
US 20060072687Al 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2006/0072687 A1 

Kuo et al. (43) Pub. Date: Apr. 6, 2006 

(54) DECODING CIRCUIT AND DECODING 
METHOD FOR A VITERBI DECODER 

(75) Inventors: Hung-Chenh Kuo, Hsinchu (TW); 
Wen-Yi Wu, Chu-Pei City (TW) 

Correspondence Address: 
BIRCH STEWART KOLASCH & BIRCH 
PO BOX 747 
FALLS CHURCH, VA 22040-0747 (US) 

(73) Assignee: MEDIA TEK INC., Hsin-Chu City (TW) 

(21) Appl. No.: 11/285,314 

(22) Filed: Nov. 23, 2005 

Related US. Application Data 

(63) Continuation of application No. 10/020,160, ?led on 
Dec. 18, 2001, noW Pat. No. 6,999,532. 

(30) Foreign Application Priority Data 

Dec. 22, 2000 (TW) ...................................... .. 089127633 

Publication Classi?cation 

(51) Int. Cl. 
H03D 1/00 (2006.01) 

(52) US. Cl. ............................................................ ..375/341 

(57) ABSTRACT 

The invention provides a decoding circuit and a decoding 
method for a Viterbi decoder. The decoding circuit of the 
Viterbi decoder includes a branch metric unit, an add 
compare-select unit and a path memory unit. The path 
memory unit includes a data string controller, a trace Write 
in register array, an idling register array and a decoding 
register array. In this invention, a run length limited code is 
used for effectively solving the problem of generating a 
complicated trellis diagram after the trellis diagram of the 
Viterbi decoder is subjected to a longitudinal arrangement. 
In addition, the register array can perform other operations 
at different times. Accordingly, a high decoding speed of the 
Viterbi decoder can be achieved Without requiring a lot of 
registers for data processing. 
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DECODING CIRCUIT AND DECODING METHOD 
FOR A VITERBI DECODER 

[0001] This application is a Continuation of co-pending 
application Ser. No. 10/020,160, ?led on Dec. 18, 2001, and 
for Which priority is claimed under 35 U.S.C. § 120; and this 
application claims priority of Application No. 089127633 
?led in TaiWan, R.O.C. on Dec. 22, 2000 under 35 U.S.C. § 
119; the entire contents of all are hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates to a decoding circuit and a 
decoding method for a Viterbi decoder in a Partial Response 
Maximum Likelihood (PRML) system of an optical disc. 
Particularly, the invention relates to a decoding circuit and 
a decoding method for a Viterbi decoder in a PRML system 
of an optical disc Wherein a run length limited code (RLL 
Code) is used for effectively simplifying the complicated 
trellis diagram of the Viterbi decoder after longitudinal 
arrangement Without a lot of registers for data processing. 

[0004] 2. Description of the Related Art 

[0005] In a PRML system such as a digital versatile disc 
(DVD) or the like, a trellis diagram can be used for describ 
ing the property of a transmission channel With a memory. 
For example, an input signal EFMP (eight to fourteen 
modulation) of a DVD channel is a binary signal and the 
channel memory length is 2. Accordingly, the trellis diagram 
has four states each having tWo branches. Thus, each state 
has eight branches and it means that the signal outputted 
from the transmission channel at each time is one of the 
eight possible signals. As shoWn in FIG. 1A Which is a 
schematic illustration shoWing the channel model, the values 
of the eight possible signals can be obtained from the 
channel model by substituting the (1/—1) as the “current 
input” into the folloWing equation: 

[0006] (“current input”+k1*“previous input in the ?rst 
memory”+k2*“previous input in the second memory”) 

[0007] In FIG. 1A, k1 and k2 represent the characteristic 
of the channel. The values of k1 and k2 may be given in 
advance. Then, a shaping ?lter, Which is a partial response 
equalizer, is used for making the characteristic of the Whole 
channel approach the values. Alternatively, in a method of 
signal level estimation, the values of k1 and k2 are directly 
estimated Without changing the characteristic of the channel. 
No matter Which method is adopted, the corresponding 
values on each branch of the trellis diagram in FIG. IE will 
be determined after the values of k1 and k2 are determined. 

[0008] FIG. 2 is a block diagram shoWing a Viterbi 
decoder. In FIG. 2, a Viterbi decoder 200 includes a branch 
metric unit 202, an ACS (add-compare-select) 204, and a 
path memory unit (PMU) 206. The branch metric unit 202 
receives a digital signal outputted from a pre-stage converter 
(not shoWn) and a reference level outputted from a refer 
ence-level generating unit (not shoWn) and computes a 
branch metric BM. The ACS 204 receives the branch metric 
BM and performs the operations of adding, comparing and 
selecting according to the branch metric so as to obtain a 
path metric PM. The path memory unit 206 receives the path 
metric PM outputted from the ACS 204 and performs the 
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operations of converging, merging and decoding to obtain a 
decoded signal, Which is outputted to a next-stage demodu 
lator (not shoWn). The Viterbi decoder 200 is further 
described in detail in the folloWing. 

