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ABSTRACT

The ACS computation and the survivor memory are most power 

critical, consuming about 90% power in the Viterbi decoder. Based 

on the low power mechanisms, the scarce state transition (SST) 

technique and the variable truncation length, we present a Viterbi 

decoder for the MB-OFDM UWB applications. The SST scheme 

lowers state transition as well as signal switches in the ACS units. 

Moreover, the decoding with variable truncation length leads to the 

access reduction in the survivor memory. The experimental results 

show more than 30% power reduction under high SNRs as compared 

to those without SST and variable truncation length. 

1. INTRODUCTION

The Viterbi decoder implementing the Viterbi algorithm [1] for 

decoding convolutional codes is composed of three main blocks: the 

branch metric (BM) unit, the ACS unit, and the survivor memory. 

The BM unit generates branch metrics from the input data. The ACS 

unit recursively accumulates branch metrics as path metrics (PM) 

and makes decisions to select the most likely state transition 

sequences, or the survivors. Survivor memory stores the survivors for 

retrieving the data sequence. 

There are two well-know survivor memory management 

approaches: the register-exchange (RE) and the traceback (TB) [2]. 

The register-exchange is conceptually the simplest technique that 

eliminates repeatedly memory access operations. Therefore, this 

approach has shorter latency and is suitable for high speed decoder 

implementations. However, due to the data movement among 

registers, the approach is considered to be power inefficient. 

Figure 1 shows the conventional 2 -state Viterbi decoder with the 

register-exchange architecture [3]. The decisions form ACS units 

will be shifted within the survivor memory from left to right.  

Applying the SST technique and the variable truncation length, we 

illustrate the proposed low-power Viterbi decoder for the MB-

OFDM UWB system [4] in Figure 2. The SST unit is integrated to 

reduce state transition activities, leading to less dynamic power 

consumption [8]. Furthermore, the path merging detector monitors 

the merged point for all survivors and adjusts the truncation length to 

avoid unnecessary data movement in registers. Many redundant 

operations in the survivor memory can be reduced to save power 

dissipation. Additionally, considering the high throughout 

requirement, the radix-4 ACS structure is exploited because of the 

better compromise between cost and throughput [5]. 

After implemented with the 0.13 m cell based design flow, the 

fix-point error performance, the gate count, and the power dissipation 

has been examined by applying the presented low power techniques. 

The power measurement is based on the layout parasitic extraction 

and the pattern simulation.  The results indicate over 30% power 

consumption can be saved with only 8% increase in the gate count. 

Moreover, the decoding error performance remains the same as the 

conventional decoder design.

The paper is organized as follows. Section 2 reviews the SST 

algorithm [6][7][8]. The concept of the variable truncation length is 

detailed in Section 3. Finally, the experimental results are given in 

Section 4, and the conclusion in Section 5. 

FIGURE 1: THE CONVENTIONAL REGISTER-EXCHANGE ARCHITECTURE.

FIGURE 2: THE PROPOSED VITERBI DECODER ARCHITECTURE.

2. SCARCE STATE TRANSITION (SST) ALGORITHM

 For the Viterbi decoder, the scarce state transition (SST) 

algorithm is a low power technique to reduce the state transition 

activity significantly under high SNR conditions [6][7][8]. In the 

conventional Viterbi decoding model (see Figure 3(a)), u(D) denotes 

the information sequence, C(D)=u(D)G(D) is the codeword sequence 

deriving from the generator polynomial G(D). From the received 

sequence r(D), the Viterbi decoder estimates the decoded 

information o(D). 
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The SST Viterbi decoding architecture in Figure 3(b) includes 

two additional blocks: pre-decoder and re-encoder. Assume 

r(D) = u(D) G(D) + e(D) = C(D) + e(D) (1)

and e(D) is the error sequence from a noisy channel, the pre-decoder 

directly decode the information sequence from r(D): 

-1 ˆi(D) = r(D) G (D) = u(D) (2)

The re-encoder then encodes i(D) to a new codeword z(D). 

