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Abstract---In this paper, a low-power design of Viterbi 

decoders at the gate level in the standard cell design 

environment is proposed. In the standard cell design 

environment, the behavior of a design is described in a high-

level hardware description language, such as VHDL or 

Verilog. The behavioral design is synthesized to generate a 

gate level design. The gate-level design is placed and routed 

to generate a layout of the design. The focus of our research 

in the low-power design of Viterbi decoders at logic level is 

reduction of dynamic power dissipation in the standard cell 

design environment. We considered two methods, clock-

gating and toggle-filtering, in our design. 

Keywords: convolutional encoder, Forward Error 
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I. INTRODUCTION 

Convolutional coding is a coding scheme often employed in 

deep space communications and recently in digital wireless 

communications [1].Viterbi decoders are used to decode 

convolutional codes. Viterbi decoders employed in digital 

wireless communications are complex in its implementation 

and dissipate large power [6].We investigated a Viterbi 

decoder design for low-power dissipation in this thesis. 

A Viterbi decoder consists of five major building blocks, 

input output interface block, branch metric computation 

block, Add-Compare-Select (ACS) block, survivor path 

storage block and the output sequence generator block.[3] 

The I/O interface block provides necessary analog to digital 

conversion and synchronization. The branch metric 

computation block computes the branch metrics for each 

branch. The ACS block generates the survivor path 

information using the new branch metric and current state 

metric [5].The output sequence generator block estimates 

the original input sequence applied to the encoder [9]. 

There are two approaches for generation of decoded 

output sequence, register-exchange and trace back [1,3]. In 

the register-exchange approach each state has a register to 

store the survivor path information starting from the initial 

state to the state [7].These registers are updated for each 

new code symbol received. So when a complete code word 

is received, decoded output sequence is readily available. In 

the trace back scheme, only the survivor path information 

for each state is stored for each code symbol. Once the 

complete code word is received, a trace back block extracts 

the decoded output sequence using the survivor path 

information [14].We considered two different methods for 

the trace back approach, shift update and selective update. In 

shift update method, the survivor path information is shifted 

in to the registers. In selective update method the survivor 

path information is routed by a multiplexer to appropriate 

registers. We investigated the power dissipation of the 

register-exchange and traceback approaches and the power 

dissipation of shift and selective update methods [6].The 

focus of our research in the low-power design of Viterbi 

decoders at logic level is reduction of dynamic power 

dissipation in the standard cell design environment. We 

considered two methods, clock-gating and toggle-filtering; 

in our design [10].The clock-gating method was applied to 

the survivor path storage block and the toggle-filtering 

method to the trace back block. 

Control logic disables the clock when the registers are not 

in use, thus reducing the redundant clock switching at the 

registers[8].In toggle filtering, control logic blocks inputs 

until all of the mare ready to be used, which reduces 

intermediate transitions. 

The design flow that we followed is similar to the one 

used in industry. The behavior of a Viterbi decoder was 

described in VHDL, and then the description was modified 

to embed theLow-power design [12]. Then the design is 

synthesized to generate a gate level circuit. The technique of 

clock gating is applied with the help of synthesizer. To ease 

testing of the chip, a full scan design was applied to the 

gate-level design. The gate-level circuit is placed and routed 

using standard cells and a layout of the circuit was generated 

[11].We measured the dynamic power dissipation of a 

circuit based on the annotated switching activity from gate 

level simulation. About 10,000 random patterns were 

simulated for the gate level design, and the switching 

activities of nodes are captured and annotated back in the 

gate level design [10]. Static power dissipation for cells is 

not considered for the measurement. This method is a 

compromise between speed and accuracy, and it is sufficient 

for our purpose. 

We proposed two methods to reduce the power 

dissipation in Viterbi decoders and demonstrated the 

effectiveness of the methods through experiments. The 

proposed methods can be applied to different technology, 

which is an important requirement to adapt rapidly 

developing VLSI technology [5]. Finally, although the main 

goal of the research is to investigate low-power design of 

Viterbi decoders, we have established a standard cell design 

flow at Virginia Tech as a by-product of the research 

[8].The establishment of the design flow paves a way for 

future research in this area. 

II. CONVOLUTIONAL CODER 

The Viterbi decoding algorithm proposed in 1967 is a 

decoding process for convolutional codes [8]. Convolutional 

coding has been used in communication systems including 

deep space communications and wireless communications. 

Convolutional codes offer an alternative to block  codes for 
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transmission over a noisy channel. Convolutional coding 

can be applied to a continuous input stream (which cannot 

be done with block codes), as well as blocks of data [10]. 

