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The Guiding System is key equipment for high temporal and spatial resolution
observation of solar magnetic field. This PhD thesis discusses the method,
algorithm, and key techniques of the most advanced guiding system of solar
telescope———guiding system based on area CCD camera. For different astronomical
goal, there are two designs: One is by local image, and the other by full-disk image.
In the first design, we use cross—correlation algorithm, and conclude that: (1)
the guiding accuracy can reach 1/6 pixel size of CCD camera; (2) the A/D convert
accuracy of camera does not affect the pointing accuracy too much; (3) filling
factor of camera does not largely affect the pointing accuracy too; (4) we set up
an experiment system and get the expected test observation. For the second design,
we calculate the center of mass as guider. The results are as follows: (1) guiding
accuracy can be increased by the increase of A/D convert accuracy: (2) the larger
the filling factor, the higher the guiding accuracy; (3) the guiding accuracy is

better than the 1/70 pixel resolution of CCD camera.

Each of these two designs requires high speed and large amount ability of data
process, which cannot be afforded by current-used data acquirement and process
system of solar telescope. For this purpose, we innovative set up a new data
acquirement and process system by use of the concept of Embedded System. We reviewed
in detail the advantages and possibility of astronomical applications of Embedded
System. An experiment system has been set up for the full-disk solar magnetic field
telescope of Huairou Solar Observing Station, NAOC, and test observation has been

successfully carried out.
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it SR tL R . AT CAE 24 32%32 A 4k FET iH 5 B2 08k B
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AR bt 22 GHFE A 7 1.0) btz (HFEA T 0.81)
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W, SIEWERN 1 AD MDA EENAR TERNES, X, BETE
PRI S5 R A R R AR 2 B 1o it DIASEARL LB A BE T T A7l ] BLURDS o
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Imager 1/2" progressive scanning interline transfer CCD
Plxels B48 (H) x 484 (V)
Cell slze 9.0 pm x 9.0 pym square pixels
Scanning 60 Hz (double speed) non-interlace, or

30Hz non-interlace. 525 scanline both modes.
Sync Internal/external auto switch

HDO= 31.468KHz £5% or 15.734 KHz
\ertical async. reset or VD=60Hz / VD=30Hz

Asynchronous Vertical scan initialization (VINIT) upon TTL trigger from

reset external source. Black video output while VINIT is inactive.
Ext. shutter speed control pulse (pulse width control).

Pixel clock 25.49 MHz / 12.745 MHz

TV resolution 500 (H) x 484 (V) lines

S/M ratlo 50dB min.[{ AGC = off ), 56dB min. (30Hz)

Min. ilumination 2 lux at normal speed, 1 lux at 30Hz

Video output 1.0 Vp-p composite video, 750 non-interlace

AGC OFF (AGC ON is a factory option)

Gamma 1.0 or 0.45 (1.0 STD)

Asynchronous 1-8 shutter mode switch controls exposure in periods of

electronlc shutter | horizontal scan times (H). Shutter control mode 9 is con-

capability trolled via external pulse width. Periods of H vary depend-
ing on scan mode. Full frame resolution per shutter.

Lens mount C-mount

Power req. 12V DC 400 mA

Operating temp. | -10°C to 50°C *
Vibration & shock [Vibration: 7G RMS @ 10 ~ 2000Hz , Shock: 70G
Size (WX H xL) |46.3mm x 30.4mm x 140.8mm

Welght 220 gr (7.8 oz)
Power cable 12P-02
Power supply K25-12V or PD-12

Auto Irls connector | None
Functional options | See current price list.

* NOTE: image degradation may occur at increased famperaturas.

£ 3-3 tm6701 K EFah5

WEHNZARPL EZ RGO L 5, ZARNLRAT [ A A2 24T 3938 1
FANL, WH BB RIE T, 1R HLiZA CCD mJ LATEAESIN RN EAT IR, 48 T
WL UONATIRIEE RS () CCD 3RS BIANER e AT LR, 3T B N AN &
GRERG, SAAFAEAR AR AR CCD HIRRE, FE4T 18 HH I 30 S 4K SRR Y 1)
B ONAT IRIEE RS (1 CCD A7 — 2RI HARPEEAE, P UHTE R 7/ T 50%, AT
SEARUEREG, | SIEMAE OCD EARR T B G FESI I TS, TN BIABOBAL
e RERIBOLHIMAL, MR TEN T3 2 7 100%, EREXFIE, FHFA
BE KRB PR M TR . S5, IXEK CCD MIMLE T midtAipL, B 25 JKg &
I BT 60 ot/ AP (It 4 o e RN 8] FRO B T AAEAR KRR RE sl K33l
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Xt BRI B AR R A R o 5 =, LI R R R I AT I RS ) R A
B, v T SmIR A S o R R 2D, F AT AR RO I R AR AL
RARHLR] AAE SIS ERAE T i, AR T 7 U BRI [R) o XAl m] LA T )
TelF IR 5 iZE S FRD,  SEOUIIN & Z A ThRE .

