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ABSTRACT

Electrocardiography is an important method used in physiological signals to detect
arrhythmia. At present, related researches in the architecture of Electrocardiography
system can be classed as two kinds: diagnosis support system and recording system.
Diagnosis support system has the ability to detect suspected arrhythmia. When the
system detects abnormal signals, it will send alarm or begin to transmit the detected
signals to the hospital. However, the recording system will directly store the original
signal into the memory or sent all the data to hospital. But the amount of data may be

too huge. Generally, the system will transmit the data after compression.

Our research proposes an integrated diagnosis support system with compression. It
has the advantages of the previous two types of systems. We implement the architecture
base on FPGA. Therefore, the system can achieve real-time work since the FPGA has
high performance computing ability and speed. Furthermore, partial reconfiguration
technology of FPGA is used to save internal logic, power consumption, and cost. When
the system is converted to application-specific integrated circuit (ASIC), it will be

appropriate to used as a portable device.

Key words:, Field Programmable Gate Array (FPGA), Partial Reconfiguration,

Electrocardiography, Arrhythmia, Compression



PHEE R 3 T d s i
B s ii
ABSTRACT ettt e ettt e et e e e e e e bre s i
B B ettt ettt ettt ettt e ete et reereaas iv
BBl B A0ttt ettt b ettt et e et et e et e reare e, vii
e SO U PSSP X
- % ettt 1
1.1 . 1T I T 1
111 1 B L R 1
112w AT TN NN e 2

1.2 PRl TX W G R ) St il | I T 4

1.3 PRl N ST N | RO | R 6

1.4 IR S e 21RO 7
¥-F BB AUER s 8
2.1 FPGA Zh M FE & oottt 8
211 FPGA B /1 e 8

21.2 SOPC & BL ittt 11

2.1.3 MICrOBIaze FdZ B ...t 11

2.2 XilINX VIrteX-6 MLBOS .........ccuoiiiiiiiieiieicce e 13

2.3 R B BT B2 AR e 14
2.3.1 SYSEEM GENEIALON .....iei ittt 14

2.3.2 XIINX ISE ..ot 17

2.3.3 E DK e 18



»
»

fu

W

w

2.3.4 PIANANCAG. ... ettt 21

FE B /T B oo 22
2.4.1 JTAG 22 SElECIMAP ..ot 22
24.2 L AP s 22

B T T o 24
251 B A FE A ettt 24
T A N B OO 25

P LR 2 et a e 28

S LR Lo a e 28

- 5 SRR 31
3.2.1 T BB R L T8 B e 31
322 SRR SEEIEE i it st st 35
3.2.3 Bk 20 AN M et R 40

3231 A FBEELREIE 41

3232 RABPRIZER B L AT o 43

3233 W EETF FEEHIET 46

TR B 50
3.3.1 BERT D LB IE o 51
3.3.2 RUN-LENGIN S8 ovveeiee e 55
3.3.3 BB B 2 e 56

3331 FTHIEEE M 57

3.3.3.2 5/3 REBCH AHC ] B e 59

3.3.3.3 R B B 2E i 62
3.3.3.4 RUN-LENGLN S oo 64
MicroBlaze EdZ B & SLB i oo 66



>
»

R = S RO 71
T3 O N T Y 75
423 8 TR S 78

4.2.4 6 BEBTRL B 7P ettt 83

Vi



H HE 5 5 F 5 5 F F H

F H 5 5 F$ 3 H H F FH FH F =

(O T = 1 -1 TN 1
112 S BB oo 3
2.1.1 FPGA p %K.%—FE-T# ............................................................................................. 9
2.0 2 LUT 7 BBl ettt ettt 10
2. 1.3 FPGA 2K 2577 B Bl et 10
2.1.4 MicroBlaze P #5878 H[12] oo, 12
2.3.1 System Generator s711T F ... i et 14
2.3.2 System Generator & 3 577 & BI13]..cooooeiieieecece e 15
2.3.3 System Generator 517 FPGA B 4 i AZ[13] . .eoviiiiiiieeec e, 16
2.3.4 BT ISE FR ZF Ji AR ottt sttt et 17
2.3.5 EDK K 3 it A8 vee s iiadeeabyobe e cibede s Bhabeoh i e BB s dessereesenasnenssreesnnennessarnenans 20
241 fie B 2 HRI20] oot A g rrr i ebli e snnnee s ssssssee s 23
251305 F E B T R BI2L] oottt 24
2523 T £ B HHEA 1R RFEBAZA [L1] e 26
T R s = =) SRR 28
B L2 it U AR B et e 29
3.2.1 MATLAB #i-#% S0 and Chan J# B i ..o 32
3.2.2.S0 and Chan & 5 /2 JiAZ B cvoeieieieiee e 34
3.2.3TsSIpouras i# & 2 i H 5T & Bl oovoereeieeee e 35
3.2.4 TSIPOUIAS {1 B 72 FIM AR ooiiiie ettt ettt ete ettt ete e reete e ans 39
325 R E K E ﬁ ...................................................................................... 40
3263 B A F L2 BBl o 41
327 w TR M AnIUELE K AL B 2 ALF 42



q OH 5 5 O OF H

H OH 5 OH

H OE 3 5 F ¥ H F F H F F

328 A F B AR B3 B H R I B o 42

LD Rl ERC 2 ok L N I, 43
S210R AW RIER E L AT ASM Bl 44
I R L R ety D 45
RV RE R L= N-R R 45
3.2.13 37| Category2 Rule BAEF BBl coovorvvieeieeeeesess s 46

3.2.14(a). 1| Category3_lInitial 348 5% &) ; (b) RR| Category3_Episode B4& 7

BB oottt 47
3.2.15 37| Categoryd Rule BAE T Bl coovovvvieieieieeeesesee e 47
3.2.16 15 2R FEHET ASM Bl covvoeeeceeeeeeeeee e 48
32107 S R BRI FE I covvreessiesees et snsesss sttt 49

NI ST o - 1 B 50
3.3.2 = FEHEC ) B IEHE T R Blioieeosooeessoseeeseeeees oo eseese e ese e 51

3.3.3 B ¥ il FF 2 M) AR FVEGT R e 52
3.3.4 ()< 7 B R4 5 (b)s T B | s fde 15 e PO UL 52

3.3.55/3 ik Bk 4551 BAEHE 2 oo 53
3.3.65/3 it B¢ 4 5% BEHCH BB ] BB 2 B 54

3.3.7 RUN-LeNGth B 3 51l oot 55
338w BB B[ A HE (AT 56
3.3.9 @‘Fﬁﬁ_’g;{ B B 57
3310 FHFERE B HCER I R 58
3.3.11(a) B 4 T BIFEL 5 (D) T A5 18 0 B BTN EL o, 58
3.3.12 — 1§ I3 B F R MR A MR 59

3.3.13 — [# 5/3 FH A B MBI B o, 60

3314 — FESIB ] B IEIEIRB e 60

viii



H E 5 5 ¥ 5 H F OF H

3.3.15 = [ 5/3 BB B M| S B IK T B oo 61
3.3.16 = [ 5/3 BB MO S B A s 62
3.3.17(a) & 4] ik i 5 (0) /S R G E A1l TR BC e, 63
3.3 18 MR T & 3 F 2K 2 BBl coveeee e 63
3.3.19 Run-Length S8 ASM BBl ...ccveeiiie et 65
3.3.20 Run-Length S8 B 2K 25 BBl.eeeieee e 65
3.4.1 MicroBlaze &2 % i ¥u2E B s 66
ALIMIT-BIH FALE < & BB oo 69
412 MIT-BIH & 3 BB BT A ZEF2 e 70

4.2.1 MIT-BIH R 4 2l (a)#; % 100 ; (b)#5% 102 5 ()4 % 109 5 (d)45 % 115 ;
(€A% 123 5 (DA E 205 oo ireeeseseeeeeseeeseeeseeeseeeseeseees e eeseeseesseeeeee s 72

4.2.2 MIT-BIH R 4 f i#l(@)# % 107 ; (b)45% 1115 ()4 % 1125 (d)45 % 113 5

O AT (1) = 37 e OO 73
4.2.3 MIT-BIH = T FI& %540 b 31 5L ()4 % 100 5 (D)4 % 205...ocicccvecrcenn 80
4.2.4MIT-BIH = T BB %40 b 3 5L (Q)4h % 215 5 (D)4 5 222 81



