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A Visible-Light CDM Experimental System with an EWO Interference Canceller
Using Modified Prime Sequence Codes
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Visible-light communication systems are suitable to realize secure indoor networks. In this paper, a visible-light CDM
experimental system developed by the authors with an FPGA and white LEDs is reported. The developed system
adopts EWO signaling scheme as an MUI canceller. The signature codes can be selected from MPSCs and inverted
MPSCs with a code length of 16. It has five channels on each of which 31.25kHz MIDI data spread with a code
sequence is transmitted. The experimental system has five LEDs to transmit coded sequences with a chip rate of

500kcps. Multiplexed optical signal sequence is received by the receiver and decoded by each of five EWO decoders.
It has been shown that the average light intensity of the system employing an inverted MPSC with a length of g2 is,
theoretically, ¢ — 1 times as high as that of the system employing a non-inverted MPSC with the same length. It is
shown that experimental results about light intensity obtained with the developed system agree well with the

theoretical results.
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1. [FL®IC
WTEE, F&J64 A A4 — K (Light Emitting Diode: LED) @
IR oL EIC X, BANORKRCRL O
ZIEEFHREOIR L LT LED A FIH S
L& 9ol LED 1, #OITEDIERD PRI
RCEHERERNARETH A0, BASEFHICT —
SRR 2 TN 2 AIDCBENER SN TnD. 7/
Bt@(E1E, EREREOEFRIFIEEL 52 2 Hk
BOEME 2T E AV ERE LR, BRI K D mR
WM O ANEY CRWEFTICE N THHRIHTS 2
ENRTED. Fi, Jtom <, 472 HilE rEeH
WMAERE LT, WAVDODRNWEEREEEFEI L
RTWVEWVSIHEAHD.

AWFZETIE, RIAKSIC S T v xovBEREZ AN
HZEHRHAME LT, A LED # AW o 50 EI % E
(Code Division Multiplexing: CDM) {5i(5EER T 2 7 A%
WS 2. AWFFECTHIET 50t COM [mikFEH T X7 A
TiX, 5 ¥+ %X/L® MIDI (Musical Instrument Digital
Interface) 1E5 & YLk 7 A LARFNF5E (Modified Prime
Sequence Code: MPSC) PATHHfF 51k L, 5 oA
LED % AW CHEMEET H. MPSCILEAF B TIEZRW
2N, WU TERESEANWD Z & TEEL—V T
(Multi-User Interference: MUI) & 52 4I2BRET 5 Z &0

WMEINTHBEL BRT2EBRL AT AT, THRE
FHAE L TEEAEL (Equal-Weight Orthogonal: EWO)
FRONVERAT 5. fFalbds, BEREDT 1 VX LA
FEHRIX, VHDL (VHSIC Hardware Description Language)
Tadilk L, FPGA (Field-Programmable Gate Array) T35
T5. £, BPALLTOWLI &M ESEDL10,
MPSC O#-F v 7D 1 & 0 & AR 2 7 )2 MPSC B9,
B EE LTRHATE D L0127 5.

INFETICH B LED & iV 7z COM mEEBR v A7
LA INTNDD, TOVAT ATIEET ¥ XD
T — YL B b ISR BN (logical disjunction, OR)
[T fE{LLT—2D LED THEXETHIHLOThH-T-
MO ZEAE T % T 5 & FWME T I BT A 1EHR D
KEL, EHEHIZMUI ZIELLBRETSHZ ENTES
BREMERHT D, SEASK LIV AT AT v RV
B LR LD LED 2 F 5, BTG5k S 7=&F ¥ x b
DIEH % ZENZEND LED THEET L HDTHS. 4 LED
NHHAIEINDERE, ERTEZELESN, ZHEETE
L CHEEBIRICATEN 72D, MUl Z#Z2ICRET DD
EWTED. Fe, BEFEOFERV AT AT, HEE
BEERUEL, HENES TIMERLET DL D103k
EITol. AT, ZOEBRY AT A0 AN
THEEBIL, ERVAT L2 HAWEEEROR R L
PRERRRAT OFE R & i LB 5295,
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2. AANZTF v RILBEERIM