(2) EUGRENR . X B IEHL = MATROX 2 &) PULSAR, JH-F%H PCI #
F, BAA R 5k R R B B R L 3 PC ML AE. b eit A
TME701AN HESEIAIRE /7, KA MG 52 B AT LU R 23 ) R 8 o X L 5 4 R
SRR ER . oL ESRE M SC A R, A WINDOWS95 (13K 5
P, GG EHIE, ERIEHRIRERM TR RS

(3) THEML. NGRS T JUHERT, i BT B R J1i8 A 2 B
SIS AL BRAX A P G E I, B DAME— (1) I it =2 s BT 15 3 B 80 OR A7 T oK
SRR RIS RS S PR B XA, TR BB ORAT 25 JR I BUREHE
WA EATORAT BB 5 B R A, B AT B8 1 7 i s LR Bl S 47 21 PC LI
WAE. 1RAFE— TR 1) R 75 5 640%480=300KB /£ 45 (KN AE, WK 256 g
PG B N 7 VR IR i TR B K 256 1%, WA 20 S 75 B 45 30 9 R 1 48 ) i
PRIREEG, Bt ENN AR RICEMRG, KRR, Ut—T, shZEk
WAFILH] 153MB  (300KB*256%2), WIRF I E#HE REAR G TR LEEG —E
Wi, XETHENH T E 512MB A X0 T 40 HEARR UL, 8
NI

(4) BRI EE % o B A 2 EEAE R A O 1R 1R A1) o4 1) 1R ) R g Y s ] [
B EXERHT RN D k8. N THEI S PIEIRES, BT
—H 10 BRIl H

(5) EUE RN . ARG EBUR KRS P BHIEH T PULSAR R 7
HIEREHAE T . ERIRGAEEFREF N T INTEL ARIWEHIA) IPL, XA ERME T
— RO X AL PR S FEARAL I BRI E R A, (S ERACFE EA T RR R I
Perm, X —HFA  IELFH R IRATESR S A B BRI R . B RA A E
AR, — AR, B —AEMET, XTEER FFT 58, WA C
B E IR LL A IPL 18 10-20 £, 3 — MR s A 7 H A ER 35 A8 B A B D Re,
HNHE BB s S8R OLL) , AST5 B EHidn ik
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3.5.2 SEMEER

FiekEg (CEEE 200 W)

LA

Fe A SRR BORS 5 JE TR AR (200 WD T SEHEE B TR A TSR (200 0

310 x 10

1} 50 100 150 200 250 50 100 150 200 250

A 3-10 (200 1) BHEBESINMBALEINA R B E30]
3-10 4 H T —H I EE R . HIKAT LG H AT LG RO IR I B

L. ELAEE N EE AR AL B PG AK B 73 A5 B AN Ao BRI EE AR R /N el B FL 8
EORIEE: ME MR A e R g BfmikA e f e (CURRMRZREE. A Mk
S P 1y B A A T DUR IS 5 B 0 BT A Y R AR AR AT i KL (T R R AR LE A - LE W
PR B AR AR JEE 23 B R AR FEAEAR T 50 A T 200 F SR ERAE BELIE BN R B0A e
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R, TTERAL SN MG A T AR S, XU T A SR AL SRR AE B N ik AR o R 4
T ERFFER
2. HHRSIMEGAFE AL BRI B A 5 R 2 AN R CRAR MG 22 30k . 3R
ITE BB — 4 E L (3, 240) F| (500, 240), MR EKEHE ML KLE: F
B I BRI K B M 26 i LU 2 1 S I BRI BRER AR AL, B — AN IXRE B IR KT Bk
BHLEALE OO I 1) — B B b R IR P B2 VA AR A Y, S B gt @ el T BHR BB 3~
T RN AR ZE 0 o TAERS AL S I S A IR 7K BUs B b 2, X AR
LB 7 A SR BEA BRI R T G BBl B EUSA] .
3. HIZBESIARALSINEUR FIAREZE .
HiEa: std EREE) =25.3213;
std CHieEIME) =25.5520;
std( ELE: B i) =11.6627;
L&
std (ZEieEIM%) =31.8148;
std CHEEIMER) =32.9942;
std(F 1 B ntii3%)=16.5231;
PRt 22 SR Bt T UGB HE P RR K E I - BRI B0 Rt s T R A &
I R ALK B 0 A ) S ORE 2 KT B S i 5ds i) .
DA b S804 S 15 B 1A O B2 e A v B 1) 43 1 2 T () A 8k

A%, BT RGEKHRBOVRE ., HEERINARLRHEK ST RS S
AT SRR L 9 A0 ORI ) o A B T P b A 5 A I TRI RS I
FRERIRAMm, AR RER 1, MSEBRSAT RS TR
MGG AT B CT 8 Sei R Ge THE LI AL B RE 77 EER 0 s
K RGN AT RAR G EIA En s B, BFOVE e ZR AR it
BIAROEHL RS BAA EiRZER], BN RENELR RS, AR
WL 2 538 2 58 4 B i I HR I

3.6 e

FEIX BLARA T AR E S — A RR R E L0 () MRFERN AL
KBLH LA WAR e e A L REIRF] 1/6 MRS B ITHIREE: (2) XFTKAH
REERL AR FH KRR LI PRI & AD 2248 fR RS LR e 24 1) 58 R L 1Y)
SN (3) AEBUA AR T P R0 4% 1) v TRl P, 7 DR 06 S S Y S i A
K (4 SRR JFE AR AT 1 U 45
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K 3-11 Baa 7 —MEFT R b LT . B BoR 2 HETE R
A IEAERF A AR R BH 2 1) B B 1) 0 22 B B e B o 2 B B TR B ok
SR R AR SCERER o SR A5 B B A2 e rh o0 ) — o, R
TEor AR LRI G AR A o PR D R0 8 0 2l XU S e & Jm i, A S PR
e R LA TSR T AN R DAL, P DUE R RO RE B L08R, AL
Kbia FIAH R ERER 1 AT T iR A IE I o
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R ™28 1 3 R K BRI AT U5 %, %05 R0 s B &) (3232
s BRI R VF 2 A EDR) 5 BRI SR A R st . OSSR &S, BTl
TR FEAR PR, T 3 R AR R . ER Sy — 5T, BRI AT A SR R ER 4R
MEFAFERK, MG BITFIREIIDIRD, HiE G/ e B G230 ek,
PRI AP IVE R 2 F TR T80 R4, PROs e /NEE 5280, HunFok
HA MG EA, HA /MO SR 1 2 DL B e Aoks B Oy B g
REJTEOL T, —FhE 04T 52 LA KB B s, TR R4
BORAM IE R G i R ER R 72, RN R AR BR A A e Az v] DUB I 347 8w B 5
SR Z A LA 50 FoRSEIL . X0 DLAT R AR W) 2 % GE AT T A 4
A . AEXFALGT RTINS O 8 0 N R SRR,
AR 5 Fh BN Ot T RZENE, A ETR.

