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ABSTRACT

This thesis presents how to improve BER Measurement ( Bit Error Rate
Measurement ) to have a special capability in Data information system . The
result is more economical, maore secure, easier and faster operation than the
present system. By using BER Measurement to measure all system or afl Data
information system , it is compact size, good reliability and flexility , would be a

great improvement.
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VALUES AT POINTS
TIME A B C OUTPUT
0 1 1 1 0
1 0 1 1 0
2 0 0 1 1
3 1 0 0 0
4 0 1 0 1
5 1 0 1 1
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7 1 1 1 0
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10 1 0 0 0
11 0 1 0 1
12 1 0 1 1
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TRANSMIT SEQUENCE

ERRCR F

CLOCK

)
A
AR
B C D
DELAY [ ® DELAY DELAY
T T T
VALUES AT POINTS

TIME A B C D E F NOTES
0 0 0 0 0 0 0 TIME 1O
1 0 0 0 0 0 0 LODE
2 1 0 0 0 0 1 SHIFT
3 0 1 0 0 0 0 REGISTER
4 1 0 1 0 1 0
5 1 1 0 1 1 0
6 0 1 1 0 1 1
7 0 0 1 1 0 0
8 0 0 0 1 1 1 ERROR
9 1 0 0 0 0 1 MULITPLI
10 0 1 0 0 0 0 CATION
11 1 0 1 0 1 0
12 1 1 0 1 1 0

21l#12.7 uamasneenaasiauanAnNRana ALLLEn LUIR
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CLOCK

EECODE ERROR
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1 1 I
VALUES AT POINTS

TIME A"B |- "D/ E NOTES

T o4 = ol W W0

T+1 UL d o nl AR ey 7 A A

T+2 $ ¢ 1altlo A/ GEARAD SIGLE

T+3 0 X AN %0) dntmrizg ERROR

T+4 1] 0 4 1| 0 | 1 | DETECTED

T+5 n | 82 T\ R e

T+6 & 0oL ) =y

T+7 AFE | AN NAY

T+8 190 } 0o | 0| o | DOUBLE

T+9 1 t b o | 0| o0 ERROR

T+10 1 1 1 | o | 1 | DETECTED

T+ 0 0 1 1 0

T+12 1] 0o | o | 1 1
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LA o o o o a'r | P o
wnanlnsiuarwanranstianaiauazanuauiindsy Waunssiafemegluazansenliay

gaulfdadalilusemdnainuluwsazdon
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VALUES AT POINTS

TIME SW A B C D E F G NOTES
0 B 0 0 0 0 0 0 0 ERROR
1 B 0 0 0 0 0 0 0 LODE
2 B 1 1 0 0 0 0 1 SHIFT
3 B 0 0 1 0 0 0 0 REGISTER
4 A 1 1 0 1 0 1 0
5 A 1 1 1 0 1 1 0
6 A 0 1 1 1 0 1 1
7 A 0 0 1 1 1 0 0
8 A 0 0 0 1 1 0 0 ERROR
9 A 1 1 0 0 1 1 0 DETECTED
10 A 0 0 1 0 0 0 G
11 A 1 1 G 1 0 1 0
12 A 0 1 1 0 1 1 0 BIT SLiP
13 A 1 1 1 1 0 1 1 CAUSING
14 A 1 0 0 1 3 0 1 LOSS OF
15 A 0 1 0 0 1 1 1 SYNC

77 2.9 wamnisLenAERANAIAR TR NAINEANA AL U LSRR

2.4.3 N9IASATIAITNRANAIALULILIN

aulnAd Rad s umwlunamasevssuuiud sftygyrapanaaiasauianan

- d: & 1 - = =
1asdinagrunsouansldvatagiiuy iy mnadawataly 1 Jud

(ERRORD SECONDS

) asfianarpiiluganteiflungs (ERROR BLOCK juszAadednsimnuiianainaasd

nanuUndAtAsiananefi lilunsianmninsesseuyludayasanaenliuanzauiuay

Ranarananualilunireanuuuaianuianaialseialudald 2

{OUT OF SERVICE }

LULUABURNAITNIIN
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APPLICATION PATTERN CCITT
BIT RATE LENGTH RECOMMENDATION (1.2)
20 Kb/S 2! V.52
20-72 Kb/S 2% V.57
1544  Kb/S 21 0.151
2048 Kb/S 2 0.151
6312  Kb/S P 0.151
8448 Kb/S g 0.151
32064 Kb/S 2\ 0.151
34368 Kb/S §< 0.151
44736 Kb/S XE 0.151
139.264 Kb/ S > 2% 0.151

AN5199 1hasdaauaLusaes CCITT Wadnansacutiananalane 14

uazluszuinanasldanu (N SERVICE Hlunstiaainisdauannisitanss 112815914

PSEUDO RANDOM BINARY SQUDRENCES

nuegazgnunisesiuudtygnnmesauifinivewiae - dgyyons PRBS  (PSEUDO

RANDOM BINARY SEQUNDE ) unudnadnsildanuagmadnuiudtyymmaseuaiudoni

ol ar | = e ‘z = <l o 1 -l
nafFeuisuiudygradeansnair@aiasdstuuumiiausudygudnaimaseud

] ahy 1 y ] 1 i L) g -3 -y
danlanuFnuiisufindai ndsaonuuasi el aArunAsaulanaaTesday adty oy

Gil w 3 =l d’g ar =l ] ar n
NARELNAF I UR= A LA Iaafianudaiy 2™

d' ol 5 ar o [ ir :J'
‘N@ﬂﬂﬂﬂlﬁl.ﬁu’]ﬁﬂuﬂ‘]_lﬂElﬁL?’J“I]'ﬂx‘]’II@N“ﬂuu’]