2.1 FIRABERM

HITE, MR CHEDbI TV 2 Al LED OF — 2 4
TR T M S5 Mbps DR SILTRY, 4% X
DICEIRICR D Z ERTRIN TS, £, ZHTA
A AD pin 7 # ~# A A— K (Photodiode: PD) °7 /N7
V=7 F b F A 4 — K (Avalanche photodiode: APD) 1,
FH~VYRREE CONBELERESLRET 2 Z &0
T&%., ZHTRA AL LTAY— b7+ VEICHR S
NTWbHA A=V BV EHWEEATYH, 2T —4
DOFAHH LAFRIT L - TE, K TH Mbps DHEF%
ZETEHZ EnHE SN THAN

RIS D ZEFF AU 1E, OOK (On-Off Keying),
PAM (Pulse Amplitude Modulation), PPM (Pulse Position
Modulation), PWM (Pulse Width Modulation)%5:73 & % . %k
DF ¥ XNV E R RET 5 HFR & LTiE, CDM Oz,
i [ 43 B2 H (Time Division Multiplexing: TDM), &4
%% 8 (Wavelength Division Multiplexing: WDM)%Z: 0 % &
RN & 2. 8%, LED BB T35 LED LR % [
FRCRIESE D728, ZNZEI D LED IR HHEHGRS
ZEND Y CERDETLELT S CDM X, A S IC
EHFLZENAETHD. 72, WDM O—FETH B
A, B[R JEEIE D YA 1213 42 F (Color Division Multi-
plexing) & FEIZIL 2 HF X3 0, @H, ZEMANIEEO
BT ANV PRBRIZR D, — RIS, fF TR E B A
175 CDM 1%, %@ AU TT v ZHE T
TENEST, ZEBICOAT A NVEIBPARETHDL LD
FERH 5.

2.2 MPSC Rl \-REHi3 CDM Y X T L

F# CDM I XV ZE(LZ1T O EAIIE, B RE &
LTEZFSEANDEZET, MUl 22Xy LT 52
ENRTED. L, MELATHZITIRBEORE, I
BSOS 2 AN NER S Y, EAHET
TS E R EAE L BICRELSTDHIENTER
WEWITERH L. £ 2T, B F TIERWA I
— 7 HNL CHRFER R FH BRI 2 FE OB B A TS v v
T LMAEDLETHWS Z T MUl 2ERET S
PEEIN VBB = 2Tk, #E% 5 & LT MPSC
R, T¥¥y 7 & LTEWO FRX &M% CDM
VAT LAEEZD.

MPSC X — 5t/ %5 Td %5 », MPS (Modified Prime
Sequence) & FEIEIL 5 v 7K GR(q) D BB S
TELN LA GR@IERETHIRETH L, g =p™

(pIIFEE, mITEEH) THDH. MPSOEFE I /7 Vv—TD
W ERE ¢ iR, LT O TAER S DM,

c*i; = %001, -, a9 %) +y;(L,1,1,: -+ ,1). (1)

ZZ T, alX GF(q)DF4EIE, i,j=0,1,..,q—1Tbh5.

