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ABSTRACT 

This thesis looks at the frame synchronization in 

TDMA systems. The emphasis is more on the dynamics of syn

chronization acquisition algorithms rather than meeting some 

specifications, which they all do. Several single-level 

synchronization techniques are provided and compared, and 

the resulted performance is indicated: specifically, mean 

time to reach frame synchronization and mean time to 

maintain true frame synchronization. 
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CHAPTER 1 

INTRODUCTION 

Frame synchronization is a process for identifying 

the unique synchronization pattern imbedded in the PCM data 

stream, at the receiver. Although the synchronization 

pattern bits occupy positions, primarily intended for 

information bits, it is of great significance to receive the 

information bits with high accuracy, through noisy channels, 

with assistance from che synchronizing bits. After all, it 

is a price well worth it, in terms of expensive bandwidth, 

for reliable recovery of data. Nonetheless, more complex 

framing strategies and sophisticated hardware implementa

tions will be required. A typical framing strategy 

comprises of three modes: search, verify, and lock-up. In 

the search mode the system scans the incoming bit stream and 

performs a bit-by-bit search for the synchronization 

pattern. Next, the synchronizing system enters the 

verifying mode to ensure true frame synchronization pattern 

recovery before switching to the lock-up mode which is the 

normal in-synchronization state. To evaluate a system's 

performance, two significant requirements must be met. 

First, the time the synchronization system takes to 

1 
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reacquire synchronization, the system being out of synchroni

zation or search mode. Second, the time the synchronization 

system takes to maintain true synchronization, the system 

being in synchronization or lock-up mode. 

Communication systems normally consists of a hier

archy of a multilevel multiplexers. Lower levels have 

slower bit rates and pulse stuffing is used in higher 

levels' frame synchronization. Several lower channels con

gregate into the next higher level and so on. For instance, 

Kondo (1974) presented a hierarchical structure for up to 5 

levels of multiplexing; 1.545, 6.312, 32.064, 97.728, and 

397. 20 Mb/s. And so did Lui and Hammond (1980) where they 

showed a method for modeling a multilevel TDMA frame 

synchronization operations. They gave examples of 2 and 3 

level systems and evaluated their performance at each level. 

Schooley (1975) reviewed and analyzed frame synchronization 

of several first and second level multiplexing equipments 

that are available commercially. Other authors concentrated 

on developing synchronization algorithms and evaluating 

performance measures for single level multiplexing. 

In this thesis, a number of synchronization algo

rithms and performance measure analyses for a single level 

multiplexing will be discussed. Furthermore, the signifi

cant performance measures mentioned above will be compared 
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along with tables and illustrations that show those measures 

as functions of the parameters involved. 



CHAPTER 2 

DESCRIPTION AND ANALYSIS OF FRAME 
SYNCHRONIZATION TECHNIQUES 

2.0 Introduction 

In this chapter we are going to present a few 

techniques involved in the frame synchronization and the 

respective performance analyses. In the process, a common 

form of parameters is considered for ease of comparison, 

unless noted otherwise. Those parameters are: 

F = frame length in bits 

M = frame synchronization pattern length in bits 

c = error threshold in bits 

P = channel bit error rate e 

In each of the following techniques a description of 

the algorithm involved is given, proceeded by an analysis of 

performance measures that govern the efficiency of the 

system. 

2.1 A General Approach to Synchronization 

2.1.1 Acquisition 

2.1.1.1 Description. Scholtz (1980) studied a 

simple communication system which consists of blocks of D 

bits separated by a known synchronization pattern m, M bits 

4 
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long. Also, he assumed the availability of a perfect bit 

clock, and the channel was a binary symmetric channel (BSC) 

with bit error rate P . e 

Scholtz (1980) assumed the received bit stream as 

r(t) = rtrt+irt + 2 * " * rt+M-l' anc^ denoted the number of 

positions in which two vectors x and y disagree by H(x,y), 

which is the Hamming distance between x and y. Using this 

notation, one possible frame synchronization acquisition 

algorithm is: 

1. t <- 1 

2. if H(r(t),m) £ e, go to 4 

3. t <- t+1, go to 2 

4. output "synchronization pattern detected at time t." 

The parameters involved in this algorithm, M, £, Pe, 

D, m, contribute to the overall performance of the system. 

2.1.1.2 Performance Analysis Scholtz ( 1980) 

indicated that if the algorithm detects a synchronization 

pattern at time t, then an acquisition occurs at time t. 

Furthermore, suppose the transmitted M-tuple at time t which 

produced r(t) is comprised of the last n synchronization 

pattern symbols or vice versa, i.e., M-n data symbols 

followed by the first n synchronization pattern symbols. 

Also, let: 

= ^ ml'm2"* * mn^^ mM-n+1"""mM ̂ ' ( 2 -1) 
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be the contribution of the received synchronization pattern 

bits to the Hamming distance test measure at time t, or, 

more specifically, it is the Hamming distance between the 

first n synchronization pattern symbols and the last n 

synchronization pattern symbols. The probability of 

acquisition in one test is: 

min(n,e) 
Pa(£'n,£o) = E P(H( (r . . .•rt+n_1)f(m1...m^)) = i) 

i = 0 

P(H((r. ...r. .. ,),(m ,...m,,)) < e-i) t+n t+M-1 ' n+1 M — 

( 2 - 2 )  

The first term is the probability that the received 

synchronization pattern contributes i units to the Hamming 

distance, the second term is the probability that the 

remaining data bits contribute at most e-i additional units 

to H(r(t),m). Now, if I transmission errors take place in 

the n- eq synchronization pattern bits, and k mismatches in 

the remaining M-n data bits, then the above equation 

becomes: 

min(n,e) min(i,n-e ) p e -i+2£ 
Pa(e'n'eo) = III ( £0)<i (I^-» ] 
a ° i=0 &=max(0,i-e ) ^ e e 

' o 

i M"n min(e-i,M-n) 
. t(o) I  ry1)] (2-3) 

k=0 K 
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From the above equation, the probability of false 

acquisition in random data was derived: 

Pfad = pa(e'°'0) = 4>" I (i> <2~4> 

Another probability, P^-amf which is the probability 

of true acquisition of the synchronization pattern, is: 

e 
Ptam " VE'M<01 " J=0 <i> (2-5) 

The probability of correct acquisition in one pass 

through a frame of time is given as: 

M-1 
> 1 " (D-M+l)Pf . - 2 I P <e,i,E )P alp — fad . , a ' ' o tam r i = l 

(2-6) 

2.1.2 Verification (and Lock-up) 

2.1.2.1 Description. Scholtz (1980) also presented 

a frame synchronization verification (and lock) algorithm, 

based on an initial synchronization pattern detection at 

time t , for the case when the system acquires a false 

synchronization or slips a bit after synchronization acquisi

tion : 

1. T <- t , i <- 0, k <- 0 o 

2. T <- T+M+D, i <- i+1 

3. if H(r(f),m) _<_ e'r then k <- k+1 
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4. if k _> K, then: a) output "frame synchronization 

verified at T" 

b) i <- 0, k <- 0 

5. if i < J, go to 2 

6. restart frame synchronization acquisition algorithm 

In other words, the synchronization pattern should be 

detected with e 1 error tolerance in K out of J tests 

executed on a sequence of J expected positions of synchroni

zation pattern occurrence. 

