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Abstract

This paper presents the design and FPGA implementation of a FLEX PSP(Protocol Signal
Processor) for the portable high speed paging system. In this approach, two algorithms are newly
proposed for implementing the PSP which provides capabilities of the maximum 6,400bps at speed,
high-channel throughput, real time error correction and an effective frame search function. One is
an accurate symbol synchronization algorithm which is applied for synchronizing the interleaved
4-level bit symbols which are received at input stage of A/D converter, and the other is a modified
fast decoding algorithm which is provided for realizing double error correction of (31,21)BCH signal.
The PSP is composed of six functional modules, and each module is modelled in VHDL(VHSIC
Hardware Description Language). Both functional simulation and logic synthesis have performed for
the proposed PSP through the use of Synopsys™ tocls on a Axil-320 Workstation, and where Altera
10K libraries are used for logic synthesis. From logic synthesis, we can see that the number of gates
is about 2,631. For FPGA implementation, timing simulation is performed by using Altera MAX+
PLUS 11, and its results will be also given. The PSP which is implemented in 6 FPGA devices on
a PCB has been verified by means of Logic Analyzer.
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Fig. 8. Timing simulation result for symbol
synchronizer.

20us  AOus  BOus  BOUGF  100us 120us W0us 160us 180us  Ous Z20us 240us X6

{ Name, Velug

‘sl RESET ]

- ' ‘“L_I_,\=4__‘“1_F_\_I_L_l_\_l’"
i w5t o

i wond_st a

4% vt 31,0, K ooceeetn o000 (s ¥ oo o0 Y oodooo XS5
489¢ Sfword_31_0_|H 00000000 000000 (zie Y oooomom ) boooodno Y oo ) wexen
s | i I e N s I
i B_st ] ,
A o_tata 31_0_|H 000000 Y000000KK. 1298 6006018 3B
a}w\ 1 316 1 00000 VRO, WEE [Ty T

o

32| 9. BCH 2HFAAR] elo]w) A&l A
Fig. 9. Simulation result for BCH Error Correction
Part.

("

%38 % SDE H 1% i

BCH 2% AHA¥olMe DeinterleavingF-ollx] <
ozl A3 % bo} BCH 27A44E g ¥+ 23

9l 3 ¥|ES) o dataZ fit_stAlEol 2)8) Filtering%
2 Ayt a3 994 word 31 0= = BES}L X

= 94 Feoln, wd_stAlEdl vzt B3 E Al}s}
A "ot gen ex 31 0= /‘éxﬂ 2EAAY T AR

1__
L

Jehd=, co_data 31 08 ZEARE ©hE B A

23}7] $13F EEolr)k

Aol A 22 1571140 - 160ps) 54t
o] 2%/} 239 dlolel]]l 0x00000010(4A} dlolel&
0x00000018 37t E& 739 co_data_31_ 04 A<
3] 2% vlEr) AAYS & = olnk oE F) Bt
< oF7F ZjEA] @2 Aok

Ak Birle B 29 AllEg £l
7] i BE g 23R *éﬁﬂs}ai%
A EHolde g A3 Ax 9] 15 AlEe
AHEA rRERE cF T $ e Fd
o}

a9 10& Z2eZ AlTAer]d g A eoln
Al EHold A2 vehlle, goln] A5-S 31
2EZ AlsA )7} S F2RE EIEick

4
=

(5 Xz X5 XxeXiX2XsXo X7y
o

o 1 T | 1 [ T 1
o 1 H

N | R IR SNy N |

L Z2EZ A3Ar|e] AEdHeld Az}

Fig. 10. Simulation result for the protocol signal
Drocessor.
AAR Ao AEE H3sld PCB AellAl Testbed®

T23 & 6719] FPGAEPFIOK20RC 208-4)5 A3
alo] Ho|elE down-loaddl] ExMtelE Algslgich
Bl~e wEele] PAE Slste] 209 Aol A=k
Z 3t 789] AlME interleaveing® 29 E2] 1
olE1E AAlsld, i 1/He] FelM= MCUE Aloist
3 FLEX Z2eF] AFsE okt dAzls 243
8] dielelE gt



5

78 s

V.

