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Abstract

Abstract

Power quality control system is a complex projection, which utilized electronics,
electric power technologies, and automatic controls to maintain the stability and sustain-
ability to end users of power system. After the 80’s in last centuary, there is a global trend
of increase of eletric power consumption. Complex, complicated and power sensitive
devices are more and more common, as a result more attention has been paied to the
quality of power supply. The quality of power supply is exerting more and more influence
not only to enterprises, but also to our daily life. The production of high quality power
supply if of greate importance for both power supplier and power sonsumer. As a result
of these requests, power quality related topics become a hotspot of research.

Although the precise defination of power qulity varies in academic realm and indus-
trial realm, mainstream accepted conception about power qulity consists of three different
components: voltage stability, frequency stability and reliability. Many measures and
devices to guarantee power quality are introduced in the last decades, within them power
electronic devices based equpments has became the mainstream. Short time vibration in
voltage and current can be handled effectively by power quality controllers. According to
the main purpose, power quality controllers can be divided into three classis: static VAR
compensator, active power filter, and universal power quality controller. As a foundation
of power controller, accurate measurements, efficient signal analysis and real-time con-
troll tecnique are very inportant. Measurements in power controller covers instantanious
voltage, current and frequency. Analysis stage deducts statistical indexis like effective
value of voltage, effective value of current, and so on. Based on the extracted information
of power system, realtime drives AC inverters to accomplish power supply stability in user
side.

In the power controller, methodology of compensation is connected with type of
power quality events, and devices to acomplish compensation. Classical devices, such as
shunt capacitor, shunt reactor, or adjustable transformer suffers slow reaction speed, low
accuracy in target control and limited regulating capacity. Modern advances in automatica
control theory and electric power devices promoted the development of fuzzy controller
and intelligent controller in power quality regulators. Tecniques like SVG, APF, DVR,
DSTATCOM and UPQC arise in the last decades and are widely applied in various
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Abstract

circumstances. Inverters that based on PWM modulation has become the mainstream
approach in energy output. Active or reactive energy exchange is modulated between
power network and energy storage devices to compensate the vibrations and suppress high
frerquency harmonics.

Mainstream archetecture of power controller is a cobination of DSP and FPGA, within
which DSP handles logical calculations like status transitions, FPGA handles digital and
analogy signal preprocession. This kind of hybrid combination, fast signal process and
efficient computation enriched the intelligency scale of power controller. Information
technique has played a more and more important role in controllers, as a result remote
control and off-site monitoring becomes widely used in powet controllers. Advances in
information technology opened a new terrotory of power controllers, and promoted the
internetowrking of power producer and consumers.

In this paper, research is carried out in following sectors.

In power controller, signal processing must be continous and instantanous. Power
system monitoring shall not be interrupted, and any distortion shall be detected and com-
pensated with microseconds. Existing distortion detection techniques that uses wavelet
analysis to find maximum modulus value is computational inefficient. In this paper, a
continous wavelet analysis algorithm with sliding window is proposed to improve the
efficiency. By exploiting the commutative law and associative law of wavelet analysis,
proposed algorithm can deduce the new result from old result in a linear complecity of
computation to the widow size, which is much faster than full analysis on the sample
window.

When power controller is deployed, remote control becomes a important factor,
because the device is not always suitable for operators to carryout manual control. In
this paper, communication over ether net based architecture is proposed to implement
remote control and remote debug. With a debug module implanted to software that runs
at DSP, upper stream workstations can send down remote control command and debug
instrumentation to the controller, gather result of execution of these commands, render
and interact with end user that operate at remote control terminal. Debug module that
inplanted can handle various commands, which includes pause, resume execution flow,
read write memories spaces, access to 1O ports, and analysis the stack to reveal the context
of execution.

Safety and reliability on power controller is always at priority number one. Abnor-
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Abstract

mality in power controller is of high dangerous both to controller itself and the power
system that contains the device. Fault torlerance in this paper is implemented by ao-
tunomous abnomality handler insides FPGA. At the time exceptions happends in the
controller, periperal devices outside DSP can react indendantly to put the controller into
a safe state, and isolate the influences to the minumum range.

Besides analogy signals processing capability, FPGA computation is much more
adept at digital signal processing. Communications and state monitoring of external
equepments is handled by FPGA logic in this paper. Relieving the DSP from this kind
of computation not only improves the response speed, but also enabled the possibility to
deploy more complicated trategies that must be deployed in the logic control kernel of
DSP.

Testing of power controller is the final stage of development of power controller,
which is the last line to gurantee the quality of power controller. Existing testing techniques
that that based on passive devices such as resistor, capasitor and transistors to simulate
the power grid has a very high ennergy consumption level. In this paper, electric deviced
based simulator and tester is promposed to mimicry vibrations and hormanics in power
system. Energy recycling in the output side of power controller is the key to reduce power
consumption.

Advances in this paper can be summarised as following:

* Improvement on archetecture design of power quality controller;

* Remote control and remote debug technique of poer quality controller;

* Autonamous protection and programable signal processing over FPGA;

* High efficiency and high performance analoge signal procesing over FPGA;
* Sofeware technology over imbedded system for power controller;

» Continous progressive wavelet analysis on power system parameters;

* Advanced SCADA system of poewr controller;

* Energy efficient testing device and testing technique of power controller.

In conclusion, this paper studied the archetecture of power system regulator, im-
plementation and optimization. With FPGA computing technique applied int power

regulaters, efficiency and performance have been improved.

Key words: Power Quality Control; Embedded System; Signal processing; FPGA com-

putation; Automated Remote Control
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fift1% (empinieat mode deeomposition, EMD) N HilbertZZ #8732 ik,  HAZ 0B 43
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B A K E O E(MF),  FXIMEREAT Hilbert 22 #, LUK XA 70 5 1) ik ) 43 2
MMEAE . % J7 VAR08 LU BHE R AT U HH 2R AE-P AR RBNME S (IR TR] . A0 2 R
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LG DR 2 O R S TR, g T 3 AN SIE IS AT R it KT b DR 0l A PR ) SIZ ISP 2 S
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AZIDSP, 58 BDSPHEE KL A2 E . A SCH AT =T TAESE R Oy — AT, 5
ULDSP R GAR)7 I H 30 5 AR E G R AR ) B k. Mok Re iR mak R, B
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RS485, USB, CAN B2k, PRONEATIAR 5 8 A A i RG], 45X 48 5 AR 5K
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FRIRESAE

LR RGBT R A IR A R ORGSR R AE &R
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MENLAL, BOSTT AR M — {85 DI RE A iy L AL R aR Dh RETT AL AR iR N SR
RGUE ARG R BEAE AR SO . BRI A LAR S P #5577 T
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LT AR EAECS A o

A A4 RN SEDL A Mb 55 9K 5l bR A1 2R 2200 7F -

2.4 ‘EREFTHISRITIZTIRI I LTI

HL o L P 4 7 L AT AR A R K Th g, AE Y R A2 i 46 R 45 A
WA e N5 BIEAE, JREH B O Rl S I RE . S0 R g R A
T BUR M 2% 9 SR E E BRI BT, AR 40 FL RE o B R s X 2% 1 i T R 4t
BTt s A BAR SRS -