2.1.2.2 Performance Analysis. Scholtz ( 1980) 

showed the probability of synchronization verification on 

the first attempt, with perfect bit clock, to be: 

Pv = I (i)p*<e' 'n'en)[1 ~ P*<E' >n'ennJ"j (2-7) 
V j J a o a o 

2.2 CCITT and Pulse Stuffing Algorithms 

2.2.1 CCITT Algorithm 

2.2.1.1 Description. According to Munhoz, DeMarca, 

and Arantes (1980), the CCITT strategy for the acquisition 

and maintenance of the synchronous state for a second level 

multiplexing is as follows (see Figure 2.1). 

The system is in state A when the received synchroni

zation pattern is correct. However, if the receiver does 

not detect the synchronization pattern correctly, then the 

system goes into state B. When in B the receiver looks 
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A: Lock-up state 
B,C,D: Pre-alarm states 

E: Search state 
F,G: Verification states 

Figure 2.1. CCITT synchronization strategy. 
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again at the assigned time slots for the synchronization 

pattern in the next frame, hoping to find it. Now, if the 

synchronization pattern is found then the receiver goes back 

to state A. If not, it moves to state C. States C and D 

act the same way as B; i.e., look for the synchronization 

pattern at the particular time slots; if found, go to A; if 

not, move to the next state. When the receiver gets to 

state E, then the system is out of synchronization. At this 

stage, the receiver starts a bit-by-bit search for the 

synchronization pattern. If the synchronization pattern is 

found, it moves to state F. However, the system cannot 

discriminate between a true synchronization pattern and data 

sequence that looks exactly like the synchronization 

pattern. So, to ascertain that the detected sequence is the 

true synchronization pattern, the system looks for the 

sequence in the next frame. If it is found, then the system 

moves along to the next state G; if not, it goes back to the 

search state E. Sooner or later, state A will be reached 

with a very slight chance of being locked onto the wrong 

sequence. 

2.2.2 Pulse Stuffing Algorithm 

2.2.2.1 Description. Munhoz et al. (1980) capital

ized on the fact that stuffing control bits are available to 

support the synchronization process, while the CCITT 

neglects this piece of information. With the help of 
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stuffing control bits, the system moves more quickly from 

state A to E when not properly synchronized. 

The system, depicted in Figure 2.2, in state A 

indicates a good detection of the synchronization pattern. 

However, when detection of the synchronization pattern 

fails, the system goes to state Bl. In the same frame, if 

the receiver does not detect the similarly patterned 

stuffing control bits at the specific time slots, then the 

system goes directly to state E. But if the stuffing 

control bits are found at those specific time slots and 

satisfying the similarity condition, then the system moves 

to state B2 and stands by for the next synchronization 

pattern time slot. If the system detects the true synchroni

zation pattern, then it returns to state A; if not, it moves 

to the out of synchronization state E. The direct connec

tion between states A and B2 is for the case when correct 

synchronization pattern is detected but not stuffing control 

bits. States E, F, and G are the same as the ones in the 

CCITT strategy. 

2.2.2.2 Performance Analysis. Average holding 

time, t^, is given as a function of the channel bit error 

rate Pe< The technique involved in computing t^ for the 

CCITT is the flow graph depicted in Figure 2.3. Figure 2.4 

shows the flow graph for the proposed strategy. The transi

tion probabilities are: 
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B2 

Figure 2.2. The proposed synchronization strategy. 



Figure 2.3. CCITT flow graph for computing 
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1-x 

(1-p V(l-pJz (1-1 

1-x 1-x (1-Pjz 

Figure 2.4. Proposed strategy flow graph for computing t^. 
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pg = probability of missing synchronization pattern 

because of channel errors. 

=  1  -  ( 1  * Pe)10 

p^ = probability of failure for Dl, D2 and D3 stuff

ing bits because of channel errors 

= 1 - I (?)P3l(l - P )12"31 
i=0 1 e e 

pd = pd(1 " ps> 

Next, the transfer functions for both strategies are 

given below: 

4 4 
/ \ P z H (z) IS n_c, 

CCITT ~ 2 23 34 * ̂  ° ' 
1 - qsz - qspsz - psqsz - psqsz 

H < z >  
Psqdzl"X + pspdz + pspdz 

proposed , 1-x • 
1 - qsz " Ps.qdqsz - pdqsz 

where qg = 1 - p , and = 1 - p^. x is the fraction of 

the frame measured between its beginning and the stuffing 

bit control D3 in the fourth multiplexed bit stream, 

x - 0.76. Therefore, the average holding time is: 

•£ _ dH(zi 
"h dz (2-10) 

z = l 

The holding time, maintain true synchronization, for the pro

posed strategy performed superior to the CCITT when e > 2. 
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Another measure of performance is the average time 

for detection of synchronization loss. The average 

detection time for the proposed and the CCITT systems were 

examined. Results indicated that the proposed system 

performed superior to the CCITT system when e £ 3. 

2.3 Synchronization for an SS/TDMA Terminal 

2.3.1 Description 

Kamal and Lyons (1984) defined two operating modes 

for the synchronization detector: initial acquisition, and 

retention. Furthermore, they presented the initial acquisi

tion mode as a three state operation: search, verify, and 

lock-up. In the search mode, a bit-by-bit search for the 

synchronization pattern is implemented without the use of 

time windows, or apertures. 

Let us digress for a moment and talk about time 

windows. Campanella and Schaefer (1983), plus other 

authors, established a time window to reduce the false alarm 

rate during normal operation of data transmission. The 

principle of operation is as follows. When the synchroniza

tion pattern correlator detects a match, being detected 

within the time window, a subsequent time window is opened, 

one TDMA frame later, and centered at the next expected 

occurrence of the synchronization pattern. A graphical 

explanation that supports this operation is given in Figure 

2.5. 



TDMA 
Frame Timing 

Clock 

Data In Synchron. 
Pattern 

Correlator 

Time 
Window 

Generator 

a. 

A 

B 

W 

False 
Alarms 

Jl 

Time Window 

Jl 
| Synchronization 

I Pattern 
| Correlation 

Spikes 

Gated Synchroni
zation Pattern 
Correlation 

j Spikes 

I 

b. 

Figure 2 . 5 .  Time window. -- (a) Time window circuit; and 
Timing diagram. 
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Besides frame length and channel error rate, the 

width of the time window influences its performance. A 

formula that gives the probability of a false alarm, for a W 

width time window, is: 

1 - d - P )W 
F = F — , (2.11) 
w p 

e 

and for Pg < 10-^, the above equation, quite accurately, 

becomes: 

fim F = WF (2.12) w p ->o 
e 

Now, back to our subject. If a synchronization 

pattern is detected whether being false or true detection, 

the detection process moves to the verify mode with the use 

of time windows. A verification counter is activated that 

keeps track of in-synchronization frames for x number of 

consecutive frames. The lock-up mode is entered when x is 

fulfilled during the verification mode. If otherwise, the 

system switches to the search mode. Different levels of 

error threshold may be considered for the above mentioned 

modes. The initial acquisition is flowcharted in Figure 

2. 6. 