SR CCD AR RATIE, @HE K& OIS HB AR, K
OEIEEZM, HENAK, KA LU E S IBCT 2 1 50 AR
ARG ORI %

42 ETROEZEFEHESIT TR
ATE LRI RO A

X=X xf(xy)/ 3 f(xy),

Y= yf(xy)/Y f(xy)

R, fxyY)EREY)SFGRME, X Y 2 HFR RO E .

XEFHEHRRZAEW A a. FEIH (XY) BN REL [EANTEZ
BN ) H i E AL, BRATAREM ZBUE A LR ARG, T A PP 1% 4L
B AR ERAER. b. POYHE LA S#25 TiE, Bafm
REAN T 2O A BT o PR L RE IS RIPT B RG R, A i e B2 | &
I HEER T RETE R A TR E AL ER IR ? AT BT 7 — ARG R BT 7T i 5
J O I SR FAE KB AT B IOREE IR RIS RS R 28 2 X e & IR B 7 A 5
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JySERRHIL RS A, LT Sk, L T B I LS A,
BRI LRI NI
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Bl 4-2: FEALRIRPEEERY
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N 0.6

N T SB35 RSCAS AT (R Ay 7 ) B, BRI 1R T B AN BOR K. b4k,
THI BRI 25 B BN R ] DASRAS B AR R AR A AL PRI E, A4 2 I Bl oA 7] (1)
TEOLR, /INTHIBE BRI 25 A 58 i 28 (BGAE B G T AH [RD o FRATTE T ) o
ST BT & Je NAZ a1 70 5 B BRI 28 Bedw 2 RS BRI ER . I IRAT
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TAE, BN ZE 2 AD Ao B SR TSR A R, WA R, REA
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TERIZS EAEBNET, RS B — V#2228 PR e 7 o BRI 48 T o
FERRN, B RE BT R, XA RS R R EE 2RI E A
RE AT N B T BT AN SR BT A AR 25 T B RUAR 0 e A 2, W 22
REZMWITHE . S2br B3I PCHLIITHERE ST RAE 1) BT AT WP i ik
RO Ay B g AT AT 4R H A 7T

BIFEFH C B S5 K, 75 P4 2.4 FIiH-HENL L, B3h—AN ST E 20 B A A,
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432 RIULER
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3. HEE MNitHEE K. fiHCS U 71K SRMHECr R ER
80k-100k. KT IHEFOLITHEE, RAEAK:
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High-Performance Fixed-Point Digital
Signal Processor (DSP) TMS320C6201
— 5-ns Instruction Cycle Time

— 200-MHz Clock Rate

— Eight 32-Bit Instructions/Cycle

— 1600 MIPS

VelociTI™ Advanced Very Long Instruction
Word (VLIW) TMS320C62x™ DSP CPU Core
— Eight Independent Functional Units:

— Six ALUs (32-/40-Bit)

— Two 16-Bit Multipliers (32-Bit Results)
— Load-Store Architecture With 32 32-Bit

General-Purpose Registers
— Instruction Packing Reduces Code Size
— All Instructions Conditional

Instruction Set Features

— Byte-Addressable (8-, 16-, 32-Bit Data)

— 32-Bit Address Range

— 8-Bit Overflow Protection

Saturation

— Bit-Field Extract, Set, Clear

Bit-Counting

Normalization

1M-Bit On-Chip SRAM

— 512K-Bit Internal Program/Cache
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— 512K-Bit Dual-Access Internal Data
(64K Bytes) Organized as Two Blocks for
Improved Concurrency

32-Bit External Memory Interface (EMIF)

— Glueless Interface to Asynchronous
Memories: SRAM and EPROM

— Glueless Interface to Synchronous
Memories: SDRAM and SBSRAM

Four-Channel Bootloading

Direct-Memory-Access (DMA) Controller

with an Auxiliary Channel

16-Bit Host-Port Interface (HPI)
— Access to Entire Memory Map
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Two Multichannel Buffered Serial Ports
(McBSPs)

— Direct Interface to T1/E1, MVIP, SCSA
Framers

ST-Bus-Switching Compatible

Up to 256 Channels Each

— AC97-Compatible

Serial Peripheral Interface (SPI)
Compatible (Motorola™)

Two 32-Bit General-Purpose Timers
Flexible Phase-Locked Loop (PLL) Clock
Generator

IEEE-1149.1 (JTAGT) Boundary-Scan
Compatible

352-Pin BGA Package (GJC Suffix)
352-Pin BGA Package (GJL Suffix)
CMOS Technology

— 0.18-um/5-Level Metal Process

3.3-V1/0s, 1.8-V Internal
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UE T SAPERA PEANZE N o IXLBEAR 7 AE /P AR L, S 1 T EETES
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BN — KA T EUE R E R CFFRIIT R & , SR AL EE sk B 2 A —FF
(s T BB R — AN AR 5, BEAE H= %, BEE R SRR
TEREMFERAAE, 3K LA A B (0 T K1 6 0 R B 0 2 A A L T 2 B
M . BN T BORBIERE RGN Win95, Win98, F Win2000, XP £ 45
FEVFEZ WA 7 4 A, TR TR TE N 245 NIRIESEL, M
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A
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XA — Al AR B BCR R AR ) AR e 38 2 19 53 b — A 1) — BB CR Bk
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LIRS o (KON 2R SR R TARERRE S ST AR 1% 8 Rl SR AL APT pR %2 1,
AR B TR IR R G EE WAL T, %A w T ecE A R A
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HRGRIE, R ERZ —UIMKER, TAEREZ KA 8R!
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R R FRET, TZ 127 2 E85 &5 58 s A IR B, fEX A DSP
AL TEHRRRE, KRB T RAEMRE.
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PLFRATTENAE Y CORECO FUMGACEEZE ], FEBEE TIRZ R EATER
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AREH IR Z AR IIRE, CAFRATELAE A VIPER QUAD ARCK U, 1ZMR B A 4 #%
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7.1.5 MEEIBIRA TS ESLA g