Infact, a convolutional encoder can be viewed as a finite 

state machine. It generates a coded output data stream from 

an input data stream. It is usually composed of shift registers 

and a network of XOR (Exclusive-OR) gates as shown in 

Fig 1. 

 
Fig 1:  convolutional encoder 

The encoder in Fig.1 produces three bits of encoded 

information for each bit of input information, so it is called a 

rate 1/3 encoder [13].A convolutional encoder is generally 

characterized in (n, k, m) format,  

Where, 

n is number of outputs of the encoder ; 

k is number of inputs of the encoder ; 

m is number of memory elements (flip-flops) of the 

longest shift register of the encoder. 

The rate of a (n,k,m) encoder is k/n. The encoder shown in 

the figure is a (3,1,4) encoder with rate 1/3[13]. In this 

paper, we discuss decoding of convolutional codes 

generated by a (n,1,m) encoder with the rate 1/n. 

A trellis diagram is an extension of a state diagram that 

explicitly shows the passage of time. Figure 2.2 shows a 

trellis diagram for the encoder given in Figure 2.1. In the 

trellis diagram, nodes correspond to the states of the encoder 

[1,8] From an initial state (S0) the trelliss records the 

possible transitions to the next states for each possible input 

pattern. For the encoder in Fig 2.1, there are two encoded 

symbols  

 
Fig. 2: Trellis diagram for inputs of length three to the 

encoder 

Corresponding to input bit ‘0’ and ‘1’[7].The Fig 2.3 shows 

the encoded symbol generated for each transition. At the 

stage t=1 there are two statesS0 and S1, and each state has 

two transitions corresponding to input bits ‘0’ and ‘1’. 

Hence the trellis grows up to the maximum number of states 

or nodes, which is decided by the number of memory 

elements in the encoder. After all the encoded symbols of 

the information bits are transmitted, the encoder is usually 

forced back into the initial state by applying a fixed input 

sequence called reset sequence[9]. The fixed input sequence 

reduces the possible transitions. In this manner, the trellis 

shrinks until it reaches the initial state. The trellis diagram in 

Fig 2.2 is foran input length of five bits, in which the last 

two bits represent the reset sequence [8]. It should be noted 

that, there is a unique path for every code word that begins 

and stops at the initial state. 

III. VITERBI DECODER 

Since the goal of our research is to design a low-power 

Viterbi decoder, we considered a small size Viterbi decoder 

for demonstrating the concept. The convolutional encoder, 

which corresponds to our Viterbi decoder considered in this 

thesis. 

The encoder in Figure 3 is called a (3,1,4) encoder, 

meaning it has three output lines, one input line, and four 

memory elements in the shift register. As there is only one 

shift register in the encoder the total memory M and the 

maximal memory order m are four. The nodes in a trellis 

diagram correspond to the states of the convolutional 

encoder Memory elements are labelled as M0…M3 in 

Fig.2.1. States in a trellis diagram are labelled in the binary 

format “M0M1M2M3”, in this thesis. For example, if 

M3M2M1M0 = 1100 for the encoder, the corresponding 

state is 0011, which is state three in the trellis diagram. The 

state number ranges from 0 to 15. 

 Implementation of a Viterbi decoder A.

The necessary blocks for the implementation of a Viterbi 

decoder often deviate from the block diagram in the Fig 3. 

depending on the design choices. Our Viterbi decoder 

consists of five blocks as shown in Fig 3. The survivor path 

storage block is necessary only for the traceback approach. 

We describe the implementation of each block below 

 
Fig. 3: Block Diagram of the Proposed Viterbi Decoder 
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 Butterfly block B.

There are two possible implementations of the butterfly 

block. One implementation stipulates the use of a single 

butterfly module with a separate fast clock. This butterfly is 

timeshared for all the states. The time sharing approach 

saves the area but dissipates more power due to a higher 

switching activity and the extra control circuit. In addition, 

two separate clock domains pose a problem in the scan 

design. The other approach is to employ eight butterfly 

modules where each module is dedicated to the 

corresponding states [8]. In order to reduce the power 

dissipation at the cost of higher area, we adopted the latter 

approach, which is to stack eight butterfly modules. 

     We illustrate the implementation of the bottom 

butterfly module in Fig 4, where the input states are S8 and 

S0, and the output states are S1 and S0. The butterfly and its 

expected symbols are shown in Fig 4 the implementation of 

the two wings of a butterfly module is identical except their 

expected symbols. We show implementation of only the 

upper wing [10]. This wing receives the partial path metrics 

from S8 and S0, adds each path metric with the branch 

metrics of the one of two top branches, and selects a branch 

with a smaller path metric. 

