TERNARY LOGIC CIRCUIT FOR ERROR DETECTION AND ERROR CORRECTION

Jialin Wu

Shanghai Institute of Railway Technology
Shanghai,

Abstraoct

The binary logioc system formed hy ternary
logic oircuit has error detecting and error ocor-
recting funotion. Three valued-polar ocode and
ternary logioc error detecting and error oorrect-
ing cirocuit for the data transmission system are
presented in this paper. This data transmission
system has powerful oapability to deteoct amd oor-
reot error, so the reliability of the data trams-
mission improves greatly and the error rate re-
duces rapidly.

I Introduotion

The task of a data transmission system is to
tranafer digital signals. The main problems are
efficiency and reliability, i.e. a higher signal
rate and a lower error probability. However they
are always ocontradictory. Figure 1 shows a simple
data transmission system. Noise causes the error
of output signals. Usually, there are two types of
errors. One is the random error caused hy Gaussian
noise, the other is turst error caused hy pulse
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noise. Therefore, the ocoding for error deteoting
and error correcting is required to improve reli-
ability.

The Data rate of prime oodes is higher than
that of error deteoting amd error correoting
codes, tut its error probability is also higher
than that of the later. Normally, [2] a parity-
check code with minimum distance D can detect E
errors whem D>E+1, and oamn oorrect T errors when
D>2T+1. A oonvolutional oode with I+1 bits can
oorrect one error. But enocoder and decoder for
oonvolutional oodes are rather complex.

There are many kinds of three-levels codes,
for example, AMI, B6ZS, HDES eto. which are
applied widely for digital ocommunications. Their
capability for deteoting errors and ocorrecting
errors is more powerful. However, their error
probability is greater than that of binary oodes.
Suppose that the transmission digital data
sequences {an} have M-1 levels and each probabili-
ty of them is identical. If signal levels aretd,
+3d, o.e,{M-1)d and threshold levels of receiver
are 0,+2d, ...4(M-2)d, then error probability in
baseband transmiseion is [6]

{ A
Pe=(’“ﬂ)eT{C[E(M' _/jq-] (1)
input Transmitted received
signal signal signal
Channel
I'Noise, interference |
jand distortion
Figure 1
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where A ~ the amplitude of input signal

o - ruos value of noise
and the transmission channel has an ideal frequen-—
oy characteristio.
When X is squal to 2 the error probability has
minima value.

Howsver, in practioce some compromise between
oonflioting oonsideration of reliability, effi-
oienqay, and equipment complexity were made. So a
new three valued-polar ocode and ternary logio oir-
ouit for error detection and error ocorrection are
presented in this paper, they have high reliabili-
ty mnd effiocienqy as well & simple cirouit oon-
figuration.

II_Three valued-polar code

Let X,Y,P be three valued logic variable over
Q, and Q ={-1,0,1} i.e. symmetric ternary logio
system (ST system) is used in this paper. To spe-
oify problems, logic variable fundamental opera~
tions of ST system are defined as follows [4].
Definition 1: oomplement operater "-" is defined

X =-X (2)

From equation (2), it is known that 71 equals to ~1,
ic0ey T =1
Table 1 is truth table of complement operator.

Table 2

Table 1
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Definition 2: AND operator "." or "A" is defined

{ if X,ye{t}
=XAY= { T if X,YE(-1)} (3)
F 0 it XoY&{1} or X,Y§ {-1}

Truth table of AND is shown in table 2.
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Definition 3: OR operator "y" is defined

1 i XYE{O,1}

F=XVY={T if X,YE{-1,0} @
0 if X,Y&{0,1} or X,Y&{-1,0}

Truth table of OR is given in Table 3.

Table 3

- 4 2 O O O ] = = »>
. O o 4 O afa O

>
.a-oo-ao-llo-‘l-‘lﬁ

In [3] a two rail 2-of-3 valued system was
proposed and indicated that an error csused by any
fault is a oorrectable error or a detectable error.

In this paper, three valued-polar oode is
proved that it hes an error detecting and error
correcting property, and oan be used to detect
error and oorrect error.

Definition 4: If a pair of mutual ocomplement signa-
1s are transmitted through the chamnel (see fig.1),
the data tramsmission system is referred to as two-
rail transmission system.

Definition 5¢ In two-rail transmission system,there
are there signals; "%, "O" and "{". nJn gnd nqn
are defined a8 valid signals and "O" is defined as
a redundent signal. Such digital signal sequence

is called three valued-polar code {abbr, TP ocode).

