD (X 2.6),
View from

Pavavevares
NOVEN-

Pivot (fixed point)
Actuator (laxis free)

Actuator (2axes free)

Interface Plate

Space Frame Structure

i
! . !
L8
.’ .
- *

LST @ EFIZ & » TEN I N IXEREIZER SN/ PMTIZ AT 5, L L, PMT
R OMEEZ U TH DA L2 EM L THiR7ZE LTH, PMT DBRVWAR—Z (Tv b A
R=Z)PHEELVTED, F7z, 72 PMT 2N TR, EHIC L2 KA PUADETX
HMEPSDROBELREDNYy 7750 REERATLES, 2D 2O0OMEIZNRT S
7212, LST OERME TIX PMTL D 1 21X LZDRIAIZT A M A4 KX %
ELD DI 5B, ZHUEH 2.7 D & S BRI Sem DRATED A D O%EFi- 72 k% L
THH, RERSEEIFEDELZENARTHD, £/2. HEAEULEDONLAS L7-5HEIE
ZOIRIZ LB ERSIZE > TERPMT £ THE»RL %S, ZOTF714 MHA RIZ2o2WTiE
LST (2 5ol 72 PR DBIFE T b T\ 5,

X 2.7: fEE 251 M HA R
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2.4.2 FeHRHERED DR

LST OHENMHIXERE2.25 m &> TEHD, PMT A 1855 AZiEI N5, ZDPMTIZT
A MHA RZEIO AT 72 1 AD 1 pixel(ERE 5em) (6L, EHETENINAEZF L V2
THERZ, HATDCCDEHD LI IZELRY ¥ T —%E4T 5, FHRETILT DD PMT(7
pixels) 2 12y hDIFAX—L L, 7FAX—=HNDPMT., V7>V At URK, &
RHSREE D & Vo 2B OBFENED ST WD (M2.8), 72, TOEKmEAEKE
MRELABHTE-0DOHHY AT LORFELITONT WS,

4444444444

..................

<<<<<<<<<<<<<<<
................
............... Ffor 1
AAAAAAAAAA 18 o A . A af
...........

..........
44444444444

.............
,,,,,,,,,,,,

A H LEIER
TUFLT

2.8: BHRME T T AR — DG

IS PMTIXHARDEMR A h=27 ATEEINTVS ([¥2.9),

2.9: JBIAK b =27 A TIESNZEEED PMT
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B3E LSTHI1.5m2EBKkmEEE LD
B ¥

3.1 LSTH1.51moEEkmes

3.1.1 LST A 1.51m 9 EEKmE DLk

LST Tt 5 3 FIFHIN LML 1.51 m OARAPIEREHF CTH 5 (KM3.1), AMCHOL —
YP—F 723 AT ZWO AT B 72D RSHFERDO—D2DBH 6N T WS, BIFE, B DRIE
BE O ERIT PRI BT B 4 EI8E 20 M (No.1~No.29) £ TOEEIMThNT,

X 3.1: LST H 1.51m 7 &%

SHE

DEFOBEIZFZ I -V FAZ Y THREFHALTWS, 3=V FAFVTHRERBTIVI
NZH DM % T T AR THRAZY Y R Ay FHEE2#EERICEE L, HEDD W3 X
R—FE—)L N CHEEZBELIND 5 HETHS (K3.2), LSTOREFETIETIVINZ AL L
U CHARIRA T TEDJE S 60 mm D7)V I NZF I AL-1/2-5052-.002( 2 V¥ 1 X 1/2 1 >~
F. HHTVIBEE0.002 1 F) LEZ 28 mm DA T ARFHINTWS (K3.3), Zh
SDY YRy FREIZLD, DEEHOFESE65.6 mm &78>TW\WD,

DEBEOKPE I —T « ¥ TIERDIEEETIHIR L, ANy X ) v 7 EE AW TEEX
Nd, BEKLBETNVIZULAPHRBZEZERTHRL, TORK[ENROKREIZNESED
HETHD, ZNTHUARY ZY VRIFAEEF 2 N—IZd—T 1 VT OME L 258
JEO#EREE X =7y P UTEHEL, BEBEZNIT THIBICAREI N HHARERET A,
AN, =7y MIEESES, ZOHEIZL>TREZ—7 Y FERE DR TFH
SRIFTN, =T« VIIRHEORMIZEEET 5, Ay XY v 7KIZksa—FT4 7%
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H3ZIR

‘ FILENZHL

HIAR

TAS—E—ILF

| — 0.002”

:j>_ﬁ<mﬁ

60mm

3.3: DEIBED N LFEE

EEEDODLD LD RPN, 2, ZREBEZERT LI LHARETH L7720, DT
BRNRIZ Ko TRPEDOM LR TE 5, EBRICLST 2EEBE TR L Lo 7201%, CrE,
AlJE, SiO, 8. HfO, 8. SiO, BD5 @RI —T 1 v I Thd, ANy XYV IZEIZIFa—
TAVIRNROREZIINIDOT-EEF 2 UN—REDEBEPKRELLD, TOANRY XYV
THAMHZ WL DD DGR TIibNTWA M, LST AZEHIFEDO X 57 1.51m DAKEDTH
a—F 4 v HAER O IR 2T Th B (M 3.4),

REEESED
BEREShEZRFHN
RIEL-EEP BEREICHE
FILILEER

IcEESES - SBA—S vk

I
v

X 3.4: ZSeHEMIATICH B ANy R v I HE L F ORI [16]
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HFEXI NS EIGEOE SRR 28 m~29.2 m ORI T3FEE LTWD, ZHUXLSTDOE
B AEERE 28 m. O 23 m OWIHEEGHEI FHAINTE D, B IEH.O0» 5K
BRI U TR A2 LT 5728, EREHETH 5 08513 23 m D IIRIZEHE THE AR
BRI D 2R - BB EDRHBH7-DTH 5,

ARy A X

Fo Ly T7NHOEMBELZENRE T A=V V27 T5I121F. DEBEOAERY M1 XA
EHED 1 pixel £ D E NI VWRBREDH B, LST DELHED 1 pixel T4 M HA KD

SOND N ABENRETI 2 ERE L LT WB, EIEMREIX 0% DY A B HDER%E D]O &
EF L. DSO(FEAEERE £)<16.6 mm. DSO(HZR 4% 2f) <33 mm & 72 % T 2.

RETE & 2 DREEAL

Frbra7diE, RAOEINZZ TR (F6) filicE—22FD>AR7 MLei s,
FzLrar7Xe oIl KT E S0, 2SO RO ZRAE XK E 400 nm T 90%2A
b PE 300 nm~600 nm T 8% EE LTW3, £/, YiEHEITEHMIBEINS 2D,
KEDDEFIINEIIZE 5 I NS, ZD72OBERBRRICE VTR RORFELRZ F 1%
WIZHI Z B AR BE L 725,

MK (KK %)

DEFIIWIZS S I NS, HOWHDIZKPEE->TLE S &, EROMMAEZITTHRL,
WERD AL, X SITIFKIRDIE TIZ X > THE DKL EHAE S 5 &, BaRIZ X > THMUIZ LS
D0, BEEPBEINTUE S, BHIIIKPAD ATV E S IR EEEH L,
SIZHMM—IKPMRALTZGETEH, WHON=ZHLIZAY v b2V, T oIKKEDR%E
HFBH LT, RALUZKDPMIIRITTOLKED Lo T W5,

BE

LSTIEIZ Rz B D H o <N — A - D follow up BRI DOERIZ 20 72T 180° [z X & 5
72, MMERETO M VATER->TWS, TOONEEE1HIL50 kef M FELTWS, Z
NIEBEDONE 2 N LEIZT 5 2 & TEKRL TV,
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3.2 2fk
3.2.1 2f FZHE

BRI DENMEREZ T 5 e LT, 20 FEE WD FERH S, 20 20D . i
focal length(FEsSiFRfE) 2R L THE D, 2o FZD2EFL VWO EHKTH 5,

BRTAISE D S5 D12 X 3.5 12589, BRIIHE T3 H 2 /U E W THIH A S dhisR Fun iz [m) A
D AMIFERRE —HT B, Lo TERITHT2ERP»S, U TFTOXDEIT S,

h=Rsinf = (R — f)sin20 (3.1)

(N
(

THENZ T WIGEEEZDE QII/NI K520 sinf ~ 0, sin20 ~ 20 &7, A
1) 1

—~
w
—

h~RO=(R— f)20 (3.2)
R~2f (3.3)

LB, Ko T2A T ENWALE (sinf 2l TEBAE) IZEWTHEEEEZRL
TW5,

3.5: SEATIEIT N9 B BRI D [ S D

of 15 & AL HH PR (2f) 721 B U 7= DALIE I ROEIR E MR 2 15 & . RO S iz 7206
DEKMHIZ K> TEMINTEO N GEREZBHIL., TDOARY %27l 25 HIETH 5,
BRIESEIE S ST ATz & B 0 iRl 1 L ERRD 30T B 72, HIR % iR duins 5 il
Kﬁﬁ&ﬁmmmbfebfﬁﬁﬁét PRI D IE ST & o T, Sl 5 U TR FRDAL

W EES, ZOFRBERAL, HFRICAEEFEISEVWSDEHWSZ 2IZL-> T, BHOHE
%@%%%ﬁ?épt#ﬂ ETH 5 (IX3.6),

\ 4

A

B
3.6: 2f ¥
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PR EEE R OB M & U T, BUERMEZ KL T\ 5 ZX0KEMAT O THWNIT 2f IE%EE
ZHRELUT, HIEZ2ToTW5S, A ETIXHRERZFHAT 2720, BELRIZHRPERIZ
W79 5, LST DD EBRIE: XM AR 28 m~292 m & 72> THE D, HEHE2EIZ60 m
ELMBBEE RS, BOWTEHNIZZIDAR—AZHHFRT S Z AT WS,

INFEFTHEEINZDEFEITTARTIOHUEI THONT WD, O FEPARY D
M GER EOHEIZB T DHMZER R INT WA o7, TDH, =Nkl 175
UHEIZB T AMEFEHEOPRE L ZOFERIZE->THONETFT— XD SEOFMMAITZ S &S
PRNT T EEDBFE 21T D,

3.2.2 EBEEERIICLZHAE

I IZIXLED 2306 E UCHM L, BRI LtE T 7a U iRERIHLZZA 2 ) —
VITHRE TS (B3.7) TUTAZ Y —VIZME ARy b2 H TR TERNE LS ALiE 2 KD,
ZOMETARY MRS 22 ) =V & ZWIZEE LT YRV —HL 7HAFTY=2
TS %, TDEIBRIEETARY FERIET S, 72, FHURMATHREIRVIRIED
Ny 2750y REGLER S 5, BM O E £ 3.1 R7,

% 3.1: of IR BEH & F DR

PR (B or MH) INTA—=X X REAIE

LED(OSRAM # ZNN26862323_ A GTC1219-02J07)
A7V —=r (F7u 8

A1 A Z (Canon EOS 60D) Vyy X—A¥—F 1/5,1,32s
0 BE (F fH) 6.3
ISO(CCD H# 1) 100
GIES: 5184x 3456
L v X (EF-S55-250mm f/4-5.6 IS 11) YN LEL 250.0 mm

3.7 A7) = () & 58 m BITEINDEIED R AT ()

KM OALEREIXZ O X FHBLRITHNTL 5720, BRZ2MW, HEREENRE
15em AN & 785 K S ITIREL TWDH, ARy OIS (1 A — I Hnh SEEN 7 ALEIZHK
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SIE - 72 RIS W) F T A D720, Y vy X—AC—NELFHELTH D, 3HEDOHK
ENHDDIE, BB LU TRBMBHI LT VWHEEEZH S 72O TH B, ISO LIFT VX
WAATIZBWT CCDZTDBRXGFOMIEZRLTED, ZOISO %% L L, CCD DK
% FIFHZ2izkD, CCD 2EH7-E RN HHEE OB ABIREIC X > TH
U3/ AR (WER A RZIFEND) ORELZIMZTW5,

3.2.3 EEEROHENT
UFEEIZ L VG I N AR Y NEGED S, DEBEOMLEERTH 2 D0 2K 5,

RAW BN ST —4 %HY H e

W U727 — XL RAW i & U THRET 5, RAW B &3S M TS 0w nwET —
RTH5, BIZIXIPEG B 2F, k. AOHIZEPT WIS ICBORIEXHE T D
WIER EDMTAMA 2P THONTU X S5, RAW T — X IFgRZ O £ OYHil&
PRIFEIND, K> TRAWHGEN S T — X220 1T (BHE WD) Zeitko-T, EET
BoNZZDEEDMEZ KDL Z LTSRS, RAW HEifZ2 B4 T 2 kL LT, deraw &
ImageMagick (W5 2 DD 7Y —V 7 M {fiHT 5,

e dcraw

Dave Coffin KABHFEAF L TV 25 RAW Y 7 N TH B, 13L& A LD RAW Hiffk%
Bk 29, BURTE 2 RAW BHRIZSEE2IZRIE L TWA DI TIER WD T, Bl
DY ZHRT 5 EDMREIILE LS, HlZIE5 > 72 Canon WD A A F A3
L TW2 RAW Hi§TH % CR2 7 7 1 VDAL, BURT 5 & 2T D pixel 12 215 A3
RUEDLINT Wz, BHOEE, -] (BUEUZHEGT — X 2 BRI )7), [-D]
(HEFHEZ LW R Fa A FE—F), 4] (V=716Ey b ULTHRET D) &0
SA T avEMHLE,

e ImageMagick-6.6.8-10
HEE2BIELZORRLEZDTEEZHODT7) =Y T NTHD, 2DV 7 MIH5 covert
av Y REMATSE, BBRLEZT— X2 cE 27— ERNIcERrTcE 5, 5
WEFITSFERIZET 2D, 20OV 7 MEHW,