In the retention mode the synchronization control 

algorithm continuously monitors the synchronization condi

tion. A miss counter keeps track of the number of frames 
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Begin Acquisition 

Detector Counter = 0 
Threshold = e 

Time Window = Open 

Detect 
ulse? Continuous 

Scan 

Time Window = W 
Threshold = 

Counter = Detect Counter + 1 

( Acquisition Completed ) 

Figure 2.6. Initial acquisition algorithm. 
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incompatible with the normal frame format. When the counter 

passes a certain limit, the system is out of synchronization 

and it moves to initial acquisition mode. 

2.3.2 Performance Analysis 

Kamal and Lyons (1984) used the Markovian analysis 

technique to approach the acquisition time statistics. A 

state chain diagram and its transition matrix are depicted 

in Figure 2.7 for x = 2. The transition probabilities 

involved are: 

a) Pf(3: Probability of false detection with the time 

window open to the one frame width. 

b) p
ncj: Probability of no detection during one frame 

period. 

I 
c) Pf3: Probability of false detection with the time 

window positioned at the expected synchroni

zation pattern. 

I 
d) p

n(j: Probability of no detection within the time 

window. 

The respective formulas are given below: 

1 M v° M F~"'" 
Pf £ 1 - [1 - (f)M I (?)] (2-13) 

^ i = 0 

where F is the frame length in bits. 
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d-P' fd 
1.0 nd 

Pfd 

V,d 

a. 

nd 

Pnd(1_Pfd) 

Pnd 

fd 

Pfd+Pfd(1_Pfd) 

•fd 

0 

(1_Pnd~Pfd) 

(1-pnd"pH) {1"Pfd) 

0 

0 

0 

0 

1̂-Pnd~Pfd^ 

b. 

Figure 2.7. Correct acquisition Markov model. -- (a) State 
chain diagram; and (b) Transition matrix. 
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M M-i (2-14) 

P M-i .W- 1 (2-15) fd 

where W is the width of the time window 

M 

-  p f d > .  i ,  -  v M _ 1  
l=£^+l 

(2-16) 

The mean time to correct synchronization acquisition is: 

for x > 1. 

2.4 Linear Sequential Feedback Generators 

2.4.1 Description 

Goode (1964) presented a relatively simple way of 

frame synchronization for TDM systems. This method distrib

utes the frame synchronization pattern bits throughout the 

frame, equally spaced, in order to achieve lock and begin 

demultiplexing at any of the distributed bits. A linear 

t 

and 

ca 
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sequential feedback generator is used to provide the 

necessary bits for synchronization. 

The typical three-mode control circuit is used. In 

the search mode, the multiplexer bit counter randomly resets 

itself at any bit position in a group of words. Each group 

contains g bits, assuming. The receiver feedback generator 

is loaded with k bits into the shift register. Starting at 

randomly chosen point, every gth bit of the received data 

sequence, for a sum of k bits, is directed to the generator 

register. The control circuit goes to the verify mode when 

the shift register is fully loaded and the generator 

produces its sequence when clocked. The first M bits 

generated are compared to the bits extracted from the 

format. 

Assuming an error-free channel, if the bit position 

being tested is the correct position, then the generated 

bits agree with bits extracted from the format because 

identical generators are being utilized at both ends, 

transmitter and receiver. However, if the bit position 

being tested is not the correct position, then the circuit 

shows a failure about one-haIf of the time with random data 

in the format. If the situation occurs the synchronizer 

circuit returns to the search mode, inhibiting one clock 

pulse to the bit counter and consequently loads the shift 

register with another k bit sequence from the new position. 
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This strategy is repeated over and over until no error is 

indicated by the circuit. Then the synchronizer circuit 

goes into the lock mode. Continuous monitoring of synchro

nization is performed in the lock mode. 

In the previous paragraph, error-free channel was 

assumed; however, in real life situations, this is not the 

case. Therefore, an error tolerance parameter is consid

ered and implemented in the circuit. 

2.4.2 Performance Analysis 

Goode (1964 ) showed the probability of lock at an 

incorrect or false position during a single trial check with 

tolerance error e to be: 

where M is the number of bits tested for comparison in the 

verify mode. 

The probability of lock at least at one incorrect 

position in the search mode prior to the correct synchroni

zation position is: 

Pf = 1 - [1 - pf(e)]g/2 (2-20) 

where g is the number of bits in a group, and it must be a 

divisor of frame length. 

The probability that when the scanning process is at 

the true position the k feedback generator bits extracted 

from the format will be correct is: 
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Pkc - 11 - vk l2-21> 

where P is the bit error rate. e 

The probability that when the scanning process is at 

the correct position, the synchronizer locks with e errors, 

is: 

pc(£) = Pkc .^ (i)Pe(1 * Pe,M_1 (2-22) 

Consequently, the probability that the receiver 

synchronizer achieves correct lock at the first chance from 

a start at an arbitrary position in the frame or group is: 

Pc • (1 " V PC(£) 

= (l-[l-{l-( i-)M  I (5f)}g/2])(l-P )K I d)P;j(l-P )M~j 
i=0 e j=0 3 e e 

(2-23 ) 

Starting at an arbitrary point, it requires 

(k+M)g /2 bits on the average to arrive at the correct 

position. However, if not locked into synchronization, then 

2 an additional (k+M)g bits are required to pursue lock at 

the correct position. 

2.5 LSI Memories Adapted to 
D3 Channel Bank Format 

2.5.1 Description 

Maruta (1980) presented a method of framing which 

uses LSI memories for better performance and a simplified 
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hardware realization. This method is comprised of a tapped 

delay line for simultaneous observation of multiple framing 

bits, and a sequence controller for framing operation. 

The work done by Maruta (1980) accomplished improve

ment in performance and minimization of hardware by exploit

ing the state of the art LSI technology, in particular LSI 

memories such as ROMs and RAMs. This strategy improves 

performance considering framing pulses from several frames 

as a single code word. An ROM, which helps in reducing 

implementation complexity, is programmed to execute the 

framing strategy. 

The strategy proposed is superior and simpler than 

the D3 framing system. This method establishes master and 

multiframe synchronization in a single process by observing 

the sequences of master and multiframe pattern as a single 

codeword using a long tapped delay line with a tap interval 

equal to the frame length. 

The D3/PCM frame is shown in Figure 2.8. The voice 

frame carries 24 channels, each 8 bits long. Therefore, 

voice frame contains 192 bits plus one framing bit. The 

eighth bit of a given channel is utilized for signaling 

purposes in every sixth frame. An alternating 101010 

pattern and a 111000 pattern are used for frame identifica

tion, respectively. The framing strategy for the D3/PCM 

system is established by searching for the 101010 sequence 
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Figure 2.8. D3/PCM frame format. 
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in every second frame. Next, a change from a 1 to 0 or from 

a 0 to 1 is detected during the 111000 search. Apparently 

the first stage of this two-stage process influences the 

length of the reframing time. The specifications ask for a 

maximum of 50 msec reframing time in order to have a 

continuous communication. 

To compensate for the extended time in the first 

stage, the D3/PCM exploits two 8-bit-long shift register 

memories. One register stores a sequence of 8 bits of the 

same frame and compares it, two frames later, to an 8-bit 

pattern to check for the alternating 1/0 bits. The other 

register stores all past history of the tries of the 

matching process. This strategy produced 43 msec reframing 

time. 