1318 n ARAIUNLIAYTWIAaLARS

sunuvialddniudnsusdeyanihunasgruiunandiunimed 1 Amduntsds

uﬂnmi‘l%’qqu?ﬁﬂﬂﬁmﬁumﬂmmﬁqmuﬂmnﬁum?‘nm'aumﬁ‘ﬁmqaﬂu

JoU

LASAITINARB]
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PRBS DTE LINK DTE PRBS
GENERATER DETECTER

TEST PATTERN SELECTION
FORCED ERROR SELECT ERROR

| TEST PATTREN SECTION LOSS OF SYNC

gﬂﬁzm LAAIUANRNTIA  ATNHANATAT8LIR

91912.10  ifugiuanaliiviiug wiunasipmnuiiawatazasiinnisdudauasiy

|° j L QL A
wuudtyimesay PRBS FinuusluNiuarsonsaaduiavidangansdoysamsenis

-a;'v [ ii an < o = a; = X d. =,
#iuFuduasiinnafangluuuaesnisdnaduiianaianiiaArudeadasviuaniana s
ar 1 adl ar =, = =, dl - o | = J
naadaladedasannuionaiatesiiv anutanaalunildiuniiveegarnuiin  Inedu
agfuni1zeenuUy A1MFUNIFRBNLU LRI A NEANSIATRITIVNISIAAIINRANAIAA U
d‘ LT -4 b7 1 = T = 9
AN NTBLATEIANALES Wiudatatpuazetaeg lugttesnsiudeanyn - Taatlnfugs
Fanadauazil ANNAINITNLN8E 1T UAINAINITD INNITIA AR ANAIANTIATUAS
Fyoyne uszugmaslidiudaniemaliaesdslashud (SYNCRONOUS ) lammsuiunistia
waneadsy (ERROR FREE SECOND ) dlugtluuumiisaenisinaanuiionatalaenis
[ oo o = ai'cv 4 - =] o o ©
fuuatluilefidusiiasaoutana1ands i utow0a118d 1 31U NIIRANNEANATANN
15 2 atine R wULTalAnda (SYNCRONOUS ) uaz (ASYNCRONOUS ) Tudnsnizaasdsle
slgAaRanaaszgnitvuadn lutas 1 Juiindseinfinanuianaieafumuds fenves
Falpsatda nnateansznalésnassastiafuananeiuuastuatlduileusuuududoau i
deatu wadefife nisdasesdlaiarianubianaia il llmunaresanuianainlag
ArausiraudtazifiustauianatawTing (ERROR FREE TIME )luwuuesdalasvaqzil
NIRPIARBUAMURANATALULAAZE291987 1 AwTl davtanuLsiuiee WWeiAuRanana

lnemss  dadaffeginsniiuansdrsiueiasedldiainiuanssiunisinanutionatalu
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sywinanislder azinlsifaglunvsssdygiaildoniiuegifiulsydn  Syganilaz

i
& od Gr e

mmmmmfamumﬂuﬂﬂwmm&ulﬂmumﬁmﬁ‘mmqﬁﬂulu?zwiﬂanW?'Lﬁ'qwﬂgjtﬂut.ﬁmﬁﬁ
arsf anaalnelszanomasued BA L ldneafutese SRR lnTlunsnseanen
answtasgunsalszwined idszuneuey adnalsfimunalsmiingasmsiiananagians
nszinlAetinesmmdaiesne  gtluuvrsanimasnuiusswinsnislifauaunsaldacuaunig

WMwsassruuaIndiefianysnd

2.5 3mmad (JTTER)

-

S S AU (NP (N
2 S0 Lpt| & quueed NV JEINE [N RIS

|
|
|
|
|
]
|
|
1
4+
|
|
|
1

= = o P wa g o - -
Eﬂ‘lﬂ 2.1 ﬂ’ﬂllI.LIENLuuil’ﬂ\iﬁ/fgm’}mlﬂﬂﬂﬂﬂduwﬂ‘l’lﬂﬁ’lul']ﬁﬁwNﬁWﬂﬂﬂ1ﬂ§'Qﬂ1u'ﬂﬂﬁﬂ\1‘iFliﬂﬂ?

{
ol oo, - o

H 1 o 13 - ;
anglil 2.11 azdegliuadiuauniNE e anwmeflaanuisenfarraadmaas ( JITTER
) analifienulddwAnnainnisrdrraneanresdyginun®ng Waieuiudadiduwy
Bulsaanamea JITTER ) anamitdryyaniaesesdnyyindnuaafiesusifionig
dautasateenldarnn iyt anslisiudsstsrenaatgesaannlsl wilneutena
panspdaullanahudmead  UITTER@mAaluANAsIsmdsusaLa N sfia

e T =l + " . o o g o G

raumdryneesnad (Fandn White - phase jitter ) ¥aliau§uRUEALAMNNINI8S
[ .\ » o o i = g{ ¥
wadunadtyeyoaundinn (White FM jitter ) vdailaanuduiusiumgnisniianafinaugig
WeasnaiweaATLAe ( Correlated jitter )

] ' dl ni S % - o -l [ 9 LW L)

ARnngat1annei M lun1dpnismasaumaisacaed  AanisiRfAaeNIT L TeeaT
alaalatlunisuanagy anauwnniau ( EYE PATTERN ) guUmaemn Mgl 2 Farlsznaudaegn
ali o, k7 ar .5 1 1 - dl ‘dl 1 oA
aavrRId A aneanaragndauiuiuey  Auendfgaiideuutadlletralidaay