 
Fig. 4: Implementation for bottom butterfly 

The implementation of the two wings of a butterfly module 

is identical except their expected symbols [11]. We show 

implementation of only the upper wing. This wing receives 

the partial path metrics from S8 and S0, adds each path 

metric with the branch metrics of the one of two top 

branches, and selects a branch with a smaller path metric. 

The new path metric replaces the partial path metric of S1. 

The block diagram of the wing is shown in Fig 5. 

 
Fig. 5:  the block diagram for a wing of butterfly 

Branch metric to be added with the path metric for state S0 

(S8) is the Hamming distance6 between the expected code 

symbol “111” (“000”) and the received input. The received 

input isXORed with the expected code symbol. The “Count 

Number of ‘1’s” block generates a binarynumber equal to 

the number of ‘1’s on its input. The branch metric is added 

to the partial path metric to calculate the new path metric. 

Two path metrics, the upper one and the lower one, are 

compared to select the survivor path, and the resultant 

metric of the selected path updates the path metric of state 

S0 (S8). The lower wing is identical to the upper wing 

except that the expected values differ. 

 Survivor path storage module C.

This block is necessary only for the traceback approach. 

Except for the head and the tail part of the trellis diagram 

there are two incoming branches for each state. Among the 

two incoming branches it is necessary to indicate which 

branch, either upper or lower one, survives. So only one bit 

of Information is necessary for each state to flag the 

survivor path. Only a subset of states (which are the last four 

stages in our case) receives two incoming branches for the 

tail part. In 

 
Fig. 6:  register bank for the survivor path storage 

The head part, states receive only one incoming branch, 

which is always a lower branch [8].If the above special 

cases are utilized for the head and tail parts, it is possible to 

reduce memory size for storage of survival paths. However, 

it increases the complexity of the design, which may result 

in more hardware; therefore we decided to allocate the same 

size of registers for all stages as shown in Figure 5. In the 

figure, each register has 16 bits corresponding to 16 states in 

the trellis and each bit stores the survivor path of the 

corresponding state. 

The structure of the proposed survivor path storage module 

is shown in Fig 7. The five-bit counter keeps track of the 

current stage. The survivor path information of the 16 states, 

which is generated by the butterfly block, is passed to the 

register of the stage through the de-multiplexer[14]. 

 
Fig. 7: The structure of the proposed survivor path storage 

module 
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 Register-exchange approach D.

Two approaches are often used to record survivor branches, 

register-exchange and traceback [52]. The register-exchange 

approach assigns a register to each state. The register 

records the decoded output sequence along the path starting 

from the initial state to the final state, which is same as the 

initial state. Consider a trellis diagram shown in Figure 3.7. 

The register of state S1 at t=3 contains 101. Note that the 

trellis follows along the bold path, and the decoded output 

sequence is 101. This approach eliminates the need to 

traceback, since the register of the final state contains the 

decoded output sequence[3]. Hence, the approach may offer 

a high-speed operation, but it is not power efficient due to 

the need to copy all the registers in a stage to the next stage. 

We have investigated on the power efficiency of this 

approach 

 
Fig. 8:  Register-exchange information generation method 

The other approach called traceback records the survivor 

branch of each state. As explained earlier, it is possible to 

traceback the survivor path provided the survivor branch of 

each state is known. While following the survivor path, the 

decoded output bit is ‘0’ (‘1’)whenever it encounters an 

even (odd) state. A flip-flop is assigned to each state to store 

the survivor branch and the flip-flop records ‘1’ (‘0’) if the 

survivor branch is the upper (lower) path [5].Concatenation 

of decoded output bits in reverse order of time forms the 

decoded output sequence. 

 
Fig. 9: Two options for forming registers 

It is possible to form registers by collecting the flip-flops in 

the vertical direction or in the horizontal direction as shown 

in Figure 9. When a register is formed in vertical direction, 

it is referred to as “selective update” in this thesis. When a 

register is formed in horizontal direction, In selective 

update, the survivor path information is filled from the left 

register to the right register as the time progresses. In 

contrast, survivor path information is applied to the least 

significant bits of all the registers in “shift update”[5]. Then 

all the registers perform a shift left operation. Hence, each 

register in the shift update method fills in survivor path 

information from the least significant bit toward the most 

significant bit.  

The shift update is described in [52], and the selective 

update is proposed by us to improve the shift update. we 

show that the selective update is more efficient in power 

dissipation and requires less area than the shift update[4]. 