In order that TP code is applied to the tra-
ditional binary digital data transmission system,
signal "1" is oalled code 1 and signal "1 is
oalled oode O, In two-rail transmission system
delivering TP code, the signals delivered by
source are normally a pair of mtual complement
signals and the signals input to receiver are also
a pair of mutual complement signals (ses table 4:
X=T, Y=1 in the row 3 and X=1, Y=1 in the row 7).

When digital data are delivered along the
channel, the transmission error are caused by noise



Table 4

N X Y F | Dr | Z» L* Comment

1|7 7T]o0 0 1 Error is detected, request to repeat transmission
2170 |7 1 0 Error caused by negative CMI* is corrected

3 T T 1]o0 Valid signal "1"

4 1o t7 11 1 1 0 Error caused by negative CMI is corrected

5 1o0]o jo 0 1 Error is detected, request to repeat transmission
6 lol1{7]o |1 ]o0 Error caused by positive CMI is corrected

T 11171 | 10 Valid signal "1"

8 1110 |1 (1 1 0 Error caused by positive CMI is corrected

9 |111 1|0 0 1 Error is detected, request to repeat tramsmission

#*Where CMI - ocommon mode interference

D - output signal of error detecting and error oorreoting oirocuit
2 - output signal of detecting ocirauit
L - request signal for repeating, and L = Z

disturbance or interference. Nine possible cases

are shown in table 4.

Definition 6: Comparative operator "A” is defined
if X<y

T
IAY -{1 it Y
0 if XY

(5)

where X,Y€ {7,0,1) are symmetrical three valued
logio variable. If the logio variable X,Y are
regarded as ternary number, then the relation of
these figures is 1<0<1. Therefore the definition 6
is obviously oorrect. Truth table of ocomparative
operation is given in table 5. Its logic symbol is
shown in figure 2.

Table 5
XAY

@ O 9 = O a2 O a4

Definition 7: A circuit for ternary logic ocompara-
tive operation is referred to a8 a oorrection gate.
Theorem: In data transmission system for delivering
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three valued-polar ocode, the ocorrection gate has
error detecting and error oorrecting properties.
Proofs The function table of ocomparative gate
oonsists of the colum 2,3,4 in table 4. the row 3,
7 in table 4 show the normal status. In the row 1,
599, the outputs in the oorrection gate are "“O¢,
and it indicates that the delivered digital sig-
nals suffered interference, thus the valid signals
(1.e. X=7, Y=1 Or X=1, Y=1) change a redundant
signal. It is proved that correction gate om
deteot three kinds of errors in the row 1,5 and 9
of the table 4. In the row 2, and 6, though the
delivered signals suffered interference, the cor-
rection gate oould correctly decode O ocode (i.e.
the signal "1" of ternary logic). Similarly, the
correction gate ocould translate these distorted
signals a8 X Y=0 1 and 1 O (see the row 4,8) into
the corrective valid signal, i.e. code 1. Q.E.D.

I1I Design of Error Doteo'ting ad Error
oorrecting hy ternary Logic Corrective Circuit

If the data transmission system is totally
ternary logic system, then only a ocorrection gate
can perform error detecting and error ocorrecting
funotion. By appling the oconcept presented in this
paper the reliability of the traditional binary
data transmission systems will improve amd the
error probability of them will reduoe.



mutual complement

signale
oorrection gate | F(triple logic) |data receiver ocircuit| D
X,Y (ternary logio) C (binary logioc) (binary logio)
f A
detecting cirouit | 2 L(binary logioc)
($ernary logio) %oq\uﬂ to repeat
trapemission
Shift pulse
Pigure 3
The error detecting and error oorrecting ocircu-

it of the ternary logic is shown in figure 3. Some Y
major components in figure 3 are specified as fol- 1 0 { (1,%),
lows. The ocorrection gate performs error deteoting { -
and error ocorrecting funotion as indiocated above.
This oirouit ocan trsnsfer the possidble nine digi- X 0le
tal signals into two valid eignals (i.e. P=1 or (1,%)p
1, see table 4), and into & redundant signal (i.e. -
F=0, See table 4). The data receiver circuit is )_/ 0%, 1);
essentially a shift register operating in the mode G, D (7,%)-
of serial input and parallel cutput. Its shift *r7p o