Anandeygmesuniy  luanefinindsumumisasdyginuansiadmnad ( jiter ) an



s
—

juanduddyniesunon aztlaaneunniviiu ( EYE PATTERN ) Tl erragn A mne Ry

as

Ualununuay

=t

Anstanauwmnsy ( EYE  PATTERN ) uamg Thfunnfeuulaaifaduiy

- ey =

wnsfesdanns FdsrAvialuntsieseidfypauldiniita mstlaudanaid

4 ‘ 2 N . YA - ;- -
WWEae FM demodulaticon mgnmL“mﬂumﬁ‘@dfamiﬂ:ﬁmrﬂm?wm:J TATITITUATDIRG

wafseusiuesiiiqauaradnuitasnisiadnmedgy ( Random Jiter ) Feazdsingiliuuny
ATLELIRALLNA ({ Broadband  Specium Juas mlmnm"“@mmm MesUNIW  { NOISE

ar o 1 &oar &
q

FLOOR ) auludyanmawidandgnaislmianndynndsnanas  lwanefdnyuinas

L

-~

wWasaneATy { Pericdic Jitter ) smiistduanaadnssy ( Spestrum Line ) LEREIN9ANY

[
b

Arudisndamitnnfeusdasdnstandinedn | wennswensigaiainindasy
wlasagnaseaiy ( dmgnadignafeduvininciuaistssnevdaanisneguasntaaanuiiiy
wauAHBATudng ( FM sideband §  wERNsseafaASTYIIamMEUnaY { Medulation Neise )

wisasileaiwiunisipameeiataranduiussariisradisangeanfiian - Anas ( geak - to

-peak )
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unl 3
WeTuMsinaanmsiananuesdays ( G.821)

4y -] |cz o -9 e
G.821 padanmusaes CCITT ﬁl,ﬂuﬂgmmﬂaafﬂquaumwmwmmmuwi’wa
wasdpsniivieefisadfion (BER) Whilunedwiiidnladne Aaatitidy  dwsudndsnnsiia

i

] é’ -y Foo L& g =] '
nanreslindeyot 30408 dwvuasilénfivieafisefion (BER) winfy 367E-04 azmsiudn

120 N

WuA it ladnauazeSunsenn Tz Whidissuuiveaeudviells  winaann COITT

(1]

o

Rec.G.821 zv‘f]uwaﬁsi’ﬂ’lﬁdﬂmm::mmmﬁwﬂmﬁmﬁiﬁmuﬁﬂuﬁuﬁhmmswgmﬁmvruﬂ
@ o 'y 0 -ilw o =l - i
fiazvilinsuinsruuidatinnnwastaly

Audeniuuedes  CCITT Rec.G.821 wuagnuenas lunsiaewnaeandly 2
d74 A duaaiilE 1 (Available seconds) war Ganaanidlly (Unavailable seconds)
Ineeaiisldlunedaionun Susnuwnniug (Pattemn PRBS) BFunasvinsunieasnsiuan

Auganiedamugl uszansing Rdndn ludeimunses COITT fermun G 821 kel

dastaanflils (Available Time)

dwiulugasaa gl {Available Time) ﬁ'uETﬂﬂ’WN’]ﬁ‘ﬂLLﬂﬂ‘ﬂ‘ﬂﬂLﬂuﬁ’]Eﬂ"N"[ A9
ERROR FREE SECOND { EFS) Aawnanlu dasasfilEls (Available Time) #laid)
- B = s’{ = =l
ﬂ'ﬂNﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂmﬂﬂﬂmmﬂlu 1 24N
ERROR SECOND (ERROR SEC) mawailuganaanidls (Available Time) fifin
AaRananatesdeyatuatneien 1 dnlu 1 Aund
SEVERYLY ERRORED SECONDS ( SES) Asaarlutawranldld ( Available

Time) HlAiineeisaisy (BER) wwandn 10° 1w 1 Sundl
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SEC 20} SEC 2§SEC 22 SEC 23 SEC 24 SEC 29 SEC 26{ SEC 29 SEC 28 SEC 29
BER BER | BER BER BER BER | BER BER | BER BER

CLEIGAETEED 1D Y <

F F1mA 1818 ( AVAILABLE TIME y— —

g A ldlals (Unavailable Time)

]
¢ ]

42912877 141418 (Unavaitable Time) AagasNmiinaeisaLsy (BER) w@andq 10°
- i ar < al ar -~ ﬂidﬂl - o ] -3 =4 5 ] d‘
AARANY 10 1A 1979218 10 Furiiiafinesiseisn (BER) aandn 10° fladuflu daqaaqs
5 . 5 \ ok = .a é’ ' - ) o
lild (Unavailable Time) widiatimanisaisy (BER) Misaudingn 10° wieludaorufisnans
AatuvTaiivieasaisy (BER) w@and 10° usitsdsieiinatuunuds 10 Suiinadndly 999

wa gl (Available Time)

SEC 30 | SEC 3)SEC 32| SEC 33| SEC 34| SEC 35| SEC 36| SEC 37 SEC 18| SEC 39
BER BER | BER BER BER BER | BER BER | BER BER

> (Dol o ) 4EHEon ST IR
]1% 29021719118 ( UNAVAILABLE TIME ) >

SEC 40} SEC 4lfSEC 42| SEC 43 SEC 44| SEC 45} SEC 46{ SEC 47 SEC 48|SEC 49
BER BER | BER BER BER BER | BER BER | BER | BER

drarSrararardrarare

'1 42303277145 14 ( AVAILABLE TIME ) b‘

AIA1LaAe {Degraded Minutes ( DEG MIN )}

o 1 qi - 1 dl - X Y - =
DEG MIN ARANRARU89LVIRALIRLTY (BER) 98992aa W iinatwly 60 Juid vse 1

alalal | o ' B o , I ) dlb s \
WIVNUAUNBBLTRLTY (BER) WAL 107 BF8LAIN7I1 @994 1 4 ANIRINNITUIRIE
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Weais 60 Fud {aein UNA SEC uay SES @ﬂnmﬂLQﬂﬂﬁim%ﬂuuﬂﬁqaLaaqﬁlﬂﬁ (
Available Time) uaz 1ravanfildlails { Unavailable Seconds ( UNA SEC )}

