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Abstract - Linear Feedback Shift Register (LFSR) is a shift register with its input bit as a linear operation of its previous 

state. Most commonly, this function is a Boolean exclusive OR(XOR) .LFSRs are as such used in cyclic error correcting 

codes like BCH and CRC encoders. Parallelization of LFSR increases the system throughput rate, thus makes it useful for 

high-speed communication. State-space transformation technique reduces the circuit complexity of parallel architectures and 

the encoder consists of matrix multiplications, with searching of transformation matrices. The new technique is the 

construction of a  modified transformation matrix  and the corresponding searching algorithms for the desirable 

transformation matrix which has both speed and area advantages. The register with a well chosen feedback produces  

sequence of bits  which exhibits psuedo-random behavior thus  making it applicable for very fast generation of pseudo-

random sequence such as in cryptography, digital broadcasting, fast counters, test-pattern generation, radio jamming systems 

etc. 
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I. INTRODUCTION 

 

In processing, a Linear Feedback Shift Register 

(LFSR) is a shift register whose input bit is a direct 

capacity of its past state. The most generally utilized 

straight capacity of single bits is exclusive OR 

(XOR)[1]. Accordingly, an LFSR is regularly a shift 

register whose input bit is driven by the XOR of 

certain bits of the general  register blocks. LFSRs are 

widely applied as such  in BCH and CRC encoders, 

generally to compute the remainder polynomials. A 

traditional encoder or a sequential LFSR architecture 

can work at extremely high frequency, but it 

experiences the innate sequential in and sequential 

out restriction. At the point when the throughput of 

this sequential/serial architecture can't get up with the 

framework information rate, parallel processing must 

be considered to meet the general necessities of fast 

interchanges and will provide a higher throughput 

rate. For example, as in optical transmission, rates 

beyond Gigabits per second are needed.[2] 

Many  sorts of parallel LFSR structures have  been 

proposed in the related writings for BCH and CRC 

encoders. In [3], a parallel CRC encoder has been 

proposed through scientific finding. Tree-organized 

calculation and subexpressions sharing are used to 

improve the cascaded rationale parts. Zhang and 

Parhi [4] proposed an improved fast BCH encoder 

intended to dispense with the fanout bottleneck 

condition. This parallel LFSR is effective as far as it  

accelerates the calculation, but  its equipment cost is 

high. A sort  of state-space transformation technique 

is applied in [5] and [6] to decrease the multifaceted 

nature of the traditional parallel CRC circuits. By 

embracing straight network change, a full speedup 

factor can be accomplished at the expense of an extra 

hardware outside the criticism circle. Parhi [7] and 

Jung [8] proposed another sort of parallel LFSR 

dependent on IIR channel topology what's more, its 

leverage is that the pipeline method can be connected 

to accomplish some improvement in the equipment 

proficiency of LFSR. 

In state-space transformation, the encoder is made out 

of some grid multiplications, with the  most exertion 

committed to searching of transformation networks 

that may accomplish the minimal-area circuits. In this 

short, another change matrix development and an 

inexact searching strategy are proposed. Utilizing this 

surmised calculation, the transformation can be found 

in an a lot shorter time than thorough searching. A 

low-multifaceted nature and rapid parallel LFSR 

engineering can be inferred by applying the state-

space change with the alluring arrangement. 

Accordingly, the equipment complexity can be viably 

decreased without yielding execution or speed. 

LFSRs can be implemented in hardware, and this 

makes them helpful in applications that require a 

quick generation  of a pseudo-irregular and random 

sequence. LFSRs have additionally been utilized for 

producing an estimate of repetitive sound in different 

programmable sound generators. [8] Complete LFSR 

are commonly used as pattern generators for 

exhaustive testing, since they cover all possible inputs 

for an n-input circuit.  In built-in self-test (BIST) 

techniques, it is accomplished with a multiple-input 

signature register (MISR or MSR), which is a type of 

LFSR. 

In this concise, a new transformation matrix 

development and an approximate looking strategy are 

proposed. Utilizing this estimated calculation, the 

desirable transformation matrix framework can be 

found in a lot shorter time than thorough pursuits. A 

low complexity and rapid parallel LFSR architecture 

can be inferred by applying the state-space change 
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with the new arrangement. Therefore, the hardware 

complexity can be viably decreased without 

relinquishing execution or speed.The rest of this brief 

is organized as follows. In Section II,the basic serial 

and parallel LFSR designs are reviewed briefly. 

Modified State-space transformation architectures are 

mentioned as parallel schemes. Section III introduces 

the CRC check for the modified transformation 

matrix, and the corresponding searching algorithms. 

Section IV gives the experimental results and makes a 

comparison. Conclusions are drawn in Section V. 