AFETRCN TR E ST, A R 2 DR ReE TR, B E
& RSB R P o IXAE M SER vl BEAN 25008, K5 225 F s SR R .
] RN B 2 2R SEKTE RIS TE], )RR H SR A AN GE T, i R T
7.1.6 AHIZEESRAZFHL 20

AFETRCN TR E CAIRS, AW TE A RS A . SRR
SCIXAEFRFIR N FH A, SEB— LSRRk I DRt IR R0, FRERE R KIT
ATl I R

7.1.7 BRBLESEFRNE

BTN, Oy T A R AT IR B, AN T S, BATEE
WEFEHR T8 FPGA SR N T B S W B IR AR EAE T — R B SE 5,
37 REFHISCIREIR, AR — W ROy A I 41
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B 7-1: EFAERBRARRS
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O, FEAAERS. 1/0 Bk EEBIREBE RSN OFED LSS B0k R
Gz, [ EIRGEN g R (APD, [R] N BF gL R A AR 1 (1 AR 20 S B
& BSP. KA ARG, WAFAEARER S, AR, AR AZRHUE
FIZhRE

BSP Je R SCHr, R/t T ERIE AR E RS2 H 1 — 2, MiZdi2ET
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BSP.

SEFTERE 258 (Real Time Operation System) Fl—f%p FHZ41E5% 0S HIA
[ 2B H BRI A SE M. ATHfE M. ATEEME, MR A IR R IRA & L,

722 MARRGHRBEAR T

RN T ZR G N T B B T2 Wt — i S8 R T ) 0 R R 5 2 e A
bLhn UML A, SRR MR B e AR B0y AR 7> — R C B F B O+
e K CHIPE R AT BLELREAE P T AL 6 RIALA . 5 2R C 1S 5
SR L FR) T [ X B 284, 2T LR O RO . bR dniE i AR £ F 4
HENTIN R R B R AU

A ARE EER AL A YRR P R BT ARSI T B S
v G, WEARIFETAFRBT, XA ARR AR . Ja TR 2251 SOPC
Jrid, AT CASEBLERE AR 1K) 3 R B -

723 AR RGBT

IRA RGBT 70 N =B Bl B 562 BA CPU JyrhLoic 5 41 Bl iE A 25
O o IXFE RS I — R ARG F BT T 1% . e ISl 2 — B Al A,
HUCIEXTEAZ L, Sz RIETE. HKGZ L CPU Jy GBS & 41 Bl FPGA SEHLE
HDIRE . KBTIk RAGTER S, ANE AL G258 K e 32 AT ] g e
BRI FPGA SEIL, MBS, AT DL IX —#R KD REREAT B2, (HBk 2
HLER 1A%0 CPU #80 JEIREN B 2. s B AR 1Y v R 1 B 1 1
B, CLR TP FETU IR E S e, DIREI AR AR R T — BT AR G
BEUF PRI L, B SOPC. AHX it AR IR AU R Ge i Rt 1
e R

73 WREHR LRS (SOPC)

bEE B HARTIRE, T KRR AR = RN AT SEER H 1, Bk
ZHIDIREMEE B T AL LSS, IR ARt TR B RS, BiEH
AR AR RGAE—HeE b, #R1E SOPC. SOPC (v LnZmiE &
4t. System on a programmable chip) & —MRiEG. MAMMIITTER, B
RIS ACFRAS LR, (R KA BRFMASED, ngiE 1/0 uwll. DA&
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A2 A L SC LA AL PR AR AR % S R G BT RS B A AR PR B — > PLD %
fEE, MR EARSE, BT RA R RIENE. RRA LR S%
TR AEE . WgmAE T ERSE (SOPC) 2 — MR IR AN RS : B ERZ
FrE&gE (S0C), RVE#AE A BN KRG E 2B EThRE; Hik, B
GRE ARG, BARERBTT A, W, AR WO, IR R AR A
ARG LRI TIRE -

7.3.1 SOPC B4 &

SOPC &5% 1 SOC AT PLD. FPGA & H I, — M DUF EARE: (D
EOAE MR FERE N, (2) BA/NEEN A EE RAM %8, (3) F
B IP Core HWIRMIHEESE; (4) WM A L wiB @M, (5) AbIasiH
AL RN FPGA ZwfE#2 11 (6) mIREAL &80 v dm AR B sl (B A SE)s (T)
Bl ARThFE. TS,

7.3.2 SOPC B ARAR

SOPC Wi H AR TIRA R R R BT AR ES, B T DU EE 25 A1k
W ZARSHRIE RS (RTOS) ORI T HOR . BL PCB A5 5 58 Bt 7 #r
N FET D Ve T R B TR R BAAR, SOPC 3835 K H Rl DA 51 24 388 e P S A A4 1)
FT AR . BT SOPC [ R ZLB AR BT 7E nT SR F2 18 45 23 44 N 382047, 17 BGA
B O AR R AT, SRRSO BT
IR RS, CARMEREAT B AT, Rk, AR DL BB AR A S A ) R A
I E BRI E S E R . B, B KEAR B AR R, W
ALTERA A F ) WiB 3534 signaltap 1T Logic Analyzer St &—Mi B4
S0 Fr P Sz AR T

7.3.3 SOPC FEHRARRGIZIT AU
(1) IR EME

SOPC A L RigEtE, REWRfE s F A& R, JLTFn PAsEHAT
BTt (BTl ) o X AFAEE A e oH AT LR B 3 R 25 34T, X finth 7%