1naminne = deureiild Wiomue + gaansilelildvimus

(TOTAL SECONDS = TOTAL AVL SEC + TOTAL UNAVL SEC)

l TOTAL TEST TIME >
FROM INITIAL SYNCHRONIZATION

AVAILABLE SECONDS UNAVAHABLE SECONDS
SEVEREL
ERROR - FREE .
ERRORED
SECONDS
SECONDS

1 3.0 wansram e 1918z naan ¥y ld
& '
TuaauluniTagauAuRANaIn

1. siewedniiavimdndugunsuinaeeufiansnsodaldnuninmgiu CCITT audoramue

G.821

£
e W

2. B9 ﬂu“mﬁquﬁumﬂu Pseudo - Random Bit Sequence(PRBS}ﬁlmmmuﬁﬁwummm
ITU - T ssdafouus 0.151 Aa 2°- 1 dwdussunfisianubsngy 2 woelinse
Afiuar 27 - 1 dwFussunfifientandags i 35,45 uax 140 wnsliAsieduniann
ANRL

1 13
Y L v

3. uman (inject ) Ianfianamarndatednunilsligiaredndiunils dadaginisasedin

o

b .

Seatinafmdtamaitanlalanfadu e i

4. Jamnutiawanann 15 Jurianuuimsgiu COITT dafiuus G.821

5. madarosarliifmnufianainvesindayn, winuiudnlii, afidasnafildhits (
UNAVAILABLE TIME) fisluluszuinaniemagey 15 i Timgnsalfananafioty e

IR LANMasATAa s wRiusel]
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MIATINTPRUNMNTRTELLNSR Iy danan

faqiuszuunisfeasdygrsuudsnes i iunuimmisduntsdensing
punpnwnuynae lddanilunsansih &g (CABLE) wu aneindrygndauanid
. all a . ]
Ba (Coaxial Cabie) vrasneundygywnslwiefasvain (Opical Fiber Cable) Weansaiy
dlnh . 1 -ﬂ‘ ] = 1 .
AHNGVE (Radio) LTunaitensednyndaneadiulniasgn (Digital Microwave Link)
ol =l . 1r a 1 dl o )
wIBIIELLANANEN (Sateliite) uarlifinmimmnimaluladlva q Welderuugindrod]
Uszvinmgageatiislineatiumaeaaan
uidsdndnylirsunadnafennimnsssssuumsfudsdiygios  (Transmission)
ﬁﬂl } o 1 q;:d =l k& (-3 ) 9
nNazAranaugsruunMaFudedy g ruiifigonwaifededy  Aavunsofiansanls
a2 -, . ‘J & [ i - J o ! af
mnsHanasveslindays (Bit error) Mnisfudaiisaulussuusinanlaaianunsg
[ 4 L -, o, ki gr 24 O ¥ B ‘ﬂl §r
wamauianantesiindayslamadaiiuunres comm ludadwun G.821 Safluda
nuedmiussuunsfusdoynaouun PDH (Plesiochronous Digital Hierarchy) uazluy
sufinansliinudinisdedunynumane s ldnanaundned
fuRuANIaINIAseNlanaaresiinteys

o e

amdnAniilfifeanafianaiaresdatayausndunainlinasdnatsdaya
i 0 & -l 5 & @ = < - 3 as -Ja 3 :'ﬂ
idlunedriFartafnndidaanaiiaafananiniund manifudesaiomaunls

WSHALET daundn q azuaneantd 4 dsznisian

o
1. 9unsolide
:Ja qlld ] < n%i’ o=, I ] a
nang m\mumﬂmmwmmnmu‘lmn 2 HNZUARBIRN NﬂﬂLﬂﬁluﬁ@ﬂﬂ’qﬂﬂ?m

AeiengUnaalli\Wlignit defananaiiasngunenidetiy wenanasinliiinsay
Amnanavesdinfeysudadaiiuammin lfRnacuianarmmaenis (Code Erors) AaTM
fAawaenuvan  (FAS(frame)  erors) — agaufawanalunisnsvlandnuensdeys
(excessive jitter) WaTANARL (slip)  1RITANBAIFIRETU  AAIUEANAIANTITHE
AT e 19 n9as recovery clock vsRUnsninaudnyoind (reperater) 1@e
St

2. maileuseiilignsas
i ' = o o .1 - ' ehl :
anumsnetmilasesanuianaslunsiedygrouistiuannindausedlign

@ 1 1 - - 1 . . - ci: ] |
e Fatrudunmafisaaianataiiugas o (intermitent error) \finanFusauvizanis

dendavnsasiadanainviavgrenn LAZAMNRANIANIN (Timing eror) HiRAnnNTs
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Aadtyn) 0N d iz auddon s dounafimanafianaain o e o
Wgjiimannnishilésansasudesansadlumdiugy
3. AMANWIARDY

msﬁmé’mﬂn?m’lﬁ 7 wnzauazi liwandeiniainanianaafifisen
zvmwané’@nlc%’mmbyﬂmmmwmmﬁw%‘lﬁﬂﬁlﬁmmﬁuﬂmwmmﬁﬂgjmﬂmﬂ IuwAEL
wanlwA1 (Electric Storms), serlvifh (Power Line), deygrndsuniuusionaniviin
(Electric noise) mMeunsnuaa (Interference) uaznsdnutag (Crosstalk) stwinaugunianig
deans (Transmission Link) %ﬁLﬂumLmluﬂ'\?Lﬁmmquﬁmwmmumaﬂﬂwﬁﬂ ANUER
Wa1AN19a83N (Logic emors), aufianaaluWsiLazAuRsNaAT TR A daE

4. msldiayafies
plusvresdayafianzinnzaviedeyafivrsiigem 9 du avunsanigiinsal

- -y J 1 3 S'D 1= 3
A Pattern-Dependent Jister UazANAANAIAT095WETN Usimgnisnilaslaifintulu
NNINAARDUTTULIAIBANLAALEIU (Test Transmission Path) \lavanisagtenuniesunay

wuugs (patterns pseudorandom) NINTIY
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und 4
= [ =
NSRANLULLATAII A AT aNRA

4.1 wasindadyauiusuray

xor 2 B J_ch{j !