This approach shortened the reframe time, and also 

avoided locks to noise when the transmitter was silent. The 

long tapped delay line can be realized by two 256-word-by-4 

bit MOS RAM chips with an 8-bit transparent latch and a 

divide by 193 address counter, shown in Figure 2.9. Up to 9 

delay lines with a tap interval equal to 193 bits can be 

realized with the above configuration. 

A sequence controller was used to maintain the 

correct synchronization and to manage the reframing process. 

The procedures for executing framing functions of the 

sequence controller can be realized using a single ROM chip 
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Figure 2.9. Synchronization circuit for D3 format. 
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and a dual D-type flip flop which feeds back to two ROM 

outputs to ROM inputs. 

According to Maruta (1980), there are two operating 

modes in any given framing circuit: in-synchronization and 

out-of-synchronization. During the in-synchronization mode, 

the sequence controller looks for a framing synchronization 

pattern once every multiframe interval. The sequence 

controller, in this mode, discriminates between a frame 

pattern missing because of line errors and actual loss of 

synchronization. Occasional incorrect framing patterns are 

ignored by error-tolerant parallel pattern matching. But, 

if error threshold is exceeded in the pattern matching, 

system being in lock state SO, the system goes into prealarm 

SI. Once again, if the error-tolerant pattern match fails 

in the search prealarm Si, then the system is considered to 

be out of synchronization. A transition occurs from Si to 

search state S2. 

During the out-of-synchronization mode, the sequence 

controller tries to recapture the correct multiframe phase 

of the receive timing counter. The sequence controller 

sends a count inhibit pulse to the receive timing counter, 

so the mutual phase between the received signal and the 

receive timing counter output is shifted bit-by-bit. The 

multiframe period timing pulse is to remain high until a 

matched sequence is observed. No error tolerance is 
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permitted for the pattern matching in the out-of-sychroni-

zation mode in order to shorten the reframe time. 

When a correct pattern is detected by the sequence 

controller, it stops sending the count inhibit pulse. This 

restarts the receive timing counter. A transition occurs to 

verification state S3, and the system confirms the presence 

or absence of the true synchronization pattern one 

multiframe later. If the first match detection was due to a 

simulation by random data pulses, then it is improbable that 

the same pattern occurs a second time on the succeeding 

occasion. If the second pattern match fails detection, the 

system returns to search state S2. The system returns to 

normal, lock, state SO when two successive correct framing 

patterns occur. Framing strategy is shown in Figure 2.10. 

2.5.2 Performance Analysis 

Two performance measures for the in-synchronization 

operating mode are considered next: the average mainte

nance of true synchronization interval, and the average 

synchronization loss detection time. 

Maruta (1980) considered the probability pm that the 

number of errors, due to noisy channel with channel bit 

error rate P , in the M-bit synchronization pattern exceeds 

the error tolerance e is: 
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Synchron 
zation 
Pattern 
Detected 

. Synchronization 
I Pattern 
Detected 

Figure 2.10. Framing strategy. 
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- 1 - J0 " Pe'M"k <««) 

and for small P , the above equation becomes: 

Mi , 
= P* (2-25) m . , . e (M - e - 1) i 

To evaluate maintenance of true synchronization 

intervals, it is imperative to establish the probability 

distribution of the time period from reframing to the next 

false loss of frame, which implies a transition back to the 

search state. Signal flow graphs technique is used to aid 

in establishing those probabilities. This technique is 

shown in Figure 2.11, where z is the 1-bit delay operator, 

and L corresponds to one multiframe interval in bit period. 

The transfer function for the flow graph diagram is: 

D
2 L P z 

H(x) = - (2-26) 
1 - i1 - V(1 + V 

Differentiating H(z) with respect to z, the average 

maintenance of true synchronization interval tm^ is: 

1 + P - P2 
tm^ = ^ L (bit periods) (2-27) 

^rn 

For small P , the above equation becomes: 



(1-p )z m 

Initial 
Input 

Search 
S2J initiated 

d-Pm)z 

Figure 2.11. Transition process signal flow gra 
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_ (M - e - 1)! 2 -2(e+l) 
t = [ ]ZP_ +X'L (bit periods) 
nin ^ MI 

(2-28) 

The other performance measure in the in-synchroni-

zation operating mode is the synchronization loss detection 

time. The probability of synchronization loss detection 

when e is exceeded is: 

Pd = 1 - 2~M I (") (2-29) 
k=0 

Therefore, the average sync loss detection time t is: 

- 1 ~ 
t = 2 L (bit periods) (2-30) 

Pd 

In the out-of-synchronization operating mode, a 

measure of performance is the maximum average reframe time, 

measured in bit periods, which is: 

MD i-ji 

F = (L-l)Q + § r [1 + (1-MP ) (L+1) (2-31) 
mr (1-MP e 

e 

+ (2-MPe)(L-l)Q] 

where 

Q = 1 + 2~ML + 2 ~ 2 M  [(1 + Pd)L/Pd - 1] (2-32) 



36 

2.6 Distributed vs. Grouped 
Synchronization Pattern Schemes 

2.6.1 Description 

Sekimoto and Kaneko (1962) presented two frame 

synchronization schemes. First, where the synchronization 

pattern is periodically distributed among the data bits. 

Second, when the synchronization pattern is inserted as a 

group at the beginning of the frame. For both schemes, a 

two-mode algorithm was implemented, lock-up and search. In 

the lock-up mode a monitoring action is activated to detect 

a loss of synchronization. 

In the synchronization pattern distributed bits case 

a bit-by-bit shifting method is utilized to reacquire 

synchronization. The synchronizing circuit shifts the 

digital phase by one bit for every detection of framing 

error, Figure 2.12. The bit rate synchronizer produces a 

train of clock pulses. The channel separator is an F bit 

shift register. When the channel separator produces the 

synchronization pattern bits, they enter two AND gates, ANDl 

and AND2. The output of ANDl is the synchronization pattern 

in the transmitted bit stream. AND2 triggers the synchroni

zation pattern generator. Both outputs are compared against 

each other in the correlator circuit, a modulo 2 adder or 

the exclusive OR circuit. If both patterns agree, no output 

is produced by the correlator circuit. However, if the oppo

site occurred, loss of synchronization, the output of the 
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correlator triggers an inhibitor through a delay circuit 

that takes off one clock pulse. In this way, the channel 

separator is backed up one bit. The bit shifting is 

repeated until no error is found, and the system is back in 

synchronization. 

In the other case, the grouped synchronization 

pattern, Figure 2.13, the above explanation is true up to 

the output of the correlator circuit, where the output pulse 

is utilized to reset both the channel separator and the 

framing pattern generator to the Oth bit for every non-

synchronous detection. 

In the lock-up mode, an isolated event of framing 

error is possible to occur; however, it is unnecessary to 

enter the search process for this one incident. Therefore, 

the scheme calls for two consecutive synchronization errors 

in order to activate the search mode. 

