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The binary logio eyetem f o r d  b ternary 

logio o i rcu i t  ham arror deteoting and error  oo- 

reoting fbnotion. Tbree valued-polar oode end 

ternary logio e r ror  deteoting and error  oorreot- 

ing oirouit f o r  the  da ta  tranemieeion system are  

preeanted in t h i e  paper. This data  treaendesion 

syetem h m  power- oapability t o  deteot a d  00- 

reot  error ,  so t h e  r e l i a b i l i t y  of the data  trane- 

mieeion improve8 s e a t l y  and the error  r a t e  r e  

duma rapidly. 

noise. Therefore, the  ooding f o r  e r ror  deteoting 

end er ror  oorreoting Is required t o  improve reli- 

abi l i ty .  

The Data r a t e  of prime axles i e  highar than 

tha t  of error  deteoting cpd error  oorreoting 

oodw, lut its er ror  probability 1s ale0 higher 

than that of the  l a te r .  Normally, [2] a parity- 

oheok oode with minimum die tmoe  D om deteot E 

errore wha BEit1, and o m  oorreot T errore whtm 

-2T+1. A oonvolutional oode with Lcl b i te  oan 

oorreut one error. Eut tlllooder and deooder f o r  

oonvolutional oodee are  rather  oomplex. 

There a r e  many k i d s  of  three-lwele 4 0 6 ,  

f o r  example, MI ,  %ZS, HDBS eto.  whioh 

I Introduotion applied widely f o r  d i g i t a l  oolorrrmioetiona. Their 

oapability f o r  deteoting mrom and oorreoting 

The teek of a data transmieeion eystem ia t o  errore i e  more powerful. Howevar, t h e i r  e r ror  

tranafer d i g i t a l  eignals. The main problenm are  probability i e  greater  than tha t  of binary oodm. 

effioienqy and r e l i a b i l i t y ,  i.e. a higher a i e d  Suppoee t h a t  the tranemieeion d i g i t a l  da ta  

r a t e  and a lower error  probability. Houovem thqy eequaocle {dn) have M-1 levele and eaoh probabili- 

a re  alwqys oontrdiotory.  Figure 1 ehow a eimple t y  of  them is i d a t i d .  If signal levels a r e f d ,  

data  trenemieeion aptem. Noise oeueee the m r  *d, . . . ,%M-1)d and thr-bold levels  of reoeiver 

of outpl t  ei-ale. Urnally, there a re  two typcre of are  O&2d,  . . .k(M-2)d, t h a i  error  probability in 

errom. One in t h e  random er ror  oausd  Ipr OcPteaian bpeebad trrrnsmieeion i e  [ 6 ]  
noiee, the  0th- in humt e r ror  oaueed b w e e  

inpat Tranemitted r e o d v d  
e ignal signal eignal -- 

Souroe ~renemi t te r  1 reoeiver - destination 

Figure 1 
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dmro A - tho amplitude of inpat eignal 

u- r m  value of n o h e  

Pd tho tranedeeian a n e l  ~KIB an idide i l eqa~-  

cgr ahrcwteriat io.  

Uha N I 8  .qrral t o  2 the emor probability h # ~  

minim value. 

Emwor, i n  praatioe soma oornpromiee b e t m ~  

oanfliating oonsfderation of re l iabi l i ty ,  ef f i -  

oimcgr, end e q u i m t  oompldty were .ode. so a 

now throe valued-polar oode a d  ternary logio oirc 

a t  for error doteation ad error oorretatian .re 

p r o s ~ t d  in th i s  paper, t h w  ham high rel iabil i-  

ty a d  dfioicmw a wall m mimple niraait oon- 

figuratiao . 
I1 Thrw valued-polar oode 

Lrt X,Y,F be three valued logio variable over 

Q, a d  Q I{-1,0,1) i.e. eymetrio ternary logio 

eymtom (ST eyetom) is umd in this paper. To ape+ 

o i e  problem, logio variable ilmduwntal opero- 

t i o m  of ST myatem pn defined M fo l low [4]. 
D.iinit ian 1; o o m p l e ~ t  0 m a t . r  "-'-" is d e f i n d  - 

X = -X (2) 

Ron  aqpation (2), it i e  knom that  7 equale t o  -1, 

i..., 7-1 

Table 1 is t m t h  table of oomploamnt operator. 