K]
QA
2 1
o <
TX - | {
< I
9 ~ I
I
—8 QH
L.} 1
™ 2 QA|
< | I
SRR
O 9 S P i I
Resel 3311 L ¥/ i
1 i
b 8 QH
—0OCK

Jf 4.1 ssasndiedtyqmneusunes (PRBS)

1k 4.098 MHz

— A\

64kHz
2 -0
DG 10
Vee 16 [ Q

104 7
T " 128 KHz

744040

4l
w

310 42 2esdiadggnauting (Clock)
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NMINULBI9A3NIUTUADN ( PRBS )
AT ¢ - “ .
WBLTHLLIALATRY ( Reset s¥Ul) dn1susneeswdlWaay ( Flip Flop} A8 0 1
G ) o L3 H 2 < =,
Ll faundu (feed back ) nauflu 1 wazanziiléannidinagineainy ( Exclusive OR
o d‘ 5 & : -« i L oy
gate } #9011 fnaulugud uasnaitlaundy (Feedback) fdwdnagineainn (Exclusive
OR gate ) #infl 2 Hhaalaudunmaasdwasy ( Flip Flop) azléaean ( Logic ) “1" #11%
a i a . ' d] L < [
@ lUduliR Fawmed ( Register ) saliiasianisin ( Shift ) Taeideyryrcumion ( clock )
sialy)

L m—
Isunaannazemy (output ) Manpataiio *1° Pldiiinaantvinszannuse wie

-l o & L = i = [-9) ar 1
3 BuNad (Impuise ) M ARSEN TN ( flip flop ) 4the *1" Ao ety 17 NN
o slecl [ iy ar 2 2r

ABuARE e mnantzaduwsnn ( NAND  GATE ) Nukauetutdneany ( OR

a

GATE ) fugniiaylsiaedn ( Logic) 0" Favifudnlideanislidnaginesinn (Exciusive

b

B

ORgate ) sia 2 ndvdrygrns inlianlsianniinaginaniny (Exclusive OR gate ) #afi
1 wilewdnae *0" Wunalvgwwnsmien 0" lWiulE i mmes ( Register ) sietdlauazua
RINHMASRNT 3w ( Shift) *0" §s '0" MAueanslunaalnistiaundu ( feed back ) i

1 i L7
Al 17 iunaliBan nnasina e usSuduntsiu it lusdue

42 MIYNUANINIATIA
AI a asl di = gnk . g 2w 4‘
LFHLTNNNINITUIRII9ENA M BNAKINTSIM ( Switch Reset ) szuuinldaash
wruman ( PRBS HFundnfeysuuuususanesnuuazapeaiuiiiunis®ian { Reset
o 3 i { ] i o ' al
asiuimsailagnnaususengnasainesy {1efendn Data ( faya ) ) anmsd
e afausniinlfienwn (output ) 98evidvaey (Flip Flop ) 3 ik 0" finlfiasasiiy (

3

Counter} { DFlip Flop 4, 5 } livinuilunistinasasdunewusiiefidaya ( Data) wdhan
=l ' -4 @ =19'
agflagassineinanua e i
- o o @ , | o o«
I 29assupAden ( Clock ) 128 Ck winnsdumden (ck ) aundiasasy 128 gn fefiask
\16 (Reset) 29454y ( 29958 64 k error )
2. windeya ( Data ) isdinnnaulBeniiiey ( Compare ) meafudesiadinugs ( fayagiu)

1
e

aginlfsasiy 24 WA ( sync ) MemnsasiasianaiuRadfivenadaznaiy

ulreLidien ( compare ) assiuusidiasiifeyansedu 24 gnashuilensy 24 gniay

k1]

(outout)  98399asiAeTian 8 Tpedafl 1 lduasd ( Latch ) e wmInemnm (AND

GATE) 3 #ilanazaesasdn (Logic) "1” M lHasastudumiiemy wimnauauiadlu
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dnfid sty 64 §<0n Wil lisansei e 12 ( Fya uwash

i
Andaasdusunsaiu 24 gnanriude llveSend Jyaruss)

wr -] A =y 1 @ =3
. MnsTduiuialdoranm s (ERROR) A eqdhunszidmesstiudeiiona e (ERROR)

fnaenty 64 Waduazd1iaaenTuBumm (npu) ¥0ueWAN ( AND GATE ) 4 ugiidous
¥

MUY 64 Wadunminly 128 nfion (clock) StoRanatn (ERROR) 4 64 e

i liiemmuearesniu 64 15mm (Reset) szl ( vodonhimsider ( Resync ) }
aungande 3 inwnamddefiansn (ERROR) lussuuunniuliitadnagen

= o . 1 1 ) o g:f 24 L4 x = [ 3 3

ABAR3 (clock jitter ) srwinsanadafiig AIUsFRMINNTTIA (Resync) Tual

L193594 (Resync) Imiszusiegfazudausiisnaaindien (Switch Reset) Raztingu

i 1
AduRauinatuILdn

M7 Add Noise

NOISE

:

3l 43 2vsnameudygmied (TEST PULSE)
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LF351

+ —)
LF351 -

. 5K (:‘
C_

Ui 4.4 2sasnesaLd Ty MRRT

4.3 MINNUIBNSNARBUNAT ( TEST PULSE )

g
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#include <stdio.h>

#inciude <stdlib.h>

#include <dos.h>

#include <conio.h>

#include <bios.h>

#define port_b Ox1b5

#define port_¢ Ox1b6

#define pcontrol  Ox1b7

#define pch_2 OxTha

#define pcount_mode Ox1bb

void main(void)