FITS 7 7 1 JVIZZE B L 7= RAW B O F1Zidfk. 7R, HOBORERZ ;> 72 CCD D pixel
MRA YV —FTHERSNT VWS, XA ¥ —FH & itk &K, H% 2:1:1 DLETHU @D
B GV E S ITHAIKIZER SNZHDTH D, 1A TD CCD HDFETFHZEDEST
TNTNORIGE U DAZBAIT 2EMALR>TED, TOOERE2WEL, JPEG D
k5% Hh S —FHEHEDL S, KEBRARZ X SIZRAW HEBIZETF —XTHB7H. DR
MEDEFFEH->TWVWS, SHIZZD3MADSH, M EIZES Fo LYy I T7HOPERITIEVE
BOAZME L THTZ1T5, 3D5 5, FO—LOAZME T2 L, HEOMGEEL L
TIE 2L 25 (M3.8), LML, &H LI ATOMBIL ., L I8 72 fRGE %2 TR
% &, 1 pixel 1Z0.1 mm PAFIZHIGLTE O, TIZIE o Ths, HENIZIEAZY -V
WIRS THDAT = (AT Y —) PO ZATED, TOHBZHAND Z LI12X D, pixel
CEBORIDOXInERDB L TE S,
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3.8: RA ¥ —{HDOEFELD A%

Ny 9750y RnE

ARy MR UL LEUIRREBIZU, HEZ off IZUTHZ LT ANy 27 50 Y N
G35, Ny 225y REigS RIS RAW BRIV L. S0a%HIHT 5, 20k,
Ny 275y NEig%zsE L, TOARY NEBREDEDZIND Z 212X >TAKRY b
HDADWEZEED, Ny 77T T NOFREIILATD X 512175,

ARy MHBED S B, ARy PHDBERIZA> TRV E b s &N 200 pixel D
B DNy 22750y REBIZE I ZEBROHHZ NS T2, ZOHFD pixel F%E
M, BHFENODHBEmIZBTB2ARY NEBRONEE [,. v 77 I77 Yy REfONE
I, &Ly IFORITRAL TESHREA 2 RD 3,

Aﬁf[—’“%[—ﬂ (3.4)

=1 IB,TI'L IB,m
m=

DAZRZNY TV REBIZNITEZEIC& D, Hfifte 35, T U TH pixel Z &1
LD XS B %2175,
(FRATEIMRODYER : 14,,) = (ARY MERONE : ) -Ax(N\v I 750 NEROJE : Ip,,)

D80 DEH

ETNY I TITY R ZIT o7z ARy NEEP S ARy MHE 1,4, DFENERE (16, ya)
RO D, fpixel e N &35,

N
E IA,nxn
_ n=1

N
§ IA,nyn
n=1
N ’ -
>
n=1

N
Db
n=1

Hite] Ya

RKOZED (2g,yq) PO FERE v AHICTRTONENAS & Ebd a7z 5%
r100(Z IO AR » M 1600 x 1600 pixel (26 L TIE 750 pixel & U7z) 2 & D, ZDMHDW
MIZEENDITONE (11002 DL DD, TD 141002 ZDARY bOFKEE TS, D8O
CIIREERD BOUAABEFRETH D, DD T 2Tl Ta100 D 80U DN [0 ETABIHE
Bgeins,

D80 ZRD B 728, ARy MHERIZDOWT drridr L WHMUNY 2V %2 E 2 B, dr=0.1 pixel
LU, ZORUNY 2 IVIZEENDHEZ LRGN [4g0 M EEBRE X TRULADETWVE,
Tago ZHABERDr Z2RKDD, ZDr BERNED 8ONPALZEETHD, £D 25 OF
D EREHN D80 &7 (IX3.9),
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T'100

D80

B 3.9: ARy bDA A=Y (HDHD) 123 5 D0 F i HIEDE AKX

3.2.4 HIEHFER

KR S 7z RAW Wik %2 JPEG B L7725 D &, FITS 7 7 1 WIZEBBIZEHE DA
ZHH U -2 X 3.10. B3.11. M 3.12135R7, HEITAED BT 2HA JPEG Hf & Z D
N 275y Rk, GRSy 275970 RIBEHBO ARy D FITS B m->TH
D, FED2HIEARY MNEiffZEHN T -V "7 TRLUEZBD (L) L2 HlizHREIZLZEHD
(H)Thb, EBRIZZOxEFHE ylf e o T\wa, JPEG %R < A 4 O
BIZDOWT, BNE (A LZE) IXF—BLTW5,

wj X _projection y_projection
sooo
sooaa -
3R 40000
20000
0
Cleval ol vl bov b Loy Loy
00 400 600 800 1000 1200 1400 1600 1200 1400 1600 1800 2000 2200 2400 2600
x8f (pixel) yEl (pixel)

2600 1200 Fu
=

2400

2200

2000

~— 1800

Bl (pixel)

>, 1600

1400
22
1200 H 23?300

o Pl ooﬂz\
zoo‘“’“xm @'\){e )

200 400 600 B00 1000 1200 1400 1600

3.10: ¥ vyvyX—AY—K1/55s
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- X _projection - y_projection
F 500
600 L
F 400~
500 r
g 400F ﬂ 3001
R 300 F
F 2001
200F [
i 100
100F- r
oF of
ol PRSI AN AP FUETI EVEENT BNAS R =TI PN BETUNIN A AYUEVEN RNUTI ST R |
00 400 60D 800 1000 1200 1400 1600 1200 1400 1600 1800 2000 2200 2400 2600
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ALTH, o225 ULWETH D, 207X D DR B RD SN EZ 5,

3.2.5 MBRTDZEM
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2. Z DR IR T AL EEDHEEIT o7z, TOHEL LT, Lz 0L
FHUEDOT—XE2MHHUL, Ny 27570 NEIRE(A) 2Z2/IETDI0 M E S 24T 5
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3.3 Phase Measuring Deflectometry (PMD) &8I 2

3.3.1 Phase Measuring Deflectometry (PMD) %

CTA GHETIZEE DR ik & U T, 20iKk & I3ANTERDIEIRE #4fi T & % 57k & U T Phase
Measuring Deflectometry (PMD) i£% £ U 7z, PMD JEISILFEMZEHEEECTH D N1 Y D Friedrich-
Alexander Universitaet Erlangen-Nuernberg (7Y — RV bk - 7L I VX —KRFLT TV
Frv=zZa)lrur PR, 7 IV VKR ) THRFEI N, BIE 3D shape tE THE
INTVBREMRIZH T 28 L WRRHIE A ETH D, TOHEIFAMEY 7 MEEAT LA
AAXAZHEEHEZFHALTED, A2V — V2 WAHERZ KAHRIZIL Z A, ERHIC
Fo THRDGEMTT DI LIZ& o TRARKRAEDOILREZRE T D, CTAGETIEID
PMD IEOHIERERIZH LT, S5 I ADONERGER (L1 b —A) ¥ Iab—Yaryzfs
5T kb, HEIEE ZORERDPS ARy M A XF TiMiiZ2175 (K3.15),

screen PN

&ﬁ’&:’]i?fﬁ%
W camera )
F Thﬁ‘bﬁﬁ;ﬁ' FRERDD

HHEOTHhERE  EREH-EYARIMERDD
4 3.15: PMD &I & % #Fli OFRM (23]

PMD JEDHIE I ALFABRR DGR Z X TIT D 72, 201ED X D IZHE T B RHED R\, F
D72 HEE DAL R () ([kFE T, e Eo/NMUYbz e 35, 6
AT R E DIEE 2 BB LWz, HIERRB S EHTE 5, 72z, PMD EId*E
TR DRI IZ & % 3D 72 &, %%Kit#oﬁﬁ%%®§ﬁ%ﬁ®%$%%éztﬁﬁ
. TNELLIZUEDEIBEORFIC Likmma AlRE L 9 5,

3.3.2 HIERHE

PMD iEIZNAHY 7 MEE AT UA I A S BEEHEDFEZMAELEZHDTH S, A
TENETNDFRE %2 AT 5,

It 7 ME[19]

MY 7 MIEE AT G (FESHER) IR 2 B S 2. Z DA D TN 5 R OAR
%Mﬁ?%ﬁﬁf%é B D XNRDOYR FERPHR) ITRER T2 M\ IERIK (sin ) 2%
WU, TONRKEGEETIRE TS, T5EHATDHEIFE (v, y) BB I,(x,y) 1&

nm

In({L‘,y) = B(l‘,y) —I—A(ZL‘,y) COS(QS(J},:U) + 7) (36)
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EFRED, Blx,y) 3N\ T A Az, y) 3ERO 3> b7 A MEGr. £ U T é(x,y) &
32 (2, y) IZB T D ELEDMMHTH 5,

— N
1ol

Ei(xjyf
3.16: I, £ Dk

ZZT, X(3.6)1Zn=0,1,2,3%_AT5, ZHFIEFKKEZ0D»S53r/2FETr/2327F5
L7zZ iz s,

Iy(z,y) = B(z,y) + A(z,y) cos(¢(z,y)) (3.7)
I(z,y) = Bla,y) + Alz,y) cos(6(z,y) + 3) (3.8)
Iy(z,y) = B(z,y) + A(z,y) cos(¢(x,y) + ) (3.9)
Is(w,9) = Bla,y) + Alr,y) cos(6(z ) + ) (3.10)

ZD4ADDRA%E ¢(x,y) DWTHELS &
1 [3(33',3/) _Il<x7y)
[0(~T,y) —12<.’L‘,y)

ZOX(3.11) 25, MG S EXFEOMMIZ, /2 T 20ME2 TS LZHEZHIEST 5 Z
CIZEoTRDBZ KB, MY 7 METIEK 3.17T D & 512, B EFHE D FAHHE

(3.11)

¢(z,y) = tan~

P(z,y) & 7OV 7 R—DNZER DDA EEEHCTHRDEE, H AT OFRSGAOELR
DR %KD, NROPEEZRET B,
H A FHpd B

Hatcl

WRRT

[ 3.17: Kb 7k SRR DR E Kb B [19)
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2T L FA A XA SEEE[20]

AT VAN ATEEREL IZEBEDH AT THRERE L., TOEBEMTTSZ LT
FoT, MR %E IKTHET S HETHS, caml, cam2 £ VD 2HDH A FTIZDONTH R
By NATEXNRVIFAET 22EEERE (X,Y,Z) 2L, TNTNDHATIZEoTES
N7ZEH (CCD M) DFERERZ (11, y1)s (9,90) £ T 5, fiE LT 5720, caml, cam?2 (T
R c R ABFAURED T AT M, caml DLEZFHMT S, £z, TNEND T A
ZOMEF X EIZHD, VEIIFEITT, Z=0T—HLTWd L T5, ZOREEM3.18
IR,

Z

Y
caml (0, 0,0) cam2 (0,0,D)
X
T ) 01
¢ Ty (% ¥2) 2
(AN .