# 1 %45 E 16 ® MPSC & iz MPSC

Cij MPSC Inverted MPSC

Co,0 | Wo,0 1000 1000 1000 1000 | Wo,0 0111 0111 0111 0111
Co1 | Woa 0100 0100 0100 0100 | Wo,1 1011 1011 1011 1011
Co2 | W10 0010 0010 0010 0010 | W1,0 1101 1101 1101 1101
Co3 | W11 0001 0001 0001 0001 | W1,1 1110 1110 1110 1110
C1,0 | W20 1000 0100 0010 0001 | W2,0 0111 1011 1101 1110
C11 | W21 0100 1000 0001 0010 | W2,1 1011 0111 1110 1101
C12 | W3p 0010 0001 1000 0100 | W3,0 1101 1110 0111 1011
€13 | W31 0001 0010 0100 1000 | W30 1110 1101 1011 0111
Ca0 | Wap 1000 0010 0001 0100 | W4,0 0111 1101 1110 1011
C21 | Waa 0100 0001 0010 1000 | Wa,1 1011 1110 1101 0111
C22 | Wspo 0010 1000 0100 0001 | W5,0 1101 0111 1011 1110
C23 | Ws1 0001 0100 1000 0010 | Ws,1 1110 1011 0111 1101
C30 | Weo 1000 0001 0100 0010 | We,0 0111 1110 1011 1101
31 | Wea 0100 0010 1000 0001 | W6,1 1011 1101 0111 1110
C32 | Wrp 0010 0100 0001 1000 | W7,0 1101 1011 1110 0111
C33 | W71 0001 1000 0010 0100 | W71 1110 0111 1101 1011

i f: s %é\{xo' X1, ...,xq_l}%’ J: @{yo, Y1 ---'yq—l} lj: s

GF(q) DEAITFHEL L.

Y= R

A 7TRE €y j

X GF(q) D TED> HAEAL

ENDHEEqDOXRT MLTHD. MPS D Sk &R
5 GFQ)DTEDOENTNEEH 1, S q DR S — 0

FRINCE EHZ7-H DA MPSC D

DIFER,
2, q=4x=a,y, =072 &, MPS Df53E ¢,

12(0,a,2?,1) 72 5.

V==

?@%EECI'_]' T&)ZD Z
4¢FunCi’jli§éq2, iﬁq@:ﬁ;ﬁﬂkiﬁé i

T, GF@)PIOL @ et DT i

Z % 1000, 0100, 0010, 0001 T & #:2 % &, MPSC
58 ¢5,01%(1000 0010 0001 0100) & 72 5 11,

AR TIE, RO SN D MPSCR3L, JERAD

SR S B — ikt MPSCH D )5 % &>+ C MPSC &
FESS. g =40 MPS DA R SN A5 16, 5385
16 ™ MPSC %% 1 (R~

MPSC @ H EABEMIZg TH D, O 5
OMAEMBEIIUL FOXTEZ NS,

FC

ol

inj1 Ciz Jz

0, lfllz izandj1¢j2,

F(Ci1:j1' Ciz']'z) =

1, if iy # iy.

@)

ST, BMN@D) I, o0y hva kb ORI
B, TRbLNITHS. KD, TREROH

X, M7 L—7HNDR|

=]

DO FFEN D OTHIEZ T,

(1) EOEHKxITH LT, |x] idx L FORROEHERT.
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+ (— for inverted MP5SC)

> o

— (+ for inverted MPSC)

X1 EWO E5aRDkak

BB I N—T DR EBENPL DR THEELLZITDHZ
ERIREND.
EWO FRTix, HF vy X o EizFn LoE

BT D/ FaEEEI0 4T, TNENZ LG FROILT
FERCKRIS SE L6 72k, EWO FRUE, fFEY T bk

—A 2" (Code Shift Keying: CSK) 23\ CE U EALD
BT HAEBOGTiEE —D>OF ¥ X ICEHD ETH
KTHY, CSK O—FTH 5. HEHHS 2 EOBE,
F1OEICHE kT ¥ FNVITIE DO F5E Wi o, Wiy
(k=01,...,Npax — 1) BDEID B THLNDD, ENDHIEX
MPSC DI[F U7 /v —7 0 HIi& X2 T i 7e H a0,
T T, Nmax! TEEREHRD 2 HOGE DL ELFTRE/ R K
FrxEEL, kKTHEZLRD D,

-
—

=qlq/2]. (3)

Nmax

—WIZ, EEERPLEOEE, #k F ¥ R/LIZiE MPSC
ORI I N—T BT DLEOKFEFENEI D Y THD.
DA, LECTRERRRT v 2K ITqlq/L) & 72 5.