ˆz(D) = i(D) G(D) =  C(D) (3)

The Viterbi decoder performs maximum likelihood decoding on y(D), 

which is defined as follows: 

ˆy(D) = r(D) + z(D) = C(D) + e(D) + C(D) (4)

In high SNR conditions, e(D) is nearly zero, and the decoded 

information sequence becomes 

ˆo(D) = i(D) + n(D) = u(D) + n(D) (5)

If the channel condition is good enough, the decoder estimates an 

approximately zero sequence; as a result, the dynamic power is 

reduced as the channel becomes better. 

FIGURE 3: THE (A) CONVENTIONAL  AND (B) SST  DECODING MODEL.

3. POWER REDUCTION WITH VARIABLE TRUNCATION 

LENGTH

3.1 Path Merging Property 

As indicated in the Viterbi algorithm, the decoder output is the 

codeword that minimizes the conditional probability of the received 

sequence. Therefore, the entire received sequence should be stored 

and analyzed before any decoding output. Nevertheless, the received 

sequence length may be large, and the survivor path should be 

truncated to reduce storage requirement and decoding latency. If the 

truncation length T is large enough, about five times constraint 

lengths, the performance can achieve that of maximum-likelihood 

decoding. 

Figure 4 illustrates the survivor paths stored in a survivor memory. 

All the 2 survivor paths will merge with a high probability for a 2 -

state Viterbi decoder. Consequently, it is more efficient to store the 

merged path rather than the 2 paths after the merged stage. The 

truncation lengths depend strongly on the channel conditions as listed 

in Table 1. Based on the variable truncation length property [9], we 

design a path merging detection unit to reduce the power 

consumption in the survivor memory. 

FIGURE 4: SURVIVOR PATHS STORED IN THE SURVIVOR MEMORY.

TABLE 1: AVERAGE REQUIRED TRUNCATION LENGTH FOR PATH 

MERGING IN DIFFERENT CHANNEL CONDITION.

Eb/N0 1.0 2.0 3.0 4.0 5.0

Truncation length 33.78 26.86 23.34 21.54 20.54

3.2 Variable Truncation Length 

The Viterbi decoder for the MB-OFDM UWB system has 64 

states. Figure 5 illustrates the survivor memory on the radix-4 trellis. 

D0 to D63 are the decisions provided by the ACS units for selecting 

survivor paths. Base on path merging property, the 64 states tend to 

be equivalent from the left stages to the right stages, which are more 

reliable. 

The path merging detection unit will find the merge point, or 

stage in the trellis. Obviously, if contents of all the 64 survivors are 

equivalent at the same stage, the 64 survivor paths have merged. 

However, it is complex to check all 64 states concurrently. To reduce 

the hardware complexity, our proposal detects path merging by 

dividing 64 states into 16 groups that are verified separately. The 

simulation results show that this scheme has no performance loss. 

We assume the 64 survivor paths have merged and the value in state 

0 is already reliable if every group (the circles in Figure. 5) contains 

equivalent values at the same stage. After detecting the merged point, 

we apply clock gating to the registers in the shadow region and 

directly shift out the value. The state 0 path is considered as the 

correct one, and the others are dropped. 

Figure 6 illustrates the survivor memory architecture with 

variable truncation length. The registers of each stage are connected 

to the path merging detection unit that decides the merge point and 

generates clock gating signals of each stage. Based on the scheme, 

we can adjust truncation length dynamically, depending on the 

channel. In high SNR environments, a shorter truncation length is 

required and the clock gating can be applied to more registers, 

resulting in a power efficient survivor memory. 
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FIGURE 5: PATH MERGING DETECTION SCHEME.

FIGURE 6: SURVIVOR MEMORY ARCHITECTURE WITH VARIABLE 

TRUNCATION LENGTH.