My

.(x 0,7)

¥ 3.18: KRRz BT B AT L A BEIE

(z1,11)s (T2,92) EDORIEEIRO T TE72D, FH A TIXE/MMAZE L > ZTH U TR
il RLTWVWE, TN DORINMILA DA TRkDSNSB, .
x1 U1 —C

= D, Y: D, Z:
Tl — X2 r1 — X2 r1 — X2

D (3.12)

ID3DDRE 21, WKOWTIHELS Z 212k, BEHEORARZES,
X Y

T = —CE, Y= —CE (3.13)
ZOHAREMLED N AT DIRBET—A LT 2121%, (L& & BRI U TRAEE R Z 1T 5 &%
b b, BEREERE (XY, Z2) & U, BEREEDET S AT DR R %E (X, Yo, Zo) &
T5, ¥z, WA TEEOREERZ (XY, Z) L, X', Y'#l, Z &0 ohlizz zh
THhw, p. k&T5(X3.19),

X' X — Xy
Y'| =Rup | Y - Y (3.14)
A Z — Zy
R WIEIEAT I % 25,
1 0 0 cosp 0 singp cosk —sink 0
R,=10 cosw —sinw|, R,= 0 1 0 , R.=|sink cosk O
0 sinw cosw —sinp 0 cosp 0 0 1



a; az as

chpl-c = RUJR@RH = as a5 Qg (315)
ar ag Qg
a1 = COS Y COS K ay = — COS YSINK asz = sin @
a4 = COSWSINK +SINwsIiNYCcosk as = coSwcosk +sinwsinsink  ag = — sinw cos ¢

a7 =SINwsSIN kK — COSWSIN P COSK  ag = SINW COSK + COSwWSIN Y SINK A9 = COSW SIN Y

XY, Z)

3.19: —MMZREMIZBIT B AT VA TEHGE

o THAXBILTD L1225,

a1T + agy — arc

X=X Z — 7
O+( O)a3x+a6y—agc

a9 + a5y — agc
asx + agy — agcC

Y = Yo+ (Z — Z) (3.16)

AT E2ITRTDOH AT THEL BFEEDBRE Xow You Zow we oo KZF YV ITL—Ya v
NoRDDL, KA 6 DTADN2D0H 5720, 3RA LOBMO (REL L WD) Boh
NE, FY VI —arvPaiETh s, Fr V) T L= a ilkoTIRTOEBEE KD
=%, HALUZH AT OB DX (3.16) DEN ARAEZNS (XY, 2) ZRKDILNTE S,

PMD EDAIERE [23],[24]

PMD iETIFMAHY 7 MIEIC K BRAIEZFIHT 5, L UKSHROSESE, ey
X —D & D 7 IR & DI K o THAHMERE Z SKAHMAIZBL L TH | IEXSHT & o TROGHE
DBRELTHAZIZHZONTUE S 2o, MHEEE T2 Z KRN (K3.20), 22
TPMDETIREEETL TRV X2 —DEbL D IZMMEREEZE L A7) — 2L,
2A7) — v DG %E KEHEADE L, h AT THRAD I L CANHEROKRYZFEHT 5,

27V =V R FHAT 556, KR TEMNMABREZEE T2 Z LA REL 25 h, kY
TINEDOESIHEETL TV 2 7 XA — % DR WEFHEARETET, K321 DL DITH A
FJOCCDFET L LYy A& THRZ BN T bV G M ¢ T8 U, Wi s 2 K D A
s LIER nAAEDLEIERFHELTL E S,
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@ HE O ERA

X 3.20: FEREIK (F2) & BEHA (F7) 12 U T ROBIR & 852 3% 112 & D AR

B 3.21: A2V — 12 &0 MBI Z B2 U 72355 [23]

% ZTPMD TlEk, NAHENZEH TH 20 MHE 206 LERK T 5 FRROAAHIEDAAH D
A FRIEDAARE R S Z — Iz U, AifHY 7 FEORHREFRBZ ZA 27 ) — s X &
58T, A7) =V EOMEEE —RIZREL, IOICATUAIATEEER2FHT S
ZE T, WNRREDH s LSRR 2 —BIZRET 5,

Ms CER R 2 —BICIRET S HiEZ2HAT L2012, M3.2D0&5RNEZEZ 5,
caml IZB T DR ML gy ERIET 22270 — > EOAFE q iz L, 7, DIEER ED
Mos BIE L, ki, ZRD D, T 51T cam2 BT DR ML T, EEMRD A s; &
R0 B Uy; & FIUTHIET DNHH qo,; 2> S HERR o, Z3RKD, 2 DDWEME KT 5, Z DA
0 DREERR EH S —EDHPFATHEL TWL, HED/A s 308T 0 OIEERR EITEFEL,
FLXZDRDOERMEI—ETH D, TDLD, GREMBIZBVWTRE DL 2 DDEM A, & )y,
DT HMEPEDE s L5,

» P1
3 \0\ P2

P2
Qq, -
2,
a_ VA
.. \ \ n,. v /)
¥ q SN A L Mg 71 y \/
SRR 2i
\\a‘:‘\“ ‘\\ n //« ”J
N \ / s
\ h A ’
i

¥ 3.22: AFVAHATDED s DIPGE [23]
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FEED K DITH B R s(ws, ys, 25) & FDIERR (g, ny,n,) DRED & ZITH6 s ITHIS

UZ-BUNE k23R D Z e kD, 1BDH AT (caml) IZDWT, s ITHIGL 72 CCD
H D py LB S 5 p ITIE L7288 R 7 Mol 2k B, ZLTEDRY MLOEERR
LSIFE DBUNE ky 555 8 B RD B, Hp, I ABMEED SAMEY 7 MEIZE > TAY
)=y EDE g B, VL s ¢ O FDRITBIT BER N, L WUNG K, ASRE B,
DIEEEBOET Z LItk > T, BWNEOEAL LT, RERIHETE S (K3.23),

3.23: RKARDIRRE

PMD TIXBE D &5 pi. p) DHIBI % pixel BAL TR EKFET 7 4v b U7 & EOMAHAET
HIWrd 5728, CCD 1 A F O pixel BA T DKM FERE K OTERROBIEREE &2 EBLT 5 Z &3
K2 (X3.24), RIZH AT D 1pixel=3.75 um & U, HELFEHE f—16 mm O L > X CHE#E d—5
m EDNREHE UGG, 1A T pixel 1IZ X SHRIERE M, 1&

d - pixel
M pr—
! f
X012 mm 50, EXEDT7 4y bizk->T, ZNUUTOHIENHHETDH 5,

(3.17)

E_;l(

B a \

1 pixel

CCDTEEEAZE

3.24: pixel Z sinJgT7 1w b

3.3.3 ZEBERE

LST DA EEEIHATEEI NS 72, HARTO PMD IEHEDHLPBEL RS, £
DEOIZETIFREEELA2HEL 2, RAVOIT I U7 Y RKFZIETTIZ (K3.25) D& S
72 MST 3818 34 1.2 m) O PMD #EWH 5, ZOKEIFAZ ) -2 UTHET
VEZMFHL, RRIZEWZEIZZNZEL, 450D CCD I A I THET 5, 45D CCD
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HAZIFENETNHEOLA L, AR A, EFBaz2HEHLEL, ZNOHATDOAEZFEL
T, 4 BDOHEBOERTEERERIZAZ ) —VRMLIHBE EDITHR>TWVW5E, ZOHEER
H L2 LST HIZHER S 5,

X 3.25: MST 43#18iH PMD £ [25]

LST J PMD &2 DWW T, MSTHODO b D L FAKIZHEETLEEAZ ) =2 L, 4 -
DCCD A AT EMAT S, WHT LV EIZIEY ¥ — 78 LC-60L5(60 1 > F) ZfH L. CCD
71 A Z1Z1% Alilied Vision Technologies(AVT) #1# Stingray F-125 B 2L, L > X2l
PENTAX #:8 CCTV Lenses(f£ /0 ## 16 mm) 2 A L7z, TNZTNOEETEZED /KT A —
RTHD, A7) —VDREZ (748 mmx1329 mm), LST ASEIBO K E X (M 1.51
m), CCD 71 A 5 DAL (12°42'x17°03), FEEREDAR—Z (3 mx8 mx3 m) &I, A7
V=V R AT VAR DOEDI DDA —N—=F v THHEFRLUDOHELSMICH LAD S &
INZENTNDMEZEPRE Uz, HIEE UTIEETHE AN, e mS Hro 2 e %
2FHEZ. TNEMAGDE TREPBREEZIRES 5, TOREZICIZT Y —0D 3D-CAD
Y 7 b, Creo Elements Direct Modeling Express 4.5( HARGER) ZHH U T3 RILOEEE T
WalED, A SO Z 3Rc ECEREZL K ZETHEL, A2 ) —vOEGHEHWT,
EDEDIHE T VEDR AL 2R L, MTFDX3.26. X3.27, ¥3.281Z 3D-CAD T
AU BB O TN & B OGRS RO & R T,

CCDAAS

¥ 3.26: 3D-CAD 1= & %5 PMD¥E&ED5ER T X
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3.27: 3D-CAD {2 & 5 PMDZEE DG

WEEADD \

e L
—

- Y z 17')—/;‘./..'
4&2’7 14 vl oam

|

3.28: EFNIZBIFBRAZ Y — > DEGE - DB RER

X 3.28 1281} BHEHERDFEFIZOWT, AOKITLEDKD AT ) — VBB #HLK L T-
EDTH D, NATDVEEEET 5DIZHELREE 2RI EMROERREN ATV — > D EH
WIZINE > TWABZ DD D 5, THIEFBEIZAZY) — V2L ZATHERERHRTWE Z &
ERLTWVS

PERG U 72 3% 51 X % Sl R A SR SR 1F BRI CRE OB E2 7o 72, HED
EHHRAZIE NIC Autotec DT NI 7L —L %ML 72, AFS-6060F-6 & 5 Wiifih —il 6
em DIEHETHETWETIVI T L —L%2HAL Lz, ZOTLI770—=41F 1 mDE
WU, Th kg EDEAMAEGATHERZ LI IRVWHREE2RL, £/27)VI 7LV — L4
TE T Iy beENE Y aA v M=V EREHTEI T, IBEOLENRRNE WD
BERr>, FEERIZEEL, 588U 72 PMD #iE% (X 3.29) 1277,

SR U 72 25 IZ RO LST HO D EliR 2 & &, S OMER 217572 (K3.30), #EHR. %5
WOIZABEDHATIZE > TEHBKIIAZ ) =V 2T ETVS
PMDE@WE\Mﬁ&t%ﬁ5y7bﬁz7i&ﬂPMDtw9%®f\:m&175
VIV RETHEINTBY, ThEHHT 5,
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X 3.30: %& CCD 51 A 5 DHE

334 Fv¥)JL—>av

PMD EDRIE 21T D 72DI21E, A2V —V OB LM E (A7) — &% T A HDAL
BREIZERTS), A TOMEL A E (FHFRNT MILVOREDPREIZEFRT ), HE A
AT DHFRNZ MV EMD T AT DEFRAR T FIVOIIE (AT VAR FIT X B RRDIT
BRT5), WD EIBRNTA-RERELTEBERHD, INSDNNTA—REPRE
THZEET—ILREBEXYy ) T —are\0d, PMDETIRIDNAT A —XE2RET S
Hike U, thiR2 - 282 @REHE L, ZOMEELSHEEEYR/ 8T A XD/ %
IETBLWI kR LS, LU, £ % PMDEDQFEMIZ, EADRWREZF F O
BaREBILTDEHAT, SEHDAZ ) — > e WM REEOE e TEZOSNT WS, 77
D, FEEROEETIIAATIZZDOL v ADINEIZLLEBEOEAZREL, $/-A7 ) -V
TRHRWEHT LV EIKEREORRERD., TD72D, ETIEIOHAAT, A7V =V (WHTV
) D% D DOEAZME (FATF Y ) T —Yay, A7)V —vFy )T Lb—vave
I3 &2 47\, BARRRSEMFITED T, ZOHB Y — IV NEREX v ) 7L —Y 3 V2TV, i
EDENRTA=RERET S, UFRIZAATFY YV ITL—vay, A2)—=rFr ) TL—
vay, V= REEXY) TV —Ya ryoiEsRT,

38



hWXSFxv)TL—>3Y

NAT DU Y REZ DIGRD & 2 R OCLEHAED 5 I & WEN 55RO K7 DES
DT B,

1. ERmEIGE
Sl B2 B SOGIREDY 5 DAY 1 fUTIER U 7 W,

2. a4
el EAZ AR WD BUBTRD S DA T AUIZIER U 2R WIGE,
3. FEmINE

SEl B2 70 JOGIED S DT & B RO P B & TURRRMR DRSS R —BLL 2 WIIGE,

4. BRI IS
I DY DG T AR LT U % 5 IGE,

5. RN
T DOYMAN G DG % FEIXT, B F 7213588870 L2k B 0E,

NSV FILDO5INE (3.31) L LTHISNT WS, TNSDIEIT L > T, BFIEA
KDOWUENSEATLE > TS,

REURE aviRE JEmIRE

e

&L ERRECRER) FErnRE(GR)

miakaE

X 3.31: H4 FLD 5Nz [20]

FTAATFY VT —Ya v TRENATTTA MR- FEFEND, R— N EOER
IeNLEPERRDN 3 72 o THEBD B EPNT VSN =RV 7 7 A N—BDKR— F 2w AE
2R ZTHEIRE U, B DR 2G5, X 3.32 ICHEEITHRE U 72li&o 1 2R,

X 3.32: EBUZT A N R— R A2 L 72 i
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EEFORNEPETF a2l —rarvHoThh, SWVEDIEYFal—varveiddfo
EWTEAHNAERLTVWS, ZHETA MR- ROBEZIZEDE TE LR 2 ZE 2 TW5
7O 5, ZOEBEITDOT A NKR— NOEEE IR L, WHRIZ &L D EARde, dy 2
35, ZOEAZLLTFTORIZARAT B,

de =z, — xm@ + mm(Klrm2 + Kor,* + Kgrmﬁ) + P1(2xfn + T’m2) + 2P X Y,
C

dc
dy =Ymn — ym? + ym(Kler + K2rm4 + KSTmG) + 2P1xmym + P2(2y72n + er)

Ty =T — I
Yn =Y — Yp
T = T + Y2, (3.18)

X (3.18) 1T BT B HREUE
T,y B & FERED D (F S0l D3 h

K1,K5,K3, Py, Py: R D EA D 1EIH

2R, ZONTHEBEDOT A NKR—NOEOEIZFTALTEILENTE, T o ZREFTINIZ
fR< ZLIZEoTID8DDFEMN KD O, £ LOMREE X (3.18) ITRALZE D %A
EREUTHHAT S, ZOHEIE Australis &\ 5 Photometrix fE#oOF ¥V 7L —v 3 v
V7 hEMHEL,