F 2.21Vinex-6 & ZU T IR 7T Z i, 13
% 3.2.1 Tsipouras 7% & /4 ¥ MIT-BIH 3k B 7 B G50 2 3 E[26] o, 36
F. 3.2.2 TSIpouras i & ;2 FISTIE 2 5] & oo 37
2 3230 E D FERBIFUZE oottt 37
2 421MIT-BIH <« R BIAEE RA B BIT FH B 5 o, 75
% 422 F %% 2 MIT-BIH 46 ZoR T8 BB TE e 77
F 823 5 D FEEUIR FEE it 77
F 824 5 D FEEIUIERL FBE i 78
2 425 BREEPCA TR B oo sssss s tsessssti s e 82
20426 A AE TN i 83
3427 TR B RAHCEAME ™ TR oo 84
F 428 i BATE B IBIRE T ittt e ettt sttt 86



¥-F

=%
-g;;

11 T WG A

111 = TR RIBE

= 7 Bl(Electrocardiography, ECG) 4-® 1.1.1 #777 » - fAG % pr 5 &

QRS
Complex

ST
PR Segment
Segment T
P
PR Interval Q
L S

‘ QT Interval
\

B 111® %<7 BEfz



ECG ¢ e RILff B cnk i Austh cn: Ak % phos iuim®e 4 & (4 cpF i3
LA R A G Aol T E AR SRR T W R AT A T
T e T e e vuinne A LR R wriin e WA Rl fd B J 45k

RAEATHL RS T Lo iin® RRLAE 2 F R His e

T

felfg iAo GiE B - B Y o d FERme Al i mi LG R

) en @%ﬂ’i?uaw%@ﬁéﬁiﬁﬁiﬁﬁﬂ%°“?@?”F@

‘?“
W
N
"
4
-
¢
Pt
ol
Q.
3
P2
>
o

BE B s SR

ECGC Z R EfrZ %R ¥ wiRG Ebdra> 2 > HI X% o ] B CEEiT

Proggeng =R f 1z d %§§:g;’g_~rg§?:{ A5l Az BR G o g o

112 wi? f

EA A o Al Lo s SRk FET AL - BEE S

‘3\

N

SESFLRDBE S P TS o BRe g 0 B SRR i

R g B AL LTI n R AR 428 1120



Left common
carotid artery

Left subclavian
artery

Aorta

Left pulmonary
arteries

Brachlocephalic artery

Superior vena cava

Right pulmonary arteries

Right pulmonary veins

Right atrium Semilunar valves

Alrioventricular
(mitral) valve

Left ventricle

Aftrioventricular
(tricuspid) valve

Chordae tendineae \\ N, Septum
Right ventricle R

Inferior vena cava

FPERCRTFOELANRPIE TG AE T F A RR s g
o sldze s B2 FERA - d B F A D B B G REg B

- TR UE S4B L LR A prd o o 27 (Arrhythmia) s
AR AT LR R LR a0 B LR L R e e o
Bz w22 g, ¥ 5[»;§:;I;5A [ T g)gvﬁ*ﬁ\fﬂ ~H 3R o d ST B A A

VUL TS R B o



N

P R RN Y ARTRAET P T S RE LT - HRF kit
fo 0 BT IR S AT 7 B 4538 $# FPGA(Field-Programmable Gate Array) i 5 ¥ 5 [1]-[9] »

o FEd 2 FPGA ¥ MR 2 4FfeeniB 8 ¥ B i B i T 4 0 Rl A TR
Weng KpF o pfhaF I Y £ & h ) ¥ b FPGA a7k 33 1‘#* A AR
ASIC(Application-Specific Integrated Circuit) » % & & 22 fic |- i + & B ig - % enif

o

P FPGA 3 & Senns TR G SA RT A LA A Bl L3 {ries
A5 ek L[] 2B f ST R EehE i o fed TP TR Rl B R
Gun bk AP e T LR £ I FRREDE S AT B e e
4 d LA o pUHE AR REA R F KRR Rl R F e T BIVER
ﬁg%ﬂ§ﬁ’j%u§ FHROELEFE AR G- H i s hnry
CRIFI AR Y AL g B TR R RABETREPA AL

For AR RREE TRAAEEGEE L R ek f R R BT

€€7 ,“ [5] [9]?l 5 ;}%—T‘;ﬁ ]? {IQ 1% }%' ‘lir'm'\" E %] = %';u ’ IE {l—-;}é’; ig‘ E—’
ﬁ%mfﬁwﬁg@@&a’ bR R RS ER AR LY VRS
4 R AT T R F AR TR RS B A

¥ s R E TR ST oo B g kg B 4 ki



T4 FRFEA R AERIRBEC TR SRS S FEAf P BEH T
J}%f):‘,\;j\o

o
=

Y AT Aeo A Ak SRR L G AR e fre PR AT A M
B AP Ed SRR AR - B RE DR FHE R AP RS ]k

g ~ e 7. ﬁ:, N N °
ruens i fii@"]‘#f{. — kA o A AR FRE A



13 =% 8

AT R FPGA (75 T 5> 4 fE S

\\

—‘\\
H
%

SERA A o BB & Suen
Brera T2 - Byaaf i B4 2 FOPF 3 B2 R e gt o
AR A 0 AR AR MRS ET B FHRBIDIE Y e T BB
ML T R S g B et e TRUSER B Filay o w2

Pl 7 TR e TR #’i“ﬁ@m&u@ﬂﬁémi’ﬁﬁ
HBBEFTELREFMR JH L Tk d AP KT e R
PREOLE S REFERFCHEFL EF R RF AR 2 FEAF g

BoFha s s pAGRB I R ATk s

EEFAPAR- B A FRFEZA B - s e AR
Y R ERY R AR AR TR A A R Eh

WAE o STILE T fRARE ML AL H DR T FPGA 1 #E KR LGRS b

~

*oehfopis—3t > v & ¥ (Partial Reconfiguration) $ #[10][11] > © &c 43 3 »xefa"s i€ F]
P AR TR RPA T RS S AR FHE R BRI T LY B
#

NE - B AR S BHANE AR F AR Fefp M GRS B
VT £ m T LG R TR Y FRDA o b P MA S A2
WAE R D AP AE F AR ENPT £ R HEE Rehi r g

STILA R R NP 2 R A B iR o B ek SLenR h ok o



R

Ang

(X
):u
hEY

s

T,

5
kil N

S

F B aoEs

3

{
AN



¥-F FFWw

21 FPGA # #4524

2.1.1 FPGA i 4

FPGA r £ 357 42;% i* /i £ 7 (Field-Programmable Gate Arrays): 5 ¥ £ 4f 4%

RGP o FPOA LKA ME i R R T A F AR LY T LG

o

T ea R ASIC R e * cFPGA & 5 5 T (7% 4% > T 7 ey
REETF PR TR LB RILTEDRIRI & HDhH P R 7

g REH B THITT A BE T FP > FRATHE W AIT TR T K

FPGA p 3% ¢ 2 7 fe ¥ 848 % 3i.(Configurable Logic Block, CLB) - ﬁa?] IS ﬁg?] i

#.(Input Output Block, IOB)~{=p #8:a 3 (Interconnection) = 38 &> > 4] 2.1.1 #777 o



Interconnection
- Switches Logic

0D0@ 0000 G- Blok

ooooooog
Ooooooonon

DoocooEOg

1/0 -
Block

B 2.1.1 FPGA p grs‘gﬁ#

CLB & FPGA § .+ 304 e = - ¢ 2 & & 35 545 % (Look Up Table,
LUT); IOB H &% & b3R8 F i et o 5 3038 BAE 2 0 & > ﬁ}ﬂ‘é
FRE - BRGER AT IT ARG R b 2 B RRRTNF R R

FPGA 1 i h@ & L+ LUT » EJ}S%«—?‘!?’%&{— # RAM - bl4cfx 3 FPGA
L A r hh 4 o ST E - BLUT P g - B 4rsads <o) 3
16 1cnRAM- ¢ * » i s HDL # 3 SR> 5\t - BBIET B2 1 FPGA
IEFGMET ERETR T TRk I E AP PO G R
RAMéozf;igjgm%fbﬁﬁ»%Atg;af;; AL p o BIEME B TR
SEPEATEL - BRAREFAE  HIAPHES BTN T o RS AT
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Circuit for a two-input LUT

—— O
_0 = O

[ = xixp+xx,

— /)

Storage cell contents in the LUT

A two-input lookup table (LUT)

B 2.1.2 LUT 7+ % B

B P FPGA P IRGH 2 1 T RIL > FPGA K+ S ipdcRl 2.1.3 ¢

B e FPGA P 21 ehidff 28 £ FPGA %3 enff 3 7 A W > B4EFHd &

R

[ rosicbiock [ mnterconneetion switches

I 1/O block X } j{
R
L X 0 xn 0 X X ; X
g £ ‘ (‘) 1) CX— sss
x n X X g X X X X
3 ) | |
= S
s H
g 3
[ 50 XXX
LL Loart oo
] z 1
|| ! f2 XX XX
1/0 block : 4
H H

General structure of an FPGA

A section of o programmed FPGA.