Table 1 m 
Definition 2: AtiD operator ".ll ar leAee i i e  defined 

f i f X , Y € { l )  
if X,Y €(-I)  (3) 
if x,ui&{r) or x,Y4 {-I) 

Truth table of WD i e  eholo in  table 2. 

Definition 3: OR operator '-"v i e  defined 

, I if x,Y€ ( 0 9 1 )  

Truth table of OR i e  given in Table 3. 

Table 3 

In  [3] a two rail 2-of-3 valued eyetem wm 

proposd a d  krdioatd that an error ocmrrd by .ny 

fspllt in a wrrootable error o r  a d u t d e b l e  error. 

In th i s  paper, three valued-polar oode i e  

proved that it hea an error doteoting .rrd wror  

oorreoting property, and oan be used t o  date& 

error and oorreot error. 

Definition 41 If a pair of nutual oomplemmt migna- 

l e  are trmmbttd through the ahmnd (aee fig. l ) ,  

the  data trcmsmiaeion eyetern i e  refwred t o  an t* 

rall transmieeion eyeter. 

Definitiapl 5 :  In two-rail tr.nrrmieeion eyetern,thore 

-9 e 1 ~ ~ ~ 1 s 1  "in, "0" md "1". "7" 8 ~ d  "1" 

are d e f i n d  a valid eigpale and 110" is dafined ee 

a redundmt eignal. Suah d ig i ta l  signal eequsnoe 

i e  o a l l d  three valued-polar o d e  (abbr, TP d o ) .  

In order that TP oode i e  app l id  t o  the tra- 

ditional binary d ig i ta l  data trauemieeion eyatem, 

e i e a l  i e  oalled d e  1 and signal "T'-" i s  

o a l l d  oode 0. In two-rail tranemieeian system 

delivering TP oode, the eignala deliveral by 

eouroe ere normally a pair of nutual oomplemmt 

eignale sod the aignale inplt t o  reoeivar are aleo 

a pair of mtual  oomplemeut signale (eee table 4: 

x=T, Y-1 in  the row 3 and X=i, ~ = i i n  the m w  7).  
Whem digi ta l  data are de l iverd  alcng the 

ohannel, the transrnieeion error are oclusal by noiee 



*Where CWI - oonman mode Interferc~oo 

D - outprt eignal of error doteating iad error m o o t i n g  oirouit 

Z - outpat signal of d e t e u t u  olrauit 

L - r equa t  oignal for repeating, uxl L - Z 

disfurbmoe or  Interferaoa. Nina poeeible om- throe valudcpolar ado ,  the oorreotiao gate hm 

m 

Table 4 

are In table 4. error deteot- slld error oorreatlng propadiao 

Definitim 6 :  Comparative operator nA* is d e i i n d  Proof: !k funation table of oomparative gate 

oansiste of the ooluan 2.3.4 in  table 4. the r o w  3, 

(5) 
7 in table 4 obow the .normal stat-. In the row 1, 

5,9, the outpub in  the oorreation gate are "On, 

A - A  - - A. -. a md it h d i o a t a  that  the del iverd  digital s i p  

C0mm-t 

Ermr is deteoted, requwt to repeat treasmieaian 

~ m r o ~ e d b y n ~ a t i v e C W I + i s c o r r e a t e d  

Valid eigpal 

mror  oaused by negative CMI i e  correoted 

m m r  is deteated, request t o  r e m  tranemiseian 

&ror oeuaed by positive CMI ie  oorreatd 

v a l i d s i g ~ ~ a l  n ln  

Error oauned by positive CMI i e  oorreated 

Error is deteoted, mquemt to repeat trmeoiesian 

m e  n,xt ~ I , u ,  11 are syrmMTmoaL v u o a  nals cuffed interferenoa, t h e  the valid signals 
?--A- ----1.- T* A L -  l--i- - d - 2 1 1 -  v V --- 

L* 

1 

0  

0  

0  

1  

0  

o 
0  

1  

A-AW vuarurr .  a s  tau r w ~ o  v u - r r v r u  a,& M 

____-_-I _- *L- *L_ -_--LA-- -) 

( i d .  X-7, Y=l or X=1, Y-7) ohsage a rdundrnt 
r, s e r n ~ r y  nunoor, u r a  m r  ~UIU*ACHL QX 

signal. It la proved that  oorrootiao gate oc 
t h a e  flw- is - W 1  Thudore  the definition 6 detd - kinds of vmrs in the row ,5 slid - - .  - . - .. . .- - . . 