[P0 2 308 5 5 AL R R Y 0 5 30T WY 28 A% S R SR EAT AR B, RIS AR 55 9
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SR2E LRSI B AR e ) S AR R R R S
R21 HREFTE A L T kA (R R R
Xiafr | Eatel | R KE i iRA
RAMMI 0x000400 | 0xO0007FF | 0x000400 | DSP-RAM HEF
ENET-0 0x004000 | 0x0043FF | 0x000400 ()
ENET-1 0x004400 | 0x0047FF | 0x000400 IO
CPU-BRD | 0x004800 | 0xO04FFF | 0x000800 IO
RAMLO 0x008000 | 0x0084FF | 0x000500 | DSP-RAM cinit
RAMLI1 0x008500 | OxO0ESFF | 0x006400 | DSP-RAM text
RAMILA 0x00E900 | OxOOF8FF | 0x001000 | DSP-RAM ebss
RAMLS 0x00F900 | OxOOFFFF | 0x000700 | DSP-RAM const
SAGBUF | 0x180000 | Ox1FOFFF | 0x071000 SRAM sag-buff
SRAMBUF | 0x1F1000 | Ox1FFFFF | 0x00F000 SRAM task-buft
ADC-0 0x200000 | 0x200FFF | 0x001000 IO
ADC-1 0x201000 | 0x201FFF | 0x001000 IO
ADC-2 0x202000 | 0x202FFF | 0x001000 IO
ADC-3 0x203000 | 0x203FFF | 0x001000 IO
DI-0 0x204000 | 0x204FFF | 0x001000 IO
DI-1 0x205000 | 0x205FFF | 0x001000 (0]
DI-2 0x206000 | 0x206FFF | 0x001000 10
DI-3 0x207000 | 0x207FFF | 0x001000 ()
PWM-0 0x208000 | 0x208FFF | 0x001000 IO
PWM-1 0x209000 | 0x209FFF | 0x001000 IO
PWM-2 0x20A000 | 0x20AFFF | 0x001000 IO
PWM-3 0x20B000 | 0x20BFFF | 0x001000 IO
DO-0 0x20C000 | 0x20CFFF | 0x001000 IO
DO-1 0x20D000 | 0x20DFFF | 0x001000 (0]
DO-2 0x20E000 | Ox20EFFF | 0x001000 IO
DO-3 0x20F000 | Ox20FFFF | 0x001000 ()

T AN SRR BB R AN il A 5%, TR T RS RARIL Se S 2 N A AT

Mol 2 A P AL R E T S EF N AL B, P LA BRI T AR AR Al

Fe L RIIR[E], ANFOVE LB e 7 B AE I R DI HE 4 Bl R A 17 10 SRS 7 N Ta] K
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R 425 ) 45 A0 R B4R 1 R 4

2.2 FLRESTEIE R SR hE T kA A L

X3

ThREfEnR

SEILHY K 5 eR 2

dvr_command.c

TR 2 S 5 T 2

uint32command_handler

(uint8 = buf,uint32len, uint8 % xpresult);

dvr_compensation.c | SAG i [ 74 B A b int phase_lock_loop();

EAE R, DL void calculate_compensation();

ER A TIIRE) . void modulate_output();
dvr_context.c BERSHEFRIL. int load_default_context();
dvr_devices.c DVR % £ 42 i 35 2% int start_charge();

A 58 BUDVR int stop_charge();

P A28 1 2 AR int switch_in();

LA 1) g T BRE 5C & int switch_out();
dvr_dgmath.h DQ7AZ #i il g 3% i
dvr_faluthandler.c X R W interrupt void fault_handler(void);

dvr_output.c

PWMii il 4 i FIOGT &
VFR) 657 s o) Bk e ) B

dvr_post.c Power On Self Test void post_error(char* reason);
DVRIf) |- H [ f ARk
dvr_sagsample.c WL ADI R B, void soft_protection(char* reason);

RIS AG HL i I H s o

void update_sagsample();

dvr_scada.c

5 AL IEE AR 55
REH, T 2R A
Xf LR S o 5 R A
HLIz il 2 AT AT
PAR AR AL IE AN
s IR o

void tcp_handler(socket s, uint16 port);
void scada_service();
void scada_service_0(socket s, uint16 port);

void scic_handler();

dvr_taskflow.c

W E NS VHRIZ
FLRZS FE i AR

interrupt void dvr_taskflow(void);

dvr_utilities.c

i FH AT B Ab B
SLR, 10 B R 5

float dvr_sin(float arc);
float dvr_cos(float arc);

void dvr_dq(-**);
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i T M A S AR PR A AR E L, PSR T RS A% 0 KA
Fithe HEEE LR ER IR IINK,  BE08 5C AR AT AR S BRI, (R I%
28 A SZARREAR L. A RREROR TR, s dl S = AL, AR
PR, BCH A e I W T (R A0, BE s 5 Al LA K38 A5 B % 1 5 2 58T
HENTIERE

241 MITTHEEIR BRI L& 1Y

FIEDVRES I 8 N 5, 7B AL FE 5 RE 6% 18 i 9 253815 19 75 =X
X2 o) 2% 56 B AR I AE B A B A AR 45 ] . BRI Th e 0, R EARSHIR
R RO S SRR Bk, PUEIRESEERE BN Bk, DLRERR RSNG4
&4

FERBWS300:8: v I EARINTE, N 7 2 ML diE 55 w2, WwE 7 =F A
H 3L AL B R B 54T 5. HoA, TCPHEE X FRAESHIE HiTEE. &
R LATEE . RIEEE LATIE(E ERDSPIBITER P, T ek iER
TER B AL gs, R T DA 5 I A% R sk 3 H S R R 2 B
B BALHL; TCPEL T B4 A Fa il i 5. D e £ SR DSPIg AT fE IR S5 A =X, BRHI46 4L
SE LA G T FFTCP 3 13008 AT W, A AT ATL R B 217 SR 21528 1 I 5 4 31
fRme b R ST, SR A SRR IR 2 B T IE, M BB I HLR [Bl 4T 45
R

W 28 845 HTCPIM M A HEFEAE B BEE T, F M2 1 Rk 5 FI S5 45 T
AT RAX 93 R 55 v AN s P o, RIS 20T 7 22 B4 8 AR AR A W I Xl

P g R RN IR S8 AR AR S S S (I TCPEUR £ 5, (B2 B TN
SRFERYE, JEA TE LB S M IEEE MG I TCPIR S V) #2458, SEhr L 2K
HAVYFCIRA: CLOSED, INIT, CLOSE_WAITLLESTABLISHED. TCPE:{
(1% o5 2 H SRS D18 48 2. 3 7 -

W46 1k UL JS TCPE 2 7 4 32 %) R 4k T-ClosedR 2, H B0 MUK I Hsocketf
WOlEEETEN S, RIUUGE#EANINITRGS. A, A shPLE 3 FHconnect i
#, AKE5 EMVLELER, I LS # AESTABLISHEDR &, R )5 Ik
FFfEESTABLISHEDAR 25, #EATHU4E K IE. 4 R G 75 2 5 A0 % 3 5
Fcloserf £ % M % £ B 8 7 % R Z AL FICLOSEDAR & 4% 7, W2 &
FLNL BN R P I, B34 3 ACLOSEWAITIRZ, X B 5% R 40K
Fclose BB, 4B 0 % 5 7 F|CLOSEDIRAS .
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CLOSED «—————Close)————————  CLOSE_WAIT
Socket () \]OS@O Peer Close
INIT ——————Connect ) ————— P ESTABLISHED