2.6.2 Performance Analysis 

Sekimoto and Kaneko (1962) approached the reframing 

process as a Markov process. The average reframing time for 

the distributed synchronization pattern bits is: 

E (f) = 1 + (-TrX-^p"19) (in frames) (2-33) 

where p is the probability that a framing error is detected 

by the correlator. 
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The average time to maintain true synchronization of 

the system is: 

1-P. 

r' ~ T ' M ' v p ' T VM/1_P~ E (f ) = 1 + (^) (^-£) + (^) (~f; ~) (frames) 
e 

(2-34) 

which is approximated by: 

E(fr) ~ (frames) (2-35) 
e 

On the other hand, the average reframing time for the 

grouped synchronization bits is: 

1 (1-P)M 

E ( f ) = — + (F-M) (frames) (2-36) 
P 1 - (1-P) 

The average time to maintain true synchronization is: 

1 (1-P)M (1 - Pe)M 

E(f ) = - + (F-M) + (frames) 
P i - d-p)M i - (i-p >M 

(2-37) 
which can be approximated by: 

E (f r) ~ (frames) (2.38) 
e 

The above-mentioned average time to maintain true 

synchronization does not exploit the locking scheme that was 

presented previously. Considering that scheme, the proba

bility of actual synchronization loss is QF, and therefore 

the average time to maintain true synchronization is: 

E(fr> = QF (2"39) 



41 

2.7 Frame Separation Method 

2.7.1 Description 

Inose, Takagi and Imazu (1965) presented a frame 

synchronization method that extracts a synchronization 

pattern by frame separation method, and using a one-frame 

capacity memory device. The frame structure used by Inose 

et al. (1965) is depicted in Figure 2.14. Two parallel 

channels are transmitted, the synchronization channel and 

the information channel. Because of the periodic and 

consistent nature of the synchronization pattern, it is 

possible to correlate successive frames and consequently 

establish frame synchronization. In other words, if the 

receiver bit stream is fed into an M-bit shift register and 

compared with the output of the synchronization pattern 

detector, then the synchronization pattern could be 

extracted. This is achieved by using a one-frame capacity 

shift register. The frame synchronization separation scheme 

is depicted in Figure 2.15. 

The synchronization pattern extractor includes the 

extracting circuit and a synchronization pattern detector 

circuit. . The one-frame-long shift register resides in the 

extracting circuitry. When the searching process is 

initiated the first frame coming out of the synchronization 

pattern detector is stored in the memory and later 

correlated with future outputs of the synchronization 
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Figure 2.14. Frame structure. 
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pattern detector. Therefore, the signal that stays in the 

same bit position for consecutive frames remains stored in 

the memory. As a result, a signal that occupies a bit 

position for a given frame and disappears in next frames 

will lead to disappearance from the memory unit. After a 

few frames, the remaining signals in the memory are those of 

a synchronization pattern and are extracted. The synchroni

zation detector verifies the establishment of synchroni

zation by monitoring the memory content resulting from frame 

correlation. 

In the case of errors that affect the quality of 

received signal, there are two types to be considered. 

First is the loss of synchronization pattern due to noise in 

the transmission medium. And second is the synchronization 

error that is produced by the persistent occurrence of a 

pattern in the information channel that looks like the 

synchronization pattern. Those two cases are separately 

detected by distinct detectors. In any case, search process 

is immediately initiated which resets the whole system and 

stores the first frame out of the synchronization pattern 

detector into the one-frame-long memory unit, and the 

synchronization pattern process is triggered, and the entire 

process is repeated until synchronization is achieved. 
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2.8 A Robust Frame Detection Method 

2.8.1 Description 

Dodds, Button and Pan (1985) presented a more robust 

and faster method of frame synchronization detection. In 

the search mode, memory device is utilized to store 

sufficient history to include all bits of the synchroni

zation pattern. Then a detector searches the bit positions 

for the synchronization pattern. When it is found, the 

system moves to the lock-up mode. However, if it is a false 

synchronization pattern it will be verified and the search 

process is triggered again. Proceeding to the lock-up mode, 

the system continuously verifies the synchronization pattern 

each time it appears, and no significance is given to the 

data bits. If the system becomes out of synchronization due 

to false synchronization or bit slippage, then it will 

return back to search mode. Channel errors also affect the 

true and false synchronization acquisitions. 

The memory device, a shift register, has the 

capacity of a full multiframe length, which in the D3/PCM 

format amounts to 193 bits multiplied by the synchronization 

pattern length M. Assuming a synchronization pattern of 12 

bits long, then the shift register can store 2316 bits at 

any given time. By this approach, the distributed synchroni

zation pattern bits are simultaneously accessible to the 
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detector for further analysis. At the expected synchroni

zation pattern taps the aggregate of the bits is compared 

with the stored replica of the true synchronization pattern. 

And in the case of high channel bit error rate, few errors 

are allowed in the search mode. Similarly, few errors are 

allowed during maintenance mode before shifting back to the 

search mode, which results in more time for reframing. 

Furthermore, two-state-maintenance mode was considered here. 

The system would remain in the first, in-synchronization 

lock-up state, until two extremely corrupted synchronization 

words are detected. Eventually, the system would resort to 

search mode for another round of synchronization pattern 

detection, as depicted in Figure 2.16. 

2.8.2 Performance Analysis 

Dodds et al. (1985) presented the probability of 

accepting a true synchronization pattern in both search and 

lock-up modes: 

Pats " j0S " V""' ,2-401 

Fatm - J? <?>pe(1 " 
1=0 

where e and e are the error threshold levels in search and s m 

maintenance modes, respectively. 
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Figure 2.16. Synchronization scheme with two maintenance 
states. 
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Figure 2.16 also shows the transition probabilities 

in the presence of the true synchronization pattern. 

The probability of accepting a false synchronization 

in the search and maintenance modes are: 

P = lS <i)(0.5)M (2-42) 
ats i=0 

Pafm = ^ (i)(°-5>M (2-43) 
i = 0 

where Pa^ is independent of the channel bit eror rate and 

dependent on the statistic of random data and synchroni

zation pattern length. 

Now, in the absence of a correctly phased synchroni

zation pattern, the system switches from maintenance to 

search mode with probability (1 - P f ). Or, the system clX ffl 

stays in the search mode with probability (1 - p
afs)• When 

the receiver is in-synchronization, two measures of 

performance are judged, the expected time to maintain false 

synchronization before rejection (tm^g) and the expected 

time to maintain true synchronization before rejection 

(t , ), where rejection comes about due to random channel 
mts 

errors: 
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T 
t 'mts (2-45) 

1 - P atm 

where T is the multiframe time. 

Based on the equation for the mean time to rejection 

developed by Weesakul (1961) for a multi-state lock algo

rithm, using a one-dimensional random walk, which is: 

where 

u = starting state 

b = reflecting state 

p = probability of moving toward the search mode 

q = probability of moving toward the reflecting 

state 

the equation above is simplified for the two-state mainte

nance system. The transition probabilities occur in every 

multiframe and add to one, or q = 1 - p. Assuming that Ml 

is the start of lock state and M2 is the reflecting state; 

i.e., u=l and b=2, the average time to maintain true 

synchronization and to maintain false synchronization are: 

E (t) (2-46) 

T 
t mts 2 

(2-47) 
(1 - P atm 
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tmfs = 2 (2"48) s (1 - P . )z atm 

Time to reject false synchronization starting from 

maintenance state M2, u=2, is: 

fcrfs = 2 + (2-49) r  ( i - p , r  i  -  p  *  
afm afm 

The expected maximum reframe time is: 

T + (MF - 1)P , ' t . 
F Sl Ell (2_50) 

HUT p 

ats 

where MF is the number of bits in a multiframe. 