4. IMPLEMENTATION RESULTS

4.1 Design Parameters and Performance Simulation 

The Viterbi decoder, based on the register-exchange approach, 

combines the SST and the path merging detection schemes to reduce 

power dissipation. The design parameters of the proposed Viterbi 

decoder are listed in Table 2. 

Figure 7 shows the performance simulation result in the BPSK 

modulation. Notice that the performance of the conventional scheme, 

the SST scheme, and the proposed scheme are approximately the 

same. Compared with the floating point case, the performance 

degradation of 8-level soft-decision is less than 0.5dB. The proposed 

variable truncation length scheme still preserves the error 

performance.

TABLE 2: DESIGN PARAMETERS OF THE PROPOSED VITERBI DECODER.

Technology 1.2V 0.13- m 1P8M CMOS 

State Number 64

Code Rate 1/3

Soft-Decision 8-levels

BM Width 6 bits 

PM Width 9 bits 

Max. Truncation length 64

ACS structure radix-4

FIGURE 7: SIMULATION RESULTS IN AWGN CHANNEL, BPSK, 8-LEVEL 

SOFT-DECISION AND CODE RATE = 1/3.

4.2 Power Simulation 

We analysis the power dissipation of three implementations: the 

conventional register-exchange approach, the SST scheme without 

and with the variable truncation length scheme. Table 3 lists the gate 

counts of these implementations. In different channel environments, 

we compare the power consumption of the three structures. Figure 

8(a) and Figure 8(b) respectively reveal the post-layout power 

estimation of the whole Viterbi decoder and the survivor memory. 

The operating frequency is 250MHz and the corresponding data rate 

is 500Mbps due to the radix-4 ACS structure.  

 For the conventional design, the channel conditions are 

ineffective in the power dissipation. In the SST only implementation, 

the decoder power dissipation is reduced in high SNR environments; 

however, the power reduction is unobvious due to the complex signal 

wire routing. In the proposed design combining the SST and the 

variable truncation length, the decoder power has a significantly 

reduction as shown in the figures. Figure 8(b) shows survivor 

memory power only to highlight the effect of the dynamic truncation 

length. As the channel condition is good enough, the variable 

truncation length scheme lowers more than 60% survivor memory 

power.

Figure 9 shows the power profiling of the conventional register-

exchange structure and the proposed decoder as Eb/N0 is 5.0 dB. The 

corresponding bit error rate in this channel condition is 2.56e-6. 

From Figure 9(a), the survivor memory is a power intensive block in 

conventional decoder designs. With SST and variable truncation 

length schemes, the ratio of survivor memory power is reduced 

significantly (see Figure 9(b)). Furthermore, the SST unit and the 

path merging detection unit consume less than 2% of the decoder 

power.

TABLE 3: THE GATE COUNTS OF DIFFERENT IMPLEMENTATIONS.

Implementation Gate count 

Conventional RE approach 108.5k

SST scheme 109.0k

Proposed 116.9k
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(B)

(A)

FIGURE 8: COMPARISON OF (A) DECODER POWER (B) SURVIVOR 

MEMORY POWER AT 500MBPS.

FIGURE 9: THE POWER PROFILING OF (A) CONVENTIONAL RE 

STRUCTURE AND (B) PROPOSED STRUCTURE AS EB/N0 IS 5.0 DB.

5. CONCLUSIONS

In this paper, we present a low-power Viterbi decoder combining 

the SST and the variable truncation length scheme. Reducing the 

state transition activities, the SST approach reduces the dynamic 

power in the decoder. The variable truncation length scheme 

provides a more efficient survivor memory management that pursues 

the sufficient truncation lengths for real channel conditions. 

Consequently, the redundant data movement can be abandoned for 

low power. Furthermore, high SNR environment causes the survivors 

merge rapidly, leading to more gated register elements.   

Experimental results indicate the power reduction of the whole 

decoder and the survivor memory unit can achieve more than 30% 

and 60% respectively, while the overhead of 8% gate count due to 

additional control logics is required. 
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