K23 st dmimiE TCPR 2 T 1% - i i 12 4R
TCPHE T #5533 B SRS V)2 AR 12,4 B -

CLOSED ¢————Close()——————  CLOSE WAIT

Socket () \
J Hoseq
\ Peer Close

INIT —Listen ()— LISTEN ——Accept )—{  ESTABLISHED

Bl 2.4 FEH| a4 IEE TCPAE R T ) IR 5% o 4 1) 12 4

WIUEAL LS TCPE B P4 BN B 4b T Closed IR 7S, E SIHLK M FH socket 2 %5 61
BEETWER, RILLUGEEANINITIRE. A5, HEHE I Hlistentd £, #EA
S EREHARDIVOIRES . 2 EALHLE B @ ST B I, U FHacceptef % 0
WENBEREE SR, BT LL G #E NESTABLISHEDIR S, SR )5 MR FFfEESTABLISHEDIR
B, HATEIENIKIE. YRS T E S AR R E 3T H close B B¢ IEH &
L FEABICLOSEDIRAS . X0 T7, Wit EANLE o EZ R x, £
B3t A\CLOSEWAITRZ, XI i R G I Hclose i 4, BEBE X FEN
F|CLOSEDIRZS .
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2.42 EHIRINRERRIRILE 19X

A 1T RE 7 2 3L 2 R TR R AR SR IEE . Ml T, i
T2 MPLEE P WSOl FrUURGERH T JoIRAS BTUDPEAS Fr 3 5e i i fi
A5 B AIE DL S R e & 4 R iR . AR N e 2 A ) R 22 5k DSPig
ITAEUDP PR UHESE T L R S5 S,  A0TWr3000%m 1, 24848 2 BIA I, i
H 5 R B 15 I LR B30 AT 45

UDPHE T HPARGSHLY) 2 8 U0 (B2, 5 s -

CLOSED - UDPSocket () ———— > UDP

K25 il ds L dmsiE TCPRE T o hilZ i

WItE AL LL S, UDPE 4% 7 i ACLOSEDIR 2, U BT £ 45 18 H socketif %%,
PAUDP NS HUKG &3 7 5t @ NUDPEEE,  alh DL A B AT 8 ANUDPAR 0.  7EUDP#
AN, WHEEEAEE R ARNEE, ERPIREH KIS EEUDPER LT
F P

25 HHITHIRBTIERIETRSR

P RE A ) 2 (0 R IS P Th R @ SLAETCP N B il (1 W 4 AR il 2. b, 5E g
A AEIZATIRES T 5 IE T ARG N BIRIRE . wEnE T RA w2 SR
RE BRI BT ISR E N KB, WIS TR R ORI SEI KOk, i
s s G P AR DX SEIN SRR RO A0, DA I A 5 3 B 1 K A

N TR T 58 OBE A AR, I 2% i ORI A R T A i S
FITA WSS AL 2 Y — AN R bp 8 SR S5 1, ISR 24 7 R Rl e B 1 it
Al AR R T4, AR K27, AR M @ brn 7271y, I
B8y, RERATY, MULBIERRS6T .

251 RSHIELIR

WEEHHESR (2 DVREE ] #4525 B A2 AT 1R T &R T 2] i LK H B
TRERFR, B LIRBRIE, WS T8 A EAPL R —K.
WEEIRH T 7T RGBITREER, Bl i) B Ar(E 58 RBUE e 58 R,
PR e B N MR B S 8 5%
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PESHHE W EEON3927 41, AR HEAR IR 25 9 X 5 i 05 ST sk AT
TIREAAL, PRUESS B A AN 2 LA A ) 2 T 18] [

252 HEHRE LR

T ELWE S HDVRAR B A B B 5 R, CE g F R AESAGH
PRI, 1A EATHLEE fIRE 3 AR I FAFAE R o BB B LA Z 1 I 45 SRk 2k
BH SAGALBEES A, RIE )T B KR WA # rh s 5 B SR, B SR,
HUEFPIS, GEFFNSH, TEHFMRIRAESEE L.

B ROE R E RS T HA RO, P& 0 R A A AR BRI 2
FRAE, B LRV RE S A

253 FRBHIELIR

SRR AU /& 5 SAGER AT AU i — BU Ta) A (10 22 A5 0 B 00 6 308 i £ BT g e
i, BERBIECUNER, R BN, PRSI, SEREEE RE R AL
FESAGHEAF AR ALPE, IR MI WSS A4 1 R 2 R SRR SRR, T,
SARBEIEFIRIR, A FTEdE XA A5, LS CRE— W 22 4% a2 X Bk

Hoys DX B L B B 18 BITCP P oy Fr A S LA R PR A R Il B e
FEN10567 711, B — Wi HE XH & 7256 i . Bl DX K v v mT DL
GTCPH 5 173 A AL R Bodia AL 4 i B i

AR B — A ISR 5, B B ASLAUE 5 JE i W45 # U Phase i 7
BEAT DX o B — B ARADE 5 75 E AL I 1 RO SR s 0 9256004, 1
BRI BEWE KIX256 N F 8L T ARE— BE 5 7 ZE 1001 A i 4 e %
fefmoe . M RTAT 1S AR URFE Bt A dm e B2, 5 221800 Hudle itk A7 A4 3%
180014t d (1 538 MUY e 4% AR ADE B REAT 704, RIES —ZH 100 Bt i 4%
B eh A RRARAS 5, 28 4100 Bl W 1% ol B URAEE S . R P
PR At 50 73 AL AR L D P A

254 ImiEiTH

WREFERITIRE TS, DSPHIT #0854 EAHLEIHES, =BT HAK @ DS
SERISAAT  IF ERF AT 45 R USRI Wl 1 s 2R HE EAIHL, AR Si4b B,
REFZ ] A W0 2238 15 2 EAZHLERAE N 52 A9 AN O3 E fdA 1, AR AT 4 2 IO 3T 4
AL ZR A, FE AR TIRERS . T IIRERS LK FiE 4 Bl (K S 40k 48 A o 2t
1T295E .
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S2E AR SR IR E PR R A A R R R S

TR RIEM AT IR S PAT A R R BIWCR A 1 FIREI AR, TR 4
MIZhREN SR, ThREAD, TR LIRS MdE. LATHEE M ML ORIE i K
TEAHHAT 45 R AT RER S o

26 TERIEHRZZALTFRES

AR 2 i 45 F i 113000 (UDPHES) F13001 (TCPAE ) . 4l & uify o] LA{H
FHAB 28 28 7 AAM 28 28 )7 H 38 37 1) W = 1 42 1% #2 BIDSP R H58 A b 1 3 M 199 11,
tn] LR 2 i 2 i 4z DA JiE AR 7 N .

W2 fE 4t #E 1, DSPE B IEH LG 3T (R B, 545 AL
HHEAEIA (UDPEE), S ERE L WET(ES (TCPRE) . Il {5 #E K 1F %
DU, EAIHLEES S E DB AN RISCARGE R, ENf S TR B, 2%
il 48 A ST ENTIZ AT R BT AR BN PERFR &, M Hh ma B DU #4285 B it gh AL
AR AR T, AT BN AT 45 R (5 AL P e i

2.6.1 wEIEN

PWHRIE S N A4 AR, HEE T =5t k. 1844
PR E28 BIZERIEG IR DLERAE 90 AR LA i . Z800] DL+ i )
. OxitR R B/ B BT B T 1 .234 197 RV -

K, XTFrie4d, BRESKRAEIERES SR, BEETESEE R
WNUUE4znl a8, il Zoma BN ARG R, MIGEE4.

26.2 NFiHAL

EATHURE 7 R FH B T (AR SRR AT 4 R A SR AR B, B — 74 0
B X VA7 o T 1 o o L A/ B D P e R e e R D P Baw i B 22
WA AN EERS o T DAAE R 28 A i R rh, P S 4 S 2R R & 74 DU 7 22
ARG s M B HLERA R H S AOR A R A B R, R AT — R
FFIERAE, A RENE R R SCTE

263 PRI
AL
L RIS T
2, BICHE 4 R ISR LR .
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S2E AR SR IR E PR R A A R R R S

3, BT R EER IR EA, HAA PR . — PR 9 E 191000,
FONIEH FEEARBEIL; —FREEKERY, R YIRS CAPITE R
T (AR 4 £ 40 R % 58 o

e AR B 52 R

1, R4 3IA.