Due to the need to traceback, the traceback approach is 

slower than the register-exchange approach. 

 Low-power design techniques E.

Given the formula for power dissipation, we can 

manipulate some parameters to reduce the power 

dissipation. The supply voltage and the clock frequency are 

determined at the system level, and they are beyond control 

of a circuit designer. The switching activity and the parasitic 

capacitance CL are affected by the circuit design. For the 

standard cell approach it is possible to instruct some design 

tools, such as a place-and-router, to reduce the overall 

interconnect length and hence to reduce the parasitic 

capacitance CL [7]. However, a major reduction in power 

dissipation can be achieved by reducing the switching 

activity a on which a designer has more control. A careful 

description of the circuit in a high-level hardware 

description language (such as VHDL) can yield a circuit 

with a lower switching activity. We summarize below 

general techniques that can be employed for low power 

dissipation under the standard cell design approach: 

1) Elimination of redundant logic. 

A redundant logic, which does not contribute to the function 

of the circuit, dissipates power and should be eliminated. If 

a logic synthesis tool is used to synthesize a gate level 

circuit, elimination of redundant logic is performed during 

the logic synthesis. 

2) Clock Gating. 

The clock gating is one of the most powerful low power 

design techniques. Some blocks of a circuit are used only 

during a certain period of time. The clock of the blocks can 

be disabled to eliminate unnecessary switching when the 

blocks are not in use[7]. Fig 10 shows a clock gating method 

to disable a functional unit. 

 
Fig. 10: Clock gating scheme 

Clock gating requires additional logic to generate enable 

signals [8]. The additional logic dissipates power and may 

incur performance degradation. Therefore the clock gating 
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should be employed only if the benefits are greater than the 

cost. 

3) Toggle filtering. 

If signals arrive at the inputs of a combinational block at 

different times, the block may go through several 

intermediate transitions before it settles down. The 

intermediate transitions and consequently the dynamic 

power dissipation can be reduced, by blocking early signals 

until all input signals arrive. Employment of appropriate 

low-power design techniques depends on the characteristic 

ofthe circuit and the operating environment [7]. In our 

research, we consider the above three techniques for low-

power design of a Viterbi decoder. 

4) Summary 

  Fig 3.10 shows the power dissipation for the five different 

implementations of Viterbi decoder. The first three bars in 

the figure are the power dissipation of original Viterbi 

encoders. When both the toggle filtering and the clock 

gating is applied to a selective update Viterbi decoder in 

traceback approach, it saves about 55% (845 mw) of power 

compared with a shift update Viterbi decoder and about 42% 

(500 mw) compared with an original selective update 

Viterbi decoder. 

 

 
Fig. 11: Power dissipation of five different implementations 

of a Viterbi decoder 

In summary, the selective update traceback approach is the 

most power efficient approach. The toggle filtering method 

is the most effective technique for the low-power design of a 

Viterbi decoder. 

IV. PROGRAMMABLE DEVICES 

Programmable devices are those devices which can 

program by user requirement. Many programmable devices 

in market like PLDs, CPLDs, ASICs and FPGAs. 

 Field programmable Gate Arrays A.

A field-programmable gate array (FPGA) is an integrated 

circuit designed to be configured by a customer requirement. 

The FPGA configuration is generally specified in a 

hardware description language (HDL), similar to that used 

for an application-specific integrated circuit (ASIC).FPGA 

contain many programmable logic block, and a hierarchy of 

reconfigurable interconnection between two node or block 

by using wired. In most FPGAs, the logic blocks also 

include memory elements. This memory elements identified 

be simple flip-flops or complete blocks of memory.  As 

FPGA designs employ very fast I/Os and bidirectional data 

buses it becomes a challenge to verify correct timing of 

valid data within setup time and hold time. Floor planning is 

identified by time constraints in FPGA.  

CPLD contend much large number of gate (logic 

gate) up to thousands to ten thousands, which can 

implementation complicated data processing devices. In 

CPLD very offer very predictable timing characteristics and 

ideal for critical control applications.  The advantages of the 

FPGA over DSP implication include higher sampling rate, 

this sampling rate available in DSP chip, lower cost than 

ASIC. The FPGA also included design flexibility with 

optimal device utilization and system power in case with 

DSP chip. 

 Spartan family B.

The Spartan®-3A family of Field-Programmable Gate 

Arrays (FPGAs) solves the design challenges in most high-

volume, cost-sensitive, I/O-intensive electronic applications. 