{

*

*/

i

82

int count, hi,tw,a b,efs,ses,v,s,sec:

long int i,tm,dataf400];

unsigned int to,tot,t02,t03;

int syn,vaiid.invalid k er frq;

fioat deg;

while(1)

{
for(k=0:k<400;k++)

{
FILE *fl;

Ik
/

[nitial Data

tm =400, /time®/

count =
to1 =1,
a =0;

outport{pcontrol,0x8b;
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for (i=0;i<900;i++) */
data[k]=0; */
ctrser();

printf(" BIT ERROR RATE ANALIZER. \n");

initalt 8253

1011 0000 :ch=2,r/w=16{bit),mode=count, binary*/
outport{pcount mode,0xbQ};

outport{pch_2,0x0ff);

outport(pch_2 OxOff);

sleep(1};

er = inpartb{port_c});

outport{pcount_mode,0x80);

'w = inportb(pch_2);

i = inportb{pch_2);

o = (255 - hi)*255 +{255 - tw):
to2 = to;

while {(count = tm)

sleep(1);

*
/

* Read Counter
*
er = inportb{port_c):
/%1000 0000 :ch=2 mode=latch */
outpart(pcount_mode,0x80):
lw = inportb{pch_2}:
hi = inportb(pch_2):
to = (255 - hi)*255 +(255 - lw);
tod = to;

if {to1 == to)
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{ at+:
to3=random(to);}
else a=0;
to1 = to;
if (a>=2)
{ 103=0;}
if (to==t02)
{to3 =0}
if ((er&0x01)== 0}
{ data[count]=tc3;
if (to > 400)
{ printf("Second %d error = %u pulse. (sync losshn",count,datalcount],er}:}
else

{ printf("Second %d error = %u pulse.\n",count,datalcount],er):}

*
*  Start Counter
*f
outport{pcouni_mode,0xb0): #1001 0000 :ch=2r/w=16
{bit),mode=count,binary*/
outport(pch_2 0x0ff);
outport(pch_2 0x0ff);
count++;

}

Fc.d
!

&

Analyse Result

i

syn =0;frg=0; v =0; sec=0;
vaid =0;s5 =0, efs=0;

invalid = 0; deg = 0; ses = (;

x

f
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*

Open File.

"
i

if ((f!zfopen(“Resulte.dat","aﬂ"))r:NULL)
{

printf("Can not create file(Resulte. dat) \n"):

exitiD):
}
/%
* Write data to File.

forintf(fl," \n"):
fprintf{fl," BIT ERROR RATE ANALTZER 'n"):
fprintf(fl," \n™):
for (k=0 ; k <tm ; k+-)
{ fprintf(fl, "Sec %d error = %y bit\n" k,datafk]);
S+t
if (datalk] > 400)
syn+-+;
if (datalk] == 0)
efs+-+;
if (datafk] > 64)
frg+-:
if (frq == 10}
{invalid += frq ; frg =~ 0;5 =0;v = 0;}

else
{}
if (data[k] <= 64)
v
if (v==10)

{valid += v;v=0;frq = 0;s = 0;}

glse
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{}

if ((v+frg)==10)
{ ses += frq; valid = = (v+frq)ifrg = Qv = 0;5=0Q;}
else

{}

sec = (400 - invalid - efs);

deg = ((400-invalid - efs - ses)* 60)/400:
fprintf(fl,"\n Avariable = %d sec \n" valid);
fprintf(fl," Unavariable = %d sec ‘n".invalid):
forintf(fl," Syn loss = %d sec \n",syn);
fprintf(ft," Error free = %d sec \n" efs):
forintf(fl," Degmin = %5.4f sec \n" deg);
fprintf(fl," Error sec = %d sec \n".sec):
forintf(fl,” Severyly errar sec = %d sec \n",ses):
printf("Avariable time = %d second\n",valid):
printf(*Unavariable time = %d second\n®invalid):
printi("Syn toss  time = %d second \n"syn):
printf("Error free time = %d second \n" efs);
printf("Error free second time = %d second \n",sec):
printf("Severyly error sec time = %d sec \n",ses);
printf(*"Demin = %5.4f sec \n" sec);

Fid
/

- Close File.

*
/
{

fciose(fl);

printf{"Press any key.");
getch{y; } *



BiT ERROR RATE ANALTZER

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

Derror= 41 bi

1 error = 90 bit

2error= 70 bit

Jerror= 66 bit

4 error = 14 hit

Serror= 192 hit

B error = 191 bit

7 error = 192 bit

gerror = 186 bit

Y emor= 189 bit

10 error = 190
11 error = 194
12 error = 168
13 error = 183
14 error = 187
15 error = 203
16 error = 179
17 error = 181
18 error = 178
19 error= 195
20 error = 217

bit
bit
bit
bit
bit
bit
bit
bit
bit
bit
bit

21 error = 87 bit

22 error = 43 bit

23 error= 20 bit

24 error = 164

bit

25 error = 127 bit

26 error = 60 hit

27 error = 110 bit

57

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

28 error = 161 bit
29 error = 134 hit
30 error = 18 bit
31 emor= 0 bit

32 error = 139 bit
33 error= 171 bit
34 error = 87 bit
35error= 70 bit
36 error = 71 bit
37 error = 178 bit
38 error = 177 bit
39 error = 21 bit
40 error = 18 bit
41 error = 121 bit
42 error = 145 bit
43 error = 122 bit
44 error = 71 bit
45 aerror = 12 bit
46 error = 146 bit
47 error = 168 bit
48 error = 81 hit
49 error = 25 bit
50 error = 70 bit
51 error = 162 bit
52 error = 151 bit
53 error = 11 bit
54 error = 7 bit