A)—=vxv)TL—>3Y

27V =2 L THLNAEET L EDOEEIZEH TIER S EAPFEL, TUTL-T
KM 7 N ED S IEMEZR BRI DNAHDALE DR KD 5N 72D, ZDEADMMIED =D,
A7) =vFx )T —=yavhnlEeihb, A2V—=VFr )T L —raryTRATY —
Y (BT V) CENTNOREAEMIZHE->TWS Ry Mgz L, Thi Eiton
ATFY VT V=2 avifTolz AT THEN. wgMEL2ZATHRET S (KM3.33),
—

i

RO Y—=2®
| AEEDOEHZ

----------
-----
oooooooooo
----------
----------
nnnnnnnnnn

[ 3.33: A2V —rF v U TL—va A A— () & EEEY L i (£)

Dt UT- B E TCD Ry DT =X ZHIRL, EAZRKDD, ZOEADME F TIEA A
FX¥ VT —varv kDY 7 v o7 Australis Tt 2175, Australis CEAZ G| &
HUZEDL, ZDOF—X % Soft-PMD 12§ FH, M TEAMINIGUZMERZRD, 27
D—VRERMIEST S5, BRIZAZV =V Fy ) T L=V avilioTHELEZAZ Y =V
KREDRFOEADEAE (X3.34) 1TRT, TOBRINES 12725 XS ITHIEZ R TWVW5,
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X 3.34: A7V —=vF¥ VT —valE 0B LEZAZ ) =V DES, BT —"—FKE1EM &
MM %EFRKT,

T REZExFv Y TL—>ay
FEEOBEDBIZIZZ D7 > a v 334 DBmANTIRANTZ& 57, KELKEE (7 —LF
JERE) 12 B B

« 22V —VORBLINE (R2 Y — VIR BAHOM B I EET 3)

. xSC? ySC7 ZSC? wSC7 stc; 'LiSC

o BHATDRELIE (BRRZ NV OYSEDOUEIBHET 2)

Y Leam,jr Yeam,jr Zcam,js Weam,js Peam,js Feam,j (.] - O’ 17 27 3)

o BNATDOFERT MILKHET — TN (AT LA I A TIZXBUHARDICEGRT 3)

MEDNTA—=RZPBEL D,

Z ZTPMDIETIFIBEOIZATZ ) — VDREEREE A E (Tae, Yse, Zser Wer Pses Kse) & 2T AT D
JERE & ] & (Team.js Yeam.js Zeam.js Weam, js Peam.js Keam,j(J = 0,1,2,3))s 7 —Ib R BRI 5L Oy, D
I ZRET B, £TIHMEETY =V FEEFESOMMEZ CD S, ZIXFEBIZE % &
Wz & EDOEORME ETHEOFMIEWEZINET 5, TORMITAMR—-FE2EE,
PMD #EEIZHEL /27 AT TRE T 5, TOHBGEISEERHEDFEEZHW, foTW\W5
TANR—=REE (XY, Z) OB L TH AT BIEL [ & OYIMEEZ RET 5 (X3.35), A
7)) =V DOREEOYHMEIZ OWTIZIA Y ¥y =R ETHl> 7% S,

3.35: JEm. A T HERE & AR D G E IR E
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ZNTNOYBAMEHES, 1 MOBREHI N U CRESRM (B2 AMIHE2525) 24
A CHERIE O BB iR O AORNME 2175 (M 3.36), £ L TZDH% AR & E L 7z
ET. BHAATOBERZ MVKHET — 7V 2R IR I B TR /8T A — R IZEEO R4
R &7 =)V NEEEIEREMATZ Tor Yser Zser Wses Poes Fses Teamjs Yeamjs Zeamjs Weam,jn
Geamjn Keamjs By Ows (j=0,1,23)DETENRTA =K% TV =T A=KL LT, ik
I E S5 B & FIHE D S B b Y AR AR 2 KD B, TDHRZT DORIKRHEZ S L I2& I X T DI
KRR VKIS T — TV ERT 5, Z DFHHE X Soft-PMD N THT - 72,

A9 —2HE ROV—2FHE

D~@ExER-E B
X 3.36: 7—)L REEREF ¥+ ) T L —>a e BIFA8oHREN) T —a Y

FEHOF YV T —a T, TRTONRTA—XERD =,

3.3.5 GEIE
JAIE

WL DD LST H 1.51 midfEAEIFED S HD 1 (BLF s MIR & IES) OHIE %175,
ETIZFAFH OB L RO K E JITEDYE T soft-PMD NTH A T DK & FHH T 241
MIRDHEEITo 72, HWETIX, 2723332 ThRARZ 4 DDA =2 EFEIZED
REFHNE & N AAHIED 22y S 2T 5, 2 UEE WA X ELEI K RS 20 R i o
R <L R OWAAHIE X & 0 M WSO HIE ISR TH D, PMD ETIREE ZHS Z &
TREDEDDMMPNEEE TOMEEZREL T 272D TH 5, LSTH 1.51 m 2 HIFEDH
RE TIEAAH/NZ — > D Stretch Factor 2 1 & 20 TfEH U 7z (Stretch Factor = 1 TAZ Y —
YOMEDREXORIZ THEMS, 20 DBEIEZTD 2058 7%5), KH AT OBHEHD I
A= RIF60(=18) MFRTHFalb—va vzl W Es L,

D& CHEBITLST A 1.51 m 43 #1852 WIE %17 - 72,

AIERER

HIERER Z LA N DM 3.37 12 mR 9, HAKRMD? S O FNIFHMERE 2 7 v 71 7L, £
HOKEZFI\NZEHEDTH 5, HHED /2L mean curvature % L T\ 5, mean curvature
CATHHTAID 3 2 fipo IZH T DIERAN T MV R OERRER 7 FVAMELH (EFH) & H &
DT & DEFRIZ BT B mipo DHFEIZDOWT, RO M2 Z I8 EDHEK
e BUMEDEEED Z L TH B, LA L —AFERIFHEHERDOT =295 o I EDO L A1 b
L—Z%4TW\, ADARY M A ol fiBE ZDARY MkERLTW5, PSF
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-0.0146D

:%:’ili'?‘:!c:'z:",c':}:":;:?fi;[":[s;lfl'iflf‘sl‘l

-0.0226D

BB S6.2451 ML DT h

2f PSF @ 56.00m; PMD d80 = 131.3mm
u

x axis [mm]

e Xﬁ%

y axis [mm]

3.37: JEAER (s MIR)

i Point Spread Function DZ & TH D, ARy FDJAMND #RKT (ARY YA X), HE
WD FRWIX D80 2%,

KR, 74y b U2 BRARBRE 1324 56.2451m DERE & 72 0 Z 255 DT 41F-260 pm~330
pm AN, ARy b1 XE 2f=56 m T D80=131.3mm & WS JIEkERE2H577-, LrL, 8
R OHPEREREED SIS PMD BEN X EAZBETHDE WD Z S, PMD
HEOHIEIFABEDHATHEDOA —NR—=F v TEHASTAT U AREIZL O RAD 2 KD,
ZIMHIEEA AT PHILITBRZRE L, BRNIZIZ4EBDN AT OFROEGR % G
077 LZTEKL, 1 RoEOHE&E T 5, ZOHEEREROEBRIZIZZDERDHAIE -
EDERIXBZENS, PMDEOHIEIZE 285K 7077 LR EFL WoTW0WRWEH
ZAoNb, TOMETARY b A XHG S ARy MDILHFIZE S IX-> 2Bk Em->TL
FoTW5,

OWEDLZD, BET—LERXFY ) T —arvEiTn, £, TOMEEZEFKTTH
BDIT IV VRPICTHEIBLTE SV, 7077 LDHNEEIT>TH Loz, T
TV RFIZTREL AR 7O 7 I M LB HERREZ A TOM 3.38 =9, Z Dk
FEER, X 3.37I2HAR, GROBIEL o DR TE 5, BAARKRED S DT 41E-22 um
~26 pum AL 72D —MiI/NE K otz, EARY M YA XE—D2I12F & 0, 2f-57.98
m. D80=21.68 mm & W FERNHTWVWSE, TNSDFERNS, G Ta I LIk 588
NEINZEWZ B,

ZOFRERDNBROT — L RF v U T L — 3 VOREBIZEML L - E R DA, AR K
ERDONEMEID D7D, HET—IVRFy ) T —a vz, milElE O 60°,
120°ME X CTHIE 21T o7z, MERZLLTDX 3.39 2R T,
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26um -0.0146D

-22pm -0.0194D

e

BEREMSDOTH

2f-PSF @ 57.98m; PMD d80 = 21.68mm

y-axis [mm]

60 40 -20 20 40 60

o
X-axis [mm]

LA —RER

3.38: TT TV VRAIT K BEAER (s MIR)
60°[E#x 120°[E#x

26 pm

26 pm 26 pm

I
E———— 0 TEC

-34um -34 ym -34 um

EERE(58.003m)AL0ThH BE#EFE(58.0272m)MSDEh EEHE(58.0314m) M 50T Hh
2f-PSF @ 58.06m; PMD d80 = 26.0mm 2f-PSF @ 58.20m; PMD d80 = 23.8mm 2f-PSF @ 58.10m; PMD d80 = 25.5mm
60 60 60
40 40 40
20 20 20
T _ —
£ 3 £
e ° o 0 @® ©
3 g ?
> > ES
20 -20 20
-40 -40 -40
s -40 20 0 20 40 80 oo a0 20 [ 20 0 60 60 a0 20 0 40 60
x-axis [mm] x-axis [mm] x-axis [mm]
LA —REER LA —RER LA —REER

3.39: Bi% [ X CTHIE L 7265 5H (s MIR)
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ZOFER, HENMZERIFTWEINTWEH, Hizz2 I TCERAEVRIZIZFEALEEDL ST,
FARY MEREMEEOKHOEEFThHhoz, 2O s, FHREBEOMRAEITAEL,
EEROFi & U T PMD EZMHTAICIEERINERKRETHLI RN -7z,

3.3.6 EEBEDUELBAIEER
EEONE

M2 arv335 ECTlHo2F YV ITL—2arvORETOPMDEETIXXAE XA
FEOFMEE U TORMANTERY, TORD, BEORE/LOCZFNIIE>T-Fr ) T —
YavEPHELE,

RO PMDEEIZAZ ) =R T2 AL L5123 WS, TDHHAT ) —VFx
V7L —2a v ETOBR. DA TOREAERZEZ TS 5I1I21%, HmeofiE. 5
BEAZ ) =GBV LE CEAEHOEO DL > X (f=6mm) DFREF2EEHFH VAT ) —>
AT ABERDH D, LELIATOL Y RIFESIEHEAEE Y, T O5HZ WL
FEFDONGEIFREL RS, FY VT L —arvInNAATLIEVE, BRARLKEADD
RWESHHOR WL Y ATHB O EZFDTIZAZ ) —vFy VT L=V arvEir52 e
WKEoTHFY IV T —yavOiEDOHR EMWHRA S, ZDRDIZATY) —VE2EEIZVT
CWIHLEHEIToTz, EHNS, BEIZBELABEDHATTE b A oNAHIEARHEEIEE
I U THIIRBYDH O, A2V -V E2REREIZN T, AYEEZBES LTH, £/7+
SZEDNRZADHEBEMETEDLZ R ho>TWD, A2 ) —VEREIZEET LI LT,
INEFTED LML S M ETREODEREMDO L VX (f(=16mm) TAZ ) —rF vV
TV —a VSEREE 7B (X 3.40),

ZoY— AGY—
HA7 NAS
& &
e ==

X 3.40: A7) — > DHEDLEH

A7) —=VDEEDOR, BIETAZV—VFr ) T —a vz, TOMEEINE
TR LUz 24, HEREWARON, HGRELTOX 341122 D5,

ZORERMP S, A7) =V DORDPRHHZ L ZR I LTWBE I B nhrbd, EETRIY
MORAZ ) — V& BEIZT HETE TORREIL, A7) — U REEIZ30°HNT W7
B, X341 DHFROEPSHLNPEE5I1Z, A2 ) — U HRHPSEEIIF L TH 2 mm & H o iE
HEVWHIERERLI L, BEIZLAZBIEIZDOEERBIIZoNZEZoNE, A7) —
VERERBEIZTAHIET, HHRERAZY - VIBPROKHZLEMZ SNE Z LTINS,

BRAIERR

ZDAZY) —VDEREMELZF Y)Y 7L —Y a3y CHEMROHIE & FREDAEE
(s. MIR) OHIE 217> 7z, FERZLLT DM 3.42 1R,
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153 i 1.5e-3
10e3___
05e3___

1.0e-3 ____
0.5e-3 ___
-0.5e-3 -0.5e-3

-1.0e-3 -1.0e-3

-15e-3
K ESERAHY (m)

AOU—LEEBTHEMN (M) AIU—EEBECLEEE

(I At)

X 3.41: A2V —=0F ¥ VI —a ilik 0B LA ) =V DOEADKRMEL, BT —N—
AR, HFAMERT,

-0.0128D

-0.022D

N

(3%}

=

CE RN RN RN RN
——— | || e

HHAEBRE (58.095m)M SN Th

2f-PSF @ 58.14m; PMD d80 = 15.7mm
60

y-axis [mm]

50 a0 20 20 40 60

[
x-axis [mm)]

LA —RER

3.42: ¥y ) T —va VEORIEHER (s MIR)