THREEE . RN AT R — AR HE AR 2 AR N CLAZER R RVF), X
WA AR LT A T A

71



[ CCD AT HHR A 30 AR GEAE e 25 70 H 3 K R 0N v 0 12 P 7

2) BRI
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(7 FROAE AP FL e A2 AN [R] ) R o AE3X BLTHT FPGA N BB AR vt e MR, i
LATE SOPC R it b, SEBRAZ R PFERAE AL o« BEAF AL IR G Ak th A AE R
I HAE SOPC it BLBR A [RAEF 1) S BRAS AR W, vt ) LA R 1) 2 e A At
PEETELG] . P AT SE R TR TR R AN R, AR AR R 45 W] DB I 3 58 B
FIP T DL X8 0 BEvh O RS2 B . T S SR L Be T RS SE PR EDR AR, JF
HFERZ T, B SeIU AL BEES ZORAR v, win] DLRRIZ A8 70 FAE A SEB
XAERERR 1 1 RGN IERE ST R RGN B, TR T RAEMIFE.
AP EE R LUE R AL B A, JER B H RIS A A Hil il — R kIR 2
XA S TR INIE . SRR A P BT R BLEEAS A 2 AR 0L T AROR B
RGUTERE, MR E RO A RPEE Ak, HEEBRBZ RS IHE
[f] SOPC, A 2L TR Sk %

7.3.4 SOPC HIRI=

SOPC /& PLD F ASIC i ARRh G 145K, HAET 0. 13 UK ASTC 7= & il & i
TSRM M B B, MR, SRR T AL B CPUL DSP. f7fids AN 1/0 K n] 4
FEIZARI) SOPC 205 i 7E 8 FH (1) R HEFIANAS LA MR . SOPC #iRRA « 2
SRR

7.4 R _ERNF SOPC Hw] 471k
7.4.1 REM

TER A IR 2 P& RS EREYE, BiFEE . X BEIEA
IBR—EN T AR, X2 fie/\I], hiesF. KoAThhE
B = Hop 3 FE AL 25 1) JELI DR RE 43 Sl AR, 3R it 3 T R SCAN B R R
WAEH T SOPC, [KIN SOPC Wi L RvE M, i v Remifb Rgeixit, mH AL
BT L. K, SOPC HY R IEMEIE N T K SO FH I 2 A
742 BRI

WAET Y B3R SOPC i vk 7 ZHIA AN K 7 XILINX A1 ALTERA, X
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AR G E TS FPGA (B3 vl m AR #5551 Field Programmable Gate Array)
W KR A, AEBOARSCR BRI . LIRSk )7 84 B
TEA I SCRIA & B RE], BT RS S5 BX L8] R HoR S H . i —
AMFE R AL SOPC 1) N A& — AN 2HEE AR G 1) 1) R, ] DAk 4 5 R S0 e SR BL R+
W, NSRS 40 B R 2 TR VA aE, W] DAAE B4R 22 At AT 18 ) B TSR 1345 1 =
Ak, e LIERCE.

743 FLIRE

FUAH T & IR TR, )G omFEvE 52 2) TArE i C i85 ™ A B¢ 5 ik i
B (HDL) PUUUEN R PSRN R (4 P R AR D, B LA T AR AT R IR B T
TR A 7 T T SR ) S I RS PR T R AR 3% o R B 38 P e 1 F B RS ALL S 4
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7.4.4 ISR
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BYHUBAS BT A2 BRI ), 75— g Yo el P A 75 137 B 1) B 460 o v ol i S 2 o R R
PR G Faee] DA, I B T S s ae, &N RS R H R,
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AR TARZWSNG TAE . A5 P72 HlE o & 1 T S LE I UK RE-E R,
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SERR KT E G I FHLA e 78 BB RS TAE . @iy ke 7 M ThREfT ik
NI, S FAIL R Ed ol AR 2 (I8 I WX 2% AR 4 21 rh il & . X
RN T B KA B2 ] DA AR # R 2R b AR B, IXRE B Rl AR
Gy, WAE TR CR—ia it 1/ &0 iSO,

I A R A R R B e e AT T LRI s

(1) . WG — MR G AT 0 1Bl e, 3l m A
TCP/ TP i3 T LA X K 2 4= 1) A% i 2148 5 17

(2) EERAXZHE. LRM A AT 2R AR, Bl DL iE i 44y
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(5) Btz 0T EA B EMEE /). KNP K2 14 D2 ¥ SOCKET
1E WINDOWS ~¥- & F1 UNIX ¥ & b & —FE0, Bt DAAZORE T AT DAAS RS oot il 21 5
FEMBE. MELEAEMNRSR, | ZARME—FE NIRRT

(6) @bl e . XJLFE, PR ELT 4R 100Mb/s, - HALHIFROY
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R (R i L5 o FERIER R CR)
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MK Z B s 1988 F@FREFELE T, DER TR/ 1R
PRIFRAT TP e FEB K R e g He b 4 H i HIn R & im R 5t R 8-2 44 T
PRSP 2 18 B 4 1988 A i BN 1) 4 H T b B2 4 10 2% i R LA I
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PR 12.5FRAME/SEC

BIG 14 7 HHEMBME S
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PR S ITI 151 EUZ AL PR ES
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FEAif SO HA#

ARG TR SR, NTZEG].
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8.2 ALTERA AT /] SOPC fBR TR