55 error = 147 bit



Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

Sec

Sec

56 error =
57 error =
58 error =
59 error =
60 error —
&1 error =
62 error =
63 error =
64 error =
65 error =
66 error —
67 error =
68 error =
69 error =
70 error =
71 error =
72 error =
73 error =
74 error =
75 error =
76 errar =
77 error =
78 error =
79 error =
80 error =
81 error =
82 error =
83 error =
84 error =
85 error =

86 error =

194 bit
116 bit
72 bit
20 bit
186 bit
160 bit
53 bit
36 bit
93 bit
171 bit
170 bit
1 bit

0 bit

149 bit
165 bit
119 bit
47 bit
29 bit
176 bit
183 bit
57 bit
49 bit
90 bit
175 bit
177 bit
102 bit
0 bit

138 bit
174 bit
80 bit
53 bit

58

Sec 87 error = 36 bit

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

88 error =
89 error =
90 error =
91 error =
92 error =
93 error =
94 error =
95 error =
96 error =
97 error =
98 error =
99 error =
100 ermrar =
101 error =
102 error =
103 error =
104 error =
105 error =
106 error =
107 error =
108 error =
109 errar =
110 error =
111 error =
112 error =
113 error =
114 error =
115 error =
116 error =

117 error =

187 bit
149 bit
34 bit
23 bit
99 bit
189 bit
143 bit
92 bit
0 bit
133 bit
181 bit
85 bit
50 bit
43 bit
209 bit
179 bit
16 bit
1 bit
93 bit
180 bit
120 bit
14 bit
0 bit
167 bit
194 bit
87 bit
63 bit
46 bit
162 bit
191 bit



Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

118 error =
118 error =
120 error =
121 error =
122 error =
123 error =
124 error =
125 error =
126 error =
127 error =
128 error —
129 error =
130 error =
131 error =
132 error =
133 error =
134 error =
135 error =
136 error =
137 error =
138 errar =
139 errar =
140 error =
141 error =
142 error =
143 error =
144 error =
145 error =
146 error =
147 emror =

148 error =

12 bit
3 bit
108 bit
182 bit
111 bit
16 bit
1 bit
178 bit
162 bit
78 bit
4 bit
65 bit
177 bit
174 bit
3 bit
0 bit
125 bit
162 bit
126 bit
121 bit
8 bit
170 bit
157 bit
63 bit
40 bit
85 bit
171 bit
166 bit
176 bit
38 bit
140 bit

59

Sec 149 error = 165 bit

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

150 error =
161 error =
152 error =
163 error =
154 error =
155 error =
156 error =
167 error =
158 error =
159 error =
160 error =
161 error =
162 errar =
163 error =
164 error =
165 error =
166 error =
167 error =
168 error =
169 error =
170 error =
171 error =
172 error =
173 error =
174 error =
175 error =
176 error =
177 error =
178 emror =

179 error =

125 bit
60 bit
28 bit
200 bit
190 bit
49 bit
10 bit

90 bit
158 bit
191 bit
30 bit

0 bit

160 bit
186 bit
92 bit

84 bit

32 bit

162 bit
149 bit
32 bit
25 bit

90 bit
171 bit
168 bit
32 bit
0 bit

138 bit
173 bit
98 bit
40 bit



Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

180 error =
181 error =
182 error =
183 error =
184 error =
185 error =
186 error =
187 error =
188 error =
189 error =
190 erfror =
191 error =
192 error =
193 error =
194 error =
195 emror =
196 error =
197 emor =
198 error =
199 error =
200 error =
201 error =
202 error =
203 error =
204 error =
205 error =
206 error =
207 error =
208 error =
209 error =

210 error =

55 bit
157 bit
196 bit
25 bit
17 bit
101 bit
184 bit
151 bit
122 bit
0 bit

172 bit
195 bit
86 bit

32 bit

49 bit

166 bit
164 bit
32 bit

7 it

100 bit
142 bit
140 bit
11 bit
O bit

180 bit
190 bit
72 bit
28 bit
52 bit
186 bit
187 bit

60

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

211 error =
212 error =
213 error =
214 error =
215 error =
216 error =
217 error =
218 error =
219 error =
220 error =
221 error =
222 error =
223 error =
224 error =
225 error =
226 errar =
227 error =
228 error =
229 erfor =
230 error =
231 error =
232 error =
233 error =
234 error =
235 error =
236 error =
237 errar =
238 error =
239 error =
240 error =

241 error =

13 bit
3 bit
122 bit
170 bit
116 hit
112 bit
4 bit
182 bit
159 bit
56 bit
44 bit
71 bit
186 bit
189 bit
192 bit
186 bit
168 bit
183 bit
97 bit
28 bit
15 bit
190 bit
202 bit
42 bit
16 bit
76 bit
169 bit
165 bit
139 bit
0 bit
148 bit



Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

242 error =
243 error =
244 error =
245 error =
246 error =
247 error =
248 error =
249 error =
250 error =
251 error =
252 error =
253 error =
254 error =
255 error =
256 error =
257 error =
258 error =
259 error =
260 error =
261 error =
262 error =
263 error =
264 error =
265 error =
266 error =
267 error =
268 error =
269 error =
270 error =
271 error =

272 error =

61

179 bit
145 bit
79 bit
28 bit
165613 bit
28829 bit
8767 bit
82 bit
0 bit

0 bit

0 bit
68 bit
58 bit
145 it
157 hit
80 bit
65 bit
28 Dbit
148 bit
3 bit
45 bit
35 bit
108 bit
183 bit
156 bit
97 bit
0 bit
148 bit
170 bit
79 bit
78 bit