2, SERPGTHRAATHAMGMIA, ENiEEd B Kk — N UDPEIE LN 2 T1T
T2 AT B I JFE AR RIS

3, ENTHBATIES, WRIERAT N, XA AN IR [

4, WMRAHHMEIGRE, ISR B TN 10007 5K E R EHR . R
ol A2 7T ANTH 1000458 FHORM 78 (5 437

5, FAMIARE AR EIDLE, KiE—NEDEKE 4R S PAT S bR &, 45
TBUER RIS PTG RS EH.

2.6.4 MFBFRELHIIESE

AT B 25 AR 2y 1 i 2 B A AU B

AR 22 i 45 F 3 113000 (UDPHES) F13001 (TCPAE) . 4 il £ uify T LA{f
FHABM 25 28 7 AAM 26 28 )7 H 38 37 1) W = 1 42 1% 2 BIDSP A #5 A b 1 3l 199 11,
AT DA I 2% B A i 4 LU LA B4 77 AN

LI HIFE A U SIS TR ISR . DSPI R REIOHAE |
DVRR £ (12 45 /E FIDVR S B (1) R Si 451354 .

R4 B F AR L TN —2IW NSBB8 SHTLLE it
HIEL,  OxAZ LA 7Sk i B B P R AAAE /DN BT SO B . TR A
W ISR A R R AR R R, MRS EVRINE, 2 H 3018 A 0/0x0/0.0f1F
NEAREEAE. WIESEER TS ‘17 BERFAEERR, RSB
AFEAE I i A A R R4 21

TR REME A, —REENESPATER, R\ PATE R 4K
At EEE . EENIE S PUT S R BTN R & b, M i & 8o 2 D
WAL TR 7 AN, DAL E b EE . T2 AN AIKHE 4.

R 265 38845 T R PR S At X O B3R 9 2 i R 2.3 .

DSPuii [ B RRIOERAE AR R IR MR R 210 T 3R2.4 7

DVRHR R BRI EA R )T 2 2R SR P R E AR 7, # IR ERAE B AR
A, 3 RSE BT NH.

CPUMR R AR 4 41 N 3R2.5FR
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FHL R SR R 4 ) B P R R RE A S AN e R St

2.3 MZEAEDIRE M LA

iR =] 25 R Fi5 AR

ITENHBNE S, F2M] & b2 el e A 452 SR AT .

9l o

FAR R AR [ 52 H0X55AATTICC. %15 A BRI IR Al 5 &
I W 2% 75 A THEEIE . 5 1H ARAS (1I0xS5AA66BBAH . [X.

reset

e 77 A8 2 DSPIE T A AT .

% 2.4 DSPii I RRIOERE

SHOPA

iR 2] 25 SR A1t AR

port 75 ZEHUP) H ARdi 1.

g B A 2R

port i 225 N H Axdi

value s B 5 N HHE, B35
Z HN16.

[ 7€ N0

(Oxksk

[value]

value 2 HUR 2% () I S5 A Frdis 2
value ZEUFAE IR IR S5 w2 .

FLHEZAS H britht,

rwig 2 5 R A

port

3247 77 A H b

port

value32

3247 77 NH N H bR I, value32%
A AL BB % H32.
326177 N5 N HFRd I, value32Z
A AL BB % H32.
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# 2.5 CPUR KA MHIRIES

B8SF | $598H | BEAR 1R B 25 R AN AR
CPUMR & 1 £F fix | CPUMR & FIFPGAL 14 72 & it A A5
vercpu NN
NS B,
chkflt | - FAULT/Z 5 K25 Y BTFAULT S 28 F (%001 .
W 2 BB ik H & S EH fY Fault
fltmsk | [mask] mask. [T S EUR I E % E BT S
.
chkint | - INT(Z S R 2T 4 ATINT.AS 28 F B .
KA S B i R s EUH BINT
intmsk | [mask] Mask. B 5 2508 IHE % B i 2
.

ADCHRRAH K B IRTE 2 W T K 2.6/7R .
DIM R AR TE 2 10 N R2.7 s :
DO < AH I B 4 2 1 F R 2.8 7 :
PWMAR R AH IS ) 1 4 2
DVRELE 1 R G515 4

2.7 B
KA T AR B E PR R R RS A BE I R G, IS AR
HE X B SR B 4 B VA FEAT 72 5 TR R YOI H (SR 5 B, A4 7 B RE R IR B

il IR AL ZE R AR BT o

HLAE S B R e i A SR T AR SRAR BB A AR A BT, D 1 AR I i 8%
X2 E T RS oty tFE A R, ARG % T FPGAZMFREAT
BCRWME ST AL . B RGERH T EBRIERGMN I TR, Wb RGN E
T, 7800 RAE T iz O AL IR RIS SRR . O 1 i AL SN i PR A A K
WA TR, AXSER BT 7 RBCR T NSEE I, e ARG RS 7Bl
IRZS B AR AL AN S O T 2 B85 5 I FRF AL . 8 TR im0 =
Ko Wt 7L AR S SN L o, 3 T DASE e D 2% a3 AT I8 4R PR RS
P
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HE o B 1 1 B P 0 R e 2R AN e R 4t

#* 2.6 ADCHCRAHKMIA IS

iR [E] 25 R F15t AR

veradc

[112]

ADCHR & T 14 hix

VN NS

& A ADCHR & (IFPGA [&] 14 F2 7 [l
AMEE. SHEONIEE A ER, &
M55 —HRADCIHR R A B, &
N2, R B2 HADCHR R 1)
WRAE S, WS R RAFAE R
W

adcrst

XTADCH R AT E A #E, BRE

D3R

adcen

[O1]2]

79 2 B E ADCHR R # i fiE 1%
il 0=AREFE, 1= Puefdasl
SREHIR. 2 = RGIFSHEhiH
PR e

adcprd

[prd]

60MHz 3 #i153 E1| A B RAE K

adc

channel

B HGHEE FADCR AL R A 5l . 7E
A BUE 16w T7 AR 7R
e R A A

adcmode

[01]2]

SRR, B TR R AR 2
0=P BN SRIARAERE A 1=200K
PR, SR HIE N K BRE ALY
USSR, 2=KIEIEHEBA,
ZIRRESTHER? R (EW
EHo

27 DURRAHKIIAIES

BEIRE

iR [E] 25 SR F15t AR

verdi

DIHR = B 1 i A

(EFSS Rt

¥ ADIN F - AIFPGA [ 14 & /7 )
WA

dirst

XD R AT AR AL

di

channel

B I TE
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F25 HARI RS E R Rt S AR et R 4t
* 2.8 DOMR-RAHK A ETE 2
ST | E25Y | BEER IR[E 4R A1 AR
verdo & EDOMR = | FIFPGALE 14 F2 I 1)
WA
dorst XTDOMR R BT E A .
DO R 326 A & 15 = B H
dogen | [en] flife. SEEL. BB BT e T
DO+ 7 3 33-48 1% 4k L 2% W8 & 15
doren | [en] SR A RE . TREG WEDHT AR
AedE .
% A [value]l H)
do channel Bz, A B YR | 1S EER R R N E T ) A
I
[value]
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HE o B 1 1 B P 0 R e 2R AN e R 4t