8.2.1 Cyclone™Z51#] FPGA.

2002 4F ALTERA AFIA T 35 KM R T, #EH T Cyclone™™ #ft
R, X AAEA TR B B2 R 81 (FERELE )5 I T 4. Cyclone
A B £k 20, 060 ANZHE T (LE) A1 288KBIT [#) RAM, AEWSHE N2 H 24
R ZhEe CRBEAH S T A J51 1) o Cyclone #8484 T 22 ThREMBIAHA (PLL)
R AR LI BN 4, FE A 1/0 52 0 [R) CVAR i I 75047 il 2 A A 4%
ALTERA ff) NIOS®ig NALF S FFE 5 ) TP FEH Cyclone #FHE47 1% . ALTERA
O\ F) AR ot 2 B AR, P AT DR S 25 M ALTERA 93k A 7 %8 # 9%
I TR Quartus® IT 3. Xt — B FEAC 7 W17 E W TR 2= ST 2 H
R S B AAE VT R s BRI SZ HY o Cyclone 2% ARFEAI A 45 1) AR HE B e
VHIRASE A, BEa LA, e sl se B T gm A2 A i RS (SOPC) fi
VU

FATZ P PAEE R SC N ) E3%E$E Cyclone #3844, 32 i Kt 2 K/ Cyclone 28
T ZF MR AR . 7 X P s il URZE 5 A IE I G R SCR 1]
wmiEH E&RS (SOPC),

8.2.2 ALTERA A FIH SOPC iR F =

fE3EF PLD AbFEZR 1) TR R, RE R BT . i gE LA
PF T REIFRIER A TARZJHAR LT (0 W [F) A, 3 2 s LA (1) — /N B 2[R &K o ALTERA
HEH SOPC BUILDER T. &, #2H T PLD M B B S, oRAh 7 B At LR
AR 2 . BB AN RAMEE TR, FKATHLAEH SOPC BUILDER i%
I b 8 2 R P R 0 A I R A i 2 ) AR A

£ SOPC BUILDER T, AN N2 — AN, SCRpESERLES N 0S. filtn,
WRARIE RTOS AEA—NEAFAMEBRI RS H, RTOS AR AR O 7 2 A il
RGP REAFDUR B, AFE TPC/TP BRE . [FIfEH, &4 IDE #:1, A
FE S RGN IDE SRARAE LIRS o FfE A AR N R4 B RTOS A% .

F#£F ALTERA ffJ SOPC BUILDER, 7E NIOS #% b B EAR G HHRFEW T -

(1) 3t SOPC BUILDER
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PR RR) 0S 241, I AFEE LA 2 BT W&, LMD DMA 2 4i
MRS, EREH SRR MBI R Gt A WA RSN E R RIE S, XA
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(2)  H BN RANER AR A AN
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SOPC BUILDER M & Fl A= B4R B /5 VR4 1E 2.
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BUILDER 24§ R 48 (1 B {5 BA7HAE SYSTEM PTF U . #£ SOPC A= pliid #2 + , SOPC
BUILDER %% SYSTEM PTF X, FEARGH1E BoRA R
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HICE M BT WS, MRIEX /N, UART A AR = A BT UART FRIRE 14
R TEA BB E—25, SOPC Builder BIEE & T RGHIFIN M LREEH,
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B ZHAR G N BRGNS R (TP 1) Balfai&E i,
I H. B S A il i 75 9K SR 5 -5 AR L R Sk SCPF o i R B 25D TP A% AT L5 2 B
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AT R B . TR R BB BE R T 4 ThRERR ) QUARTUSIT A1 SOPC BUILDER
B, LR NIOS ff) C/CHHE = ik e T .
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ITikEHE, M ERIERER H R ERGIERTES . ALTERA A R4 T %4081
BRI C/CHIE F AL iis 5 I BFFER -

(2) DMA 51|28

DMA il 2% S br B2 — AN DhRE i B AbHEAR , & BT RE AUt & AR B s thl 27
AR R AR A, X AR LR T LR AR SRS, DMA #2138 A
SPEA 7 A MRS % B 22 B PP B (FTFO), IXAERT LA BIR B i RS . DMA $25 761
#5/& AVALON 28 B —A 28, BB AVALON B2k, BAH CPU [F4
(AL, G5 1% A B U7 ) ) — S AT 2%, T B B LA SR AR LR S G Il
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DMA
Read FIFO Write
master master

Start Start
address address
Address Address

Increment Increment
Transaction Length
Control port

it

& 8-5: DMA % g8 fy 544"
AT LLSEEL A B 2 1) (0 E sk, A IR SRS, AR AR AR R LT

(3) AVALON BUS

XA ALTERA AP AL TN NIOS AbFEZSE MR &LhrE, EXHE
AVALON S £ th B AR KM R G, B L& 8. 164 32 fil 64 AL &, H4k
2x [ AT & PG LIRSS . AVALON i 25 AT DUIE N 5] 45 1S5 45 25 AN [] f 24
o SRR E BN Z, AVALON AR — N EIERE L EREL, ERHZ BT
RAPIRALHIAE I, X FE T B AMR IR R G AE R — I %) R se vy in] —
AR, EXE, HERFEIRE AT N ZAZE—A, AVALON S Zesin]
DA I AN ] {7 [ HE R AT o X2 — MBI TS BIRePE, 7R — AN A3 E87 [ 41
VI [R50 1 Ak 3 38 5l 2 32 VB 0T DA 1) 5 — AN, IRARERAE AN R R 4
M EARRIRTHE N KK S T KRG A&, AT NIX AR JCHE & N E
T ERAT KB B LA A (1R CCD U EE /7% B0E, BRI 2%k
R ERINFD. N2 —MiF, 76 NIOS Vil RAM i, DMA 42l 28 th7E a1 LA
KR A S B o 24P B 2% [R5 1) — S &I, AVALON J 28 233
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frffs, RS mi ey .
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Inst Data
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P CeadData
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Interface
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XA Ik TR G, i S A [ AR U 1] AR H S R iR 3 LM C(ARBITRATOR)
YeiE, V7L se 484t SOPC BUILDER F#45 5E