B 2.1.3FPGA k)3T & B
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2.1.2 SOPC % 3%

SOPC % # #23% i % k., ¥ (System on Programmable Chip) iz s » #f & & &
T EH— 3E T ALYk suend B (TP FPGA)ALE S - Lk LH 8 8 o Xilink 7 Virtex
o ,TME *~ 71 IBM PowerPC405 # + > i%ﬁiﬁ%‘ué‘é i 17 FPGA el B9k 2+ g2
FdR B g i H AR S o B2k PR SOPC kst o fed A 1 EIF A4~
o K RSB ARILE 2 A M TR S FPGA F k0 4 g 1

Z Rtk - FPGA ¥ i % % B AJZE+2 » #r12 Xilin &9 Spartan 2 2 Virtex 4 7114
L+ e FPGA ¥ 5 qx’ ~ 3t ¥% MicroBlaze » $ic % it J9 AT A 503 R 2 a0 & B %3
{53 o d 202 gl cnie - FPGA it © g b ASIC > ® i f22 2 &
P ART R T B M FPGA L P R ARTA St ARARY o ATz fa48% SOPC

TR H R g E L - o

2.1.3 MicroBlaze g2 %

MicroBlaze €_Xilinx 2> @ FPGA et d2 B[12] » i& 7 pF% 5 150MHz » ¥ #%
& 125 D-MIPS et ie » e 22 H v ¢ 3R |P 4% - 42 % =t SOPC 7% 3+ - MicroBlaze fw

BEHFY RISC Ffrrs & 2432 ~dp s e By > ¥ 2@ T o

F_k

S B bR BioohnEE G B ave Ao I B dicdy o

MicroBlaze &_#73) ehicts » ~ )’j*u{ii‘:’ﬁ B ZRE A ZRBALEST IR A
gl 5 - B ERAFTRFT AFIRT L F R4~ B MicroBlaze -
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MicroBlaze . 53 5820 4 13 3t 4 AT 48 e 30 do i@ i ey 7 48 (cache) s+ o ~

N0 FHEE A P E Ao R F AR T KT A A I B

/

w0 Fla Pedk i ) E B iY 2 24 2%y eh )k BueMicroBlaze hp TS HAcR 214

Data-side

Instruction-side
bus interface

bus interface

Memory Management Unit (MMU)
M_AXI_IC |:'> ¢ e UTLe one | /] <:::> M_AXI_DC
5 i i it gL
IXCL_M <:: 8 8 _> DXCL_M
[ Program N7 ALU £
IXCL_S [ > Counter : K ZloxeLs
PSpeciaI <: Shift
urpose - (I
]:I Reglrps?ers :> Barrel Shift  NMAXT D€>
Branch Multiplier L~
[ AT Target DPLE >
Cache it Divider P -
. DIMB_ >
IELE Bus ::> FRY Bus g
F Instruction |t F Mo_AXIS.
o ) e ) T U e s
Instruction S0_AXIS..
Decode — 515_AXIS
::> Register File MFSL 0..15 or
32X32b DWFSL 0..15
. ) :‘/ SFSLO..15 or
Optional MicroBlaze feature DRFSLO.15

®l 2.1.4 MicroBlaze p % 7 $£[12]
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2.2 Xilinx Virtex-6 ML605

A G AR G RSB T L Xilink 2 7 #rde d) g0 Virtex-6 ML605 B g
KR 1222 5 rFEE B AP EEFE LR EHERY > blhost P4 S0nE
* 9 UART ~ System ACE ¥ #41 £ % - £ 2.2.1 5 Virtex-6 % 7| enF ik 7] % - Virtex-6
FPGA 1 Slice & 3£ 4 i LUT {8 B+ » > B LUT 3 6 ?l%ﬁ%] ~ ;& & DSP 48E1
Slice # 45— 1 25 3 18 chgk iz B~ — B 4ej2 B2 — B % 4 B ; BRAM(Block RAM)
<ol ARG 36Kb o # BHHGET TS A B b g 18Kb HiEHL o o E iR e 2

HAAPREFE R DVitex-6 & 3 HF R o

# 2.2.1 Virtex-6 & 7| F iR 71| &
Virtex-6 Family Product Table

Iy T T T e T B
—ux 2K 20K | 24K | se  ssk ok | mk amek

Mammum Disrbutad RAM (Koi) 1040 1740 aceo | asso | 4130 e300 280 | d000 7540
Biock RAM/FIFO (26Kbes oach) 198 264 24s e 418 €2 720 704 1,084

EREETIUCNN  sgie  osoc 12384 | 14978 | 1o 2272 m020 | 234 3m30e
Mesod Modo Clock Managor MMCM) 6 10 10 12 12 1. 18 12 18

DSP4sE1 Sioes 200 480 €40 768 m L B84 1344 2016
PCI Expross® Imartace Blocks L] 2 2 2 2 2 ° 2 2
%0/ 100/ 1000 Eshornce MAC Blocks B 4 4 4 4 4 [ 4 4
GTX Low-Power Transconers 2 2 0 u 24 38 < ) %

Maximum User VO: Select 10” Interface Pins (GTX Transcewers)

23x 23 men (1.0 mem) 240(8) 240(®)

PR LL IO L ) 380(12) 400(12) 400(12) 400(12)

35x 35 mm (1.0 mm) 600(20) €00(20) €00(20) €00(20)
720(24) 720(24) 720(24) 840(36) 720(24) 840 (38)
42.5x 42.90m (1.0 mm) 1200(0) 1,200(0)

13



23 RitHwe i

2.3.1 System Generator

@ e FPGA B2 A2 3 & % B ~ £ e 8% (Verilog & VHDL) » 7818 #-4%
RS MR kYRS 1 TR o 2 FPGA & B hFIREG s
EREFIBE TR TR RS TR %%U\A,?JQ KB ARHEMD
FPGA & & F — %17 fRe82 R ¥ 121l 4 Core Generator i * 3= i1 1P k3% & 124
FEEEBFHR O LARAARIFST - TR EEFREHNE RAIP B
GELARETEE I G o BP0 M hl (T F TR L XA AR R o
System Generator[13]-[15] 7 3 g fed ALtk ek & > & MATLAB/Simulink * 3%
i 3 Xilink FPGA 2% 2> #c# ISE 38 ehT 5 (4o 2.3.1) » EHA R 2 7 j2e0

SBLARET S T LR (T FPGA kRS o

MATLAB/Simulink

System Generator

Bl 2.3.1 System Generator =i *

14



System Generator 3 ™ T i ELE FriE

O Bllefdit fok 3 hE] A R W R E R 0 PRI
P AR e BB

® X iR 5% 1 ¥ i+ System Generator pozE et gy HEE ok 2 kst

» System Generator » ¥ 12 ¥~ i #4535 5 - MATLAB & % B a2 85 >

R AHEE i LK 2 -

T1\4

Rim o

# b I R R o0 d 3t System Generator £z 4 & Simulink = &
LR b oeni 49 35 38 MATLAB/SIimulink 3 »~ 328 4L J:ﬁf%ﬁi%] RHRCR SV
& BLF i i System Generator 7 £ 3% ChipScope foff 48 1 IF ficdg > ¥ 10 F pF e

FPGA p sz S it w BB 4 4 f -

1°) sysgenQAMExt/QAM Receiver * - [OX

DBES ‘'R o rafon RrPS: REBE®

dout_valic

|Resdy 100%

B 2.3.2 System Generator % 2+ |7+ 3. B[13]
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& * System Generator i& {7 FPGA vk 3+ inA24cB] 2.3.3 - 7 L% * System
Generator & {7 % %ek 3t > A 4 Bl#6 & 5 mdl 0 Simulink 4% % 5 £ X4/ * System
Generator p # # 4 % ISE i& - # &2 s RTL(Register Transfer Level)fe IP #2.5% 75 »
Fprd 4 GBCEPF T & oo testbench BliEsh % 0 B 18 A HE N (ISE XST &
ModelSim)z% 3 & S8 _F i X3k 7 R fj&.;b, BRI AT 54 ks
27 @0 @ % System Generator 3 B i SLE LG M A K ARSE O BT e