[0009] FIG. 3 is a schematic illustration shoWing a decod 
ing deduction for the Viterbi decoder. In FIG. 3, if the 
Viterbi decoder 200 continuously receives three signals R1, 
R2 and R3 and Will ?nd out the most possible corresponding 
signal, it ?rstly computes (performed by the branch metric 
unit 202 in FIG. 2) the branch metric With respect to each 
branch in the trellis diagram. The computation method is 
usually of computing the square value of the signal differ 
ence or the absolute value of the signal difference, for 
example, BM00-00=[R1—(—1.8)]2 or ]R1—(—1.8)]. The so 
called “path metric of a certain path” means the addition 
result of all branch metrics corresponding to all branches of 
this path. For example, the path metric of the path from 
State00 at 1T, State00 at 2T, state00 at 3T, and ?nally to 
State11 at 4T, indicated by the bold lines in FIG. 3, is 
“BM00-00+BM01-01+BM01-11”. 

[0010] Of course, under the general condition, the path 
Will never be so short. The above-mentioned path before 
State00 at 1T should travel a certain path. Thus, the actually 
correct path metric of the path should be “the path metric 
accumulated to State00 at 1T in this path”+“BM00-00+ 
BM00-01+BM01-11”. It can be understood from the trellis 
diagram that each path crosses With one another on each 
state, and that the variations after each state for any arbitrary 
path are all the same. Therefore, Viterbi found that an 
optimum path Would be determined ?nally as long as the 
optimum path at each state is selected for continuous exten 
sion. HoWever, the degree of operating complication can be 
greatly decreased. The operation of “selecting an optimum 
path at each state for continuous extension” is knoWn as a 
survivor path selection and the selected path is a survivor 
path. 

[0011] In FIG. 3, it describes hoW the survivor path at 
State00 at 2T is selected from the survivor path at State00 at 
1T and the survivor path at State10 at 1T. Referring to FIG. 
3, the survivor metric SM00 at 2T at State00 at 2T is 
obtained from the folloWing equation: 

SMOO at 2T=rnin{[SM00 at IT+BM00-00]; [SMlO at 
1T+BM10-00]} 

[0012] This equation is performed by the ACS unit. Since 
a feedback loop exists in the ACS unit (the survivor metric 
of each state has to be re-calculated), it is di?icult to 
implement a high-speed Viterbi decoder. Thus, the ACS 
becomes the bottleneck of speed. 

[0013] According to the deduction of the Viterbi decoder, 
after each operation of the ACS, an optimum path can be 
surely obtained. Thus, as long as each survivor path is 
continuously recorded, the optimum path can be obtained by 
transforming the record of the optimum survivor path after 
the Whole data are decoded. HoWever, there are tWo disad 
vantages in this case. First, the decoding hidden path is too 
long. Second, if the path is too long, the capacity of the 
hardWare for recording Will be relatively great (the hardWare 
is called a path memory unit). 

[0014] Referring to FIG. 4, Which is a schematic illustra 
tion shoWing the convergence in the trellis diagram using the 
algorithm of the Viterbi decoder, the Viterbi algorithm 
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possesses a property that each survivor path has 99% 
opportunity to merge With its pervious path after the trellis 
extending four to six times of the length of the channel 
memory. Therefore, it is only necessary for the path memory 
unit to keep the latest data Within four to six times of the 
channel memory for selection. The forgone data can be 
discarded after each decoding operation. Thus, the operation 
of the path memory unit can be completed using limited 
resources. The commonly used methods include the shuffle 
exchange and trace-back methods. 

[0015] FIG. 5 shoWs the trellis diagram and a block 
diagram of the shu?le-exchange method. In FIG. 5, the 
operation principle of the shul?e-exchange is to provide a 
set of memories (register arrays are often used) correspond 
ing to each state on the trellis diagram. For example, the 
state “00” corresponds to the register array 502, the state 
“01” corresponds to the register array 504, the state “10” 
corresponds to the register array 506, and the state “11” 
corresponds to the register array 508. These register arrays 
are used for recording the survivor paths of the states. 

[0016] That is, the survivor paths recorded in each state at 
a speci?c time are continuously replaced by the survivor 
paths recorded in each state at a previous time as Well as the 
neWly decision bits (the values of —1.8, —0.8, 0.2, 1.2, —1.2, 
—0.2, 0.8, 1.8 as shoWn in FIG. 5). As shoWn in FIG. 5, 
When the received signals passes about 4 to 6 times of the 
length of the channel memory, it can be assumed that all 
paths have been converged to one point. Thus, the converged 
values can be sent as the decoded signals. Consequently, the 
length of each register array only has to be about 4 to 6 times 
of the channel memory. 