2.9 PWMRRAHRHIIHRIES

BEIAE

IR[EIEE R Fni R

16 BPWMAMK £ FFPGAFE i) [ 4
FEPRRA S

1=IGBT/H-Bridgeill {5

2=SCR & & IKEN IR

pwmrst

XPWMMR K 2 A7 i B A
PWMIR B ™ B, K 0 e A7t
T2 A .

pwmen

[en]

2 B A7 AL B XPWMIR & 1 1
R FHAaEN. SH0AFHE,
XTPWMAR A L FR) A5 e 7 A7 45 50 52 T
HE-

pwmst

channel

[st]

channel 1-187 T 28 —RPWMIR I,
19-3647 55 Bt . MR T3
EZHR B A WNNTEL S5 .

stZ B H I & S RR A,
AR BOE BT EUE . State ™ X2
DA AR BB v B SRS o

pwmact

channel [act]

actZ HU 2 H 1 & 2 AR,
A7 R B B I B . Action s X
Z WA BT SOk .

pwmprd

channel [prd]

Prd 2 $025 IR I i 2 0 24 ADIR S
AR BOE . Prd & X2
AR B A SRS

pwmld

channel [load]

LoadZ 7% 1 1) B] {8 25 1) 24 1 IR
&, AR RERTIIEUE . Loadiy
X2 AR RT3 B SO

pwmdd

channel [dead]

DeadZ # 4 F I i & ) 24 /IR
& AR BCEH IEUE. Deaddy
X2 WA st e SR .
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#2.10 PWMARRAHCAIHRIES (4%

BSEH

BEAE

S5 [l 45 AN A

channel [phase]

PhaseZ: $J0 7% [ 1) I {5 25 10 24 IR
& AR BCEREE. Phasedy
X2 MR BTSSR .

pwmtx

channel [txdata]

TxdataZ ¥ % [ B I i & # =
AR A, A RO B B i B
Txdata s X 2 JUAR A 1B T i 9] 3
=R

pwmrx

channel

&l 2 AT % U 3 FIMODEMZL
#ERXData ¥y X2 IWMODEME X .

pwmin

channel

5 24 RTPWM INPUT 1 HE~F 50 .

pwmrxlk

channel

RXDatafs 5 /& 75 81 7€ FIHa 1

pwmmsk

channel [mask]

7 1) B R A A A A 4 )
To TV S WPWM BT 3L
=R

pwmdcth

channel [dcth]

B ASHEN, BT ETER
AR KA HERE. B NSH
(AT, B 3T 0 B B AR K AL
. W {EH-Bridgel Bt i 8
ER T AR
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42 ] o AR e P ] R 4R

# 2.11 DVREEMW RGEH1EL
e BSF | BB YH | BEAE | REILE R
SERTEAE | watch adech [O11] ﬁiﬁl%ﬂ&i?S\P%é&EﬁﬁéDCﬁ%E%ﬁi
) R DT 5 SR SR B A7 )T
d VAN B B B — OIS R K I I [a] (8]
vrstdelay | [delay] _ A
B . S AL 1/15F0
fith e — IR PR EUIR S B s RIE R . B —
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XHE S BEAT A R 2 A

HETFPGATH 51 7l 3 A5 i FE A5 5 160 I 1) B AR TR St 50 9 DU AN 3445 70 33l 9

1) BE A 28
HRGE PR E T, 550 B REBI P HEE — DNFPGAR v #E47 A
AL EE, SR G G5 RALIR A DSPRHAT WAL FE . (5 515 SR S AR S5 44 m] LA
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AT AEVE ELIK T S T FPGA AR B 42 H AR

N FNEER,

A
i LM — FHiA He Intertace ﬂ:v'\ [ISF

lata Acquisiltion Device

K44 F5RE (AL RGBT HZE

K4 4255 RE (AmibH) REMEFEIR. wET s, fFAeiE
TR e, BB A SN BB R R LLS, eI FPGASR
PRI ZAEFIAL LS, R & H4E 0 5DSPoE U s, K415 5 A A I 45 5% 16
ZDSPREATHE— IR AL B

2) [ FEFF Bt

FPGAZHT LB, BB & BR 1 70 A sS4 B Hoe, 55 A3 HoT
AEETERAE, WHBIURSGAE, W RITIR A, R ITIR ST ALK
A2 A e AR A B . A5 5 A B T I S R U 4 S PR «

—ETEAe  (ETHIF —|

_'.
\—b ARERTTARE

etz N wemERn (D

K45 AIEhAmARTE S HE AT L

AT » WSS SR

LIz B St Ju]

E

Lo
bl d

a5 R, 55 A AT R NE T R A BTG . AL T
(RPRAS A B BRAR Y 2 AR5 5 AL BRARAS,  FE A S o B o oz ) A
B9, KIZFFELHATHIR . 482 PUTHRBARIE BT A0S SR LB TR
TLLRHHT R EPATIIE S, BEARH I EARIRES L R S 5. B H ARk
PR Ab P TT RS REHO 2 B IR BEAT BB, 1oy A5 5 22 e A
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AR RelR IR R T FPGA R AE B I HIEOAR

BHILUG, EATEIERIDSPHEAT I A %) .

Ab P 5 45 ) 4 11 ST DSP S AL B PR IR S ARG L Il (S BE G, [IDSPRERS
XTALER BT PR A AT B A . 48 28 4 1 @ ST DSP A B L T AR & A7 A
B IEAEHERG, [EFDSPRENS 58 AL B4R 4 (1) W B A )

3) A B AN FH A

55 A0 B LT S DSPI {5 AR (1) UK B 7EDSPRE 7 1 i1l i FE A W S o — A A A7
a I EEAE. DM S5 5B o A A AR i A, B ME SR
FR) b S G e 4 1 R

F 4.1 55 AT IR S
iRz E B TE (M) | EBER | &3EiHA
2 1 2 T kR A N
0x0 STATE 16 RW m?ﬁ@ﬁjﬁaﬁ’ﬁmmﬁlﬁ
5¥%HE.
2 1 S — e /‘l\ &b
Ox1 ENABLE { RW 5 5 AL BR R T I A RE
0x2 OUTPUT 1 R BT A BT
0x3-0x7 PREAH .
MR ARG X, —3hmf
0x8-0xF INSTRUCTION 16%8 RW DITERERLLIE A, &I s
H 1647 % %

LA 19 5 %3806 LT D SR 1 RoR 112 4

Algorithm 1 7] w215 5 AL BB i B FH 32 45
1: begin

2: disenable_output();

3: reset_to_locked_state();
4: deploy_instructions();

5: verify_instructions();

6: reset_to_running_state();
7: enable_output();

8: end
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AR RelR IR R T FPGA R AE B I HIEOAR

4.3.4 SEPRNFAURIR S

FEGRIIN L P L BE T B 25 A R PRT 70 5 RS syu U H b, F AR o i 2 ) 2 il R
W7 AR R ET5k,  HT Ry R 15 5 A A

i E A 5 T AT AL ER (37 A =AY, AR RAR DG 2T A5 S N R ) A B
Mo BARRUEZ: G IBIEE S RAAEM FES0E Kk, JClERE S PhrEAr
(oI, DASGEAS N7 o R BUE A W . AR % TR R H f, TR A
PR SR AEAT VR TRE N R s, SERSIE R 1 OtLE s
MIFBL DI — A 181, AT AR TAESHOA 2 an SRR A
KL, KRR ORI TSN (] DLA TR HAR D s et BRI, RGEHIBLH
R iX — b5 5 B A SLE T 1 S, PR BIFPGAR 1 L LLIFAT 1077
AACEE, it 5% 0 DSPEET B i 2 AR H FARE P it s 7 K E TR
TR BE IR, AR 1 R R A 55 3 5 BE AN BE T T A7