W U7z 485, BABRE S 03T NIE £10 pm FEE & A2 D, BIROOMEBIZE S 25
X266 DDOMMMBHERTE S, ZOMMIFEEERE CTHEEAZMZ RN WD TH 5,
F7-. ARy NI X O EEIHZEEIE S, ARy MY XX D80=15.7 mm & ERDH:4>
DREIFTHEAONTWVS,

ZOFIREZITF. W OPDHDOEDORE ST -7, AR, FEH2EIE (No.1~No.29) D
55, No.7 & No.9 D2 WDOBEDRERERIZDWTI 3.43, K 3.44 IZRT,

No.7 DFEFRIZEWT, BHAEKRE D S 0T nThRiriz, EEETHDI—IVRKAT VT
FIZBWTE— LV REMLU Y TRRFICHRZ 2 BN 10 pym OFPROBEN R 2, Tad
60° Az X B 72 8 OFE R IZEER IS U TEEL T WA O ERTE S, /2, ARy
YA ZIEERDE 27> TWD, No.9 DFEFERIZE VT, ARy M1 XHIFIFE
KEEFRUME o7z, 2WMDBEDRERN S, B o728l WT, ERMEDESDKRE X
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20pm -0.012D 2f-PSF @ 57.02m; PMD d80 = 16 4mm
B 80
“
=
E v
0 E
2
g >
i
20
-40
60 40 60

-0.0245D

-20 ) 20
x-axis [mm]

Fit; 56.9094m

-0.0125D  2-PSF @ 57.06m; PMD dg0 = 16.9mm
60 | )
s : "
= Q@
i o

-20pm —0.0245]5 ” “ . x—axisn[mm] * ”

Fit; 56.9662m
BREBRE,ISOTH HEDS LAL—AKR

3.43: No.7 DHIE SR

20pm , 2FPSF @ 57 58m; PMD d80 = 28.8mm
0 B £
-20pm -0.0214D T s tmm) v
Fit; 57.2m
20pm i -0.012D , 21-PSF @ 57.66m; PMD d80 = 27.3mm
60 N | | .
E -§ T
- £
&
R | >
-20pm -0.0215D E * ® x—axisﬂ[mm] B ° ”
Fit; 57.2166m
BEEREHMSDTH iE0L, i) LA —R R

3.44: No.9 DHIEHRE R
FTROFOARY MY A ZOHBINRH KL L WS Z N5, ZOFEMNS, PMD 3%

BEOWPEREDF EL, BURD PMD & CIZENERZ 7230 L 5 DO M A A aE T H
LeEZOND,
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3.3.7 ZEDORHEZEIL

PMD & HRDMEZ: ¥ D& % 6 O - RELIZ K B TBREMDHIE 21T o7z, &T
DHATDHEBEWNIZRENR Y M 2ENHE R 2%E %27 V7 —TREIEL T\ HmH
WCEEL, Thz2 % H 1 TERBREE L, EE ETOMNEDORD S, HEFIZESIT5 Ry
DOAE AR 345 2R L. FORMZE{Z L TDE3.3ITRT,

X 3.45: & B A FIZBITF B HEAESDOME

% 3.3: BHA T ITB T B HAE S ORZAL (pixel)

HAZ A @ ® ® @
X y X y X y X y
caml 2012.10/05 273.52  222.92 216 849.56 362.56 907.92 1085.68 93.49

2013.1/9 276.16 223 218.18  49.69  364.99 908.07 1088.23 93.81
2013.4/25  276.25 222.89 21857 849.32 365.2 907.82 1088.3  93.66

cam2  2012.10/05 1217.57 201.88 1236.67 802.91
2013.1/9 1217.56 201.29 1236.15 802.18
2013.4/25  1217.68 200.94 1236.13 801.76

cam3  2012.10/05 67.15 812.04 189.6 810.03
2013.1/9 67.14 812 189.48  810.48
2013.4/25  67.94 812.04 189.97  810.58

cam4  2012.10/05 1126.68 497.49 1219 922.66
2013.1/9 1126.61 498.5  1218.49 923.47
2013.4/25  1127.2  498.65 1218.83 923.58

HIEDRER TN ZND A7 A T DZEALIE, caml 1E I x fllE A FIZ (¥ 2.64 pixel) 2L L.
cam2 (% y £ G Z L2 Z U ((FE¥3-1.045 pixel). cam3 & pixel L EOZALITR &0 F
camd (% y B E AT ZAL U 72 (¥ 1.04 pixel), {4 D H A F D pixel ¥ X (3.75 pmx3.75
m) & fHERFERE 16mm 2> S i ETO 1 pixel [ZFEBREOK 1.2mm (IZHY 9§ 5720, &KRT
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3Smm f2E, W INIEENTNDE I Li2hd, ZOREIIET AT DHERT MLOXS
JIRT — 7N &, RO ERROREICREZ R L FERAON D720, EMNLF v
VIV —a VRRETH 5,

3.3.8 2f;EEDHE

FR AT E S ORI AREL 7> 7= PMD B E T, BEECICEEINLZEHIX
N5 LST A EI5E4: 29 ) (No.1~No.29) DT THIEZ T o7z, TN 5 DFER%EZ IR DX
34612F DB, iR LTIDEIZY a YOBBIZRIAIZTEEDETT—X %27,

st U3 EREH| g

5 6

i s

4 E

C 4:_

3 -

r 3

2 -

B 2

bl e

% 40 s 6 % 565 57 575 58 585 59
2f12#1+5D80(mm) BhEEEFE(m)

X 3.46: A&y N1 2 (F) & lRERE ()

ZORER, 2TOEIRERYERE (B OERE2E/ZLUTED 575 m~57.6 m IZE—
I EROEI LN o ARY MY A ADERZE-T8EIT 20l 2hend, Z
556524 mMm~2T mm IZE =27 2R OL SN horz, £/, ZOTRTOHEHEIT=H
FERGATIZ & % 2 EDORE TARY MDA L R LR ERDADFAR SN TS, Lo>TH
T AR SEAr DFRE U 72 PMD IEEEEIZ X > TRO 7R & =MD 2f 1E & > TR
7o R R L U 7265 R 2 X 347 1TR T,

585 PMDEE26EDELFDL ARYMFA X T HHERLFDE
T WARELNBED : 15
L ER{AEZD) i .
r \ w
58— b . .
E =
[l i PP iy .
%= 57.5 . o .
#+ d s L )
< ot e 0.5 e . .
# r . =3, ¢ S Y YN e
M 57 o 94
= ° N . Y
o - . ;H' 0. o * L]
t . . . . ,B%I_ 0 . . ° ‘
° H . BEHNELNBEOER
56.5_* . hd
i H .
5 1 (RN SRR B [ B SR B A | o'six‘u‘uwluwlA'-J"--|‘x alovaalenna e
%6 56.5 57 57.5 58 58.5 10 15 20 25 30 35 40 45 50 55
PMDERMEEEE (m) PMDEI=&LSD80(mm)

3.47: M ERIZB T 5 PMD L& 2f LD HK
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X 3.47 DERIZDOWT, 70y MISAERBIZERE D FIZMBELTWS, Tt Ezix
A I U, PMDEDAGMREL K> TWEZ e E2RLTWS, /22D AI3X 3.47T DA
FODZARY YA ANKELBRBIFERELBSTWVWB IR 05D

1@PMDEK%Et@@$¥%®%@@m®—OK\%Mtvinv—yay®ébi

A ONBBNEDEIZLDZEDNREZ S5NS, PMD EEFEREBIRZCIZUZLA
v AV Ialb—=YaryThh, RIEDHDANPIFIET 2HMAIREBTHZDIZH L, 2

fIRIFSEHITHD, ADHTAKRY b@%mwk%é%%%?é UEKIZBVWTRAITE A
WEEIZHE L AD o T2 DFET 256, HFEOHEZZR- UL LTH, WHORLEIC
EZhRHkTUE S,

AT BEDI R IR U MR 2 MZF VT WS (e X D HHEREEN R ) IREE
Tholzbd5, ZHEFHEOHE E, @REZMUY T THEREZELUNS 720, EBRIZEIZ D
S BAREMED D LR TH B, ZD &SRB TIE, FIin TR U8 & W
BTHELL, TORMTIXELZIMIBRS TREUBIEEARLTE ST, ILHEPFIZEHS X5
FIREETH D, ZOIMITERNIZ X BELSIE 5 726D 2o T K o TRAI T E W GE, 2f 1k
T ZDALEZ IR (BR) LT 5, —APMDETRY Iab—YvavizkdkE
DO EA M ZIRAET H B 728, FEDOHULEL & AMATER 3 23S0 Z B U T\ B % iR
P2 () LIRS 5, MR, PMD IROHELEDANEL LS, PMDEDOL A ML —2A
VIal—rvavilBWVWT, FBRIZZOL S RENEZRITHEZERAL TV, TOHEDA
Ry YA X2 FDOX 348 1IZ/RT,

2f-PSF @ 57.18m; PMD d80 = 92.39mm 2f-PSF @ 58.26m; PMD d80 = 53.5mm
60 60

y-axis [mm]
y-axis [mm]

REmEERA

-20 0 20 40 E -40 20 0
x-axis [mm] x-axis [mm]

2f-PSF @ 57.18m; PMD d80 = 18.66mm
60

o

y-axis [mm]

5 D AR D A5 F

-20 0 20
X-axis [mm]

LArL—REREEE DSORADEIBEDRI THDEN DSORADAIE

3.48: 1 TR 5 72N EFOED AR Y b ¥4 X (No.5)
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3% 3.4: LST FH %0 &5 e fl B

PMD ¥k 20 V&
#F5  D80(mm) HHEPLE (m) HAEKME 7 «v b (m) HHEPLE (m)
1 27.2 D7.68 07.531 06.95
2 18.6 07.66 07.4853 07.525
3 274 D7.46 07.1141 07.125
4 24 56.64 56.2092 56.24
D 53.5 08.26 D7.2987 o7.175
6 24.7 57.82 57.4225 57.5
7 16.4 07.02 56.9094 07.42
8 32.2 57.42 56.9082 57.045
9 28.8 D7.58 D7.2 07.085
10 21.2 56.58 56.2691 56.5
11 25 D7.36 27.0773 07.125
12 14.4 56.74 56.6239 56.735
13 15.8 07.18 56.9466 06.925
14 21.2 07.54 57.1922 57.375
15 25.7 o7.4 07.0432 07.225
16 46.9 57.86 57.1764 57.4
17 34.4 D7.52 07.2232 o7.175
18 28.3 57.2 57.0929 57.075
19 14 56.62 06.483 06.725
20 20.3 57.52 57.3496 57.125
21 25.3 D7.5 07.0515 7.315
22 23.3 57.4 57.0033 57.135
23 19.4 56.84 06.8549 56.675
24 31.1 57.34 56.7872 56.65
25 25.9 D7.58 07.0563 06.525
26 27.5 57.56 57.3587 57.525
27 18.5 07.08 06.8655 56.675
28 52.9 58.14 D7.3677 56.775
29 36.7 D7.78 07.3443 27.29
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3.4 F#FLUWFHEEZE [Constant diameter(Cd)] DIRET

3.4.1 Constant diameter OEE

PMDELEHTH 5 A EDOHDFERNE 72 3 338 TR LS BEEHLDN, *
NEEPMDEDOYATIFVILT —RONEHHREEZH, ARy b A 2 LUEHH L L
Constant diameter(Cd) £\W5 1N F A =X ZH\\W5,

Constant diameter(Cd) & (&

Constant Diameter(Cd) & I1Z ARy MW U, ZOMMEEDE LN S H HELDOHDOAM
IZADNEZEFAN, RBMEDVL LB MEE T OFOEN (HRPER) LT 55l HiETH
5, ZOFHliEHWS Z & T, FEICEI RO 2 HEE2ZRE T, BRI 1T
BN UIMEZREST Z EHHES (X3.49), #RE UT2ATRITEWEEZ KD D Z LA A HE
ERBEEZOLND, ZTITIECAdDERL LT D80 DERMEIZEWETH 5T 33 mm %
vy, Cd33 &35,

~D8O -

E#%33 mm
(constant)

3.49: Cd33 DA A —

3.4.2 Cd33IC& BMmiER

EBERIZ CA33 D SNRFEDOKF DL A N —ATa s S LA E2ER L, £23a>33712C
R U728 (No.5) TR - 722 O8I0 PMD ED X R EHEME RIS LT, AKY b
D Cd33 §li %2 17 - 7245 R 2 LR DX 3.50 1ZR T,

57.68

yiili(mm)

\Xiﬂl(ngm)
CA33RKRERDDALIE

D8O ER/NERAAIE

3.50: No.5 DG T 5 Cd33 3 EkE R
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B4 3.50 137EA 5 2 HRIZ K o TR 5 N iR PEREANE (57.18 m) DALETD LA b L — A,
Cd33 DR & 7 BALE (57.68 m) TD L A kL —2A&, D80 »i/N& 72 2 ALEAE (58.18 m)
TOLA ML —RERS>TWVWD, RTOEBFIZEVWTHRVHIZCI33DHEXRLTWS, %
2. TH5IC1em T&I256 m~59 m £ TCA33 2Kk, 7By FULZED%EX 351 ITRT,

1 2REFER DSOKER

TN

11 | 1111 J L1l \ Lho1 I 111 | L1l ‘ L1l | 11
0 56 565 57 575 58 585 59
H A E (m)

