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Performance of convolutional interleavers with
d ifferent sp acing p arameters in turb o cod es

S ina V afi and T ad eusz W y sock i

Abstract— This paper considers application of a convo-
lu tional interleaver and the issu e of infl u ence of the space
param eter in the tu rb o code perform ance. S im ilarly to
previou sly considered convolu tional interleavers, the new
interleavers are desig ned as b lock interleavers and their
perform ance in different code stru ctu res is com pared w ith
the interleaver having hig her periods and space valu e of 1 .
I n each com parison, the nu m b er of inserted stu ff b its at the
end of each data b lock is considered to b e of sim ilar order.
F inally , su itab le m odifi cation to the new interleavers is
proposed im proving perform ance for the codes w ith low er
nu m b er of stu ff b its.

I n d e x T e rm s— C onvolu tional interleavers,tu rb o
codes,period and space param eters.

I . I N T R O D U C T I O N

O p timiz ed convolutional interleavers can b e intro-

d uced as a class of effi cient b lock interleavers family .

T heir b lock -wise op eration is forced b y inserting the

numb er of z ero stuff b its eq ual to the numb er of the

interleaver memories thus returning its memories to z ero

state at the end of each d ata b lock [ 1 ] . C ond ucted

analy sis on d ifferent turb o cod es with this interleaver

shows that the cod es have relatively low free d istance

value with low multip licities [2 ] . W hen interleaver with

hig her p eriod s is ap p lied , the d istance b etween two

ad jacent b its at the orig inal b it stream increases and

conseq uently , hig her free d istance value for the cod e is

ex p ected . T his should imp rove its p erformance in the

error fl oor reg ion.

O n the other hand , ap p ly ing hig her interleaver p eriod s

involves insertion of more stuff b its, which d eg rad es the

cod e effi ciency . H ence, in [3 ] , a mod ifi cation to this

interleaver has b een p resented , which imp roves the cod e

reliab ility with a lower p eriod and less stuff b its.

In this p ap er,we consid er another interleaver character-

istic that affects the turb o cod es p erformance i.e., sp ace

p arameter, which sp ecifi es the d ifference b etween the

numb ers of the interleaver memories in its two consecu-

tive lines. W e d esig ned d ifferent op timiz ed convolutional

interleavers with hig her values of sp ace and similar

numb er of stuff b its to the interleavers with p eriod s and

sp ace value 1 . T hen, b ased on the utiliz ed turb o cod e,

we mod ify them to imp rove the cod e p erformance with

lower numb er of stuff b its. T he org aniz ation of the p ap er

is as follows: S ection 2 introd uces structure of op timiz ed

convolutional interleavers with hig her value of sp ace. In

S ection 3 , the analy sis of d ifferent turb o cod es with these

T he authors are with the U niversity of W ollong ong , N orthfi eld s A ve.,
N S W , 2 5 2 2 , A ustralia. email: {sv39,wysocki}@uow.edu.au.

interleavers is p erformed and the ob tained results are

comp ared with cond ucted simulations. F inally , S ection 4

conclud es the p ap er.

I I . C O N V O L U T I O N A L I N T E R L E A V E R S T R U C T U R E

W I T H H I G H S PA C E V A L U E

Period and sp ace are k nown as two major convolu-

tional interleaver p arameters [4 ] . T he inp ut d ata stream

is d istrib uted into T p arallel lines of the inteleavers

where T rep resents the interleaver p eriod . D ep end ing

on the sp ace value M , each interleaver line has M

more d elay elements than the p revious line. H ence, the

interleaved d ata ap p ear in d ifferent time slots at the

interleaver outp ut. F ig . 1 shows the g eneral form of the

convolutional interleaver with p eriod T and sp ace M .

1 : G eneral structure of convolutional interleaver with p eriod of T and
S p ace M .

I t has b een shown that increasing the p eriod of the op -

timiz ed interleaver with the sp ace value of 1 can imp rove

the turb o cod e p erformance in the error fl oor reg ion

[2 ] .H owever, for short to med ium interleaver leng ths the

interleaver with hig her p eriod may b e need ed , which

d eg rad es the cod e p erformance in terms of increasing

the numb er of stuff b its relative to the numb er of inp ut

d ata.

T his minimum d istance b etween two ad jacent b its

without consid ering the effect of z ero b it d eletion at the

end p art of the interleaver, is g enerally g overned b y the

p rod uct of T and M . T herefore,increasing the interleaver

sp ace value instead of its p eriod can b e consid ered as

another way to p rovid e a suffi cient minimum d istance

numb er b etween the ad jacent b its.

In ord er to evaluate p erformance of such interleavers,

we construct them in a way g iving similar numb ers of

stuff b its to these interleavers with sp ace value of 1 .
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I: Generated Minimum distance values between adjacent bits of input
bit stream from different interleavers.