The five-member family offers densities ranging from 

50,000 to 1.4 million system gates. The Spartan-3A FPGAs 

are part of the Extended Spartan-3A family, which also 

include the non-volatile Spartan-3AN and the higher density 

Spartan-3A DSP FPGAs. The Spartan-3A family builds on 

the success of the earlier Spartan-3E and Spartan-3 FPGA 

families. New features improve system performance and 

reduce the cost of configuration. These Spartan-3A family 

enhancements, combined with proven 90 nm process 

technology, deliver more functionality and bandwidth per 

dollar than ever before, setting the new standard in the 

programmable logic industry. Because of their exceptionally 

low cost, Spartan-3A FPGAs are ideally suited to a wide 

range of consumer electronics applications, including 

broadband access, home networking, display/projection, and 

digital television equipment. The Spartan-3A family is a 

superior alternative to mask programmed ASICs. FPGAs 

avoid the high initial cost, lengthy development cycles, and 

the inherent inflexibility of conventional ASICs, and permit 

field design upgrades. [4] 

V. RESULTS ANALYSIS OF VITERBI DECODER 

Synthesis is a process of constructing a gate level net list 

from a register transfer level model of a circuit described in 

VHDL. The Viterbi decoder are design in Spartan 3E 

FPGA. In SPRTAN 3E FPGA Increasing design size and 

complexity, and also improvements in design synthesis tools 

and simulation tools, have made in HDL Languages the 

preferred design languages of most integrated circuit 

designers.  

 Device utilization Report A.

After the completing implementation, you can verify the 

device utilization. The Synthesis report is generated after the 

compilation of design for the targeted Xilinx Spartan 3E 

based FPGA Device. This report will be generated, using 

component in particular design.   

 

http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Integrated_circuit
http://en.wikipedia.org/wiki/Hardware_description_language
http://en.wikipedia.org/wiki/Application-specific_integrated_circuit
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Speed Grade 5 

Minimum period 

19.184ns 

(max.frq:52.1

26MHz) 

Minimum input arrival time before clock 12.115ns 

Maximum output required time after clock 6.394ns 

Maximum combinational path delay 6.866ns 

Table. 1:   Device Utilization for Viterbi Decoder 

 Timing and Power Summary B.

The synthesis Report and timing diagram generated to input 

requirement. With the help of timing diagram, speed Grade, 

input arrival time, output required time and combinational 

path delay calculated after the applying clock.     

 

Selected Device 3s100evq100-5 

Number of Slices 302 out of 960 31% 

Number of Slice Flip Flops 212out of 1920 11% 

Number of 4 input LUTs 558out of 1920 29% 

Number of IOs  11 

Number of bonded IOBs 10 out of 66 15% 

Number of GCLKs 1 out of 24 4% 

Table. 2:  Timing Summary For Viterbi Decoder 

 RTL schematic of convolutional encoder C.

We have to obtain to RTL schematic for Viterbi code rate. 

To observe the speed and power utilization in Viterbi 

decoder as well as improvement in design simulation tools, 

have made in HDL the two leading HDL languages are 

VHDL and Verilog. This both languages stranded in IEEE. 

Show the RTL view in fig. 12. 

 
Fig. 12:  RTL schematic for Viterbi decoder 

 Behavior simulation D.

The Behavior Simulation for consider constraint length k= 

1/3 has been developed and synthesis in Spartan 3E FPGA. 

The Behavior simulation show in fig. 13 

 
Fig. 13: Behavior simulation for Viterbi decoder 

 Post- Rout simulation E.

We can measure the input and output arrival time in wave 

form. The input arrival time is defined by input is stable 

before some amount of time. We have to measure the input 

arrival time is 12.272ns for 1/3 code rate dependent system. 

This arrival time show in fig 14. 

 
Fig. 14: Post-rout simulation for Viterbi decoder 

 Xpower Analyzer F.

We can use Xpower Analyzer to identify total power 

consumption in system. Two power consumption in 

convolutional encoder, fist one is quiescent power and other 

are Dynamical power. If power ration is low then system is 

batter.      

 
Fig. 15:  Xpower Analyzer for Viterbi decoder 

CONCLUSION 

In this paper optimized resource Viterbi decoder has been 

design in Spartan 3E FPGA. The proposed Viterbi decoder 

has been designed in VHDL using finite state Machine 

(FSM).The designed has been simulated using Xilinx ISE 

simulator and synthesized with XST. The simulation and 

synthesized result show that proposed design can work 

frequency of 31.320MHz to 100.649MHz.The system is 

analysis by Xpower Analyzer and post routing simulation. 
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