During initial acquisition, the memory device must 

load up a sufficient history of incoming bits to contain the 

entire synchronization pattern bits. For distributed 

synchronization pattern bits, the loading time is: 

t£ = 1 + MF - F (2-51) 

For block synchronization pattern, the loading time 

is: 

t ̂  = M (2-52) 

Therefore, the expected search time for the synchro

nization pattern is: 
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t  +  t ,  +  t  ( 1 - P . )  mr b mr ats tg = t£ + (2-53) 

where t, is one bit time. b 

2.9 Secondary PCM Telephone Multiplex 
Synchronization Scheme 

2.9.1 Description 

Brugia and Decina (1969) presented a synchronization 

algorithm and the respective performance. The flow graph in 

Figure 2.17 shows the reframing strategy. The system was 

discussed specifically for 6.272 and 8.32 Mb/s, secondary PCM 

telephone multiplexes. The system is in the lock mode Aq 

which is also called normal mode. Then when monitoring 

system detects loss of synchronization for ot-1 times it 

switches to the search mode. In the search mode, when 

synchronization status is regained, whether true or false 

synchronization, the system switches to verification mode. 

If it is a false synchronization pattern, the system will go 

back to the search mode to acquire synchronization. 

However, if it is a true synchronization pattern the system 

will be advanced to the next verifying state. This process 

will be repeated for 6 times. If the synchronization state 

is verified by the 6 th state, then true synchronization is 

achieved and the system switches back to the normal mode. 
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2.9.2 Performance Analysis 

Brugia and Decina (196 9) derived the expectation and 

standard deviation of reframing time as functions of 

synchronization pattern length, number of digits per frame, 

and reframing strategy parameters. 

The expectation and variance of the statistically 

independent random variable h, where h is the individual 

contribution corresponding to different bit-by-bit shifts 

within the frame at a specific state,are: 

,, 6-1. 6 _ P(1 - p ) p 
h = + (2-54) 

1 - P (1 - P)a 

and 

., 26-1 6-1.. .. 6-1,„ 6 + 1. 
2 p{l - p + p (1 - 26)(1 - p)} p (2 - p ) 

°h , n v 2 + 
(1 ,,2a 

(1 - p) (1 - p) 

p^~"*"{p(l - p)(26 - 2a + 1) + 2(p^ + "*" - 1} 
+ = (2-55) 

i i  x a + 1 (1 - P) 

where p is the probability of a similar synchronization 

pattern sequences randomly occurring in the data bits and is 

1 M estimated to equal (-^J ; 6 is the number of transitions 

from one frame to another within the verification mode, and 

a is the number of transitions from one frame to another 

within the alarm state. 
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2.10 Summary 

In this chapter, several frame synchronization 

techniques, for a single level multiplexing, were presented 

along with the respective performance measure analyses. 

Almost all of the techniques involved utilized the 3-mode 

algorithm, i.e., search, verify, and lock-up. However, 

Sekimoto et al. (1962) used the two-mode system, search and 

lock-up. First-level multiplexing was targeted in the 

process except for Munhoz et al. (1980) and Brugia and 

Decina (1969) where they aimed at second-level multiplexing 

frame synchronization. 



CHAPTER 3 

COMPARISON OF MAJOR PERFORMANCE MEASURES 

3.0 Introduction 

In this chapter we will concentrate on methods of 

evaluating performance measures. In evaluating any 

synchronization system, it is important to know how fast the 

framing system would reacquire synchronization after it was 

switched to out of synchronization state. Moreover, another 

criterion that measures the effectiveness of a synchroni

zation system is how long time it takes to maintain the true 

synchronization mode before the next out-of-synchronization 

state. Techniques of the last chapter are compared, with 

regard tc the two performance measures disclosed above, and 

various tables and graphs are presented to aid in clarifying 

the subject. 

3.1 Mean Time to Acquire Synchronization 

Dodds et al. (1985) showed the expected search time 

for the synchronization pattern to be: 

t + t. + t (1 - P , ) 
f  m r  b  m r  a t s '  , 4  ts = tz + (3-1) 

55 
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and the expected maximum reframe time is: 

+ (MF - 1)P , . t , 
t = nifs ( 3-2 ) 

p, 
ats 

Figure 3.1 shows the reframe time as a function of 

M, P , and eg. Looking at the minimum reframe time would be 

at a 14 bit synchronization pattern. Shorter synchroni

zation patterns would result in longer reframe time due to 

false synchronizations, and longer synchronization patterns 

would result in a longer reframe time due to longer 

observation time. However, for longer synchronization 

patterns, a high error rate could be replaced by increasing 

the error threshold e . s 

When lock-up and prealarm states are increased, see 

Figure 3.2, the time it takes to maintain false synchroni

zation slightly increases; however, a major increase in 

maintaining true synchronization time results. For 

instance, P = .01 and e = 2, 3. 4 result in 7.3 sec, 5.4 
e m 

min, and 5.6 hours for the one-state maintenance mode. For 

the two-state maintenance mode, it is 9.9 hrs., 2.2 years, 

and 8.5 centuries. 

Dodds et al. (1985) touched on the Bell system 

extended framing format (EFF), which requires further fram

ing bits. As a result, more bits are allowed to enter the 

receiver before detection. In addition, EFF is designed for 
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F = 772 bits and multi frame time of 3 ms, rather than 

F = 193 and 1.5 ms for the D3/PCM system. Figure 3.3 shows 

that for F = 772, the framing pattern should be 16 bits. 

However, the EFF is defined with M = 6 bits. So, this 

problem can be overcome by observing two or more synchroni

zation patterns during the search process. Moreover, addi

tional multiframes must be preloaded. Table 3-1 shows the 

advantages of multiple synchronization pattern observations. 

Maruta (1980) presented a different formula for the 

maximum average reframe time: 

_ MP 
t = (MF-l)Q + [1 + (1-MP ) (MF + 1)+(2-MP )(MF-1)Q] 
mr (i-MP r e e 

© (3-3) 
where 

_M _ 9M 2 
Q = 1 + 2 MF + 2 [(1 + Pd)MF/pd - 1] (3-4) 

_ 3 Maruta (1980) indicated good results for P < 10 He e — 

found that the maximum average reframe time for a synchroni

zation pattern length of 7 bits is 29 ms. He also added 

that a major decrease in reframe time would be accomplished 

by increasing the synchronization pattern length, as seen in 

Figure 3.4. 

Munhoz et al. (1980) produced an average reframe 

time, for a second-level multiplexing, for the CCITT of 5.8 
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F=800 

F=200 

2 4 6 8 10 12 14 16 18 20 22 24 26 

Synchronization Pattern (bits) 

Figure 3.3. Search time vs. synchronization pattern length 
(Pe = .01, es = 0, em = 3, 1.544 Mb/s). 
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Table 3-1. Extended framing format (eg = 0, Pe = .01). 

M e Loading Time Expected Maximum 
Reframe Time 

6 2 2.5 ms 538 ms 

2 x 6  3  5 . 5  m s  7 . 8 4  m s  

3 x 6  5  8 . 5  m s  3 . 6 6  m s  

4 x 6  7  1 1 . 5  m s  3 . 8 2  m s  
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frames and 2.35 frames for their strategy. A synchroni

zation pattern of 10 bits long and no channel error rate 

were assumed. 