My
tu

B =FoMe 3% do]A AlL"elA FLEX Z&
EF Aol Ay T8 A% AR PIH
AAZE eFAA ] 7Fedt AE B3 e Al
okslw, Algkat dweE]lE-g 7122 E 3 FLEX 434
2l719] AdA 2 FPGA T3l A3l 71&3lgic)

F85 A3A27)E FIEX Z2EF Alokd] A=
Fal4al 768KHzE B33k, #31 6400 bpsel FAl
£x 2 Zer) =3 AAZ oF AF 719 B &
£A9l =z A 715ES AFdch 2y Alekd
Z3h=3eE ol8d YA dweElEd ik
a5 AdAZte] wg FAR 3 2dde] B3
Aoz GF2™AES] me] AXH 327}t BalsiA| =k

A ZReZ AFrle Axil-320 YadHolAd

Aell4 VHDL(VHSIC Hardware Description
Language)2 R29%8}17, Synopsys &g o)83}

o] =] (Altera 10K zlolHel®] o]8)& S=3fslyl
o} =24 2 A Al = oF 26310131k A
A FPGA 3o A #ZE $st Altera MAX+
PLUS I AkollA] elo]s] Al EHoldS $3slgiet. =
3k 6702] FPGA(EPFI0K20RC 208-4)2 A=4 PCB
AellA] Testbed® 758 ¥ logic AnalyzerE o4
slo] AlakEl FPGA Ao SxMHE Elslsia, Ad
< 531 AAkE o] A AR galsielch

g, 1709 FeZ ASICEE f#id A 064
SOG(Sea-Of-Gate) o] Be]2](KG-7500)& o]4-3}e]
=23AdE Sslsla e A AllE g5
406110151k

% 8 R(EER)
1979 FeTist HAEA T
ZU(TeAD, 1909 Wekdhakn A
Agaks} 2QCEHAD. 19924 2
¥ eApidisa AATHE 2
(Zshibab, 1980d~02d 3l
T4, 1086 ~1987 AR @aprieqst
A7), 19934 ~ W) eFetL AREL - e

¢

R Hgs AR} ASIC AA VISI H2H,
AE ok Al Qe BHaxje] AlaH

XA h

Jo]A A~el& 9|3 FLEX T2 5%

[1]

(2]

(3]

[4]

[5]

(6]

(7]

[8]

Az A79 73 BERE N
I |

CCIR, The Book o the CCIR Radiopaging
Code, Nr. 1-CCIR 534, Radio Paging Code
Standard Group, 1986.

Motorola Inc., FLEX™ : Protocol Specification
and FLEX™
Requirements, 1996.

John G. Proakis, “Digital Communications,”
Third Edition, Vol 6, pp. 333-371, 19%.

Darrel R. Judd “Data Synchronization
Simulation Using The MATHWORKS
Communications Toolbox.” Proc o IEEE
International Corf. on Comm,, pp. T06-710,
June 19%.

Yi Chang Cheng, Erl Huel Lu, To Chang and
Po Chiang Lu, “A New Step-by-step Decoder
for Double-error Correcting Primitive Binary
BCH Codes in Normal Basis®, Intermational
Journal of Electronics, Vol. &), No. 4, 19%.
o|gted, “BCH #-%2} Read-Solomon #%”, wl
<4} 1990

Alain Poli and Llorenc Huguet, ERROR
CORRECTING CODES, THEORY AND
APPLICATIONS, Prentice Hall, 1992.

DASC of the IEEE, IEEE Standard VHDL
Language Reference Manual, June 6, 1994.

Encoding and Decoding

F X BOEgR)

197 refoisha et £
(FEAh 19994 rebsa Hxhat
drledEl. st - ARt &9
(F3AAD. 1999~ (F) 320t
2 M A7 BAlel ¢ ASIC
AA|, VO device AA|, t3 Rt