[0017] FIG. 6 shoWs a trellis diagram and a block diagram 
of a trace-back method. As shoWn in FIG. 6, the operation 
principle of the trace-back method is to store the decision 
bits of each state (at each time) into a “regular memory” 
such as a RAM. That is, each state regularly stores its 
decision bits. For example, the decision bits of the state “0” 
is stored in a ?rst roW of the RAM, the decision bits of the 
state “01” is stored in a second roW of the RAM, and so on. 
No interaction exists betWeen any tWo states. After 4 to 6 
times of the length of the channel memory is passed, as 
shoWn in FIG. 4, a converged point (root) appears. There 
fore, from an arbitrary state, the stored decision bits can be 
used for deriving a previous state and ?nding the root by the 
trace-back method. 

[0018] HoWever, in the actual implementation, it is not 
possible to perform such a trace-back operation for ?nding 
each root. Instead of this trace-back operation, a method of 
batch operation is used for arranging the data to the con 
?guration of “?nding the root, and then ?nding a piece of 
data sequentially”. This method can be described by four 
basic operations of V (Write-in), T (trace), I (idle), and D 
(decode). 
[0019] FIG. 7 is a schematic illustration shoWing the 
relationship betWeen the time and space of the four basic 
operations in the trace-back method. Referring to FIG. 7 
along the vertical direction at ?rst, the memory M1 regularly 
Writes-in (V operation) the decision bits of each state at T1. 
Next, the trace-back operation (T operation) is performed 
from a certain state to solve the root at T2. When the root is 
found, the operation is transferred to the memory M4 
(adjacent blocks are recorded on the trellis and then the 
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block M4 decodes (D operation) the decision bits after the 
root). At T3, the data of the memory M1 is temporarily idled 
(I operation), because it is not a long time since the previous 
Write-in (V) process is performed. The data Within the 
memory M1 can be regarded as being merged only after the 
trellises are merged. At this time, the root generated from the 
memory M2 is given to the memory M1 for performing the 
decoding process (D operation). 

[0020] Again, referring to FIG. 7 along the horizontal 
direction, at certain timing, each memory block performs the 
four basic operations of V, D, I, and T. The advantage of the 
trace-back method is the regular operation thereof. Since 
each state in the same stage is stored individually, the 
dif?culty of layout is decreased. The disadvantage of the 
trace-back method is that it is usually implemented using 
RAMs. Thus, it is alloWable for the application of DVD 
players but is not alloWable in DVD ROMs due to its sloW 
speed. If registers are used for increasing the speed, a lot of 
hardWare costs should be paid because four blocks are 
processing the data simultaneously in the trace-back 
method. Thus, this method is not suitable for high-priced 
memories. 

SUMMARY OF THE INVENTION 

[0021] It is therefore an object of the invention to provide 
a decoding circuit and a decoding method for a Viterbi 
decoder capable of solving the complicated trellis diagram 
after the trellis diagram of the Viterbi decoder is subjected 
to a longitudinal arrangement. In addition, a high decoding 
speed of the Viterbi decoder can be achieved Without requir 
ing a lot of registers for data processing. 

[0022] The invention provides a decoding method for a 
Viterbi decoder. The Viterbi decoder has a branch metric 
unit, an add-compare-select unit and a path memory unit. 
The method includes the folloWing steps. First, the Viterbi 
decoder performs a longitudinal arrangement With respect to 
a trellis diagram corresponding to the Viterbi decoder so as 
to obtain a longitudinal arrangement trellis diagram. Next, 
the Viterbi decoder processes the longitudinal arrangement 
trellis diagram according to a RLL code so as to obtain a 
RLL trellis diagram. Then, the branch metric unit computes 
a current input branch-metric-value according to the RLL 
trellis diagram. Furthermore, the add-compare-select unit 
computes the current input branch-metric -value, a next input 
branch-metric-value and a current state so as to obtain a next 

state value. Next, the Viterbi decoder records results com 
puted by the add-compare-select unit in the path memory 
unit so as to obtain a survivor path. Then, the Viterbi decoder 
decodes the recorded survivor path. 

[0023] The invention provides another decoding method 
for a Viterbi decoder. The Viterbi decoder has a branch 
metric unit, an add-compare-select unit and a path memory 
unit. The path memory unit includes a decoding register 
array, a trace Write-in register array, an idling register array 
and an add-compare-select unit. The method includes the 
folloWing steps. First, the Viterbi decoder creates a trellis 
diagram corresponding to the Viterbi decoder. Next, the 
Viterbi decoder performs a longitudinal arrangement With 
respect to the trellis diagram corresponding to the Viterbi 
decoder so as to obtain a longitudinal arrangement trellis 
diagram. Then, the Viterbi decoder processes the longitudi 
nal arrangement trellis diagram according to a RLL code so 