Space Period Minimum distance No. of stuff bits
(M) (T) value T(T-1)M/2

2 6 12 30
3 5 15 30
1 8 8 28
1 19 19 171
1 20 20 190
2 14 28 182
3 11 33 16 5
4 10 40 180
5 9 45 180
6 8 48 16 8
7 7 49 147

Therefore, it is necessary to design the new interleavers

with lower periods. B ased on arithmetic sequence, the

overall number of stuff bits for the illustrated convolu-

tional interleaver in Fig. 1 is given by:

S =
T∑

i=1

si = M +2M + ...+(T −1)M =
T (T − 1)M

2

(1)

where si represents number of applied memories in the

ith interleaver line.

Table 1 shows the minimum distance for different

interleavers with similar number of stuff bits. The Ta-

ble indicates that interleavers with higher space exhibit

greater minimum distance values than interleavers with

space value of 1. Although the distance between two

adjacent bits increases, due to the shorter periods, the

distance between distributed bits in each interleaver line

decreases. This distance can be specified by the value

of T − 1. As a known method, in order to verify

performance of these interleavers in turbo codes, weight

distribution of the code with input data weight of 2 must

be calculated [5]– [7]. When both bit 1 positions in the

interleaved data with weight 2 are located in one line of

the interleaver, and the generated interleaved data return

the second Recursive Systematic Convolutional (RSC)

encoder to the zero state, the low codeword weight

for this encoder is achieved. Simultaneously, similar

condition occurs for the first RSC encoder because the

distance of distributed bits in one of the interleaver line

is identical to their distance in the input data stream.

B ecause of this and the low value of the interleaver

period, the number of resulting low weight encoded data

increases, leading to higher multiplicities of patterns with

weight close to the free distance value. As a result, the

performance of such codes dramatically degrades. For

example, as shown in Fig. 2-a, in the interleaver (M = 2,

T = 6 ) , the distance between distributed bits in each

interleaved data line is equal to 5. When this interleaver

is used for turbo codes(1,7/5) the existence of pattern

(0 0 . . . 0 0 10 0 . . . 0 10 0 . . . 0 0 )L with length L including

n = 3 k + 2 zeros(k = 0 , 1, . . . )between two bit 1s will

return both RSC encoders to zero state and generate low

weight codewords. Depending on the interleaver length,

the number of patterns that provide similar conditions

2 : Conducted modification on the interleaver (T = 6, M = 2 ) a)
original bit stream b)increasing column bits distance procedure c)even
column bits shifts equal to 5T and zero bit deletion from the end part
of the interleaver.

can increase. Hence, it is necessary to perform suitable

modification to this interleaver to increase the distance

between two adjacent bits that have been located in one

line of the interleaver. The modification is as follows:

Three consecutive bits in one column are considered

as one group.The first and third bit of each group are

replaced with the adjacent bits of the next group to

increase minimum distance of the interleaved bits in one

column to be twice of the original distance. Then, even

column bits shifting similar to the method presented in

[3] is performed to provide sufficient distance between

adjacent bits that have been located in different columns.

Finally, optimizion is conducted by deleting stuff bits

located at the end part of the interleaver. Fig. 2-b and

2-c show modification procedures for the prepared inter-

leaver.

The applied modification will not remove patterns that

return the second RSC encoder to the zero state. In

fact, this method generates patterns that return relevant

encoder to the zero state with higher codeword weights.

One can consider further optimizing the number of bits

and bits replacement procedure to increase the distance

between the adjacent data bits after interleaving.

III. SIMULATION RESULTS

In the simulations, we have used 4- and 16 - state

turbo codes (m = 2, 1, 7/5) and (m = 4 , 1, 3 5/23 ) ,

where m represents number of RSC encoder memories

that have been used. Among techniques providing turbo

encoded data block, trellis termination and truncation

9
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3: Simulation results for 4 state full rate turbo codes with interleavers
leng th L = 169.
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4: Simulation results for 4 state half rate turbo codes with interleavers
leng th L = 169.

have been selected for the fi rst and second R SC encoders,

resp ectively . Z ero stuff bits are inserted to the interleaver

after trellis termination and since they do not have any

effect on the sy stematic and the fi rst p arity data, they will

be removed from the mentioned data p arts to reduce stuff

bits number eq ual to
T (T−1 )M

2 value. T he op timiz ed

convolutional interleaver structure has been ex amined for

different values of the sp ace p arameter. P erformance of

the resulting turbo encoders have been assessed in the

p resence of A dditive W hite G aussian N oise (A W G N ) .

T he imp lemented decoder has realiz ed 8 iterations of the

Soft O utp ut V iterbi A lg orithm (SO V A ) alg orithm [8 ] . In

all cases, we have considered inp ut data with weig hts no

g reater than 4.

F ig . s 3 and 4 show simulated results of the 4- state

full and half rate turbo code with the interleaver leng th

L = 169. F or the full rate turbo code, the interleavers

(T = 5 , M = 3 ) and (T = 6, M = 2 ) g ive 0 .2 dB better

p erformance than (T = 8 , M = 1) for all sig nal to noise

ratios. In addition, they have very close p erformance to
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5: Simulation results for 16 state full rate turbo codes with interleavers
leng th L = 169.
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6: Simulation results for 16 state half rate turbo codes with interleavers
leng th L = 169.

the interleaver (T = 10, M = 1) while the number

of stuff bits has been reduced by 3 5 % . F or the half

rate turbo codes these interleavers will slig htly imp rove

the code p erformance in comp arison with the interleaver

(T = 8 , M = 1) .