IHUERE, EEHEREIFEIC2HETHDI LD LTS,

-
—

FZET ¥ RV OEFEE, K1OXH 2 >0/
SREFFO. — OB (Correlator 1) TiE, fE# 11
L CONTH T w, EZERESr EOMBEL &
FET S b9 —FHOMEER (Correlator2) Tix, 0

Y=

(CEI D 5T B R Wi, L EAEE S L OB,
ZERIETD.
I = F(r, wk'l), 4)
Fz = F(T, Wk,O)' (5)

T8 v 2V OREFHREZ I € {01)), i L—7F
TREBREEET LT v IV ANy & T2 L, HEE
HCTEZBMBENRY 7 TIE, Ti=ql +Nyy, I =
ql =D+ Nyp & 7%, 2L — L I TFHTF v L OF
bbb QI-1)q 720, BFH 1 XERICELT
+q, TEH 0 BERFICIINT —q 72 5. 7T — L 1 00K
T aA—FIZANEI, TR LEVE 0 L EOBEITE
FHEW L %, ZNLSDOGEITESERO ZH T 5.
WE, & LED 2T v X HUTE L <Ny (N <
Npa) &L, T BIFRERGE LWL T 77 4 7725
¥ RNUEEN(OSN<N)ETH. N<NyDEFAITIE,
TIT AT THROWF Yy FNUIEE e RINEEETDI LD
L9 5. ®21%, Ng=N=5T, q=4D MPSC & EWO
FRICEBHEZFOLENOF ZRT. ZOFITIE, 1 E

woo bt 1o b oo B o By
T T e T = T B = B A =
T = T I O I O B
oY T = A T = N O I = B
e I B i B A = A = A
O T I -
X2 MPSCIZ L pXfEFOLENL (BEFHHE)
Ll [ e S [ S [ S | e ——
Wi I—I—I I I —1 & I — I:I
W—l | | | |
2,0 1 1 1 1 1 1 1 | 1 1 | | | 1 |
L S e S I e e e N |
Lyl [ e R G S E—— S —
maxi_mﬂm_mt_c_ns_iw __________ R
’ 1 o : I }:ll - | 1 1 | i
L | I —— N ——— —
X3 [#x MPSCIZ L B HIEREDOLEL (FlinE)

v FOERIE 16 F v SIS S bEh s 12 ofT
X, BOTF v RXADDLEH AT v RLOTXTHERO %
EELTOWD EET LD, Bk F ¥ 2VONESIT
BB W ISR LTE B &%, 72, Hk T v XL
DIEEEME L, e{0,1} T2 L, ZEHTZEIND
LEE T r OERIEIE Do we,, TH 5. X2 OFITIE
7= Yk=0Wko = Woo + Wio+Woo+Wag+wyg &5,
T, K2 oflERWCESFIREZHATS. 2k
BREBICIIHEE N EE T AHN ) V7 BET .
£ HEL[EBr = (3020 1121 2021 121D1%, & F ¥ R/ D
EWO E5#ICATIEND. WE, B0 F v R LOE T
TiL, Correlator 1 TI, =T(r,wg,) =303 H S M,
Correlator 2 CI, =T(r,woo) = 7MFtH S5, T —
LiF—4&720, LEWEORBTH D20, HH 0 23
FENb.

B, 1 Fy TOEBEICETLEMET v BT,
(sec) T2 L, 1 BMITEEEINDLITF v I ERT T v
ZHEE L1 /T, cps (chips persecond) & 72 5. T, Fv
TEE, PO/ EREDOA L (0 7213 D) ITHIET
LIE%, TRbbItERINCEB T D155 DEL DR/ N
fiThHD. BTN TREEneT5L, /5D
REICET DM nT, (sec) TH Y, “hzE 1 7L —A
LIRS,