 

II. BASIC ARCHITECTURES 

 

LFSRs can be implemented based on serial and 

parallel architectures. The initial value of the LFSR is 

called the seed and since the operation of the register 

is deterministic, the stream of values produced by the 

register is completely created by the register is totally 

dictated by its current (or past) state. Similarly, in 

light of the fact that the register has a finite number of 

possible states, it should inevitably enter a repeating 

cycle. In any case, an LFSR with a well-picked 

feedback function can produce a sequence of bits that 

shows up random nature and has a  long cycle. The 

mathematics of cyclic redundancy check, utilized to 

give a brisk check against transmission errors, are 

firmly identified with those of an LFSR.[5]Few 

architectures are discussed below. 

 

A. Serial LFSR Architecture. 

A conventional serial LFSR architecture for 

BCH(n:k) code is illustrated in figure 1.There is XOR 

operation and finite-field multiply operation. In 

binary codes, the coefficient of the generator 

polynomial equals either 0 or 1, then the 

corresponding multiply can be simplified to a 

connection or disconnection.[1] Registers represent 

the remainder polynomial. 

 

Fig .1. Block diagram of conventional serial  LFSR. 

 

B. Parallel LFSR Architecture based on State- 

Space Transformation. 

In spite of the fact that a sequential LFSR  can work 

at exceptionally high recurrence, it experiences the 

inherent sequential in and sequential out constraint. 

[1] At the point when the throughput of this serial 

design can't get up to speed with the framework data 

rate, parallel preparing must be considered to meet 

the general prerequisites of rapid interchanges and 

provide a higher throughput rate. There are numerous 

sorts of parallel LFSR structures. A sort of state-

space transformation can diminish the multifaceted 

nature of the regular parallel CRC circuits. Another 

sort of parallel LFSR depends on IIR channel 

topology[2] and its leverage is that the pipeline 

system can be connected to accomplish some 

improvement in the equipment productivity of 

LFSR[5]. 

Let the state- space model be as shown in figure. 
 

 
Fig .2. Block diagram of parallel LFSR using State-Space 

model. 

 

Consider for a linear time invariant system, 

 

R(t)=[rn-k-1(t),……,r1(t), r0(t)] 
T 

 

where ri (t ) represents the state of the i th remainder 

registers at time t, and u(t ) represents the t th single-

bit input, R(t + 1) can be expressed as 

 

R(t + 1) = A × R(t ) + b × u(t )                               (1) 

 

C. Parallel LFSR Architecture based on  IIR 

Filter     Model 

In [7], a sort of parallel LFSR design dependent on 

IIR channel model is proposed. The sequential LFSR 

encoder appeared in Fig. 1 is dealt with as an IIR 

channel, and the loop update conditions can be 

inferred by embracing the look-ahead technique [8]. 

A parallel BCH encoder can be actualized dependent 

on these conditions. To relieve the unfeasible 

hardware complexity of the parallel engineering [7], 

another change dependent on the IIR channel 

topology [9] was applied. The past input and output 

values are consolidated to create the output y(n). 

While the message bits are entering, the codeword 

c(n) is generated by choosing u(n). After the message 

bits are totally entered, the multiplexer is changed to 

y(n) to extricate the internal values of the registers. 

y(n) is determined inside when the input message bits 

are bypassed. Block diagram of parallel LFSR using 

IIR filter method is shown in figure 3. 

 

III. MODIFIED STATE-SPACE 

TRANSFORMATION MODEL 

 

The transformation matrix used in [4] is chosen such 

that matrix ApT  is a companion matrix, which will 

simplify the feedback loop of the parallel 

architecture. Unfortunately, when Ap is transformed 

into a companion matrix ApT, matrix T and BpT may 

become complicated and dense with many 1s. Even 

the feedback loop is fast and of low complexity as 

expected; the other parts of the encoder may have a 

longer critical path with high complexity. After 

applying pipelining and retiming techniques to reduce 
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the critical path, the data-path timing is still not 

satisfying and brings extra hardware cost as well. 

 

 
Fig .3. Block diagram of parallel LFSR using IIR Filter 

method. 

 

The transformation matrix derived from optimal b 

may not be the optimal one among all the possibilities 

of T. Since there are other types of matrices that may 

transform the circuits into more efficient designs, 

some attempts can be devoted to improve the method 

for constructing matrix T and to further optimize the 

hardware implementations with state-space 

transformations. In order to find a better 

transformation matrix, some constraints need to be 

defined here. First, the transformation matrix T must 

be reversible to make the state-space transformation 

workable. Second, the total number of 1s in matrices 

T, ApT, and BpT should be as small as possible. The 

number of 1s in these matrices determines the number 

of XOR gates of the encoder directly Third, the 

method to find the transformation matrix needs to be 

efficient. The whole searching space is too huge for 

exhaustive search[5]. Based on these three 

constraints, a new method to construct the 

transformation matrix is proposed as follows. Ri(t) 

represents the state of the i
th remainder register at an 

instant t. U(t) is the tth  single bit input. 