Brugia and Decina (1969) stated the reframing time 

expectation, for a second-level multiplexing, to be: 

tr = [1 + 6 + (F - 1) /h ]F/f2 (3-5) 

and the maximum reframing time is: 

where 

t = t + 3a (3-6) rm r r ' ' 

°r - F<F - 1'1/2°h/f2 |3"7) 

Plots, Figures 3.5 and 3.6, of maximum reframing time vs. 

synchronization pattern length are given for different 

channel bit rates. A single verification step is assumed, 

plus several prealarm (1 £ a <_ 5) steps are assumed. 

Brayer (1971) gave an expression for the expected 

number of frames for synchronization as: 

E(psi} = PSU + 2(1 - pg) + 3(1 - ps)2 + +i( 1 - Ps)i_1} 

(3-8) 

Table 3-2 shows that for decreasing bit error rate synchro

nization is accomplished with high probability only a few 

times. 

Hill (1963) gave first acquisiton and reframing 

times: 
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10 102 

Synchronization Pattern (bits) 

Figure 3.5. Maximum reframe time synchronization vs. 
synchronization pattern length ( 6 = 1 ,  c h a n n e l  
bit rate = 8.32 Mb/s). 
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Figure 3.6. Maximum reframe 
pattern length (6 
Mb/s). 

time vs. synchronization 
= 1, channel bit rate = 6.272 



66 

Table 3-2. Synchronization performance (M = 8, e = 1). 

Pg Probability Probability Probability of 
of of Missing Synchronization 

Recognition 
Failure-

a Sequence 
1 Try 2 Tries 3 Tries 

0 .  1  .92 x 10"5 o
 

• 00
 

0.34 0. 46 0.65 

0 .  01 .92 x 10"5 0 .  

1—1 1 o
 

r-
4

 

X
 

1—1 <
N

 

0.999 0.9999 1 .  0  

0 .  001 .92 x 10"5 0 .  27 x 10~4 1.0 • o
 

1 .  0  

0 .  0001 .92 x 10"5 0 .  22 x 10"5 

o
 • 

1—1 

1 .  o  1 .  0  

* Probability of false acceptance in random data. 
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°1 = ("o - 2)(1 * "W' (3"9) 

a4 = 1 + <aQ - -jKl + eFM < e x)) (3-10) 

Reframing time is shown in Figure 3.7, where it indicates, 

for a 1000-bit frame, the longer the synchronization pattern 

the shorter the reframing time. And if the synchronization 

pattern length is kept constant at 22 bits, the error 

threshold of 2 bits performs better than the one with 4 

bits. This is true because the more bit errors are allowed, 

the more false synchronizations may occur, which results in 

reentering the search mode. And, accordingly, it leads to 

more reframing time. 

Mallory (1971) gave an expression for mean time to 

reach frame synchronization: 

_  F + l  F P  F ( F  -  1 )  _  P  
u = + — + s (1 + 2 —2 ) , 

2  1 - P  4  1 - P  
6 6 (3-11) 

where s is average frames needed for verify and lock-up 

modes to reject a false synchronization location. And for 

small P , e' 

_ F(F - 1) _ 
u s s (3-12) 

4 

which indicates that the mean time to synchronization is 

proportional to the square of the frame length. 
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Figure 3.7. Average refraining vs. channel bit error rate. 
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Figure 3.8 shows the mean time to reach the frame 

synchronization as a function of M, e, F. For a particular 

synchronization pattern length, more time is required to 

reach synchronization for longer frames. And, of course, 

the lower bit error rate performs superior to higher bit 

error rate. 

Kamal and Lyons (1984) compared their results, with 

the time varying Markov model presented by Semelsberger 

(1979), where the model was used to reacquire detection 

probabilities as to the detector's variable position with 

respect to the synchronization pattern position. The mean 

time to acquire synchronization is, clearly, Figure 3.9, 

superior to Semelsberger1s, particularly as Pg increases. 

Kamal and Lyons (1984) also discussd an adaptive acquisiton 

algorithm where error threshold levels and time window 

widths are varied in order to maximize their values to 

obtain the lowest mean time to acquire synchronization. 

Figure 3.10 shows the effect of variable threshold 

acquisition algorithm on the synchronization acquisition 

performance. 

Sekimoto and Kaneko (1962) presented the equation 

for the mean time to reframe, for the distributed bits case: 

E(f) = 1 + (3-13) 

and for the grouped bits: 
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Figure 3.8. Average synchronization time vs. synchroniza
tion pattern. 



71 

rtr 

+4 
rnr in i 

M : ! I'' 

F = 
•M = 
e = 

576 bits 
6 bits 
0 (search) 
1 (verify & lock-up) 
6 

-.|_i 

H+ 

:":t: 

£> 

* 

Figure 3.9. Mean time to synchronization vs. bit error 
rate. 
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1 <1-P)M 

E(f) = - + (F-M) (3-14) 
P 1 - (1-P)M 

Figure 3.11 shows the curves for both cases men

tioned above. It clearly indicates superior performance by 

the grouped bits synchronization scheme. 

Inose et al. ( 1965) ran a comparison test between 

their method and the methods described elsewhere in this 

thesis by Sekimoto and Kaneko (1962) and concluded that the 

frame separation method is superior to both the bit-by-bit 

shift synchronization and the grouped bits synchronization 

methods of Sekimoto. Figure 3.12 depicts the three methods' 

performance in refraining, and clearly shows the superiority 

of the frame separation method for M < 10. 

3.2 Maintaining True Synchronization 

Melo and Garrote (1980) indicated a relation between 

the average interval between false synchronizations and 

number of verification steps at low signal to noise ratios. 

Table 3-3 displays the number of verifications and the 

related holding time. It proves that for redundant 

verification steps, the longer in synchronization the system 

will be. 

Munhoz et al. (1980) stated the holding time in the 

following equation: 
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Figure 3.12. Reframing time for the three methods. 



Table 3-3. Average interval between 
false synchronizations for 
m number of verification 
steps. 

m tf 

1 8.74s 

2 9.06 min 

3 9.66 h 

4 25.77 days 

5 4.52 years 

6 289 years 
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dH( z) 
t, h (3-15) 

dz z = l 

where H(z) is the transfer function of the synchronization 

system. Maintaining true synchronization for the proposed 

system resulted to be inferior to the CCITT system when £ < 

2. This arises because there are less prealarm states than 

the CCITT system. However, for e _> 2, the new approach is 

far better than the CCITT, as shown in Figure 3.13. The 

synchronization pattern length considered here was 10 bits. 

Dodds et al. (1985) showed maintaining true synchro

nizations to be: 

A comparison table, Table 3-4, between a standard D3/PCM 

system and Dodds' system is given, and it shows improvements 

in maintaining true synchronization time, and the expected 

searching time, for the latter case. Maintenance time is 

increased by permitting more maintenance threshold errors or 

observing two erroneous synchronization patterns before 

making the decsion to return to the search mode. 

Sekimoto and Kaneko (1962) showed the time to 

maintain true synchronization to be: 

T MF t mts (3-16) 
1 - P atm 

e 
(3-19) 



CCITT 

Figure 3.13. Average holding time. 
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Table 3-4. Comparison of standard D3/PCM and Dodd1s system. 

Pe 

01 0.1 Comments 

t 24 iris 29.3 ms N/A D3 measured 

t 1.86 ms 2.72 ms 14.8 ms £ = 5 measured s m 

t . N/A 1.9 s 2.7 ms D3 measured mts 

t . N/A - 0.14 s e = 2 measured 
mts m 
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and that stands for both cases, the distributed and grouped 

synchronization schemes. 