0.9

0.8

4o
m0.7

o

= 0.6

)
1“0'5

f?o.4

1

§°-3
0.2

0.1

!ITIl!ITI‘IITI‘!ITI[II!I‘IIII‘II!I[I\!I IIII[I\II

X 3.51: f=EF10ecm T2 D Cd33 FHEHE Ta v b

B 3.51 12D\, BHWHERR I 2f TR ERE R O R 57.175 m 2R U, ARWVHERIZ PMD
HBIZE DD WE/NE R BAEZRL TS, BV IFAERICT L, 80%DExE R L
TEH, 7av MW Z O ZBEZ TOIE, Cd33 DHFNIZ 0% ED N A>TW\WE Z
5, ZDOX3.50, X3.51 05 Cd33 DAEERIK, 26 FEOFERIZA L, PMD %D D80 @
FEERL D EHEH 50 cmIEWMEE 225 72,

Cd33 DFHiiZ T — X D a2 3 X TDE (No.1~No.29 £TD 29) TIF., FERZUFD
X 3.521ZF &5,

Lk D 728, D80 TORMIMIIZ & 2R %2 X 3.52 DAICHERT, K3.52DFXLD,
ARy MY A ZXDRKRENVE DD A EDRERDEIRERIEDONTWEZ X0 5, L
U, Cd33DfERE 2o DFER L DAIF 03 m~04 m ¥ =2 2D XD oML b Cd33
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ZIMOBHAFAIZELEDETVWE, BNEZ KD, DS LRDJERE KD D L\ FHk
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1. EBIZHES TR ICE S FETHETE (x2V1ED)
2. ini 7 7 1 VD projecter 7 7 1 VIND N % minbrightness=0 (225

1 CTHOZEHEEICT A MR —R2EZ, 10 3% — 2 % softPMD Ty
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laustralis] . [lgrayscale] . loriginall &\5 3 DD 7 AV X Z/ED, 17 L 72 Hif
loriginal] 7 4 )V XA B L 2 EEIZH < (softPMD TIZ7Z2\)
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() TAdd all] TIRTOHEGEZERT D, FTOEMIE RS NZEHHDTRT
H2,
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9. 3D Data 2427 Y v 27 U import Z3# R L, AFD XS IZiEzE 5,

e 3D Data File—+NewBord LEXI.xyz
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10.

11.
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o [Alt] + [M]: ¥—=FU1FU%hL<
o [shift] + [Z7VUv 2] —F¥—F
o [Alt] + [D]: fI7etiz il GiERE 1 FURREE) A5 Drive iZxG U 72 ¥ —F (1)

HE EIZH B 3 D0BFIENS [F1OF ] DRI OB S DE (77 AT B4,
100 72 5 101, 201, 301 &> TWL) ] [H—=FF2H—=27)L (Kv b)) OKE] &
Lo TW5,

TRTCOEBRIZEZS 2RO OAATTAAVEZTNVI )Y I U, HATT—
K24 v R Y%, Sensor Size. Pixel Size. c(fEmAEREE) 127 X T DHIKZE AN D,
Z NS DEIZ 0129 5 [Fix All] 23R U save— TOK]

[Adjust] — [Resect All Project images] — [Run Bundle] — ['Adjustment Controls]
— [Rejection Limit] % [fixed®(F v 27 £) Triangulation=300] 22858 — lok] —
FEY—2DED [Gol 22V v o735 LiRINSE — o725 FE Adjustment
Controls—Rejection Limit % [fixedB(F v 27 £) | Triangulation=100] IZZ5# — [Gol
— #0572 5 B Adjustment Controls T Rejection Limit % [fixedd(F = 2 )  Tri-
angulation=100] (ZZ#H —Go—Accept]

AATZTAAVERTNVI )Y I L, ARATT—=RT 14V bﬁ%ﬁ?t%it@ﬁﬁ
FERBEIEEINT WS, LOMIDPKEHET 2D TA—R—0D fix Ffh 222
k1l , Tk2J , Tk31 ., Tpll, Tp2J, bl , b2 % fix LT 13 DIEZE — Ipl) , Fp2J,
[bl] , Th2] % fix LT 13 DEH — bl , Th2] Zfix LT 13 DIEE - T RTE T
)—NFG X =R —I1ZL T 13 D%

HAZTAAV%LH2Y Y27 LT, lupdate camera database] — I\ ] — FHEFER
WY 7RV T FPHIZEEZEh, RESN5,

soft-PMD D Tlcalibration] — Tmport Australis camera] — [Australis Data Bacea |
& lLocally Installed Cameral OXIGT 57— & % #RT 5 (., stingray00— [Cam
0 on channel 0J) — [Overwrite Sensor camera With Australis cameral — 5¢ 7

29)—=vxv)TL—ayv

1.

ini 7 A4 )V XD projector 7 71 IVND [Error Parameters] ## [MinBrightness| %
0.05 725 0IZEH (IATF ¥ T —Ya etk
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10.

11.

i &

soft-PMD %17 % EUF, [Engin] — [projecter] — [project bitmap] —dots.bmp 7 7
AINVEFIRN - A7) —=VIZ Ry Mg IND

Fr VI —=2arvINEZAATTARAIZV=VEIONRR—=VET D,

o (Hhe, k. F, A, &) x (0,90°) =10
RARLHATOHRRIZZAZ ) —UWRE L5125, ZUEH A T DIHlETEAD
REL, FYVITL—2ary U TEMIELENTOWRWAGBEY DR H D7D TH 5,

AAZHEXY VT —=2a VEFBRIZULT3 DD T 4+ VA L grayscale DEEEAES,

. australis 7 # )V X WIZ DOTS_screen_mm.xyz. Bundle.xyz( A2 V) — > BB G U

2HD, FPDAZ Y — calibration 7 A VX P 6> TL %) 2HK->TL 5,

. Austlalis ## 8], [Newproject] Z3.5 ElF %, Project] ZHL7ZFv VY 7L —Y =

VAT EFFoTK %,

[project] WDARX T T A AVIZHY LIZAZ ) = DHEGZFEE. UFO7 71
ZAVER—NLU, WATFY )T —=ayeEBRIZUTRY ML 72&5 %2R
%, HFIEDOTS _screenmm.xyz NDIFHE SHI2TT b,

e 3D data file—=DOTS _screen mm.xyz

e Driveback file—Bundle.xyz

FBEDIRDo7Z5, project NDI AT TA ALV ERTNVI )T L, NIT A=K —
% [Fix All] 12953, 259528 T, A2V —=2IiZ&b Ky hOThOAZRIT
X5,

[resect all project images] — [run bundle] — [fix 300] — [fix 100] — no fix 100
(FATF¥ TV =2 a v EARROIEEE A TNT A =R % all fix REET—FTTFS 72
) — Taccept] — [Driveback file] @ Bundlexyz 7 7 T VIAESHZ 515,

+— 7 U. Ausutralis IZFU %,

soft-PMD %17 % I, [calibration] — [calibrate screen] — fE& U 7= bundle.xyz %
B — By PEEOIEE 725, dotsicf 7 7 AV EEIR - §o & INOJ ZER —
DEERE (407) Z2HEE — HOh 5 x SOk E (413) 2HE X7 MLVaeikd D)
— FLDNs y AAORE (707) 245E —residual HEHTL 2D T, OK (X—=A4LT
A7V —=ryay hTEY by TRIE) - A2 ) —vFy ) T —varviky,

soft-PMD— [diagnostic] — lexport calibrate field] — TOKJ] —save L7\ —z BT
HFER T L — VB[ &2 T 2L, ATV —VDEADRE DI LTI END (BELRS
270 —=vvay b TR,
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J—I NEEZExy )T L—Ya Yy

1.

2.

10.

11.

12.

13.

AIA T % CCDAIZKEL, HE2HFHEEL THEET S,

ini 7 7 1 V@ projector 7 7 1 JVIND [Error Parameters] ##® MinBrightness % 0.05
WS 0ICEE (IASFY Y TL—ya v Ak

T ANMKR=FOHL (714) ZEKE L 72 \WEEBE O B AU X8 CTHUEIZSEATITE <,
HELZCCD AT TTAMR=REEZIZY Y 7V U bitmap TR,

INFETLRRIZ3 DD T 4 VX (australis ,grayscale ,original) % fEmK. grayscale [
BZx2ES, australis 7 7 1 IZ

NewBordLEXI _shifted cent714.xyz.

NewBordLEXI eod shifted cent714.eod

ZRioT<K %, ZD% australis 7 A )V ZHIZ cam0 7* 5 cam3 FTD 7 A IV X Z/ED,
ZoHizENETNNICT DEGE AND,

. Australis 2.5 B, fgg U723 R_RTDOHA AT (0~3) %9 XT project iIZFf>TL 5,

TRTOHAFIZEFNFNEGEZHEE D, (cam~7 ANV K)

. 3D Data File iZ NewBordLEXI _shifted cent714.xyz % 1 AR — bt L., T 51T [set as]

C IDriver]. [Control] OWifi%F =y 7§ 5,
EO Device IZ NewBordLEXI eod shifted cent7l4.ecod %1 ¥ R— 55, D&,
INETLEMKD Ry bADE ST 2T D,

. BB, Tadjust] 225 [resect all project images] £ TDMAITD & 7 A ILVEXHIZ

Project _Resection.txt B MEK X5, # LT [Run bundle] &L 72\,

Soft-PMD % 3.5 EVF, Tcalibration] — [Tmport Australis Cameras] — [Cam~ on
channel~] %Z#iR L [Position'--] Z##3 — [Resection file] —Australis TIER L 7=
Project Resection.txt % — 77 X FIFHRZMEHIZHEA TV (0,1,2,3) WInd 5 77 A
FIEHT NEw) 289, T Tk Tz 2#ERUGEARIEL TV,

IR 5 &, Translation & Input by rotation augle (Zf7i& & fHEDIEHRIA S, L&
WZDWTIE (Australis (& mm FKEL 7253, soft-PMD I m i D T) [Divide by 1000
ZERL, AEIZOVWTIEEDE X Useanglez 27 Vv 7L, TNENZHEHLIET,
loverwrite| 227 U w2 L, Z®D% [close] 24, TNTEKAATITITSI LT, 7
A Z position FJHANLE DY soft-PMD WIZE A EF N 5,

lcalibration] — [Set Screen Position| — [translation] HIZ A2 V) — > D e % 5L
AT 5, ZOMEIE, Faro b —Y -GS THET 5, (IFEALZEDLSZRVD
T, BEXAERZT2FETIEEOEEFDMETEI) — [Input by rotation angle] iz A
) —=VDFRBEUMEEEANDS (B A TIIHEIZEED 2D, 00,003 A>TWNW5S)
— TOKJ, ZNTAZ V) — v OHMENZRESI NS,

TZFETHEEL, WolzAsoft-PMD 2> ¥w b XD VT 5, THLTOBRIZ, hAT
EHROESHZ 270 2m3RhoN5DT, [YES| %iEH,
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14.

15.

16.

17.

18.

19.

FE soft-PMD %1375 EIF, world calibration %47 5 DIZ B ERARKAIE T — R 2E5,
ini 7 7 1 VD projector 7 7 1 WND [Error Parameters] ##® MinBrightness % 0 %
5 0.05 1IZ&FH (GTIiZEY)

BIOBERM 2 9NNR =V EZBRI S, FEBEOHR & [FABRIZ Tstretch factor] 1 & 20(5
BAEEDOHEEMEDH D) T [Grab Sequence] (BEAAZDTAaV) %227V vy LTA4
Bh A TR 217\, spmd 7 7 1 )V T project ZR1F9 %,

o BRDRE/NX —E, 12 K AMMET, 1.5 R ARMET, 3G mMElr, 4.5 K5
MME . 6 RF Gy, 7.5 BE G L), 9 e mME . 10.5 B mME L (19 /%
R—1)

PMD 7 #* ) & — Calibration 7 # )l X — OptimaizeCamPositions 7 #+ )L X NIZ world
calibration FHD 7 A )V X Z/ERR, £ DH1Z Cam0, Caml, Cam2, Cam3., 7 AL X %
fER L. BilEl 7 AV & (il Z1F 20130621 7 4 V&) %5 CalibrationParameter.ini %
FoT<K %, (ZOmi77ANVEAZ Y= 2N THREBTHENES 2O, 47
BHOLO (RiiHObHD) 2Hl->TL %)

Soft-PMD THIFEHEE L7z 9 /XX — > D project % 1 DB &, Master Camera T A
SHEBIRL, lscreen) (RZV—2vD7A43Yv, S 74300 2L, &AA5
T I NAG0ET ) 7O % 19, [NewROL] 7 22 CHi{ZERL, Z0D
HifRZ T[Ctrl] + [c]] GERT VU T7IHEL) . MCtrl] + |x]] GERZ VUV THHEL) K&
THMTI)TOIY VEHELTWL, (Zy V317N TWBaREEDH 5
7=, FHRIZEDIRWN)

) TERPED o725, HIFEVERK U 72 OptimaizeCamPositions 7 # )b X N D X it
5 Cam 7 AL XIZ [Position| AR —Z| F5 (0~8).xdt] &I HAHID XDT 7 7 1
NE UTRET 5, (ARTZBEZRN) ZOEEE2EHT AT, & project TITWV, Op-
timaizeCamPositions 7 # )V XN D Cam0~3 7 # )L X AIZ Position 0.xdt /& Position
8.xdt ETOMGET — XM ENTNTEZZ LITiR5D,

(Position 0.xdt~Position 8.xdt)x (Cam0 Cam3)

ZZETIE. RFEL7Z6. —Esoft-PMD 2B (Z 5 L7\ & World Calibration
DEFEFERPMREINIRNE S THS), HELS LT [Calibration] — [Optimize
camera position-=*] — HTE727 1 >~ R 7D [session] DERI % HIF EVER U 72 Hif4
T—=RWAS>TVDB T A IR %EEIRL TE X 5 —Calibrate D [Calibrate sphere| %
Fryv 7 UMRERZTLATS (M : A F A, " 7FA) — [Calibrate] 227V v
7 BWELUT-HREZEZVMEICTE0 fix TH2ZEPNEOT, #IHEE L TH
AT 5 - EtEPEE S - FEERVENP 72561 TOK] — TApply)] »FHEH#X
HZEPNEDT [T A, Z#Tworld Calibration 2358 T

RAEFE

1.

ini 77 A VHBMERT 5% DA, F7z projector 7 7 1 JVIAND TError Parameters] D
MinBrightness 7% 0.05 (272 > T\ 2 iR T 5,
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10.