FPGA(Field Programable Gate Array, 3% 0] Zfe |41 de 4 T 2 A 1) 2
HIEE ), CAFENBET Rt v &t . I FPGA & 58 15 5 1)
BHAALEE, WL FE R TR E S 5 AR ). FPGATERUs TERETTH R C
2 TR RSB LIRS T R . ARSCH,  JE s B i e A A
FE 45 7 RS AERL FEAS S AT T, BEAT(E SAEURT I, 5 R B8UE 5 55 4k
FREEAE. T BEAIHATHEM T gAENE, SOR ] DL SIS T R A\ b E A
MR, I HEA R SES TR B R R .
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S5 LRSS ER I &% P 2R T FPGA R i i A DL H s Ak P

E58 HEEFREIEHIER P ETFPGARRTIR R L& H#E A 18

HL R GUI R REAE ] T, /5 BN BCR ARG 2 B 05 S M B o i A g
g Fl T 5 SRR BRI R SRS . DT R Gerh K2 I8 B iR A 7 s i TH 5
O SE AT T, BEE R R NS S ORIEECE N N, TR RN R 2 REZ g,
X B e F R S i v AN A I ) R BRI . AR SCRIHIFPGA. 1
SRR IFAT AL BERE 71, KI5 5 I A SR AT ik, O H G BRAFAR
BIFIE I FPGARE T 58 et 5. 7 OISR £ SRR W], SRIJFPGATH A AT LLIR =15
FSRBRFCR, FEREHIZ LR R.

51 F5

[t 5 RER ELIR R (I T A Jee, AR DR AR PR A 2 B P (10 RE AR BB vy
5 M RIS R A5 5 BEAT T SLAL B R koo . Biltn, 1R S A R T
B — MR EE S A BT K. FRA RGN, Ak S RS RE
TSRS E RS ORI, XD REmEN AR R R
FORFEH, KA S ES AMK RS, SEESRAE 5 HAT BUE IR 2 X
WHER: RE RN R, 55X 2N AE S RN SR AL,
R GRS L EAE, ROV IR IDSPAETTH S BN 55 s 5
aelF, ARERN T

N T ERAC B A5 05 5 A S A DL e e, SR SR A RA O iR A R S
WSES RIS RMREL, R A RUE A8 SCHES RO I RS iifE 5 1
FAE R THER AR SO i % m BRI A0 A A T At T HEAT 1 st A4S 40
2 [E) VGG SE AR o 10 VRS s R R S o BRI AR [R5 b, B 7 A
53258 CR A A SR (R 20 oA TH 5. SCHRUOUN 1 e IR HUR G b A2 it fE 5
KAERGIAR ILRC I R, W8 B a N R e, S E
R AT R — A SCHLE T A, B RGRE

SRR [m3E SRS (1 735, SR ORI U R o U ) A RMIS TSR I R A A
JH R T e 5L A 80 ) 05 925 0T DA 56 R BB IR TH B, T AN S0 SRR ) S AN DL P
ORI PRI o SRR A5 RAUEW] 1A eI AT I, tHER g e, (H2i%
JRER TR T RERTE, JEAREERMM A TIRA ST E SR B, JTHZS
2855 T BRI AL BN, SRR RS D A B . SOk U2 E ]
ABHEIE 57 J7 U A5 5 R SR AR 7y B AT U B 1 2R et — 7 U
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SESEE HLAE RS I 4 T AL T FPGA I i i AUl s b B

T PEE A7 DL IREAR AT SR A0 2, S0 AT P35, R e —IRIT T
THEORHE S A FUE .. 1775500 () [l 1 I & 5 15 SEBRAs 5 10 8 BAAN IT
RO, 3 T BEME A . A — KRR EIE AR T %, WBRAT
T B I P 300 0T T8 TR AE B 0 A BUE R AL R G0, Aefig /B B
F2KHzAZ MG 56 88, XP CRENMHANBRE RIFMT .

M FHFPGA s I P A BE JT, B 1H SAT 55 WAL GE i 48 IR &5 0y v S A 7%
FIFPGAZS M LA B2 48 5 SO AT AT SRS M Re s, A2 vl F AL TH BT 70 400k
HE L NAESR., SRR A, Russell g 1 24 Al DU 2 ) A 8 A4 3t
HEARN T 5 T A RIS, AR A Tl B AT DL R B
I BRSP4 s, RN AT S AR TSR 24 I B 22 A T8 a0 SRR I A 2B iy L A
KAl etk BRI TR RS A . EE NS E, SCERUSSEELE R G
XTFPGA I 3 F 5 BR 75 5 i W15 ADSRAE IR 42 KPR 7850 R FHFPGA RE
IR AL IFAT IR J1 . A SCoCiR,  Song 'O AL G 1)1 R 45 M i S L E AL T
RIEEARE R IR, JRRAE T ia Fk FEATH AL B e TRt 1
B o I AT B AL T SR ARG ST AT B (B AT A AT 2 (A 9474k, R AR RIX —
[ P A L T S B ST 7 18] AFFTORM, SCEEFEH T —ForRL S 1) ) S A9 11 55
Wit F & CTaiji, BEWA RWE XS @R, SHaH SRS S L. ofF
(ORI FE A, SCHR U7 BRI 9 H R P T B A R DA R AT 7 U5 BT R 2,
o KR B AR Y SR S AT AR R . SCRR USRI FHFPGA #3 14 A i ] =
FIRESE S I T 2 Fh A7 I8 e 88 I8 4% 0>, FIR. FFT. IFFT. 2D-DCTLL A 2D-
IDCT. %1% AR RSOCE WA B IR B, SCHR U H T 38 2% I B 5N I 43 Bt A 2
SER, R T 2RI EAT S TR . SCHR PO R FIFPGASEEL T #8340 B (18
B, AT HMEM RS E se il h s AR T, BHEUGEIER T 2045
BRVERIRT: — DNEERNFHK, BN — N E R RS T . SER K
ARRG &, R TR RSN &R, P AL (8FE UK
TR, SEMMESE IR & BT SRR s A . R TSR Rk,
RIEEPAT TS B, AT LA R Bh N L5 s il EA R4
T, TESEATEMEARP SR SCERPUR R TR TR R, e
BRSBTS BT B SCIL Y B B, AR BRAR T R AR . AR RS
— AL E IR AR GE SRS W R R G, B AL DL R EE R AR
SCRRP2EH RGO, SR A B R I BT, 5IN T SRR B
IEH P HRE R SO AL . SRR E SR S R A B 4 S ok, DLEh
AR AT S, AR THRE RS, AR FZ AR FE 2 [
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S5 LRSS ER I &% P 2R T FPGA R i i A DL H s Ak P

MEREE .