F ig . s 5 and 6 show results of the conducted simu-

lations for the full and half rate 16- state turbo code,

resp ectively . Similarly as for the half rate 4 - state turbo

code, interleavers with hig her sp ace p arameters have

ex hibited slig htly better p erformance than the interleaver

(T = 8 , M = 1) .

U nlik e when the modifi cation is eq uip p ed to the

interleavers with sp ace value of 1 [3 ] , for interleavers

with hig her values of sp ace p arameter there is no need

for reverse bit sorting of odd columns during the modi-

fi cation p rocess. H ence, fi nding an op timum shift value

imp roving the code p erformance esp ecially for long

interleaver leng ths or hig her sp aces is achieved throug h

even column bits shifting and several simulations with

10



II: Shifting unit values for modified turbo codes with different
interleavers.

State Interleaver Interleaver Shift Unit
C ode specifications length value

4 T = 6, M = 2 167 13 × T

4 T = 5 , M = 3 167 12 × T

16 T = 6, M = 2 167 13 × T

16 T = 5 , M = 3 167 10 × T

4 T = 14 , M = 2 102 4 15 × T

4 T = 11, M = 3 102 4 7 × T

16 T = 14 , M = 2 102 4 10 × T

16 T = 11, M = 3 102 4 16 × T

different shift unit values. T able 2 gives even columns

bits shifting values of each utiliz ed interleaver. For the

interleaver (T = 6, M = 2 ) the procedure mentioned in

the previous section is conducted before shifting to suf-

ficiently improve the code performance. T he simulation

results presented in Fig. 3 confirm similar performance

of the interleavers with higher values of space parameter

and that of the interleaver (T = 10, M = 1) with

lower number of stuff bits by 35%, while, in Fig. 4,

the modified interleaver (T = 6, M = 2 ) has closer

performance to the interleaver (T = 10, M = 1) than

other modified interleavers with similar number of stuff

bits.

For the full and half rate 16- state turbo code, the

modified interleaver (T = 6, M = 2 ) has even better

performance than the interleaver (T = 10, M = 1) by

0.2 5 dB . B y comparing modified interleaver results with

unmodified interleavers results,it is easy to notice that the

proposed modifications can improve the full and half rate

code performance with the lower number of stuff bits.

Since the interleaved data from the interleaver (T = 5 ,

M = 3 ) returns the second R SC encoder of the turbo

code (1,35/2 3) to z ero state, a special modification prior

to the even column bit shifting is required. Similarly to

the previously explained case for the interleaver (T = 6,

M = 2 ), each three consecutively located bits in one

column are considered as one group. T hen, each bit is

replaced with its adjacent bit. Finally, even column bits

shifting is applied, in order to complete the modification

procedure. Fig. 7 illustrates the modification process.

M ore testing has been performed with higher inter-

leaver lengths. Fig. 8 shows simulation results of the half

rate 4 and 16 state turbo codes with the interleaver length

L = 102 4 . In each case, the results show that interleavers

(T = 14 , M = 2 )and (T = 11, M = 3 ) have close

performance to the interleaver (T = 2 0, M = 1), while

the number of stuff bits have been reduced by 4 and

13%, respectively.

In the case of 4% reduction of number of stuff bits, the

modified interleaver(T = 14 , M = 2 ) creates close and

0.2 dB better performance than the interleaver (T = 2 0,

M = 1) for the 4 and 16 state turbo code, respectively.

In addition, modified interleaver(T = 11, M = 3 ) gives

similar performance to interleaver (T = 2 0, M = 1)

in the error fl oor region, while number of stuff bits has

7 : C onducted modification on the interleaver (T = 5 , M = 3 ) a)
original bit stream b) increasing column bits distance procedure c)even
column bits shifts equal to 6T and z ero bit deletion from the end part
of the interleaver.
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8: Simulation results for 4 and 16 state half rate turbo codes with
interleav ers leng th L = 1024.

been decreased by 13 % . H owev er, the relev ant g rap hs of

4 state code shows 0 .2 dB worse p erformance for this

modifi ed interleav er in comp arison with the interleav er

(T = 20, M = 1 ) .

T he obtained results confi rm that selecting the suffi -

cient interleav er with hig her v alues of sp ace p arameter

11



and applying suitable modification compatible with the

RSC encoder structure can create better performance for

the utiliz ed code. This is particularly visible for the high

state turbo code with short interleaver lengths. A lthough

for the higher modified interleaver lengths with relatively

low number of stuff bits, similar performance to the

interleaver with space value of 1 is achieved.

I V . C O N C L U SI O N S

In this paper, performance of turbo codes with the

optimiz ed convolutional interleaver having higher space

values than 1 has been ex amined. The obtained simu-

lation results for different codes show that applying the

suitable structure for the new interleaver can improve

the code performance to surpass performance of the

previously suggested interleavers with space value 1.

Some modifications related to these interleavers have

been proposed to improve the code performance with

reduced number of stuff bits.
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