11.

filid

FEDREICHE B, (BEICHS D)

EREDERZHT,

. soft-PMD %375 B, S XA T DEHHEFIZAD EoTW0WEH, T Fal—Ta

YEEILUTWRWA% TLive Image] (€T AANRATDLDILDT A 2 V) R 5,
YFalb—rarERETnizgald, £ LD TExp.] (Exposure) D% FiFd, Z
NEFTRTDOAAT T,

[stretch factor] % 1 (SRBREELEDAEENED V) IZL T [Grab sequence] THu.,
Wi, Tscreen) (A2V—>071 3y, 5713208 &V, &4 A5 TER
I TE TV D02 ERT 5,

[stretch factor] % 20(5RAEHEDOAEEMED D ) IZL T [Grab sequence] THii, i@

#. Tscreen) (Z2V =274 3y, 5743008 &M, &4 AT CTERICH
WCETWENEMRT D, A7 —VPD ZATWSEEIEZDED % |Ctrl]+|x]
7 ETHT,

ZZFTHnSuv bEspmd 77 AINVE ULTRIET B,

BAFELU7zspmd 7 7 AV ER L 7 A4 )V X AICEIRE KD EIT 7 7 1)L
[Evaluate fourCamera v4 32bit.exe]

2R TCET, BEHT L, RICRVEEREKRZTT D,

BEMETTHE, spmd 77 A IVERIZAD T AIVEHRHKE, ZOHIZLEDAAT
DI RER T N72HED T — X (surface.xdt. normals.xdt 72 &) AAA > T2,

ZDHULL TEZTANENIZLA DL —AD7=HD initial _values 7 # )L X & Fi7
774 IPSF_v2 off&on.exe] ZF>TE T, Ff73 5, 75L& d5ini 771
V& normals.xdt 7 7 A IV EEDPNDS DT, Wind 5HD%HERNT B,

D7 AIVEHIZLA b L —ZDFER D bitmap & U TERIFEI N5,

mean curvature D3R D 5
soft-PMD #1356 EIF, @2 f7-7-7 02 b 774V TH 5 .spmd 7 71 VEFIL,

[Select Camera) 7+« > K27 T [Master Cameral] IZfEEDH A Z, [Stereo Slave
Cameral] TDH AT NSEHEWVED I AT (MR E) 2 ZhZTERT 5,

[Calculate normals] (5 74322V v 2L, Ua ¥ RYEEL LT

[Calculate normals by iteration] 8D [Start X-Y-Z] D22 (X, Y) IZ & $12-0.01
Z A1, llntegrator] T [2-path] %i#ERT 5,

[Calculate normals by Stereo Deflectometry] #® [Z min-max] DfE%-100~100 iZ
$5, LT TOK) 29, BIHZE, K0 AEMOT7 A aUNEINTESE K512k 5,
(Z® [Calculate normals] TOEEIFIETT7 7 A VEEDIEED-H, T THEWE
BAEIZERIEZR K, TARD LEHEMKDS LS TR EEZ ANTWS, )
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e [Surface (xyz)l (S7 1 3>) & lnormals] (N7 A 3 2)IZZNE NI HEGE K TH
Kfexdt 77 A NEFHEE S,

o [Integrate] (> 74 3AV) &2V v 2T 5, i surface Hiff (Select fixed point for
integration) A3H{2 DT, FHEBO DK (IFIFFEOHNMIRDE X 57) 2R (7 v
27) U. TOKJ (#&DF =y Z7BIOT 1 3V) %4F, T5LZDOMDOEENRRRINDS
DT, [OKJ Z2ERT %,

e [Select Integrator] 7«1 ¥ RUNEKRINSDT, ZITik [RBF Interpolation]
(2-path & b &l <FHET DR AIR) 2:EIRT 5,

o P/ surface Hif4 (Select Integration ROI) 2T, FHEHPHDOIEEZZERL T ED
T, ftHELAWT Y T 2ERL, TOKI (OF v 78D 7 13 V) 2#d,

o UEHRTL A4 RIEdTRT TOK) 5 &EEMFHET S,

o A T, [Calculate Curvature) (5 71 I2) AFBIR L, BIFETIHST X — &Iz
BEPLNDOT, ZOFFE TOK| 2B RNT S, HHHEZETEISIZEDT A 3V HNER
TE5L51Tk5,

e [Mean curvature] (7 1 3 V) %Z#ERT 5 & mean curvature 23F 5N 5,

PR30

soft- PMD N TC.xdt 7 7 1)V &R &, BBEERE 7 1y b, T—X2 WL 52 ERHK
5, L ffisn<ohpavy RExRT,

o [Ctrl] + [p]
[New ROIJ TEIRU7Z#PH TR TV —> (E) 251<, BIRIPERME L 725,

[ ) [C]
[New ROI] TERU-HPPFTH T —N—%EbE 5,

e [Tooll — lAnalyze] — [Spherical fit]
FEAR I UBARERTH 7 4 T« > 7 %475

e [Tooll — [lArithmetic] — [Subtract Sphere]
JeRD 5 7 4 b U7BRAEBRN 2 5] <, BRARERM 7 1 MMRIZIT D,

e [Tooll] — [Analyzel — [IStatistics]
[New ROII TR U 7z HiH DR AME, mAME, D% EDHHRARNS,
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 §%C MO S LDY —23—R

A LD/ L2 U725 D7 BT DY — A= N%E,RF, V—AI2— NFRET
B2YINVAZY T MIDEEHETO ST LN4ADTH D, HTITIEE 512 ROOT, deraw,
ImageMagick @ convert F§8E. ds9(faffi& Y 7 b)) DBE L 05, MITIEHE T2 2V RS
Y 7 b (spotsize_d80 nomlz_bg vr2.sh) ZFETTH I &IZ&k->T, fMD4D2DTH T T L
WZINA. deraw & ImageMagick @ convert $§68, ds9 DM IZ XIS U 72 6% T H B2 17
ENTVL, EFTNTWIERZUTOLED TH S,

e dcraw

e ImageMagick @ convert H#HE

e ds9

e raw_output_blue nomlz_ bg.py(7 — X DIKH L &Ny 7755 > RALE python)
e raw_fit xy gauss nomlz bg vr2.C (AXvy MEZFOHFEZH L., ROOT DY 7 1)
e raw_write rw_gauss_nomlz_bg vr2.C (D80 DEIHE., C++)

e raw_write_dw_vs_t_mnomlz_bg vr2.C (D80 DFEEHIL, ROOT O~ 7 1)

R DRN
$ chmod +x spotsize_d80 nomlz_bg vr2.sh
$ ./spotsize_d80 mnomlz_bg vr2.sh AR bE[EH.CR2 BGD HEif£.CR2
(ERAFITS 7 7 1 W I N, ds9 ETHP N ARy MEEPE S, T TRED
IRAR Y S OELEEEZFANRD, )
(ds9 ZPAL % LEHRICHELR ARy hOELOMIMEZ LT O X S IZEH»N S DT, ki
EHANTAEZITHIAD, )
please input center X(odd number)=EE/000D x JBEAE D ] HAfH
please input center y(odd number)=E.0D y FEFE D 4] B {H
(UAFIZHBTT RS I LAMRFEFTINTVE, HENIZ D80 DENER R I N D)
D80=~(pixel)
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spotsize d80 nomlz bg vr2.sh(fEIT25 IRV T H)

#!/bin /tesh

if ($#argv != 2) then
echo "please define a filename"
exit(-1)

else

echo "spot Datafile:" $argv[1]

echo "backgraund Datafile:" $argv|2]

endif

if !(-e $argv|[l]|) then
echo "no such Datafile"
exit(-1)

endif

if !(-e $argv[2]) then
echo "no such Datafile"
exit(-1)

endif

rm -rf spot_fits pic.fits

rm -rf spot_fits pic_ bg.fits

dcraw -¢ -D -4 $argv|1] | convert - spot_fits pic.fits
deraw -c¢ -D -4 $argv|2| | convert - spot_fits pic_ bg.fits
echo "Done. converted to fits file"

ds9 spot_fits pic.fits

echo "Area defined"

python raw output blue nomlz bg.py

echo "output_ OK "

root -l raw _fit xy gauss nomlz bg vr2.C«EOF
.q

EOF

echo "picture  OK"

g+-+ raw__write_rw_gauss nomlz_bg vr2.C -lm
./a.out

root -l raw _write_dw_vs_r nomlz bg vr2.C « EOF
.q

EOF
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raw_output blue nomlz bg.py(T—%DREL &/ U550 Y RILE python)

# /usr/bin/env python
# imports
import pyfits #ROOQOT, os

data_file="spot_fits pic.fits"
data_file 2="spot_fits pic_bg.fits"

f=pyfits.open(data_file)
f2=pyfits.open(data_file 2)
imagedata_id=0
image data—f[imagedata_id|.data
image data 2=f2|imagedata id|.data
# npx—f[imagedata_id|.header|"NAXIS1"|
npy=flimagedata_id].header|"NAXIS2"|
def getReal(val):

return val * + 65535

sx=0()

sy=0

f3=open ("spot_pic_nomlz.dat","w")
fd—open ("fit data_pic_nomlz.dat","w")

cx=input("please input center X(odd number)=")
cy=input("please input center y(odd number)=")
strx—cx-1600

edx=cx+1602

stry=cy-1600

edy=cy+1602

mxnum-—0

cnt=0

snom—0

nomlz=0

print "Filling to a text file: spot.dat.....

for y in range(stry,edy,2):
for x in range(strx,(strx+402),2):
snom—snom-+((image _dataly|[x]-pow(2,15))/(image_data_ 2[y||x]-pow(2,15)))
cnt—cnt+1
for x in range((edx-402),edx,2):
snom=snom-+((image data|y||x|-pow(2,15))/(image data_2|y||x|-pow(2,15)))
cnt—cnt+1
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for x in range((strx+404),(edx-402),2):
for y in range(stry,(stry+402),2):
snom=snom-+((image data|y||x|-pow(2,15))/(image data_2|y||x|-pow(2,15)))
cnt—cnt+1
for y in range((edy-402),edy,2):
snom—snom-+((image _dataly|[x]-pow(2,15))/(image_data_ 2[y||x]-pow(2,15)))
cnt—cnt+1
nomlz=snom /cnt
print "nomalize number="

print nomlz

for y in range(stry,edy,2):
for x in range(strx,edx,2):
w—(image_ data|y][x]-pow(2,15))-(nomlz*(image data_ 2|y|[x|-pow(2,15)))
f3.write ("%.5f %.5f %.5f\n" % (x-sx,y-sy,w))
sx—sx+1
mxnum=mxnum--1
sy—=sy-+1
sx=0)
print nomlz
endx=strx+((edx-strx-2)/2)
endy=stry-+((edy-stry-2)/2)
f4.write("%d %d %d %d %d %.5" % (strx,endx,stry,endy,mxnum,nomlz))
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raw_fit xy gauss nomlz bg vr2.C (RRv NEHRDEEH L,

void raw_fit_xy gauss nomlz bg vr2()
{
gROOT->SetStyle("Plain");

int csx,csy,cex,cey,n,nomlz;

ifstream data2("fit _data pic_nomlz.dat");
data2 » csx » cex » ¢sy » cey » n » nomlz;

const int maxc=n;
data2.close();

TH2F *hl = new TH2F("h1","his" cex-csx,csx,cex,cey-csy,csy,cey);
ifstream data("spot_pic_nomlz.dat");

ofstream fout("fit data pic_nomlz 2.dat");

double x|maxc|,y[maxc|,zlmaxc];

int k=0;

int a=0;

cout « "reading the data....." « endl;

while(k < maxc){

data » x|k| » y[k|] » z[k];
h1->Fill(x[k],y[k],z[k]);
k=k+1;

}

data.close();
cout « "ok" « endl;

TCanvas *cl = new TCanvas("c1","c1",800,800);
cl->Divide(2,2);

cl->cd(1);
THI1D *prjx — hl -> ProjectionX();

prjx->Draw();
cout « "Projection X ok" « endl;

cl->cd(2);