RARARGE, %O T SR K RE /7 32 SRRSO DL REVR t2e S5 55 PR A,
Xt Hh B AT A (AR B TE SEEORSE I T NI 2R, CORRISCER T, R
AR R 5 T B SRR & s s e RETHRE I TH B S 2 T8 e 1 BOR %
LRATATYE . SCERPI R Sl 7 A AR ST, ) DA b Ak B AR T B AT HL
Fia BT 5l ] FIDSPAL B A5 A EC & 8 o RI EAA) ) B T R DA SRR £ 40 26
M, 22 e RIS S, IS R TR &L . SCERPHI Dy A
AHACUE R SR AR R A2 A A2 0 BOR o — U W BRI N, 12 CEE B e
W77 1K 18 ST B n] EABE AT iR AT, TGN T RN SR G OB 1 B R 1 R R
Pho SRIRE RGBT, W] 1R AT EOR K TR RE I RE %
RPN R BT SC R BRI T, PR R 1R & 2IPIT IR 7
Y Z ) A 2 PR M R, 7 BRI Y 1 RN SR G m] A B R AT AL
AFEF ARG ESAR, LT TRE AT R ZE AN AR R
BFIENE RIS F RS BR R Y ], a7 il AR K E B LR
Kot m s R R B A . G P 5 B0 AT LAY B RAEAT TR 0 B, AR IR
HRRA N N DA TR AR

Zi BRIk, WEA ST IR THIR AR SR RE T SRR IR T BT
fE AT IIL S, (ER A SR I A S0k R R = A U AR T 5507 92 R 6
R IR AR XS 5 BT AL B L I 7T . A Gl A RE T E T R A i
B, et 1 AR SE SE R R G 15 S B RUE K BRI, G T RNk A
LSRRI TS o 1285020 n] DU I B S BB A s R T S5 g, thm] BLIE
I FPGARE/FSLELRS T 5 71 58 = ¥ M 2IDSPZ At

52 BAESAEREITER AR ERANNITE RGP L8
I RUE B8 SCOA— BB 1A g 245 5 173, IR vt & A =08 5-
1.

T
1
0

ARG-DF, v AR R SZRE S, TRZRESHEN. 8 XMA R
EPFNEARUE, AR BRI BIHRE.
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SESE AL E IS T4 T 5 T FPGA A b AL A P Ab BE

TR AR AR R RGOk, X TR BRERIR N A (5-2).

n

Urms = %Zv(zk) (5-2)
k=1

ARG, nRB—ME T T ERERAE SEL va AT EBANMLE
IKREM . S0 RS RS N6.4K Hy IR, & —/IEH K LHE S A
H120msH RAE SN EUR 128, BAX TR —HBEYS, B REBENERE T
B8RS, 127N, VAR VIRBRIERNIR-F e . SHEA G
5 IRHBEE RG0S R B SR T A B I g, XM LR VSR T PR AR PR 258

FITHE RE ) IS AR 2K 25 v

521 FMAFPGASSHIAMEHITHERNESHRE

BEXTEUR IR AT R ORI, AR SR S S AT R o, B
A9 5 ARG RAA 7%, AR T BUERHE AR R BEAT IRIE PR, f )it
BRI R ARG A RAE R A, IR H BT 17 i& & T AEFPGAREAT L Seal it 551k

52.1.1 XHMESEGEIERARHITIREIER

1 1 L 015 5 R bn e TARSOHZ A 1E 52, R4 B4 B AR i EAT IR I8
TEPRACBELL)E, ZPRBUE 515 5 RIEE Z BAF R E B R R ~3(5-3)RY]
75 WA B U B s IR R RS B4R 515 S8 E U, Z TR )R R .

T
1
LPFUW):iifh%ﬂdt (5-3)
0

ANARG-3)TTREINE SR, v RN ZIFERFEE. BT

T

1
f|X(t)|df——fX(g)d9——fUMSiIl(H)dQ (5-4)

0
It H.

/9

1 2
—fmﬁmmw:4w (5-5)
T T
0
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SESE AL E IS T4 T 5 T FPGA A b AL A P Ab BE

Frr LA
2
LPF(|x]) = ;UM (5-6)
FHARA U G SHINEE, xo) N A ASEIAE, FHALH QAL BT X B

NP ERIERE
SRR, E5215 5 KA BEU: 516 S IEEUy, Z KR A R(G-T)RY .

UE = —UM (5-7)

ol %

gE 5 N N(G-3)FA X (5-7) ] LS B E JME U, SR IB IR 45 RLPF (x)HI R &R
o A5-8

Ug = -LPF(x) (5-8)

S
Nlhl

5212 BAIEREHERZNERAN

BT A R(S-8) T 828 v R BIIT OB, IS A TEFPGATE A b FL B30
=, PO S, M E AN ST R SE R ZEFPGA_ERISEHL.
B, BUSARGS) MEATERAHT I A R

\/i T (n)

Ul =1 -a)Ul™" + 55X (5-9)
E, ERRm) R UANERDE, o MR IER IR REL S HARKE
eI AR A AT FIGIHE, o n] LA R e
a=2n-f-At (5-10)
Forh Ar IR FE 2R G o 300
é,\
K] =l-«a
(5-11)
K= V2. T



AW N =

S5 HUREBTEAE M A8 B T FPGA R i S A0l it 4k

UNEREY (S WA N E AP
Ul = KUY + Kpx™ (5-12)

5.2.1.3 BYEREHEGEMNEFPGARE H LAISCH]

FEFPGA S F L SEL I TSRO R /5 ZR 0O BB 5, Fr A a3 (5-12)F 1
FHTH ERE LR DL O BOE AR s i 5, I HoR ki A% lFPGAT)
AR BT B LA -

PARERL S B B eI B OB, R GERAE AR N20KHz, KA /2 50us .
2 PE RIE E AL IR V0. SHZ I, A 3(5-10) P RAR R e % :

a =2r-0.5-0.00005 = 0.00015707963 (5-13)

A 2(5-14) K A KL BB B %N -

Ky =1-a =0.999842

NG (5-14)
5

K, = g - = 0.000174472

T HRIE G TS 0 BOE AR R UL UE AT LA 3«

8191

- 8192
3

Ky, =——

~ 16384

1

(5-15)

HB-2FPGA L5 vl ULR & A2 AR I i) 77 v 5 ik AR 5. VHDL (Very-High-
Speed Integrated Circuit Hardware Description Language) & & /& 2R n ) 1H SR B
BRI R AR R
effectReg <= effectReg // 32 bits
—{{13{effectReg[31]}},effectReg[31:13]}
+{{13{absample[15]}},absample ,3 b0}
+{{14{absample[15]}},absample ,2 b0 };

Bk, ABef fectReg 320 T 5 HIBAF A7 4%, M T 347 m/NIUE
AT H A BT S o ERF— SRR I o R i e, 3l B i R0y A
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S5 LRSS ER I &% P 2R T FPGA R i i A DL H s Ak P

BT A RUE T RS RIFG T 2T e . BiEF, absamples® 1640 5 W15 5 Kb
donHiE, A SE TR B AE S
o H 1D B A

assign effect = effectReg[31:16];

BT L B 5 3k 3K BU3267 fRef fectReg 2% 17 48 % LAB192f) 45 B, A%
weffect/EFPGARE [ A5 5, HEHEMTE 1647 F 4.

522 SRIGLERMERSH

N T bR FFPGASK L )5 S5 A BB TH S A w47, a2 o 45 il
fe BT AT AT SE L S FPGASEBL IS AT R Xy, N A 4RSI A 5T
MESH. MELR AL ERE 7T

5221 SCISIMEFSESHF

SSRGS R L g i # A, %O s AL FHTIA =] B TMS F28335, KFf
T ARGk T ADT60681H iE XU 14 N B e #25F, DSPSADR Jy Z [A] {42 1
AT iz HFPGAE H T Alterazs w] I Cyclone:ts T EP1C12Q24017

RAE R G0 T BN 248 THUE 5 R AT RAE R AL 3, DSPIZAT I 3 4
JN150MHz, FPGAIZAT EAN60MHz, KA A7 AL BER 15 2 N5KHz, @
I FPGARE A4 B 578 il v S I RAE A 22 W] LS 920K Hz