P 

- 
1  

7 
1  

i 

1 

Y 

0 

1  - 
1  

1  

T 
0  

N 

2 

3 

4 

6 

7 
8 

re obviously oorrea.  vrruTn T O D I ~  or oompara~xve of the table 4. In the row 2, and 6, though the 
_-_--a- A- L-- 2 -  A-11- E TI- - % - i  a- 

X 

1 7 7 0  - 
1  

7 
0  

5 0 0 0  

0  

1  

1  

9 1 1 0  

o p a a ~ c a  r m  6 r v u  ru b r u r o  >. *am A V ~ A W  n y m w r  A= -.~ - -~ *-- -2 

delivered signale euffersd interfereme, the cor- 

D* 

0  

0  

1  

0  

i 

1  

snom ul xagure Z .  reotion gate oould oorreotly deoode 0 oode (1.0. 

Z* 

0  

1  

1  

1  

0  

1 

1 

1  

0  

Table 5 

MI 
the eigpal * f w  of ternary loglo). Sieilarly, tho 

oorreotiao gate oould t r o s l a t e  t h a e  distorted 

signale pe X Y-0 i and i 0  ( s w  the row 4,8) into 

the oorreativa valid aigpal, i .e. oode 1. Q.E.D. 

I11 Dabm of Error Deteotinn a d  Error 

I f  the data transmieeion eystam i a  total ly 

ternary logio system, t h  only a oorrwtion gate 

oan perform error deteoting and error oorreating 
1111 fuaotian. & appling the oonoept p racmtd  in th is  

paw tho rel iabil i ty of the t r d i t i o n a l  binary 
Definitian 71 A o i r d t  for t m a r y  lodo comp.rP data trwdeeia eyat.lp will improm the 
t ive  omat ion  i e  referred t o  crr, a oorrection gate. error probability of them will reduoa. 
Theorem: In data tranemiseion eyetam for deliverina 



mtual oomplemmt 
signals - 

I trauandsaion 
Shift pulse 

X,Y 

d.t&ing oirarit  

( t -ar~~ logio) 

Figure 3 

Z I  binary logio) 
+ 

request to repeat 

The -or deteoting .ad error oorreoting oirou- 

it of tho tatnary logio is shorn in figure 3. Some 

major oomponeta in  figure 3 are speo i f ld  m fol- 

oorreotim gate 

(t-ary l o d o )  

lowe. Tho oorreatim gate perforam error deteoting 

and error wrrsating f'unotion rr indioated above. 

This oiraait oan t rsasfer the p a i b l e  nine digi- 

t a l  sigpils  into two valid silplds (i.e. F-7 or 

1, 800 table 4), sad into a radundrrt signal (i.8. 

F=O, e w  t rb le  4). The data reodver oirouit is 

easeatidly a shi f t  regi8ter operating i n  the mode 

of a e r i a l  inplt sad parallel autgut. Its shi f t  

p l e e  is oontrolled B the u r o r  dotooting oi lc  

auit. U h a  the oorreotiao gate ingut sigeal i s  

tern- log10 "1" (or "-i"), the error deteotfng 

oirouit ougut is binary logio 1. In thot oondition, 

I 

gate A ie opm and the a h i i t  regimter reoeivea 

th i s  ternarg logio "1" (or "7") by shift p l s e .  

When oorreution gate inplt is a tun- logio "On, 

the dotooting oirouit outplt is bin- 0, t h o  

 triple logio) 

(binary logio) 

the gate A is olosd,  and the redundmt signal 

"0" ie r e j d e d  by it. However, the  srror d t  

tooting oirauit outplt 0 is inverted by gate B, 

.ad 0utplt L of the gate B i8 1. This simp1 1 18 

delivered oppoeitely to souroe and make a requmt 

(binary logio) 

t o  retrolemit the prwioualy dotedad omor signal 

on00 -3n. 