HRK AR oo

Develop
Executable Spec
in Simulink

System
v Generator
Develop System
Generator
Xilinx representation
Blockset
L 4
Automatic RTL Testbench
Xilinx CoreGen generation I Gene:hon )
4 )
Y RTL Verification
with ModelSim
J

Xilinx
Implementation
Flow
I
Bitstream

A 4
Download to
FPGA

Bl 2.3.3 System Generator 17 FPGA B % /s 42 [13]
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2.3.2 Xilinx ISE

ISE £ # Xilinx 2 ? 7FPGA fF 5 383+ L 52 B 4 | & F Boeh- 3 il
[16] = ISE i & st i & 423535 5 »

('mplement)fr-r $\2 s 3k

H 1 ey

- ﬁi-}i’ e

i

£ & (Synthesize) - %t (Simulation) ~ F 31

FPGA — &P 3 et oAz (M 2.3.4)° j&s*
Ell S g S

FESE P %

K=

A j\’?]‘ ’
Plan & Budget ’|::> Create Code/ HDL RTL
Schematic Simulation
Implement {}
Translate {<4—‘ Functional | /|_| Synthesize
\'—| Simulation \'—| to create netlist
-~ >
Map
—
Place & Route
——
Attain Timing Timing
Closure

Generate
Simulation BIT File
Configure
FPGA
B 2.3.4 #4848 ISE B % i fn
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MRS B RE R I

® HiE - Ay o ATEBEROEHE T A 5 Pre-Simulation §2
Post-Simulation - Pre-Simulation 2_4* %} & # ¢ function #fist » s PR i d
HDL 73 8 crfe N 2_ % 50 . F & /% > @ Post-Simulation B| & 4 %+ & 21 ¥ A
= APR(Auto Place and Route): 3 B it > A Tk 3t T B F R &
FPGA * p¥ > & Pre-Simulation 974 i — #% < ISE # £ p 22— B2 5 A1 i
A Mo dBrt iy et £ HDL Bencher » I PF4% 1@ * Mentor Graphic 2 & &
ModelSim -

® L &A1 Echr §aHDL # 4 d T e 2 g Netlist > Netlist % -
fide HBIET R AHERNCISESNE 1 B2 e 7 Xilink p 2 4% & XST >
BF Up qg' Mentor Graphic = & 3 LeonardoSpectrum f= Synplicity = & ¢
Synplify -

® PR @ dEiEF(Translate) ~ p: & (Map) ~ # & 22 ¥E51 (Place and Route)

FREF R A ’}‘?‘Jf%—%'f’;fﬁ TE B B agoH ¢ g FE % Netlist # 3 & FPGA

2R Netlist s pasf € i * & BBIET BB id (L ehs 2 0 p e R4 TR

S B 2R D BIER i S K 22 SRR - Netlist 42 B 4B B 4 fie 7] FPGA

PP R R 0 P st BAER 2 RS ¢ b 1 ekl

2.3.3 EDK

& RATE A FPGA & ¥ 5 Bt P PRI E 0 S P R R £ &
#es o pHERY FPGA B3 - i SOPC kst @ 4p¥t% % o £ 41* FPGA %3+
- Rk R AR BIRE
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1. Er gs~i ;) & &es2 B (Power PC ~ MicroBlaze) ~ /i %8 - ﬁ%] 5:%_51%?] »
HEERE SR Y SR EN E SR S L e
2. 1 CEg thae— & 1O Fifirdldn £ SR dl A2t > X 1% fucf B 201G

P i AL H RO EET £ 2 d Rt 4

Xilinx 2 7 5 7 §Tee B4 4 | 2 b b odinde - BT SRR B

EDK(Embedded Development Kit)[17] » v » % & chig * K WA % 6 - #3IB 4« |

MER FE AR -8 BRI PR 2T 1T AHMS 5 o
EDK & 7 2 A2 % ~ o - FFEA M2 B B Ean Ik e

#ip it Ao A A 6 0 EDK & 5 4250 ~ 4258 B (Library) ~ %
FE (Compiler) ~ 451 & ~ T AR 4250 > fe EA M 2 F - B R

NI N
de b AEE o — B R B FPGA 4k r 5U K SR 0 R S AT M R A 2T

rehl e @ dpd 3 TEgRe L ¢ # EDK #& & enEST(Embedded Software Tool)pr = = »

H A4 B 2.3.5 #17 o
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Embedded Development Kit (TEDK}

E(ilinx Platform Studio {XPSﬂ [Software E:;Bﬂ?pment K't]

f_J Lﬁ

MicroBlaze J ( C/C++ Coding )

Customization
( Compiler / Linker )

Synthesis / Place &
Route ( Simulation )
( Optional )

Data2BlockRam

Processor . -
Bit Stream | Integration —( Object Code j
A 4
Chipscope Pro ) System ( Debugger )
1 ) BitStream L /'Y )

. l Download
Analyzing Software
Signals on !
the Debugging
MicroBlaze
Buses

B 2.3.5EDK & 742

PEE R 0 B 2.35 22 5 EDK BURH M i 0 -2 5 AT it en
AR P AR MA R Ak o R 2D FPGA P oo R A
EST p & XPS(Xilinx Platform Software)* > * > ;fgsi & ki =i & BSB(Base
System Builder Wizard) 3 1 > # v 2 E A M~ 2 g e B g o M0 £
dEFA R R AMAEZ R B GE1LFE P ARPRARES TX3F
7o g k4] * SDK(Software Development Kit) g2 i f8 3% 1> » 1 & § 4B % 4 R
e AN R T B BB T U AR T REA o RSN
REHT > TAWIEH T EHEOREN - T4 2 FPGA § & o bitstream 4 >

THEIFPGA S F R AL A
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BE- enE > FAPEE AMEIEE KA e r f e K P d 3R
EEAMARAE L P EIT BT Bk 0 T A L IR B e i
Peehdf i A 50 F A f o - B Rbp FRPDIPH EFELE LG o SEEES
B ARSEERT 5 T - fan S P B2 g1 3] i IPIF(IP InterFace) » #
At kA4 OPB 27 PLB Sejnfter i@ # Fl\géﬁ* Bed il ot 8

HR 0 A A A LB e S AL R T
2.3.4 PlanAhead

PlanAhead #_Xilinx # & - faRH) 25 * sn FPGA %X -1 &£ [18] > v ¥ At g *
> FPGA B i 42® ch7 BIFE > ¥ L * ¢ 32 % PlanAhead :2 {7 RTL &k i~ 75
e~ 1O £%r4 3] SRTL en Netlist 2 47~ % A B SR % & b 47~ F H2REF|F o
PlanAhead ¥+ 24 Chipscope #v » 3k 35 i B4 RIsE » i@ 32 3 25y o PlanAhead
» TR AR G (Implement Property) s X B 0 1 * A R anpER KR
(Timing Constraints) ~ & 48 % & (Physical Constraints)f=# & 23] k #& % K i o

5 bR - ISE e B & SEA % % H O~ PlanAhead & 7 4 470 T B ARRLIE 0 35
4

T

DR ER M ehE & R FloPlanAhead & Gk B & 38 ISE1LX & & 10 {S vk & o

¢ 35 & = @ /18 e %r 41 (1/0 pin planning Post/Pre-Synthesis ) ~ & = (& & /4% %"/
#1824 (Floorplan Area/IO/Logic Post-Synthesis ) {o§ {5 Bt A & 47/3K 3+ R3]
(Analyze Timing/Floorplan Design Post-Implementation)- & & & 1 2@ ¥ * 3 PACE

4 Floorplanner = & o
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24 Fek A

2.4.1 JTAG £ SelectMAP

JTAG(Joint Test Action Group)#_—- f&8% ™ * »*fe ¥ (Configuration) =% ip| & T B
Fwenfm o JTAG 4 & Hsd_d IEEE-1149.1 2 A # 4 % ’}?(IEEE 1149.1 Boundary
Scan Architecture) 1528 2 2 #7345 ch— BT JTAG 7 113K - B4 B il s
PRAREEREE VL FOUpNE - IR T RO N Y 0 Blde FPGA e
BHETLEY - A BB B .;i;gi.,,,lm—s AR AAE T R
B RS Pt R B A B 0 MR R g AR