5222 MNESHMNEFE

xF S, B IVE R AR U SR BT 5 AR 2946, 2R )5 T 705 7Rk
SEM4H LS S A RUA TS BRI iR, K245 S A RUE T R SR
HIE BIFPGAL I, ADRIEGIRA 0 # LUS B AFAEFPGAL Fr L A7 4745 H
Ifi. DSPA & ZIE 1 U7 [ FPGA 45 R A7 A7 a4l 2 ik = 1e], Rl 45321 H AR
55 TS

PRSI IR R AR AN 45 AR A I B AR AR L TR B S R I B AR S
RO, SRR AT A P 7 R o A B 00 B A Ak S I o P AR T o

5223 MELR

Xof BRI B 5 SR AN R 2R P
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5T HLRE RIS 4% T 3 T FPGA I i AR UL K b B
RS BT E RS RS

W | BT ERTE)(ms) | FPGATTERTE)(us) | A0 EE (%)
1 2.0 10 200
1 2.0 10 200
1 2.0 10 200
1 2.0 10 200
1 2.0 10 200
Avr 2.0 10 200

5.2.2.4 SCIGEERMISHT

A ERRNEL R0 LLE H, R HFPGASMT AT AT A B LUS, XL 15
T AL PR AL A AT 10075 FRE BEFR T T sk 28 (1 ek 7870 BB 1 A SC b
BT BB T SR AT R

53 ETFPGAHEMEMRHERRE BBNRE

BRI BRI T 2 505 B R e L R His N ok, ki, B2,
FATIE, Wil L RIBORTS S P B AR REIE ] R G, Bl L A BRI B DL R
PeIf BRI P AR B R A, R R I A F b RS AL K ) L
SHOIATREE, A9 HIFR R B RAIRIR . H S B RS RUE B SR el
FEJUE RS LA B3 AR, 1042 1) 25 P BE 0% B4 A B A W IR 5 4 BN SRR
FNORKF A FTEL, JFURKIH IS HUE 5 HEEL PT/CTH ISR E, E
2 RE A, R IS SR R B B R A RE NS AL B AV . PR 55 G G 45 58 F A
Ja, AR S SIS S ADCRIE Fry BT AU RS K 7 U S 5
Ron 73, SHEE S EIsAT IR R R AT AT BOT A I o T T B AR AR
DA (VR /R AR TS A BRI, A SRR IR 1 IR A IS R AT, st AE
59 LBMERME: EADCRFEINTT, ADCE N WIERZHBIEA T, the
R R R RGN BRI ZE . IR B B BN L R G2 TH50Hz.2
£, 2Ey)RSEMERI SR RARE AR R, B T S A E . 47
BB A2 LSS B S B SE AR . N 1 9RANZ — 5%, HArH
P B RGE A A RS TS S 6 R R Gt AT Rt RIVE S 5 U4 KA R Gt id
—AER THRIEE =, ARSI IR R A A SR N T E S, W
R ER O EUE, FaEBCRAE A F 4L i S ATADCIE Fr (1 27%5 L
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AT, BCEERTA R RIE ST, 8 R IR 2R B R A6 R R 2
fith B EMHAETH A B BB IR R A, IR A B ELIRRAF S R . IR
R AT A GREE, — R FELZHANL T, SHORHE. AT
MR EMNSAS A, RARSEAEARFHEEL D, JAR RS R
SFAADCE: D) i i, Bl 2R EIRMRHE . LRI R 40
BRI, ALRFHFPGAL TS BET), e ISR B W E H
&R

53.1 BiENEEER

LR N EALRBARFIH TFPGAS A T RE ), @it & ARk
X ADCRFE 22 Gt Rt BEAT i i PRAC BE,  BE 88 H & N AR RAE R G B B
THHTRE

HARBOR Al L 77 R G0 BB REIZ RIS o, REE ARG B R0 2
— M ARH AL ERIAY, HETRSEI T BREREMNL T, JF EARSY k.
ABRRHFPGAREMF TS IiE, G AIR SRR R 48 1 B AT IR AL
s A N TR TARRMRIR, 52 EoR e AR GERE 50 & (R F AT ] 5 et

5.3.2 THIZR AR

MR AR TT R RAEE R R, — BRI A R 28R
1R

AT S e

ARV —10RY

k]
i |
5
¥

ADC

h

[sP

h 4

[P }—‘

ADCHAT S

ry

F1HY - 15k +iret —Vref

L M
5.1 LT ARG R R BR R ER T R G4 14

B 1L R G REAR e LR IR T R G i ]
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R R RS, B RGEEE 5SS — REiE 2 HPT/CTH: #:
PAJG, ) FHEE 2R & o A % 45 i ADC SR A 356 B Bl 5 AR - T e Ak 2 ) /L s 7K
ADCE | 7E R 3 IFPGAS #2411 T, 8 BCRFEE BT B 7 i s, =%
HFPGA®: F,  FF 18I FPGA: Jr 5 #a fill 4% A% O Ak BE 3 DSPREAT i — B [ 1H 5
X — R HCR AR AR b, R Jo AR i Ak e e an SR I T AN R, B
HADCKAEER 105 2% B R HIUASKE FR I, S04 R 45 SRt & B B Lo
&, X RS R G RAFI IR . AT R B R B 28 & B FHFPGAS: i (1)1
PEFERE ), TEADCRAESE RALIXBIDSPZ FT, X Hdb AT K B B O B i
. A 28 FORF HFPGA R AEAF T 5 68 71 X ADCRAE B 3074 45 S AT H 3 B Ab
H, nLUA S EIKDSPIZ H K 71, $emd 1 KRG H Rah R IE 1T
RORFE R . MR AERIRRGME IR Z, B REES AT 4 i, &5
XPRFE R BB S BT . BARER S 5 T FPGATHE IR LKA
B B E SR HE R SE AL B AN P IR B N B AR EURT B N
B m B B IEN B2 P I R B S /EFPGA - it — MKl 207 20
Beds, LAOIHzZ A BB E M3 T IR, 19 3 B8 45 R4 IR i ) KRG M4
BT LN E N B E, RJEEAT NP0 . I R A% B R B AR AN
WBAEF Fx b, 3T a0 N AT AR B H o & 1T Hy -

Yn) = X ) + (1 - a’)y(n—l)

(1) et o R 28, SEUEIEE f KRR A:

o a o«
C 2mty, 27

fO fs

2) £, NADCRGENRFEAN,  fONADCRGNRAIER . Hift/r Eyfe
BIVUG, e ORsak R a] 43 B AN EUE 7 51 x P A0 7 Bz -

Zn) = X)) — Ym)

(3) LRFEAE f, = 20KHz, KRFEEFAM, = 0.5msHI i AE], #IEWEf =
0.1H A8 % B I BE I R 50

_2nfo  2mx0.1

fo 20 %1000
57
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S5 LRSS ER I &% P 2R T FPGA R i i A DL H s Ak P

(4) PEBEACTH A 2
y = 0.000031415926x + 0.999968584074y
(5) EL W B H & MR S,
Z=Xx-Y
(6) FIFHFPGA T4 68 JJ3EAT B i B F & RARAE T SERL Y, FREER A E M/
R AU L, [FIRE DURBEIAR f, = 20KHz, RFEEFAM = 0.5msHit

NP, RIS fo = 0.1H X N HIIER R . S 8o /28 Joilr A e OB Ao il
117> EIE A

=0. 1415926 =~
a = 0.000031415926 37768

(7) RFER GG L1640 (I, B> B SRS AR A A8

1

- -
Y 3zmsx+( 32ms)y

(8) 5 IFPGATE TSP RENE RIE T3 2~ 5

t=—-(@E>15)+x
(5-16)
y=t>15

EROF, B v RoARLFSWME,  7E g e DA 0
#ADDERSE Bl B P 7 RO LR T Wk, 78RR d B b A A o vk
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