The olrauit of the oorreotim gate i e  dmiged  

a8 folloul. Aooording to the tablo 4 a symnmtrio 

t&eo valued logio map (i.e. ST map, see figure 4) 

[4] is &.lo, then the rule of mimplifioatiaa ST 

lUp i8 U 8 d  to  simplify it, PPd fhU8 the 8 i b  

pleat logio representat ion oan be u r i t t a  a8 

follom 1 

data reoeivar oirauit 

boording t o  the definition 1.3, it i e  .ui4 
derived that the oorreotiaa gate oonsists of 

ternary logio inverter and a ternary logio OR gate 

ee figure 5. Using two  MC14007 aud several ra- 

sistore oan form a oorreution gate figure 6. 

D 

Figure 5 



The error deteoting oirauit of the ternary 

logio i e  deeigned m r d i n g  to  the prinoiple as 

drar ibed above. I t e  loglo repwentation Z i e  

(from table 6 )  

The oirouit ae eholm in figure 7 ooneieta of 

one HC14007, t m  diode8 sod f ive  rwie tore  . 
In figure 3, i f  eaoh part of t h i s  oirouit ie 

eupplied by the eame voltage power, the inprt X,Y 

of the oolleotian gate are biP8r.v valued, and the 

outplt F of it (i.8. the input of the data re- 

odver  and the error deteoting oirouit) i e  three 

vPlwd. The outgut D or Z of the data reoeiver o r  

Table 6 

the error detecting oirouit are all binary valued. 

Therefore, tho error deteoting md s r m r  oorreo- 

t ing nirauit in figure 3 om be oomplld in an 

integrated oirouit. Thie integratad oirouit is 

oalled error deteoting and error o o m d i n g  gate 

(EDC gate). 

Proparty 1: EDC gate la a oompatible mono- 

l i t h io  integrated oirouit, eo in the traditional 

binary digi ta l  t rauedeeim eyetom (but the trane- 

ndeeion eigeal awt be a pair of ceatud oomplt 

m s l t  eigaale), the EDC oan be wed ss -or de- 

teoting end e rmr  oorreating. 

Property 21 EDC oan eliminate the  interfercaoe 

not only h P m  rrmdom error but also f'rom buret 

error. 

The tradfticaal oirauit performe the error 

deteoting md error oorreding *&ion ky 

varioua oode wing enooding teolmique. The oapa- 

b i l i t y  of th is  oirouit d e w  upan the  encoding 

and deooding mathode. The propertiw of the 

random rrmr md the  burst error ere differcat, 

h a o e  the  oode t o  eliminate random error i e  

gslerally ueeleee t o  the buret amor, md vioe 

v-a. The EDC gate perforum the error deteoting 

and error oorreoting funotion by dateoting and 

oorreuting wary b i t ,  eo the oapability of error 

deteoting d error oorreating irr indepadslt on 

the o w e  f o r  pvduoing errore. 

Property 3 1  In the data treDsmiseiar eyetom 

with ED0 gate and delivering TP o d e ,  the tram+ 

mlaeim effioianqy i e  higheet (no radundrmt bite) ,  

the oapability of error deteoting md error oor- 

rooting l o  more powerful, rmd the  oosto i e  oheaper 

(beourre of the simple oirouit oonfigurstion of 

thin data trPulmimeian eyn ta~) .  

A nciarooomputer data aoquieition aptem 

dusignai by the author, by uti l izing the  theory 

premantd in  thie paper i e  working ~ r f e o t l y .  In 

th is  8pta, TP code i s  ~ ~ e d  in oha~~181, md EDC 

oirouit ie dofled in b n e l  unit. I te  o m +  

tional  d i t i o n  hee proved that  thla d d a  trans- 

miaeim system ham verg powerfil oapability 

againet interferenoe (oepeoially powerful oommon 



i n t e r f a r ~ o o )  fir severe air-tmoe, and the  EDC 

oiroult vortbe. a psaotiaal value i n  data traoerPha- 

t3ial.p.t.m. 

In summary, the  o ~ o l u a i o n  will be ob ta l ad  aa 

f o l l o r  : 

1. The wmper&iva operation eod tho oorrao- 

t ian  gate of t e a r y  logio preacmted in thia 

paper have a good oapability of error deteutlng 

sad error o o r r d i n g .  

2. TP O O ~ O  ~ w c ~ t d  ~ ~ r d i n g  t o  t a w  
logio thoow hmm a good property of eamily de- 

tooting end wrrooting errore. 

3. The EDC o M t  ham aevoral good property, 

pwsriul oapability of error deteoting and error 

oorreoting, simple airauit oonfiguration rrd varg 

oh-p 006t. 
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