Bt o

%9 7 0L JTAG %% FPGA & ¥ eofie 1 {12+ Xilinx = i 8 - o7

#—SelectMAP Fojtr ; H g * T i3 @ﬂl%]f’.i,u » — =X @ﬂi;f] 8 AT I FPGA F %

=N

3 IUTAG - x @3- BTl FIrHREemE RRAE T 3 N 324
%Pk B YR en™ » & 5 Master SelectMAP £ Slave SelectMAP % #& > Master = -3_

# CCLK %4 FPGA @&+ PROM > @ Slave B|K|4F4pF o

2.4.2 ICAP

ICAP(Internal Configuration Access Port)[19]2 - #& § it < SelectMAP /i & >

7 e e {_ICAP =3 FPGA e 38 o #5 fL FR 17 B PR B AR e 3R 2 - ’{*{
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bitstream # % (T fe B Ah &)™ > B ICAP /6 ¥ MGRES A figd =3B

B 15 - 336 ICAP /i i FPGA % (7 £ § ik AifAe Lo Ff 2 o B bk 75

2 oy L . ,t
EN-NER-o B

e

£ ¥ A B(b]4e MicroBlaze) ik s £ % F il B E T &

{6 g o Rp B O B ix B4 ICAP #-¢9 HWICAP » £ 18 il 38 HWICAP
A e R FALE A ICAP A G R AMBT E R i o 1% A AR
RepeE T AT E 2400
full RM A1 RM A2 RM A3
configuration config. | config. config.
Off-chip memory or System ACE
[}
ICAP
A FPGA
Self-reconfiguring
FPGA
Y
RP A RP A

Bl 2.4.1 pe ¥ % 4£[20]

23



25 ;Wip ¥ € B

251 AL

Bost i foih FPGA Jut chigh » g7 Mg H £ R P s 8 P ARG
00— F RIC KB T o R @A) £ ATESAE B 1 0 2 & FPGA gt

B 15 (Shutdown) s i ™ 4 #t Ak 24 7 o 3T # % FPGA RALis 5 e*U4| » 3 FPGA T

RELEE LN

&
k.

T\4

PTH PN FRE o iptRena AT 7 FPGA g { e BR CH

Moo o B HTRA S 38> ¥ £ % (Partial Reconfiguration)[20][21] -

)e

o BT R BE X R R g Lo f 1RGE R

P FRoIGTERFEMRET - BREAE O NREARY TR FEE
I BgFA A BRHFRPINGTER FF LR 251[21] > A F FHEAH
3% i 4B (Static Logic) > & $LiF (7 auffey o F A BEFFARR T 2 RH
4 v £ % &48(Reconfigurable Logic) » 4 %38 (7 cnif2® > 2 P OhRB LI F
PR AL T o B 251 = > £ - L FPGA K2R E] > 15 M?gﬂsﬁ LA E
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B i FPGA & %1 » f WHAEFERE - TR AR D d BHAL £ B 6
B M 2512 L 3T £ ¥ B FPGA R F 1 Bk

A & FPGA & ¥ vk s R 458 HH. R g R4ke w o o F R

~

AR R ERPDE RHARY I ATV U EAL LS S
B R Y FET de o 3N T E B Y o i peg A pE (Time

Shal‘lng)l i%t_’f‘);}’i‘tt:"_ sy ¥ l)f;\‘ ,J\ ffe’ W 61 %g_ . ;,"‘1 /Elf + %; 1 Z K§ f—u&:’\, j\:ff. s

T HWMETERRINGG ¢ R Y IDER LIWRER -

® + ¢ & {f = (Reconfigurable Module, RM) : #4 4 P (e eanfiie » 4@ ¥

® + ¥ % % (Reconfigurable Partition, RP) : 3|4 v £ E e i Eenwid » - B

FPA L ¥ P 4] S AT EL R - B EEFAT R BT ER L -

® 7% (Configuration) : - B ﬁog_;j;u{_ BRESRPEE Y ¢ S EBEL

BIEST LR RR - BRERHE R - BRP ARG 4

_?‘
—=\
|
[N
s
i

AT B LIEA S afel o

252 WM~

Francisco Fons f= Mariano Fons »* 2010 # 3% 1! 7 g * FPGA R i» ¥ & ¥ Hji
et 3 [11][12] # feeE = 0 - i dp gk Si(Automatic Fingerprint Authentication
System, AFAS) o i i 3= iz — 1§ 4% dy ¥ R KT R B LT AER
1 AEplp T mant {8 R X o
2. pRVMRA KA MERRF EL o
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T
&
)
N
g
®
>
\‘ Y
N

y
e
¥

(s

A BT E

P o B etangE st A kA gk
Sl R T hREAR G R PER LRGSR AR F 0 RSB ARR FT A PRI
B e ® FPGA %> 7 £ 8 iren® o5 st b md o v f
FPGA i£5% T 5 » T8 % INipv & % Fjbe's i€ & 2o & o

ACQUISITION
SEGMENTATION
NORMALIZATION
ENHANCEMENT

FIELD ORIENTATION
FILTERED ORIENTATION
BINARIZATION
SMOOTHING

THINNING

FEATURES EXTRACTION
AUGNMENT

MATCHING

W 2523067 £ B A 24y mae A [11]
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Yot AT by RPERAA R 0 F R B FPGA AR S LR g

Ik

“Sm!

FIARFRA AL S ARAL AT eiE B R RSB TR 0 23 FPGA
Mok 2 B MicroBlaze g2 » @ H &RAz 5 P2 Bl S 11 B e (4cB] 2.5.2) 0 vk
S BVERRPESF NG T OEERIZRE 0 R R -

FLR B 0 PN E IS AR IR RS U o R TR Y R
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¢

Bl 3115 AFghi it r AR e omars Apir Xilink 2 7 FPGA

y

rVirtex-6 ¥ 5 kAT 5o MELKRIR P E_MIT-BIH #% &5 ECG & &r o & S
|2 RF A = BEIRG
FEHE S VLR RO R — TR 2 (Monitoring Module) -

AN B‘fu AR 7E£ 8 % fecife — /& 45 - 2 (Compression Module)

AT EE R R RS ol R ¢ 35 Aoig® B (MicroBlaze) & H %

( | Ry \ |
A [N AL ha i
S S P v " Mo il
b
R R R R R —
T [ ol A
1 i , I .‘"l 1P ""l
| I / :"l
MIT-BIH ECG Records FPGA Virtex-6 :

B 3.1.1 & sprds B
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ATk SLARE T - BT % (Reconfigurable Partition) » 7 /AT 5 & 3 %
it — & Rl (Monitoring Module) £ & 4 i 2 (Compression Module) 5 @ § 7

Behiw v ﬁﬂ%&{#ﬁ,gd = ik i e MicroBlaze g2 2 2 2 & ¥ i o

-
Normal Mode
Emergency Mode
Store Latest 3 ‘In;_mt
Minutes Data ECG Signal
Press the
Reset Button?
Switch to Input
Monitor TP ECG Signal
Send the
Stored Data Enter the Compress the
Normal Mode Data
Switch to
Compression IP Transmit the
Compressed Data
Enter the
Emergency Mode
b

B 3.1.2 s ki A2

g Rvenfs g g A4 B 3.1.2 R 0 kB4 G B ¥ #5% (Normal Mode)s % T
§-7% (Emergency Mode) o % Seeid=do ik B8 A & ¥ N o M PEY £ R R IR R 0 TR

4

B

ERE s | FHAELH LT A B e TR R
Wbtz e T RTR FRAIE F e TRARE > BlLdE gy
mF_f_l_,Ll.%{"”, f_%PEAﬁg';l "“,L]"““\,filfgm,um@ HL oo RGE
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- B iR BE BT AT AL 0 KRBT £ R R DR R
B RERE %{4@ FRoviE r BARS P s ke TR
%ﬂ@mwvx’?%@ﬁﬁ&ﬂﬁ’Eﬁ@*$?§‘ﬁﬁﬁﬁﬁﬁﬁ’@*
ARk A 2 BERGTR R EE NS TR F 0 A
FaER?FERTA

ERBF 4T g ERAET D F S R LR TRTRL R

o g@:www?% AR o B SRR

\:

URIE  Bat s R kg FE R P

™

RAATR  E e R AR L R RT AR gEm A g

A
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ERpCEOH G SRRl TRARA TR NG BT R AT s S
BB P AL R A SRR Fhe T REFM AR OFEE R R DK
FOAAR Ak F R AL TR R L RS A B e T