 

R(t+1)=A*R(t)+b*U(t)                                            (2) 

 

Put t=t+1, 

 

R(t+2)=A*R(t+1)+b*U(t+1)                                    (3) 

 

R(t+2)=A*(A*R(t)+b*U(t))+b*U(t+1)                    (4) 

 

R(t+2)=A2R(t)+A*b*U(t)+b*U(t+1)                       (5) 

 

R(t+3)=  A3 R(t)+A2b U(t)+ )+A b U(t)+b U(t+1) 

 

Therefore, 

 

R(t+p)=Ap R(t)+Ap-1b U(t)+Ap-2 b U(t+1)+….+b          

U(t+p-1). 

 

This can be modified as, 

R(t+p)= [Ap-1b , Ap-2b…….Ab,b] [u(t),u(t+1),                      

u(t+2),….,u(t+p-2),u(t+p-1)]T + Ap  R(t). 

RT (t + 1) = ApT × RT (t ) + BpT × Up(t )                (6) 

 

R(t + 1) = T × RT (t + 1)                                          (7) 

 

Where, 

 

ApT = T−1 × AP × T. 

BpT = T−1 × Bp. 

R(t+p)=  Bp Up(t) +Ap R(t).                                    (8) 

 

IV. CRC CHECKING FOR VARIOUS LFSR 

ARCHITECTURES 

 

Error correcting codes give a way to recognize and 

correct mistakes present in a transmission channel. 

Cyclic Redundancy Check (CRC) codes are a subset 

of cyclic codes that are likewise a subset of straight 

block codes..[5] CRC usage can utilize either 

equipment or programming strategies. In the 

conventional equipment usage, an LFSR circuit plays 

out the calculations by taking care of the information 

bit at any given instant. In programming executions, 

taking care of information as bytes or on the other 

hand data turns out to be increasingly advantageous 

and quicker. This error detecting code is used in 

digital networks and storage devices, to detect 

accidental changes to raw data. The check (data 

verification) value is a redundancy. And the algorithm 

is based on cyclic codes 

 

A. Generator polynomials for the checksum 

Frequently used generator polynomials for CRC is 

shown in Table 1.CRC-16: G(x) = x16 + x15 + x2 + 1. 

It detects single and double bit errors. All errors with 

an odd number of bits. Burst errors  will be of length 

16 or less. Most errors are  for longer bursts.CRC-32: 

G(x) = x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 

+ x7 + x5 + x4 + x2 + x  + 1.It is used in ethernet  

IEEE 802.3.Also 32 bits of 1 added on front of the 

message. Initialize the LFSR to all 1s. 

 

 
Table 1:Frequently referenced generator polynomials. 

 

V. SIMULATIONS AND EXPERIMENTAL 

RESULTS 

 

The proposed method have been designed using 

Xilinx. The result of simulation is shown in the 

following figures. Fig. 4 shows the simulation of a 

conventional LFSR  for CRC-32 check. Fig. 5 shows 

the simulation result of a modified state space mode 

for the same. 
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Fig.4. Simulation result of CRC- 32 error check using serial LFSR. 

 

Fig.5. Simulation result of CRC- 32 error check using modified parallel LFSR. 

 

Fig.5. Result of CRC- 32 & CRC -16 error check using modified parallel LFSR. 

 

Outputs of CRC checksum were cross-checked using 

Online CRC checker for different values. Synthesis 

results  shows this architecture outperforms the 

previous designs. Maximum clocking frequency was 

found to be 406.33888 MHz CRC computations per 

second, assuming 4 clocks per CRC computation is 

101584721CRC .Throughput, assuming 4 clocks per 

CRC computation is calculated as 3.0274Gbps. 

Latency time (assuming 4 clocks per CRC 

computation),time taken for the input to reach the 

output is found as 9.844nS. 

 

VI. CONCLUSION 

 

The LFSR including well-chosen feedback operation 

is able to generate the series of bits that looks random 

that includes lengthy cycle.  Experimental results 

shows that the throughput of the parallel architecture 

is much higher than those of serial LFSR architecture. 

Many methods are there for reducing the hardware 

complexity such as retiming, pipelining and 

unfolding. The parallel architectures can achieve 

hardware designs with the minimal XOR gates and 

the same CPD. Through this project a modified 

method to choose the transformation matrix  in the 

state-space model was computed. A  CRC check for 

32  bits were computed using modified algorithm. 

Based on this improved model, reduced-complexity 

parallel architectures is obtained. Number of clocks 

were reduced which reduces the overall delay. There 

is a deterministic improvement in the throughput and 

speed and a significant reduction in power consumed. 

LFSRs can be implemented in hardware and this 

makes them useful in applications that require very 

fast generation of a pseudo-random sequence. 
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