- -
— —

2.3 ¥ MPSC ZRAUL\/zRI#% CDM L X 7 A
MPSC I, fi BB D 1 (v —7) O\ HpR M
DFEThHID, K2oflirnsnsd Loic, £EL
SNTIE BRI MRV, & BRIDEE(FIC
AWT5E, BBHE L TOHSZ ENRR+STHSL END
RENHD. £Z T, MPSC DX FFED 1 (v—7) &
0 (AR—R) %l X W72 715 % AW TIER AT 5 F
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Encoder 1 |—i—| LED 1 |.\
] ~
| MIDI Source 2 '—|—| Encoder 2 H—l LED 2 |~“::\\

| MIDI Source 1

]
i H - i =
I H 1 5] MIDI
| MIDI Source 3 |—E—| Encoder 3 H—| LED 3 |-- -k | OEC |—| ADC |+-‘=+| Decoder 3 5 ™ player
I 1 PR 1
MIDI Source 4 Encoder 4 —=— LED 4 -7 .~ Decoder 4
| A 7. :

1
1
i
I MIDI Source 5 I—’—| Encoder 5 [
1
1

5 BAFEL7-FEBR AT L

DIREIN TV HEN KRS E W5 Th-Th,
SRR 2 B 2ROEARITEE L2V A L IZIER
CTHY, BARLEIT-H>OMEREADOELZIHETS
ORI D L ThHD.

EWO FRUZSHE MPSC % W2 55121E, LB =
LLTEF v XNVCE Y BCHHZEEE 1 O Inverted
MPSC DX H ICRERE®D. T 7T 4 7 F v RIVOH

TERTIE, REEHRICEVSRE W, £71E W, 2N
haEnd. =iEL, 77747 TRWF ¥y 32T, &

1RIBHAIIND.

113 8E L 72\ MPSC @ EWO #5842 /~R LT\ 5
0, MEIRATI O 5 % s ux, Kt MPSC D& F
¥ RO EWO 53 & 725, ik MPSC @ EWO H5
I oDEBEE AR, —HFOFHEE%E (Correlator1) T
X, T LICEI D Y TONTFEEw,, S ELIRE
ZEEE T EOMBETN, BEESINS. b9~ OME
Z& (Correlator 2) TiX, TE#H 0IZHIV Y TOHLNIFFHEE
Wio & 1" EDHBAT, BDIRAD L S IZHHE SN D.

F’l = F(r”wk,l)’
F’z = F(T’,Wklo).

(6)
U]

ZoEE, Ty, T0% EhEN, NyfEd4: LED 234
JITLTCWBREDOZAEE R q T v 7 of, 37bbgN,

DB IEKERD EWO FROMBIMHE T, T, Z5WizfETH
5. ZROOMBEDZE T, — ') 1E, T —L &L,
IEKHRDOBEE L RIS, BB U > 7 CIiE, 2T, - T,
T +q 0 —q D EL LN D. T, — T’ 1X 00K 7
a—FZIZAAEN, TR LEVE O U LOBAITES
B 1, ENLUANOHAEITESER 0 2T 5. Kig
EWO FHOFFHEn, &KRT ¥ X/ Npax 18, RS L
WA ERIFRIZ n = 2, Npax = qlq/2] TH . £,
B EEOEFIq(q- 1) &R D.

312, R 16 OXiE MPSC Z W24 0% E
BOLEOHIERT. 2721, £ LED % Ny=5, 7
IT 4TI T ¥ FEE N=5L L, X2DH LR,
TRTOF ¥ FNLVOREFERITOLZEEFELTND DL
ET 5. SEAES r OB Wiy, TH DM,
OB T = XE o Wio = Woo + Wig +Wapo + Wap +
Wio ChH 5. <, ¥ 3 ofilERAWTESFIEEZHNA
T, B, BRERICIMESNER T SN Y v
7 B RET S, ZEALE BT = (2535 4434 3534 4344) 1%,
KF ¥ RO EWO EHERIIATTENS. WE, FHOF
¥ RV OEFERTIL, Correlator 1 CI'y =T(r',wpq) = 17
DFHFL S 4, Correlator 2 TIY, =T(1,wg) = 1303HH S
nNad. EM,-T' 3—4L70, LXWEORMTHST-
», FHRODVESIND.