(4) SDRAM il 45

SDRAM FR142 il J& EL B B2 2 ) — M FH P 9 5 SDRAM. (428 1l % e R B LR TR o
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FUROR IR T IR AR, A PR RS2 3 SRV 7r . 25 SDRAM AN RETH
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TR FH Al DUk £ B Tt 1)@ 4 id@ it SOPC BUILDER ik £ CPU o Ek
RAE CPU Byl LRI, ARSI B O @ 4 R AN BE AR AHIE . 7E AT
BRI E QAR N, AE R CPU BRI H B — AN Z 2 48 FR T )
B, XREXT TR PR UG B — A, BN & R T T

8.3.2 ARGtk
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PERES LT, R TR OBl AP R 4 B B T DUE LT B 7 sk CREZEBER
V). M FPGA 2 BB AR 7R T R AR (R v AR, NIOS AbFEZ: (1)
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System Clock Freguency: [0 MHz
— cf_ide_tri_stste_bridge (avalan_ristte)
— £pu f instruction_master (avalon)
[— CRU Jdata_master (avaln)
[ dria_0 {reaci_master (avalon)
(— dma_0 / write_master (avaln)
[ dra_1 freaci_master (avalon)
(— dma_1 [ write_master (avaln)
[ dra_2 freaci_master (avalon)
— dma_2 / write_master (avaln)
— ext_ram_bus (avalon_tristate)

Use: | Madlule: Mare: Description Base Ernct ﬁl
7 4 —|—E asmi active Serial Memary Interface 0x00000...| 0x00000...| 16
v + < ——————————p——|—E1 boot_monitor_rom On-Chip Memory (R&N or ROM) 0x00000...| 0x00000...| |
v —————4——————————~————|— & button_pio FIC (Parallel 110) 0x00000...| 0x00000...| 17 |
v ———————— | cf_ata_select_pio FIC (Parallel 110) 0x00000...| Cx00000...| |
v | == ¢f_ide_interface Interface to Liser Logic 0x00000...| 0x00000...| |
v + < —————— of_ide_tri_state_bridge Swvalan Tri-State Bridge
V| ————————|— & cT_power_pio FIC (Parallel 110) 0x00000...| Cx00000...| |
V4~ ————|— @ cT_present_pio FIC (Parallel 110) 0x00000...| 0x00000...| 18 |
v + | == cpu [Nios Processor - Aftera Corporatian 0x00000...| 0x00000...| |
v = | ————————|—E dma_0 D2, 0x00000...| 0x00000...| 19 |
7 |—|——<————|—E dma_1 D2, & 0301 | 00| 20 |
i - " s dma_2 Dhia, 0x00111.... | Dx00T11 .. 21
v = ext_flash &MD 250 V085D Flash & 0100 0T O7FF .
il — ext_ram [DT71416 SRAM & D200 | 200FF ||
Cllm ———————— ext_ram_bus Awalon Tri-Stele Bridge
v ——— Tan91c111 CANG1CT11 Interface (Ethernet) 0x00100... | D001 OF .| 22 |
v |— @ Ied_pio FIC (Parallel 110) 0x00000...| Cx00000...| |
v ————|— @ led_pio FIC (Parallel 110) 0x00000...| Dx00000...| |
V| ————|— @ low_priority_timer2 Iterval timer 0x00000...| 0x00000...| 23 |
v = +————— onchip_memory_0 On-Chip Memory (RAN or ROM) 0x00110...| 00110
v —|————4—————————~————|— @ reconfig_request_pic FIC (Parallel 110) 0x00000...| Cx00000...| |
v = g - sdram |SDRAM Coriraller & U010, [T FFF .

v = ————————|— & seven_seg_pio FIC (Parallel 110) 0x00000...| Dx00000...| |
V| ————|— @ timer1 Iterval timer 0x00000...| 0x00000...| 24 |
v = 4— —————— artl UART (R5-232 serial port) 0x00111...| 00111 .| 25

v H— T+ uxx1_read_ced Interface o Liser Logic 0x00000...| Cx00000...| |
V| ————|— @ uxx2_pio_0 FIC (Parallel 110) 0x00000...| Cx00000...| |
v H— = E e _pie FIC (Parallel 110) 0x00000...| Cx00000...| |
Tl s +— uxxd_fifoinput Irterface to User Logic 0x00000...| 00000 | |
il i " uxx5_computresuftinput Interface o Liser Logic 0x00000...| Cx00000...| |
il i " uxxb_fifooutput Interface o Liser Logic 0x00000...| Cx00000...| |
v + < ——————p——g——p——|—E urx7_read_mass_center Interface to Liser Logic 0x00000...| 0x00000...| |
V| ————|— @ uxx&_pio_sbit_out FIO (Parallel 10 0x00000...| Cx00000...| |
V| ———————— | & uxx9_pio_32bit_out_ctri_expose_1 FIC (Parallel 10 0x00000...| Cx00000...| |
V| ————|— & uxxx1_pio_32bit_out_ctrl_expose_2 FIC (Parallel 10 0x00000...| Dx00000...| |
V| ———————— | & uxxx2_pio_interruptib FIC (Parallel 10 0x00000...| 0x00000...| 27 |
vV ————|— & uxxx3_pio_kdpswitch FIO (Parallel 10 0x00000...| Dx00000...| |

[ 8-8: SOPC BUILDER #4i&H] CPU Btk

7R 7 SOPC BUILDER i) CPU #EERMALN, /il X ARR T EN B HZ
A IR, AR ARRA R E B T N Z AHIE, 230 AR B B, ROk HE R
FRRRITT LA S8 ok P B