Acampora and Curry (1980) reached an experimental 

conclusion, for a high-level multiplexing, that for a 16-bit 

synchronization pattern and permitting 16 successive 

mistakes before reinitialization, frame synchronization 

maintenance is impossible for channel bit error rate greater 

_ 2 than 3 x 10 . It may, however, be maintained in synchroni

zation at high bit error rates if the miss counter is 

increased above 16. 

Maruta (1980) showed the average true synchroni

zation maintenance time to be: 

1 + P - P2 
fcmfi = 5 ^ L <3"17> 

^m 

and for small P , the above equation becomes: 

_ ( j>1 - e - 1) • 2 _ 2 (e +1) 
t = [ ] P Z<t- + J-'L (3-18) 
m f l  Ml M! 

Figure 3.14 illustrates the above equations. A major 

improvement is noticed when the error threshold is increased 

from 0 to 1. For instance, for a synchronization pattern of 

10 bits, one bit increase, 0 to 1, for the error threshold 

level would increase the maintenance time from .00 4 hours to 

50 hours. 
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3.3 Summary 

We have shown several formulas for evaluating refram

ing time and maintaining true synchronization time as 

functions of frame length, synchronization pattern length, 

error threshold level, channel bit error rate, and number of 

substates per mode in certain cases. A variable error 

threshold and time window seemed to be more efficient in 

maximizing reframing time based on the channel parameters. 



CHAPTER 4 

SUMMARY AND CONCLUSION 

Frame synchronization techniques for single level 

multiplexing were presented, and performance measure 

analyses were discussed. In most cases, the aim was not on 

meeting certain synchronization requirements as much as it 

was showing the dynamics of synchronization algorithms and 

the effects of the parameters involved such as frame length, 

synchronization pattern length, channel bit error rate, and 

error threshold level on the synchronization process and on 

the overall performance measures. 

Almost all, except for Sekimoto and Kaneko (1962), 

of the literature searched implemented the three-mode 

synchronization algorithm, search, verify, and lock-up, 

which excels over the two-mode algorithm for the verifica

tion stage that bans locks to false synchronization patterns 

that formed due to channel errors or simulation of synchroni

zation pattern in the random data bits. 

As it was pointed out earlier, frame length is 

critical to the overall performance. Maruta (1980) showed 

several frame lengths along with the optimal frame synchroni

zation patterns for each case in order to achieve the lowest 

83 
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reframing time. For instance, M = 12 for F = 50; M = 14 for 

F = 200; M = 16 for F = 800. Error threshold is an impor

tant parameter that relaxes the system's monitoring process 

so accidental loss of a bit or two from the received 

synchronization pattern will not switch the system to search 

mode. Munhoz et al. (1980), specifically, found that for 

error thresholds exceeding 2 their system had the edge over 

the CCITT, second level multiplexing, with regard to holding 

_ 3 time. For example, at 10 channel bit error rate and error 
O 

threshold of 3, the CCITT's average holding time is 10 

frames while their system is 10^ frames, an improvement of 

1000 frames in synchronization state. Kamal and Lyons 

(1984), interestingly, suggested an adaptive acquisition 

algorithm where variable error threshold levels and variable 

time window widths were discussed, and, accordingly, 

improved mean reframing time was concluded. 

In the case of synchronization loss detection, the 

system will remain in the lock-up mode for a predesignated 

number of frames, prealarm, to certify that the synchroni

zation loss detection signal- is genuine. Dodds et al. 

(1985) marked that for increasing lock-up and prealarm 

states a slight increase in false synchronization mainte

nance occurs; however, a significant increase in maintaining 

true synchronization time results. Of course, the longer 

the system stays in the lock-up mode while unsynchronized 
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the longer the time to reframe. Therefore, a formula must 

be reached for the number of lock-up steps required for a 

certain system that is a function of frame synchronization 

pattern length, error threshold level, frame length, and 

channel bit error rate. 

In the verification mode, likewise, a number of 

steps must be considered to confirm the acquired synchroni

zation pattern from the search mode before switching to the 

lock-up mode. For redundant verification steps the longer 

in synchronization the system will stay. Melo and Garrotte 

(1980) showed the significance of redundant verification 

steps. They presented a table that clearly indicates that 

for increasing number of verification steps the longer the 

system will remain synchronized. Further, searching through 

a narrow time window reduces false alarm rate, and conse

quently, the longer the system will remain in synchroni

zation. Campanella and Schaefer (1983) gave an insight into 

time windows and presented a formula that calculates false 

alarm rate, given frame length, width of time window, and 

channel bit error rate. 

Distributed synchronization pattern bits are less 

prone to burst errors than the grouped M successive 

synchronization pattern bits. Because only a single 

synchronization bit may be affected within a short burst, 

while a multiple of successive synchronization pattern bits 
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are more likely to be affected during the same short burst 

period. Besides, for high channel bit error rate, a higher 

level of error threshold can be considered to offset the 

effect of increasing errors in the transmission channel. 

Inose et al. (1965) compared the frame separation method to 

both bit-by-bit synchronization and grouped bits synchroni

zation presented by Sekimoto and Kaneko (1962), and showed 

curtailed refraining time for the frame separation method 

over the other two for synchronization patterns less than 10 

bits in length. 

A transmission medium is vulnerable to sporadic or 

continuous noise that diminish the quality of transmitted 

messages. A channel error rate, P , is attached to a 

particular medium to indicate the susceptibility of the 

channel to errors. Brayer (1971) showed a table that for 

decreasing channel error rate the probability of acquiring 

synchronization is close to one in, only, a few attempts. 

In addition, Mallory (1971) indicated superior reframing 

performance for lower synchronization pattern lengths and 

lower bit error rate, P < 10"^. e — 

Since a hierarchy of multiplexing levels can be out 

of synchronization at the same time, the higher level 

multiplexing must be faster in reframing than the lower 

level. By this approach, the higher level synchronization 

process is recovered while the lower level synchronization 
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is still striving. Therefore, the influence of the higher 

level reframing process on the lower level reframing is 

eluded. 

Brugia and Decina (196 9) showed reframing time for a 

multiple prealarm steps, for a second level multiplexing. 

Two channel bit rates were presented and their respective 

reframing times were plotted. They both indicated faster 

reframing time when compared to other authors' first level 

multiplexing. 

All of the techniques examined met the required 

specifications in their respective hierarchical structure. 

Although they all followed, more or less, the general 

three-mode synchronization approach, they varied in the 

details of each mode. Brugia and Decina (1969), for 

example, gave a lock-up and prealarm steps, and 6 verifica

tion steps, and actually left it to the designer to pick the 

number of steps desired to reach a particular time limit, 

while Munhoz et al. (1980) stressed the utilization of pulse 

stuffing to reach the desired goal. An outstanding approach 

that can have a partial effect on the pursuit of high 

performance is the adaptive acquisition algorithm presented 

by Kamal and Lyons (1984) where error threshold levels and 

time window widths are varied. This maximization process 

reduces the reframing time and lowers the alarm rate. 
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If more improvement is desired for a paramount 

performance, more work should be done on enhancing the 

hardware with state of the art technology that utilizes 

faster and more dependable elements of integrated circuits. 
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