- -
— —
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X 3 DL EE BT X, 5ETTD LED %KL T
W RAE (maximumintensity) 235, X2 DL E(LE S r
EELSWEESTHDLZ ENDND. —ikic, i
MPSC O£ EALAE =5 r' OFLEMIEIT, MEMLEDwﬁm
THEELTWDHIREEN D, MPSC DL ELES r 231
BIWIAEETHD. 77T 47T ¥ RIVE NN Ny &
FLne &, BEHFXOPEERENRE /NI <R,
ZDOHFETH - T HKEFT RO R B IL IR R0
AD3ME LD, — T, R RO IR LI
EOLED q—1FUEERS.

3. XCOMEEEEIATLA

3.1 EBRVATLOHE

MRBAMEERIC S T ¥ XL DT — X WIERRE 2T INT 5 7=
b, AL TITEIO A LED % V72t CDM {5k
BRI AT MEHERT D, HFT vy 2NV OT— XL MPSC £
713X iE MPSC Z 48745 & LT EWO JF=Uc L v Jik8k
TFafb s, &F v R HUéT%htu@%Hﬁ
WEAT L TEET D, ZEMTIE, ERDETEEEE
NIEZERERL, %n%n@%?zw Ho Y THR
TREGRII E OFBEERDD Z T, £F ¥ FNVDT—
X EBEETH. AIEIZFRE LIz L 91, FEE CDM 1ok
W CHERAT 512 MPSCRARZ 1 % — (b L 7= 75 514 %
WA, MUI Z5ERICBRETH I ENTEDL. IhvE
TIZ MPSC & iV z MUL BRE TR0 RREN T
WDHAY, EWO FRA i bR 0 MEEERS RV 2 & 3l S
VNGV

FEHOD I N—TTIX, 2001 FEICV 72 F v Hal L
T MPSC % iV, MUIBRZE I E LTEWO =% A
7L BWREFER AT LM L. 027 A
1%, B EMOAR LED b2 EM O, ER L HE
(Optical-to-Electronic Signal Converter: O/E ZE#ags & 721%
OEC) FTHEMIHR=ET DL OO, OO MBS
cm BE LB T\ irdvo Ttz £, 4F vy 2D T —
X EPEHA L, OR B CTLEHILLIZBIZ—D2DH
&, LED Izt T A2 b0 Tho7z. LoL, Hefksni-
B DR % OR BB TLEILL THLERTH L, £
ELESN EILENDZDZERTHEAN—R) I v 4
(Optical Hard Limiter: OHL) #i@EM L72G& LR LT Z &
2720, MUl ZIELSBRET D2 ENTE VI 22
T, SEAETHERS AT LTI, LELF v 2L
LRICHEOAMG LED #HE L, Ik b S &F v
FILDESETENEND LED 2 BELEH T E L
2. TNENOAG LED LTSN D% T ¥ FAD
FEVNEMTERMaEINSZEILIND., 20X 91T
52 &T, ZEMD O B b S5 2 EE
%m,Ezmr%lsmr@iatgﬁﬁﬁkté.ﬁ
BENELZEREE2TOEEHESITHND Z LIC K
EWO 528 CIEL < MUl ZBREL, %%»rﬁwwﬂm—
EEETTHIENTED. £, BAXBE~DIEHZ
Wiatd 2572, LED & O/E ZE s O] O MR m 25 TS

2017/11/23 063531
; 10us /div
1

NdRM: 100MS /s

X6 M LED ~DASES (MPSC)

Waiting for trigger 2017/11/23 06:37
k :37:47
10us /div

i
i NORM:100MS /s
§

X7 KA LED ~OANEE (i MPSC)

Bt om & 725 X 912, LED, O/E ZEHBss it bh A IR
L, EIEHEHZITo7.