FPGA PN # NTOS Bz A2 A A b il 248 B A\ Se iy, I AR
FOL GG, B, ARG T 1 RSO A A P AR ARAR B S FH 2 2 o i
B AT EACIC IR ZEIL A HDL 1535 A ARGEEIF AT LU T 2 3A PR o5
S H 0 B I B AR BB FPGA [ P8, IXARIHFE R BHRAR A, R FIHT T FPGA
PERTRI AR A BRI, KRR “FAEA PRR T ARG ARG . £ SRR N A AH
HLER S A5 5 & RS422 %3, 1T FPGA ANSCHRFIX R HPHnife, BATIE T — By
P, DHREMUAENG 55 7 i FPGA #2532 (R FEPARifE, RIS AL TM1010 [ FLZEfRE
HAZAREI R G E o IORAE BT P — T ZE SR 7 UEBA T FPGA U5 K
SEFERNTE. P 8-9 2 5e B ARG T, A —BRARH ] 5 (0 v P e A 2
D, RIS AR 5 D KDP H IR 5 5
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&l 8-9: TTENRERA
FETH & PULNIX A ] ) TM1010 CCD, A THFENRIRE NIOS kM, B2
B I PR R o A AL I A A S T RO o P FRL G2 F TR I B,
AT B o SRR N FH I R T4 0 28 (R 42 il T ST LAR I

(b)CCD #8#1

FATIE B PULNIX AR B TM1010 ZUAHML. iZZ AN TEFR TN 8-10.
XK 10 AL ES AR B B AL, BRI RS2 1 3. TH PR
1008+1018, Miid 2 =ik 15 Ml /F5 o
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Imager 1"( 9.1mm x 9.2mm ) progressive scanning
interline transfer CCD

Pixel 1024 (H) x 1024 (V)

Cell size 9.0 pm x 9.0 pm

Scanning 1050 lines; 15 Hz

Sync Internal/external auto switch

HD/VD, 4.0 Vp-p impedance 4.7K.2
VD=15 Hz +£5%, non-interlace
HD=15.734 kHz+3%

Data clock output |20.034 MHz (std), 10 and 5 MHz selectable

Resolution Digital: 1008 (H) x 1018 (V)
S/N ratio 60dB at CDS

Min. illumination 1.0 lux, f=1.4 without IR cut filter (no shutter).
Sensitivity: 10uV/e-

Video output Digital 10-bit RS-644 output
Analog 1.0 Vp-p composite video, 75£)
AGC OFF
Gamma 1.0
Lens mount C-mount
Power req. 12V DC, 700 mA

Operating temp. -10°C to 50°C
Vibration & shock | Vibration: 7Grms (10 to 2000 Hz), Shock: 70G

Size (WxHxL) 51.2mm x 67.4mm x 151.2 mm
(2.02" x 2.65" x 5.95")

Weight 463g w/o tripod mount (tripod mount is 60q)

Auto iris connector] None
Functional options | TBD

Accessories DC-31 31-pin mating connector;
30DG-02-40 digital cable,
CS5-232 RS-232 cable & software

Power cable 12P-025
Power supply K25-12V or PD-12UE, PD-12UU, PD-12UUP, PD-
12UEP

& 8-10: PULNIX TM1010 % CCD F#LAGHEHR"

(c) KD*P &I 8

KD*P i il FL B B 5 S GHE FPGA, 8 1 [FIBEOGIRIZE, KD#P BiFE S 5 SIOLs
il [
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2) W

BB 3 O R 43 RN SR R G R P A PC ML — S (IR T o BT NTOS 4k
HRAS I PEREAS B LA 78 I SER SR AR, BT AFRATIAE SR A A0 A 3 P E B I8 A T DMA
Eflds . IR R EIRR L LA SR, Frl AR SOPC BUILDER #4i%
T JLE% DMA 21145 o MR AR TR 7 2R, 2 S 2 AT FIFO A H 3% 8 4
T 3R T A F 5 A o 2 gk 2 E SR AR B A AL 0 Mt [ 2545 5 )5 T 4 B a1 4%
1. BPECHE S N FIFO, SR J5#7 DMA #2551 35 (L% 2] SDRAM. UGS hntH 2 id il
DMA #5828, FURAEHII T 14 FiANF . K SDRAM FIZEph X 0 378, SRJAH
SDRAM N FIEH A% 3] — A FIFO. XA FIFO 5 [RIAHNIAEER FIFO VEDE (I
PENMEZR B0, IXFEER SR T G B

AT ACA PSR A B 74 FIFO, —AN2 H T2 AL Sk i) 5 a6 %
i, A RERERZ s RN Al g5 R .

Bl AL N 7 ARAER) TCP/ TP BivsL, BRI A TP A0 3 5 - SR A 46
A, NIOS ALBEER A 20 AL FL e 7 58 BRI B 2K o RO IRATT AN k4 1)
4, HRZIEE LUK R A NIOS RSt f&fiE] PC AL, FEESIREE. PrLAfE
X AR AN DB, FRATHMZ UDP CH 7 H ik 0 User Datagram
Protocol) fA&#. fEMZSHES TCP Il —FEH T AL EEEdE AL, UDP AN$gfit
B HEFAEIR G HF . 55T UDP MU E4EN2H1E S5
fit RFC768""™ (RFC Request For Comments).

BCHL ALTERA AL T TCP/TP ROSERITRRE, F 7R R 4
FIRIF: 11 Socket, SR T AL STib#E. ALTERA A FIHE0E T 4 A0
FEo R ZERANERR TS, DRPERE. ESTRRRN S, RATRIL
PSRRI IR AR (PR A i 2 TR A SO P BRI 2R . TR
TURERR, 4B TR, XYL T, AT T RATI0 T
. USRS LRI QARG IR, R SRR,
FROMEB R AT eI R RGETF RO RIOIEAE T LA B A5 1 75 5
CECS

% T PCHRIERF, BB TARIER Socket Api, SiFLt1 AR HAIE
WA, A SIS0 AT . SRR s — ROk WINDOWS
£ IR IR 1 ) UNILX, LINUX 26 3 (0 R R A G, (RS & L 045 7
HER SOCKET 5 11 WLRBE RS T, B2 (08 T — 000, SR AL
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FIRL A R AT LA T A0, MO AT 6 L4, &7
TR YE R BT 7 R ELA B O TRFF RS 6 (RS R I, BB AT
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