TH1D *prjy = hl -> ProjectionY ();
prjy->Draw();
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cout«"Projection _y ok" « endl;

cl->cd(3);

TH2F *hnew = (TH2F*)h1->Clone();
hnew->SetName("h2");
gStyle->SetPalette(1);

// h2->SetMaximum(10);

// h2->SetMinimum(-10);
h2->Draw("colz");

cout « "X Y picture ok" « endl;

cl->cd(4);

ou star eI star (S11
fout « "st t_X," « "o d_X," « "o« Mgt t_Y," « "o d_Y," « "o«

nn nn nn

"all data number" « « "bg normalize number" « ".\n" « csx « « cex «

nn nn nn

& Csy « & cey « & mMaxc « « nomlz « ".\n";
h1->Draw("surf2z");
cl->SaveAs("spot _nomlz bg.jpg");

cl->SaveAs("spot _nomlz bg.png");

gStyle->SetOptFit();
gStyle->SetOptStat(0);
fout.close();

}
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raw _write rw_gauss nomlz bg vr2.C (D80 DEF&E. C++)

#include<iostream>
#include<fstream>
#include<cmath >
#include<cstdlib>
#include<string.h>

using namespace std; main()

{
int remax=750;// max R (pixel) (R100)

double cx,cy,rc,r2,nomlz;

double wsam,bfwsam,ofwsam,R100,R80,r80;
int n=0;

int a;

int stx,edx,sty,edy;

int t=0;

string tab;

ofstream fout("dW _vs r G_pic_nomlz.dat");
ifstream finl("fit data pic_nomlz 2.dat");

while(t<6){

finl » tab;

t=t+1;

}

finl » stx » edx » sty » edy » a » nomlyz;
finl.close();

bfwsam=0);
wsam—0;

const int all=a;

//all data number
const int aln=2570000;

static double x|aln];
static double ylaln];

static double wlaln];

double xm=0,ym=0,sxm=0,sym=0,wgs=0;
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//data input and center of gravity point
cout«"calculating center of gravity...."«".\n";
ifstream fin2("spot_pic_nomlz.dat");
while(n<all){

fin2 » x[n| » y[n| » winl;

xm=x|n|*w|n|;

ym=y[n]*w|n];

SXImM=—SXm-Xm;

Sym-—sym-ym;

wgs=wgs+w|n|;

n—n-+1;

}

fin2.close();

n=0;

CX=8XIm/wgs;

Cy=sym/wgs;

cout«"ok"«".\n";

//R100

cout«"calculating d80...."«".\n";
for(n=0;n<=all;n++){

2 ((xfn-ex)*(x[nf-cx)) - ((ylnl-ey)*(vInl <))
if((re*re)>=r2){

wsam=wsam-+w|n|;

}

1
R100=wsam;

R80—wsam*(.8;
wsam—0;
n=0);

//R80
for(re=0;rc<remax;re++){
// cout « rc « ".\n";
for(n=0;n<=all;n++)

£2— ((xfnl-cx)* (xfa-ex)) -+ ((yl-ey)* (v Inf-cy));
if((rc*re)>=r2){
wsam=wsam-+w|n|;

}

}

if(wsam<=R80){

r80=rc¢;
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}

fout « rc « " "

« wsam-bfwsam « ".\n";
bfwsam—wsam;

wsam—0;

n—0;

}

ofstream fout2("fit _data pic_nomlz 3.dat");

fout2 « "start X,)" « " " « "end X" «" " «"start Y," «" " «"end Y," «" " « "cen-
ter X," « " "« "center Y," «" " «"all data number," «" " « "bg normalize number"
« " "« "R100," « " " « "R100_intesity," « " " « "d80," « " " « "d80 intesity" « ".\n" «

nn nn nn nn

stx « " " «edx « « sty « """ «edy « & CX « «a«""«nomlz « " " «

rcmax « " " « R100 «" " « r80*2 « " " « R&0;

& ey «

cout «".\n" « "D80—" « r80*2 « "(pixel)" « "\n" « ".\n";
fout2.close();
cout « "end3" « "\n";

}
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raw_write_dw_vs r nomlz bg vr2.C (D80 DE&H L. ROOT DY 7 Q)

void raw_write_dw_vs r mnomlz bg vr2()
{

gROOT->SetStyle("Plain");

//max R (pixel)

const Int _t nbin=751;

TCanvas *cl = new TCanvas("c1","c1",900,800);

Int _t u=0,r80,d80;
Double t sted;
string tab;

ifstream fida("fit data pic_nomlz 3.dat");
while(u<12){

fida » tab;

u—u-+1;

}

u=0;
for(u=0;u<10;u-++){
fida » sted;

}
fida » d80;

ifstream data("dW_vs r G_pic_nomlz.dat");

Double t y[nbin];
Double t x|nbin|;
Double t x[nbin];
Double t y[nbin];
Double t x|nbin];

Int t k=1;

Int _t a=0;

Int_t zry;

r80—d80/2;

TGraph *grl = new TGraph(nbin, x, y);
TLine *linl = new TLine(0,0,nbin,0);

TLine *lin2 = new TLine(r80,0,r80,1000000);

data » x[0] » y[0];
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grl->SetPoint(0,x[0],y[0]);
while(!data.eof()){
if(data.eof()){

telse{

data » x[k| » y[k|;
grl->SetPoint (k,x|k|,y|k]|);
k=k+1;

}

}

grl->SetMarkerStyle(7);
grl->SetMarkerColor();
linl->SetLineColor(4);
lin2->SetLineColor(2);
linl->SetLineWidth(5);
//1in2->SetLineWidth(5);
linl->SetLineStyle(2);
//lin2->SetLineStyle(2);
gStyle->SetOptStat(0);
grl->Draw("AP");

linl->Draw("same");
lin2->Draw("same");
cl->SaveAs("dW _vs r G _nomlz.eps");
cl->SaveAs("dW_vs r G nomlz.png");
gStyle->SetOptFit();

cout « "n" « "Blue line : y=0" « ".\n" « "Red iine :

}
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raytrace _some D80.C(ROOT O~ 7 Q)

void raytrace some D80()
{
gROOT->SetStyle("Plain");
//set parameter

//roop number

const int con=2;

//total deta

const int j=480000;

//start raytrae R (m)
double d=56.39;

//sliyde dr(m)

const double srys=0.25;
//x,y area

int stx,sty,edx,edy,arx,ary;
stx=140;

edx=220;

sty—-70;

edy=10;

arx—edx-stx;

ary=edy-sty;

ifstream finc("input_cord.dat");
ofstream fout2("output.dat");
// const int cut=(con/2);

double r,sita=0;
int i,max;
double cx,cy;

double x[jl vl 2[jl.vx[jlvylil. vl
double avvx=0,avvy=0,avvz=0;

double sina,cosa,sinb,cosb,sx,sy,sz,covsx|j|,covsy|j|,sumecsx=0,sumcsy=0;
double gx,gy,wsam,rc,r2,re;

double tvx=0,tvy=0,tvz=0;

double litx,lity,litz,litvx,litvylitvz, refvx refvy,refvz,t;

int 1=0,roop=0,all=0;

TH2F *hi|con];
TH2F *h|con];
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TCanvas *cl = new TCanvas("c1","c1",1600,800);

cl->Divide(5,2);
// ¢1->Divide(cut,3);

finc » x[1] » y[l] » z[l] » vx[l] » vy[l] » vz[l];
tvx—vx|[l]-+tvx;

tvy=vy|l]+tvy;

tvz—vz|l|+tvz;

1=1+1;

while(!finc.eof()){

finc » x[1] » y[l] » z[l] » vx[l] » vy[l] » vz[l];
tvx—vx|[l]-+tvx;

tvy=vy|l]+tvy;

tvz—vz|l|+tvz;

".

1=1+1;

}

cout « 1« " " «vx|l] «" " «vy[l] «" " «vz[l] « " \n" «tvx « " " «tvy « " "« tvz « "A\n";
tvx=tvx-vx|l]-vx|(I-1)];

tvy—=tvy-vy[ll-vy[(-1)};

tvz=tvz-vz|l|-vz|(l-1)];

1=1-2;

cout « L« " " «vx|l] « """ «vyll] « """ «vz[l] «"An " «tvx « " " «tvy « " «tvz « "A\n";
if((tvx/1)<0){

avux—-sart(((tv /14 (vx /1) /(oD (v ) (v ) (v D) (021 vz 1)
telse{

avvx=sqrt(((tvx/1)*(tvx/1)) /(((tvx/1)* (tvx /D) + ((tvy /1) * (tvy /1) + ((tvz /1) * (tvz/1))));
}

if((tvy/1)<0){

avvy=-sqrt(((tvy/1)*(tvy /1)) /(((tvx/1)* (tvx/1)+((tvy /D) * (tvy /1) +((tvz /1) *(tvz/1))));
}else{

avvy=sqrt(((tvy/1)*(tvy /1)) /(((tvx/D* (tvx /1) +((tvy /D) * (tvy /1) +((tvz/1)* (tvz/1))));
}

if((tvz/1)<0){

avvz=-sqrt(((tvz/1)*(tvz/1)) /(((tvx/D)*(evx/1)) +((tvy /D) * (tvy /1) +((tvz/1)*(tvz/1))));
else{

avvz=sqrt (((tvz/1)*(tvz/1)) /(((tvx/1)*(tvx /1)) +((tvy /D *(tvy /1)) +((tvz/1) * (tvz/1))));
}

max=I;

1=0;

finc.close();
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avvy)+(avvz¥avvz)));

);

avvx)+(avvz¥avvz)));

);

cosa=avvz/(sqrt((avvy

~ %

sina=sqrt(1-(cosa*cosa

*

cosb=avvz/(sqrt((avvx

~—

sinb=sqrt(1-(cosb*cosb

while(roop<con){
h[roop| = new TH2F (Form("h%d" roop),Form("%d" roop),arx,stx,edx,ary,sty,edy);

litx—avvx*d;
lity=avvy*d;
litz—avvz*d;

while(l<max){
litvx=x|l]-litx;
litvy=y/[l]-lity;
litvz=z|l|-litz;

refvx=litvx-(2*vx|l|*((vx|l|*litvx)+(vy|l| *litvy)+(vz|l]| *litvz)) );
refvy=litvy-(2*vy[l]*((vx[l]*litvx)+ (vy[l] litvy)+ (vz[l] litvz)) );
refvz=litvz-(2*vz[l|* ((vx[]|*litvx)+ (vy [l *litvy)+ (vz|l|*litvz)));
t=((d+(x[]]*avvx)+(y[l|*avvy)+(z[l]*avvz))) / ((avvx*refvx) -+ (avvy*refvy )+ (avvz*refvz));

sx— (x[1]+(t*refvx))*1000;
sy=(y|l]+(t*refvy))*1000;
sz=(z|l]+ (t*refvz))*1000;

covsx[l]=(sx*cosb)-+(sz*sinb)-litx*1000;
covsy[l]=(sx*sina*sinb)-+(sy*cosa*cosb)+ (sz*((-sina)*cosb))-lity*1000;
sumcsx=sumecsx+covsx|l|;

sumcsy=sumcsy+covsy|l];

h[roopl->Fill(covsx[l],covsyll]);

if(1>0){

int chik=1%400000;
if(chik==0){

cout « "ok1" « "\n";
¥

¥

1=1+1;

}

84



gX=SUMCsX,/max;
gy=sumcsy /max;
all=max*0.8;

cout « 1 «".\n";

1=0;
rc=0;

while(wsam<=all){

wsam—(;
r2=((covsx|l]-gx)*(covsx|l]-gx))+((covsy|l]-gx)*(covsy|l]-gx));
if((rc*re) >=r2){

wsam=wsam-+1;

}

while(l<max){
r2—((covsx[l]-gx)*(covsx[l]-gx))+((covsy[l]-gy)*(covsy[l]-gy));
if((rc*re)>=r2){

wsam—=wsam-+-1;

}
1=1+1;
}
re—rc;

cout « rec « " "

rc—rc+0.1;
1=0;
}

« wsam « ".\n";

hi[roop] = new TH2F (Form("hi%d",roop),Form("hi%d" roop),arx,stx,edx,ary,sty,edy);
cout « "ok2" « "\n";

for(i=1;i<=1000;i++){
cx—gx-tre*cos(sita);
cy=gy-+re*sin(sita);
sita=sita+(2*TMath::Pi())/1000;
hi[roop|->Fill(cx,cy);

}

fout2 « roop « " "« d « " " « "d80=""« re*2 « ".\n";
cl->cd(roop+1);

gStyle->SetPalette(1);

// hl->SetMaximum(0.05);

// h1->SetMinimum(-0.05);
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h[roop]->Draw("colz");
hi[roop|->Draw("same");
roop=roop-+1;
d=d-tsrys;

1=0;

litx=0;

lity=0;

litz=0;

litvx=0;

litvy=0;

litvz=0;

sx=0;

sy=0;

sz=0;

t—0;

refvx=0;

refvy=0;

refvz=0;

cx=0;

cy=0;

sita=0;

i=1;

sumcsx—0;

sumcesy=0;

wsam=0;

re=0;

rc—0;

cout « roop « "ok" « ".\n";
1

1
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