TR BRI TR R R P R R RS Bk

321 W R & @R

A el T BR e 2 E @ * Soand Chan i & 2 > j7 & 2 .4 H.H. So
fe K. L. Chan * 1997 # ¢ & # 11[22] » ¥ 2000 # [23]i& - # & ¥ % Pan and
Tompkins[24]:# & ;2 & {7 v- # > 1395 F S #0887 So and Chan t s + 5 o
e o d W HFEHE Y R A T R ARE R R AR S
AHTRY FE2p A5 R385 - B8R 4w T B30 x(n) 04 5 slope(n) » 4

2393.2.1)%15¢

slope(n) =-2x(n—2)—x(n-1) + x(n+1) +2x(n+2) (3.2.1)

{83+ 8 & 5 enif g (slope_thresh) » 2 3% 40(3.2.2) #757

thresh _ param y

slope _thresh = max i (3.2.2)
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(3.2.2)7% ¢ erithresh _ param v 12 % 5 2~4~8~ & 16 > A 3 P25 8 «h
P AT o T AR B ALESE Y 8o ¥ b dachmaxi] E.B3 L E 300 BE Al &

< i > B~ 300 B8 MIT-BIH = § B2 SLerB 0 & 5 2 £ > DUFE 7 14 B 5 4n

4o R enig o

BROEAL P AT H R DR R PR AR > PR 4 BIR
£ F 2 MEARA P R LN Bl RISHFACR o PRI A 4 T o — A
koo M S LB R TUE BRI F R EES I LE o kil
g3 gho 7 BB AL F slope(n) + R iE slope _thresh pF > T 4. 57 QRS 4F & i e
A dsBhAR B kT > A A P deE A ts 50 BEA LY Ak ng L B XAt

® 5 R doBl 3.2.1 #91 ©

So and Chan Algorithm
1300 L Rpoint

1250 -

1200 -

1150 -

1100

1050 -

Amplitude

1000 | -1-- QRSonset
950
900 -

850 -

Bon L 1 1 L 1
600 650 700 750 800 850 900

Sample Index

B 3.2.1 MATLAB tic#t So and Chan j & /#

S A Rkl RIALA 50 (3.2.2)5 smaxi g g & LT~ 0 L R

FoiE R B { ATena ;8 4r(3.2.3) 2 (3.2.4) 41 o7
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. first max—maxi
maxi=———=
filter _ param

+maxi (3.2.3)

first _max = height of R point—height of QRS onset (3.2.4)

filter _paramv ™%k @ 5 2~4~8~ & 16 > % #c filter _ param @ 4% i< p] & 77
HAPMAR-RA F BB il P GARF 2 FBARB R A7 7 RAEPIFTAR -
AP B SRR B R R o T AR L EE Y 8o

%
Wi

A
W

Gt BB R B E Az B] 322 9757 B ¥ Bedh 300 Bhed 4 AL

B R ERFT - AT P A AR S Bk o
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Input ECG Data x|[n]

Caleulate slope[n]

Find Maximum Slope of First
300 Point as slope_thresh

Two Consecutive slope[n]
More Than slope_thresh

QRS Complex Onset
is Detected

Find Maxinum of
Later 50 Point as R Point

Update slope_thresh

B 3.2.2 So and Chan ;5 & ;* ;= 47 @]
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322 w7 EH|EY

raHHmAior R B R A E R AP RR FFRR

F_k

Interval)2 2% % BELETE 7 o B3 B e ik o Tsipouras & 4 »+ 2002 & £ 2005
E 3 E NI RR R 2 2 u)c 27 B i B 2 [25][26] 0 A P iE 48 e L i eh
2005 #E AR A B E S A AR R R o SRR B DRASEFE E T TR

M2 st Sl 2R

B 323 Lkt T LW F AT - BAEF (Sliding Window)# 7 -

ZfPZ 4 RR BRFHOH T 2 R4opt > EE X R HY B RR-% AR

Time
RRL RR2 RR3 RR4 RRS RR6 RR7
324 || 208 301 258 246 225 198
RR1 RR2 ER3 RR4 RR5 RR6 RR7
324 203 301 255 246 225 198
RRI RE2 kR3 || rr4 || Rrs RE6 RR7
304 208 00 || ooss I ous 205 198

v

|

Bl 3.2.3 Tsipouras ;% & ;= f§ ¥ -+ & B
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MR 323 RREF L HEE - B¢ LFFPRRI-RR2-RR3 = £ §F

iz
(7%
g
=

- 4 FR e > 5 RR2 - RR3~RR4 = £

T

Tsipouras i# & j2 ¥ 1 2|97 T oo i i

g k- R R A A RR AT SR L UBET B

+ 4y x5 (Premature Ventricular Contraction, PVC)

& 7 - & ¥ pe(Normal)

® Al- ez

& 7= w3 ygds(Ventricular Flutter/Fibrillation, VF)
¢ Ale ;. wsBE e ER(2° Heart Block)

4. 3.2.1 % Tsipouras /% &

%2 MIT-BIH = T B T AL R chve 27 B4

% 3.2.1 Tsipouras i# & /2 &2 MIT-BIH FAL B« =73 £ 4647 2 1 [26]

MIT-BIH annotation symbol Type of arrhythmia

Classification

Normal beat

Paced beat

Fusion of paced and normal beat
Non-conducted P-wave (blocked APB)
Left bundle branch block beat

Right bundle branch block beat
Unclassifiable beat (beat annotations)

< pPIrUV+OVZ

Premature ventricular contraction
(beat annotation)

[ Start of ventricular flutter/fibrillation

! Ventricular flutter wave
] End of ventricular flutter/fibrillation
(beat annotations)

(Bl 2° heart block (rhythm annotation)

Normal (N) (category 1)

Premature ventricular contraction
(PVC) (category 2)

Ventricular flutter/fibrillation (VF)
(category 3)

2° heart block (Bll) (category 4)
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4. 3.2.2 Tsipouras ;& & ;= 21| &7

c1 | (RR2i<0.65)and(1.8*RR2i < RR17)

((RR1i < 0.7s)and(RR2i < 0.75)and(RR3i < 0.75))or
(RRLi+RR2i+RR3i<1.75)

c3 | ((1.15*RR2i < RR1i)and(1.15% RR2i < RR31))

((| RRli— RR2i|< 0.35)and((RR1i < 0.85)or((RR1i < 0.85))and
C4
(RR3i=1.2%mean(RR1i, RR2i)))

((| RR2i— RR3i|= 0.35)and((RR2i < 0.85)or((RR3i < 0.85))and
(RR1i =1.2%* mean(RR2i, RR3i)))

C6 | (2.25< RR2i<3.05)and((| RRLi — RR2i|< 0.25)or(| RR2i— RR3i|< 0.25))

BEFALFEHSD@E > £ 322 2975 EEa L o PR IEEY > AL

d e gg e PR & ?”ﬁ Birizit3: s A g%pf;;{,ﬂg koo TG T R

4 323w ER AP ] 4

Category2_Rule C3orC4orCh

Category3_Initial C1l
Category3_Episode C2

Category4 Rule C6
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F - B AN A m"é;&;ﬁk{ # Category2 Rule & = (ri% ¢ C3~C4 -
Coiz- B =z2) %7 RR2I4 2] %_5 %5 3) = ; % Category3_Initial = = (" CL = =) »
A RR2I A2 35 80 3] 2 B Ao Bh L B BRI ] 2 (o 3 5 B fTR)

EIRAE S S FE L B eIk % 0 #7071 Categoryd_Initial en= = ¥ & 72 © &

\rml-

2| RR2I 585412 dhe B3 8 > @ 8 AR F RN 2 o SR R

Category3_Episode it {7 2% ; % Category3 Episode(r C2)= = » ® =& = 4§ 2 =
P TR N RR2IGEAT G ATAIZ 0 F 20 Rl #r WA S AT 2 op
R-R % P 8L & 72 (7 H © #73) e %7 & Category4_Rule = = (¥ C6 = = )>RR2i
AR LA e e B %E‘J%‘K% > > PF o 47 RR2I #_0 % e » ;I}u
A - (& 4 s py) o b RP] iR PhAR A W L Tsipouras JF & F (AR 4] 3.2.4

r:"-i——/—[: °
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Window(RR1i, RR2i, RR3i)

RR2i € Category 1

Category3_Initial is Truee?

BRI € Category 3
imi+]
Pulse €1

RE2i € Category 3
i=i=1
Pulse < Pulse+1

Category3_Episode is True?