728, JEIFIC LED % H\ A2 60 PD <2 APD % Fu
DYAT ATIEZINED b7 v F v TR D EBLD GRS
D—DTHDHH, ARFEBRTITIERE TR E Z R0
B LARNWZ EEUEL, MIRICAIT TR A MUK
BLEELRE D X CREREFEREZITo-. £/, EEMO
LED %, O/E ZE#EROHBAMIEE—E L2 D & 5 IZFR/
IZENZENOERETEEZRHE L. b2, ZEMTO
T L— ARENTEEBN TH DL L BREL, A=
FH GEEH D —ER R L7 7 L— ARBIE S %
RIS H) ERALE.

3.2 EEBRVATLDER

AL THFET 2 COM [BEFEBR Y AT AT, K
AT ay 7 RIIREND LI, 5 F ¥ RILDBET —
2 D35 R 16 @O MPSC O 572 57 55f CILHUT 51k &
i, 5EOAMLED DFNENEERTD. &FT ¥ 1L
T, #NENERDMOBEEHRE MIDI Hk TEE
T 5.MIDI L IZEFEEBEBLOa Yy b —F O THE
BEREBET LHE, TROLEBHAT A VXNV X
— 7 x—ADIZ &T, EEHE 31.25kHz (£1%) DIEF
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K2 B OMARR

i TR, fEAR
FPGAR— k| Z3% ALTERA
Cyclone 111 3C120
& FPGA 780-pin EP3C120
BB | % OptoSupply
1W A4 LED OSW4XME1C1S-100
FEF4 120 ¥
AR 100 L— A
JEFEE (Ve) 3.3V (Typ.)
NEFEE (1) 350mA
OfE Z#idn | A% HEth=2 —47 b
OPM-150
ST —10~-69dBm
(6 8DV R Z)
HH ) A e EMEL 10MHz
(IR L > -10dBm )
ZHFET Si-pin 7 4 & A A— K
AabiE =3 iy 400~1000nm
AID 25y | A% ANALOG DEVICES
AD775IN
53 fAEHE 8bits
7Ty T L—k 20Msps

WU T NREEAIT) . KT — XX 8 By N THERSN
TNWTC, £T—FILAX—F Yy h0 LAy EY b
12y h&EMML, 10> % 1250 MIDI 57—
&L LUTHRET D,

FEbER T, &F ¥ %D 31.25kbps @ MIDI {F5
%, 5K 16 O MPSC % /- 13z MPSC CIEHAF 5L
T 5. HEALBEOEKET ¥ FLDOF v 7 L — b 500keps
Ly, ZORFFICESHTE LED WEFR IS, 51F
D LED b H) SN MEFITEMTELELIND. %
ZMICIX, PD 2T % OE B CLELLE B
ZESh, BRIEFICERIND. KIZ, AID £
(Analog-to-Digital Converter: A/D 284435 & 721X ADC) T 8
'y bOT 4 VR NMEFICE SN, HEERICAN
. T, EF ¥ RNVOFEbiR L EEREDT
o U HVALEREIE VHDL TR &4, FPGA THEBLI
5.

X 5ICBHR LT EBR Y AT ADBEEE/RY. ZOVA
T AT, EEO/NULEEEOREEBRE LT,
FEARRI L EREREE — DD —ARNIZIAE L.
Fr, F—TONEOA L H—T 2— R, HEAOERL
AV —F EHIRSFVICEET D Z & T, EREFEO
e AR LIm. FEBRS AT KT EEH SO
Kz £ 2 1TRT.

- -
— —

3.3 BIERER
ZZTlE, Yt CDM BREITHBIT A LS DE BT
DNT, HEFRMICHE LN D L& EBIC KRR E CHlE

W alting Por Bripper

W aiting Far Iripper

X9 OEZE#HigsDH 1155 (Kiiz MPSC)

SINTWHEIIT 5. ik L7EE1E, #EM0HE 4
F ¥ RVOEE LED ~DOANEE L, ZEMND OF %
BEDOHNES THH. OIE LHEDOHNESIL, 55D
Hf4 LED 2 bl ShZEM CELELENTLEEEE
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