pulse is oontrolled Ly the error detecting cir-
ouit. When the correction gate input signal is F= {("*)P ’ (*’T)P}':X"'?
ternary logic "1" (or "1"), the error deteoting
oirouit ouput is binary logio 1. In that oondition,
gate A is open and the shift register receives
this temary logic "1" (or ") by shift pulse.
When correction gate input is a ternary logioc "O",
the detecting oircuit ocutmut is dbinary O, then
the gate A is olosed, and the redundant signal
"0" is rejected by it. However, the error de-
teoting oirouit ocutput O is inverted Ly gate B,
and output L of the gate B is 1. This signal 1 is
delivered oppositely to source and make & request X ——
t0o retramsmit the previously detected error signal Y__E]—_F
onoce again.

The eirouit of the correotion gate is designed {}
a8 follows. Acoording to the table 4 a symmetrio
three valued logic map (i.e. ST map, see figure 4) X F
[4]4is dresm, then the rule of simplification ST Y
map is used to simplify it, and thus the sim-
plest logio representation can be written as Figure 5
follows:

Figure 4
FeX+7Y (5)

According to the definition 1,3, it is easily
derived that the ocorrection gate oonsists of
ternary logioc inverter and a ternary logio OR gate
a8 figure 5. Using two MC14007 and several re-
sistors oan form a correction gate figure 6.
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Pigure 6

The error detecting oircuit of the temnary
logio ie designed aocording to the prinociple as
desaribed above. Its logio rerpresentation Z is
(from table 6)

(6)

if Fe{T,1
Z-‘-’{' I F{ }

0 if Fe{0}

The cirocuit as shown in figure 7 oconsists of
one MC14007, two diodes and five resistors.

In figure 3, if each part of this cirouit is
supplied by the same voltage power, the input X,Y
of the oclleotion gate are binary valued, and the
output F of it (i.e. the input of the data re-
ceiver and the error deteoting circuit) is three
valued. The output D or Z of the data receiver or

Voo
Table 6
FlZ) Foq z
111
010
111
les
Figure 7
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the error detecting oirouit are all binary valued.
Therefore, the error detecting and error correo-
ting oirocuit in figure 3 can be oompiled in an
integrated ocirocuit. This integrated oircuit is
called error detecting and error ocorrecting gate
(EDC gate).

Property 13 EDC gate is a oompatible mono-
lithic integrated circuit, so in the traditional
binary digital transmission system (but the trans-
mission signal must be a pair of mutual comple~
ment signals), the EDC can be used as error de—
tecting and exror ocorrecting.

Property 2: EDC can eliminate the interference
not only from random error but also from bturst
errore.

The traditional oirouit performs the error
deteocting snd error correcting function hy
various oode using encoding teochmique. The capa—
bility of this circuit depends upon the emcoding
and deocoding methods. The properties of the
raendom error and the burst error are different,
hence the ocode to eliminate random error is
generally useless to the burst error, amd vioce
versa. The EDC gate performs the error detecting
and error ocorrecting function by deteoting and
correoting every bit, so the capability of error
detecting amd error oorrecting is indepeandent on
the ocause for producing errors.

Property 3:+ In the data transmission system
with EDC gate and delivering TP oode, the trans-
mission effioiency is highest (no redundmt bits),
the capability of error deteoting amd error cor-
recting is more powerful, and the oosts is cheaper
(beomuse of the simple cirocuit oconfiguration of
this data transmission system).

IV Conolusion

A mioroocomputer data acquisition system
designed Wy the author, by utilizing the theory
presented in this paper is working perfectly. In
this system, TP ocode is used in chamnel, and EDC
cirouit is adorted in channel unit. Its opera-
tional oondition has proved that this data trans-
mission system has very powerful capability
against interference (espeocially powerful oommon



interference) in severe ciroumstsnces, and the EDC
circuit worths a practical value in data tramsmis-
sion system.

In summary, the oconclusion will be obtained as
follows:

1. The ocomparative operation and the ocorreo-
tion gate of ternary logio presented in this
paper have a good ocapability of error deteoting
snd error ocorrecting.

2. TP oode presemted according to termary
logioc theory has a good property of easily de-
teoting and ocorrecting errors.

3. The EDC oircuit has several good property:
powerful ocapability of error deteoting and error
ocorrecting, simple cirouit oonfiguration and very
cheap ocost.
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