RR2i € Category 1
For x=pulse
I € i-pulse

Category2_Rule is Troe? RR2i € Category 2

Categorvd_Rule i True? RR2i € Catesory 4

N

Ed

1€+

B 3.2.4 Tsipouras ;# & ;% ey 42
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Bl 3.25 3 ERM R FE AR Z B end s An L A FE
RE:E RAMERERE

TR A R I NN TRETEN  ERFR

EL(.
b
%43
m
O
@
O
=
(3
rx
5
-

2

73 A48 TR R > AR 3w Switch_En i v i SLig 7 j'f ERAovEE R

B o @ﬁﬁﬁ“.&ﬂ o

' )
CLK
) Switch_En
ECG_In Seeses FFeees suitsh_en >
— »lE0E in R_point_out | R_point_in
initial_max_out o initial_miax_in ECG_Out
ECG_out -
ECG_In En _ s e ECG Out En
| ECG_in_en R_en_out pR_en_in - —
ECG_out_en >
slop=_en_out o clope en_in
Reset Slope_lnitialMax Rpoint_MaxUpdste Classify_Switch
\. o

=
w
N
a1
R
fad
3
B0\
=
%
e

WG R A B e RGE- e s d 3§ System Generator i
B W Aed &1 B 302 Verilog 8 MATLAB 2 8> #70 R an i - 6 o

¢ 14 System Generator =1 3. e 1 kBT o

~
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& Soand Chan it § i @ » B i s g ot Ao LRIABLAA 50 1t 5 R
AR QRS S enpE s (B o S0 RS IR T SURL A S e de 2 55 (3.2.1)

FL RN U VR T T s sh e 3  B Je TR R

B TAr it E e E R4
o R BRI SAoR 3263 5 4

LR AR

-1
ECG_in Pen z B
5 a+br—
»len z b
Delay4 AddSub s
a-b—»( 1)
b slope_out
4 . ;
e —f AddSub2
& L
ECG_in_en Delay CMult2 AddSub1

Bl 32635 A KR HEF

B 3.2.7 5 MIT-BIT #& ek & %% 100 = T B > 300 Bhcrm 403 5L &

e N > 27
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1200
1000 \\A’W
800
600
4001+ q
f
2001

|
0 [ s "J\\/ ['\/\.mf._\.a—\v'n/\.’.,-.,‘,'\,-f\rv‘z\.,—-.._\/\.\.u.'--.f\,\ —

200
| —— ECG slope
00 —— ECG raw data
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® A (Sensitivity) @ S H Fow B F 0 AL ET B R o (230
(4.2.2))

#r & R (Specificity) © XS FilF «BAFE > FRTLENRG wEBRF o (2
3 (4.2.3)

F¥ 1277 ip| i (Positive Predictive Value, PPV) © s 5t2 875 w 273 B> X% 4 Fif
FFomd A (25 (424))

P4 1277 iR & (Negative Predictive Value, NPV) 1k S8 8702 5w 27 B> X %

7

¢ /;4}3 o E A fii' o (2};‘ (4.2.5))

HAE R (Accuracy) © B X B H X gk Y o K RPETE Rt F oo (25
(4.2.6))

True Positive

Sensitivity =
Y = True Positive - False Nagative (4.2.2)

True Negative

Specificity =
P y True Negative + False Positive (4.2.3)
True Negative
PPV = 029 . (4.2.4)
True Negative + False Negative
True Positive
NPV = — — (4.2.5)
True Positive + False Positive
True Positive + True Negative
Accuracy = (4.2.6)

All Samples
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N 2 1
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PRD = i(xi —x)? /nzx(xi)z (4.2.7)

CR=n,b, /nb, (4.2.8)
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% 4.2.5 BRi i 7%

PRD(%)  CR
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2.44 7.42
4.06 9.31
2.47 8.24
3.11 9.47
3.89 9.14
3.25 10.33
4.12 8.76
2.87 9.24
2.02 8.30
2,57 7,57
3.65 10.34
4.87 8.42
3.955 7.865

82



ZY

4.2.4 % yudzay £ iR

BAR AR ER T AL 50 R AR A AP R D kg B
Ao Xilink o @ 9B F S Virtex-6 f # TR F &R T S0 FEER A BRI
ARPREZEEASE ANLRY TR IR B L 0T LA AT
L BRI FRCE TP
® i * ¥ Jh(Resource Usage)

dA BRI H BT A AR o Aok 42,60 LT RGR T AZR L §
R ,T.*‘wﬁ AR o B ALE T “f TR Y RGIE R e RGeS
AP F e T FT I/0O e UART » ﬁ%—f&;w\ mrgp Az
UART (Hardware UART)# it ficie stk Sap ﬁé? VLIE G DRG A SR e T

% MicroBlaze q‘;’ M RERETRRE TR R R R Aamkt o

% 426 ARG EHET] 2
Traditional PR
Design Design

Monitoring IP Monitoring IP&
Compression IP
Compression IP (PR Design)
Hardware UART | UART Lite(v1.01a)

MicroBlaze(100MHZ)

HWICAP

Virtex6 XC6VLX240T

83



BOAEE Y TR AN T E B RS ARPR PR AL RS R
SRR L T H R bR - BE(FERR) B R TR A G
EEHMOEY PR T > FEE FRPARI Ao VE R Y L@
FRe 2 Beent [ dale o ok JEE Bl AP R T ORI RS R
PR FHMT R A ] 0 FET R R AR DR o A RS TR

4o 427> 29 LUTs 5 A 45 % (Look Up Table)si¢ * i # » Flip-Flops 5 & ¥ =

2

i * F#ic > DSP4BEL % Virtex-6 43 crdlc i M BT 8 i+ o S AP T AR
PIRSGH R * 7 o b o TR o TR0 T L B U E Y LR S

LT EE T ARG EORGH RS [ AR

3427 R RS RG AR ™ TR

Monitoring
Module

3438 3213

Compression
i 4755 4286 4
Virtex-6 150720 301440 768

(XCBVLX240T-1FFG1156)

d s e o Jp g MicroBlaze s& {7 f-er dEeha 170 50 3 QKA
7 i * Xilinx 7 UART Lite(v1.01a) iF & % 23 1/O /i G o 2@ MicroBlaze ¥ § #
TR GG L FIRTLATESE O ICAP /G o il A EINEA e 7t

BB AR R -

84



> 2 pE R (Processing Time)

i Byt o A F £ $L 7 pF A (Execution Time) 2 € ¥ pF A
(Reconfiguration Time) o 34 7 pF & =~ » 5 & ¥ # 5% (Normal Mode) £ “f & H5
(Emergency Mode) & fa#-5¢ ¢ & F H58 T o AP R I E S0 T R F IR
fo % R o 2 MIT-BIT 084647 3 360Hz 2 A3 & i 7] #73) ¢97 p¥ (Real Time)
RIT e &L FRAILOE R b 278ms(LU360) = A AR &R
b3tk k- X @ - BEAFEGL2 EFA) > A PRI - BERRE
J PR o R E R R TP DT I BT ERLG A

1423.36ms(512*2.78ms) % = j 2 o

TR AR AT ER RS AH AP B R
et M UED bRt L S 7 § @A R Slo it o A B

SRR URIPE I OTHER Y AT AT ERBSPE

> ¥ F4F 4% (Power Consumption)

e FHEOLT L O A PR BRYFRTLAF IR OAA - A
- BRASA R R B W R KT A4 AL - B ER Fawwpt o R
OB RENER 0 B R TRE R A N et
FRAGRIF A RS e R H(E R e Rigie)i - 1 2 Bf% oge o AP

PR AR AP AN FTAT AR > BB o

FI% LA P T RIS B R e BT 0 E

85



AP PERHRAP TSR 428 pA AR TR o KA T

MF PR AR b B TR AR R S AR 2
FREOHEE o B AN T E R ER Y 0 d A BRPFEFTAET PN THE

FASLER ST o 9 A A ¥ ﬁ%w cdy R R 0 B

%‘F"fﬁﬁu B = S Uz s kL

% 428 s s £ Bl 5%

LUTs

Flip-Flops 7632 5720

DSP48E 6 4
Normal
0.472 0.498
Mode
Emergency
327.68 304.06
Mode
Normal to

0.944
Emergency
Emergenc
gency 1.13
to Normal
63.04 56.93

86



¥oob AR kL2 F plEcdy B 5 0.498ms 2 304.06ms > AEF » i 2w ik

P 2 e & R 2.78ms 4 1423.36ms e

A gz R AR TR ST £ F R A AR 2 e

S PR LR RS B RS D T RIS b A 4T g
PR £ 42 % 7 1.13ms > 2 MIT-BIT ehB~ 4 & 360Hz 5 A% > aire E 3 W ¢
7 0.41 (0.0013*360) 7 i § A AJLE] » 4 A4 (I §§ - LenF L] &
9k S R B iR o U R R 7 B L BB ) o b
FLEB R o AR LB A0 R R R sk 3t A R AR A 385