Sec 273 error =

Sec 274 error =

Sec 275 error =

Sec 276 error =

Sec 277 error =

Sec 278 error =

Sec 279 error =

Sec 280 error =
Sec 281 error =
Sec 282 error =
Sec 283 error =
Sec 284 error =
Sec 285 error =
Sec 286 error =
Sec 287 error =
Sec 288 error =
Sec 289 error =
Sec 290 error =
Sec 291 error =
Sec 292 error =
Sec 293 error =
Sec 294 error =
Sec 295 error =
Sec 296 error =
Sec 297 error =
Sec 298 error =
Sec 299 error =
Sec 300 error =
Sec 301 error =
Sec 302 error =

Sec 303 error =

48 bit
174 bit
165 bit
19 bit
5 bit

122 bit
181 bit
145 bit
102 bit
0 bit

151 bit
167 bit
83 bit

65 bit

50 bit

171 bit
196 bit
17 bit

8 bit

136 bit
189 bit
140 bit
108 bit
6 bit

171 bit
184 bit
85 bit
0 bit

76 bit
163 bit
176 bit



Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

304 error =
305 error =
306 error =
307 error =
308 error =
309 error =
310 error =
311 error =
312 error =
313 error =
314 error =
315 error =
316 errar =
317 efror =
318 error =
319 error =
320 error =
321 error =
322 error =
323 error =
324 error =
325 error =
326 error =
327 error =
328 error =
329 error =
330 error =
331 error =
332 error =
333 error =

334 error =

7 bit
4 bit
118 bit
186 bit
111 bit
54 bit
13 bit
173 bit
177 bit
47 bit
29 bit
88 bit
177 bit
172 bit
74 bit
0 bit
145 bit
153 bit
94 bit
57 bit
30 bit
180 bit
183 bit
38 bit
23 bit
78 bit
201 bit
144 bit
140 bit
0 bit
0 bit

652

Sec

Se

Q

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

335 error =
336 error =
337 error =
338 error =
339 error =
340 error =
341 error =
342 error =
343 error =
344 error =
345 error =
346 error =
347 error =
348 error =
349 error =
350 error =
351 error =
352 error =
353 error =
354 error =
355 erfror =
356 error =
357 errar =
358 error =
359 error =
360 error =
361 error =
362 error =
363 error =
364 error =

365 error =

O bit
0 bit
0 bit
0 bit
0 bit
0 bit
0 bit
0 bit
54 bit
155 bit
132 bit
0 bit
0 bit
144 bit
185 bit
87 bit
9 bit
44 Dbit
185 bit
179 bit
17 bit
15 bit
66 bit
106 bit
38 bit
15 bit
0 bit
G bit
C bit
0 bit
0 bit



Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

Sec
Sec

Sec

366 error =
367 error =
368 error =
369 error =
370 error =
371 error =
372 error =
373 error =
374 error =
375 error =
376 error =
377 error =
378 error =
379 error —
380 error =
381 error =
382 error —
383 error =
384 error =
385 error =
386 error =

387 error =

0 bit
0 bit
0 bit
0 bit
O bit
106 bit
152 bit
132 bit
66 bit
0 bit
194 bit
179 bit
84 bit
24 bit
57 bit
185 bit
160 bit
13 bit
9 bit
127 bit
160 bit
140 bit

63

Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec
Sec

Sec

388 error =
389 error =
390 error =
391 error =
392 error =
393 error =
394 error =
395 error =
396 error =
397 error =

398 error =

51 bit
bit
bit
bit
bit
bit

0

0

0

0

0

0 bit
O bit
0 bit
0 bit
0

bit

Sec 399 error = 0 bit

Avariable = 390 sec

Unavariable = 10 see

Syn loss = 3 sec

Error free = 52 sec

Degmin = 15,0000 sec

Error sec = 338 sec

Severyly error sec = 233 sec

=]
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PC HARDWARE IJO MAP

20838 Clasz Sysiems

Accress FuneXen
CL—C2F .. .. DMA Controllar [E237A]
Ceg-J21 ... .. Intamunt controikar (8253A)
QG343 L. Timer (B2E3)
OO R S F=1(B2ESA)
GRO-TEZ L, GMA paca register (T4L5812)

MMl - Ncon Maskanke Intamuot

Gama For Joystick contrailer
Eznanson Unit

COM4: Banal Pon

COM2: Sanal Fon

Protoryps Cara

Hard Disk

Parailel Prntar Port 1

SOLS

MDA - Monochrome Adaotsr and printer
CGA - Coler Gracnies Acaoler

COM2: Sedal Font

Ficopy Clskerte Controller %
CCM11: Senal Port

B0285 /386/428 Clasz Systsms

Address Funcden
QeC-I1F. .. ... DA Controiter #1 [B23T7A-5)
OrO-03F ... Intarrudt controller #1 (B253A)
Sdg-T3F ... Timear (8254)
E50—08 L Kevbeard (842)
CrO-GrF ... ... NiI = Non Maskable Interrupt & CMCS RAM
CORE-S9F ... DMA page ragister (7405812}
DAQ-CEBF. ... .. Intarmupt controlier #2 (B253A)
oCo-C0F ... DMA Controller #2 (RE37A)
DFI-OFF ..., .. 80287 Main Coprocessor
1F@-1F3 Harg Disk :
220 Game Port Jovsiick controiler
ZEE-2 intal Atove ceard
275-% Paraflel Printer Fort 2
2z3-2 COM4: Sanal Pon
2F3-ZFF oL M2 Sarial Pon

ABT-3F L Prototype Card

278~ Parailel Printer Fort 1

SOLZ or Bisyncnrpnous Comm For 2
SBiavncnronous Comm Fort
MOA - Monochrome Adastar
Paraiisl Srnter on Moncconrome Adaoter
T2A - Resarved

ZA - Cower Grachies Acacter
CCOM3: Senal Fon

CTM: Senaj Fornt

PC Hardware
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