TEE PSR TN LT R B E A RN o

87



M
B4
el
i
-%;;

—\

57 4 FPGA 7 b 52w T RBIUELASE & o e

o+

BEARITE K G
PG E B N FIRT S EEA G BAHOED o AF Y g A (FPGA)F L
MEFH R NCELELELE K TAFPCGA T o 21 o ER Fad
SO RSO e > B2 - B orF R B RO A B

B g o

A F A1 MIT-BIH 3R R 203k i ene § BIBE2 B3k Sens i 12 B
B2 FFend|u] b g 57k (Sensitivity) £2 2 rx & (Accuracy) 4 %] 3 89.92%4r 96.17% >
Baor AT AR 2 20 B B ekt o xriﬂzﬁ“ﬂé%’iﬂ%iﬁ;@% Tehd ¢ AR
g amER b oo rd k% Tiaeh {5 L F A PRD &R A K CR A N4

3.19%2 7.81 bits/sample » = % 265>k i g~ Rt BIM G BT A6 AR

3

ERABLOTE  ERB ARG c FE T H > A E 2 an L RE | A

;; ‘]‘i o

mte

AT R T R AT A BT RIS T Virtex-6 o b g
FRAEKFE A TR N 2K an  FRERERET 0 A PTG orens
MR RRE S F P ORI M A APBE S RS E R Y
%%%%}&%iéﬁﬁ%?%ﬁxfgﬁﬁoyﬂ,ﬁ&xg¢wﬁﬁﬁﬁ@

PR LA BT o AN R G L B AT RN T £ B R

88



o

F oA W B IR % 4%

¥ o

89



[1]

[2]

[3]

[4]

[5]

SR

W. Jatmiko, P. Mursanto, A. Febrian, M. Fajar, W.T. Anggoro, R.S. Rambe, M.1.
Tawakal, Fauzi, F. Jovan, and M. Eka S., “Arrhythmia Classification from
Wavelet Feature on FGPA,” 2011 International Symposium on
Micro-NanoMechatronics and Human Science (MHS), Nagoya, pp.349-354, Nov.

2011.

Chia-Hung Lin and Guo-Wei Lin, “FPGA implementation of Fractal Patterns
Classifier for Multiple Cardiac Arrhythmias Detection,” Journal of Biomedical

Science and Engineering, vol.5, pp.120-132, Mar. 2012.

M. Cvikl and A. Zemva, “FPGA-oriented HW/SW Implementation of ECG Beat
Detection and Classification Algorithm,” Digital Signal Process., vol.20, no.1,

pp.238-248, Jan. 2010.

Nambakhsh, M.S., Tavakoli, V. and Sahba, N., “FPGA-core Defibrillator Using
Wavelet-Fuzzy ECG Arrhythmia Classification,” In Proceeding of 30th Annual

International IEEE EMBS Conference, Vancouver, pp.2673-2676, Aug. 2008.

Rigler, S., Bishop, W, and Kennings, A., “FPGA-based Lossless Data
Compression Using Huffman and LZ77 Algorithms,” In Proceedings of the IEEE
Canadian Conference on Electrical and Computer Engineering, pp. 1235-1238,

2007.

90



[6] M. Meira, J. Lima, and L. Batista, “An FPGA Impementation of A Lossless
Electrocardiogram Compressor Based on Prediction and Golomb-Rice Coding,”

In Proceedings of the V Workshop de Informatica Medica, 2005.

[7] Dora Mark Ballesteros Larrotta, Diana Marcela Moreno Enciso, and Andres
Eduardo Gaona Barrera, “Compression of Biomedical Signals on FPGA by DWT
and Run-Length,” In Proceeding of IEEE ANDESCON 2010, Bogota, Colombia,

pp. 1-5, 2010.

[8] Y. Yongming, L. Jungang and W. Jianmin, “LADAT Arithmetic Improved and
Hardware Implemented for FPGA-based ECG Data Compression,” 2nd IEEE

Conference on Industrial Electronics and Applications, pp.2230-2234, 2007.

[9] Yongming Yang, Xiaobo Huang, and Xinghuo Yu, “Real-Time ECG Monitoring
System Based on FPGA,” 33rd Annual Conference of the IEEE Industrial

Electronics Society 2007.

[10] M. Fons, F. Fons, and E. Canto, “Fingerprint Image Processing Acceleration
Through Run-Time Reconfigurable Hardware,” IEEE Transaction on Circuits and

Systems—II1: Express Briefs, vol. 57, no. 12, pp.991-995, Dec. 2010.

[11] M. Fons, and F. Fons, “Run-time Reconfigurable Hardware Technology Brings
Key Advantages in the Design of Automatic Personal Recognition Systems,”

Xcell Journal ,pp.24-31, 2010.

[12] Xilinx, Inc., MicroBlaze Processor Reference Guide, Ver.11.1, Mar. 1, 2011.

91



[13] Xilinx, Inc., System Generator for DSP Getting Started Guide, Ver.10.1, Mar.,

2008.

[14] Xilinx, Inc., System Generator for DSP Reference Guide, Ver.12.3, Sep. 21, 2010.

[15] Xilinx, Inc., System Generator for DSP User Guide, Ver.12.3, Sep. 21, 2010.

[16] Xilinx, Inc., ISE Simulator(ISim) In-Depth Tutorial, Ver.12.3, Sep. 21, 2010.

[17] Xilinx, Inc., EDK Concepts, Tools, and Techniques -- A Hands-On Guide to

Effective Embedded System Design, Sep. 21, 2010.

[18] Xilinx, Inc., PlanAhead User Guide, Ver12.3, Jul. 6, 2011.

[19] Xilinx, Inc., LogiCORE IP XPS HWICAP (v5.00a), Jul. 23, 2010.

[20] Xilinx, Inc., Partial Reconfiguration User Guide, Ver.12.3, May 3, 2010.

[21] Xilinx, Inc., Partial Reconfiguration of Xilinx FPGAs Using ISE Design Suite,

Ver.1.1, Jul. 6, 2011.

[22] H.H.So and K.L.Chan, "Development of QRS Detection Method for Real Time
Ambulatory Cardiac Monitor,” Proceedings of the 19th Annual International
Conference of the IEEE Engineering in Medicine and Biology Society, Chicago,

USA, pp. 289-292,1997.

[23] K. F. Tan, K. L. Chan, and K. Choi, “Detection of the QRS-complex, P Wave and
T Wave in Electrocardiogram,” Advances in Medical Signal and Information

Processing, pp.41-47, 2000.

92



[24] J. Pan and W.J. Tompkins, “A Real-Time QRS Detection Algorithm,” IEEE

Transaction Biomedical Engineering, vol. 32, pp. 230-236, 1985.

[25] M. G. Tsipouras, D. 1. Fotiadis, and D. Sideris, “Arrhythmia Classification Using
the RR-interval Duration Signal,” in Proceedings Computers in Cardiology, 2002,

vol. 29, pp. 485-488.

[26] M. G. Tsipouras, D. I. Fotiadis, and D. Sideris, “An Arrhythmia Classification
System based on the RR-interval Signal,” Artificial Intelligence Medicine, vol. 33,

pp. 237-250, 2005.

[27] Hannu Olkkonen, “Discrete Wavelet Transform-Biomedical Applications,” 1st

ed., Croatia : InTech, Aug. 2011, pp.17-32.

[28] W. Sweldens, “The Lifting Scheme: A Custom-Design Construction of
Biorthogonal Wavelets,” Applied and Computational Hardware Analysis, vol.3 ,

no. 3, pp. 186-200, 1996.

[29] R. Calderbank, I. Daubechies, W. Sweldens, and B.-L. Yeo, “Wavelet Transforms
that Map Integers to Integers,” Applied and Computational Hardware Analysis,

vol. 5, no. 3, pp. 332-369, Jul. 1998.

[30] SW Smith. “Digital Signal Processing: A Practical Guide ofr Engineers and

Scientistics,” Elsevier Science, Newnes, 2003.

[31] Xilinx, Inc., ML605 Hardware User Guide, Ver.1.7, Jun. 19, 2012.

93



[32] MIT-BIH arrhythmia database CD-ROM. 3rd ed. Harvard-MIT Division of

Health Sciences and Technology, 1997.

94



