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Introduction



Introduction
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y We investigate the construction of joint source-channel 
coded modulation (JSCCM) based on 16QAM for 
transmitting memoryless sources over memoryless
channels.

y In our JSCCM design, we adopt free Euclidean distance, 
instead of free Hamming distance, as a design parameter 
because it is directly related to transmission of 16QAM 
modulation.

y We will compare JSCCM with VLECPC+16QAM of 
comparable free Euclidean distance, where VLECPC stands 
for variable-length error-correcting prefix code.



Contributions
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y We propose an algorithmic construction of a bus-optimal 
JSCCM scheme for a given free Euclidean distance bound 

free

∗
.

y In comparison with VLECPC+16QAM, we propose a 
methodology to transform the free Hamming distance of 
VLECPC to the equivalent free Euclidean distance when 
VLECPC is QAM-modulated.
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Preliminaries



Notation

7

y S = { 1, 2, …, K} is the set of K source symbols.
y The probability of is .
y C = {c1, c2, …, cK} denotes the set of  binary codewords.
y The average codeword length of C is ̅ ≜
∑ | |		(bits) ,where | | is the length of codeword .

y Q = {q1, q2, …, qK} denotes the set of 16QAM symbol 
words.

y The average (QAM) symbol word length of Q is ≜
∑ | | ,where |qi| is the number of 16QAM symbols of 
symbol word qi. 



Notation
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y , ≜ ⋯ : ∀ ∈ 	and	 ∑ = is the 
set of bitstreams that conctenate L codewords of 
overall length N (bits).
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9

construct code 

word

map into 16-

QAM 

symbol

AWGN 

Channe

l

Hard 

Decision 

Maker

MAP 

decode

r

construct code 

word

AWGN 

Channe

l

Minimum Euclidean 

Distance

Decision Maker

System A

System B

Figure 1: System Architectures A and System 

Architecture B



System architecture
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y System A: A sequence of VLECPC codewords will be 
mapped to a sequence of 16QAM symbols through a 
16QAM mapper. 

y System B: Use directly JSCCM to produce a sequence of 
16QAM symbols for transmission. 



16-QAM Constellation
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Figure 2 : Gray-coded symbol mapper of 

16-QAM



16-QAM Constellation
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y Grey-coding rule is employed.
y The overall transmission power of a 16QAM symbol 

can be calculated as

Hence, the averaged power is given by

To make Pave = 1, the parameter A is taken to be 
						1/ 10.

2 2 2 2 2 2 24(A A ) 4((3A) +(3A) )+8(A +(3A) )=160A                    (1)allP = + +

2 2160A 10A                            (2)16avgP = =



VLECPC Trellis Diagram
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Figure 3 :Trellis TL,N

y State Si,j indicates that the number of codewords
decoded thus far is i and the number of code bits 
decoded thus far is j.



Free Distance
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y d
free

is defined based on X
L,N

and is given by

where d(a, b) can be either the Hamming distance or the 
Euclidean distance between either bit streams or QAM 
symbol streams a and b of equal length.

free( ) ≜ { ( , ): , ∈ , 	for	some	 , 	and	 ≠ }



Free Distance
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y Free distance of C can be lower bounded by
free ≥ min{ b ,	 c +	 d } (4)

y Overall minimum block distance b ,:
b = min{ , : , 	 ∈ , ≠ 	and	 = }

y Minimum converge distance c :
	 c = min{ , : , 	 ∈ , < , 	is	the	suffix	of	 	and	 = }

y Minimum diverge distance d :
	 d = min{ , : , 	 ∈ , < 	, 	is	the	prefix	of	 	and	 = }
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Review and Modification of 
Sub-optimal VLECPC

Construction and Decoder 
for JSCCM



Sub-optimal VLECPC Construction
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y Suboptimal code construction only searches for the 
VLECPC that satisfies the following conditions:

y Early elimination window ∆.
y Ignore the top node in the Encoding Stack, whose number of 

codewords |Ctop| is less than lmax − Δ, where lmax is the largest 
|C| among all expanded nodes.

y Fix stack size upper limit Γ with Deletion criterion . 
y Deletion criterion = : Delete the node with the smallest 

code size |C|.
y Deletion criterion = : Delete the node with the largest 

metric f.
y The maximal number of iterations I.

{ } *
b c d free

c b 1

min ( ), ( ) ( ) ,    and
          (5)

( ) ( ) 1.

d C d C d C d

d C d C

+ ≥

− ≤



Sub-optimal VLECPC Construction
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y Step 1:  Push the root node into the Encoding Stack. 
Set upper bound Ub as the average codeword length of 
an existing VLECPC with free distance no less than 

free
∗ . Alternatively for the follow-up iteration, set 

upper bound Ub as the average codeword length of the 
output VLECPC obtained from the previous iteration. 
Initialize the target VLECPC C* as the empty set and 
lmax = 0.



Sub-optimal VLECPC Construction

19

y Step 2:  
y If the Encoding Stack is empty and C* ≠ ∅, then output 

C* as the optimal VLECPC and stop the algorithm; else if 
both the Encoding Stack and C* are empty, then report a 
code search failure and stop the algorithm.

y If |Ctop| < lmax − Δ, then directly delete the top node from 
the Encoding Stack and redo Step 2; else if lmax < |Ctop|, 
update lmax = |Ctop|.

y If the top node of the Encoding Stack has selected K
codewords (i.e., |Ctop| = K) and Ctop satisfies condition (5), 
then output Ctop as the optimal VLECPC and stop the 
algorithm.



Sub-optimal VLECPC Construction
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y Step 3:  
y Generate the two children of the top node and then delete 

the top node from the Encoding Stack. Then update Ub as 
the metric f of left child and put left child as C* if the left 
child satisfies all of the following conditions:
y The left child has selected K codewords in his Cleft;
y Cleft satisfies condition (5);
y Its associated metric f is smaller than Ub



Sub-optimal VLECPC Construction
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y Step 4:  Discard the child node which satisfies any of 
the following conditions:
y It has selected more than K codewords for its Cchild;
y There is no more candidate in Achild and the size of Cchild

is less than K (i.e., Achild = ∅ and |Cchild| < K);
y The metric f(child) is larger than Ub;
y . It disobeys condition (5).



Sub-optimal VLECPC Construction
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y Step 5:  
y After inserting the remaining children into the Encoding 

Stack, recursively delete nodes from the Encoding Stack 
based on the chosen deletion criterion until the 
Encoding Stack size is no greater than Γ. Reorder the 
Encoding Stack in order of ascending metrics. Go to Step 
2.

y Step 6:  
y Repeat Steps 1–5 until either the maximum number of 

iterations I is reached or the upper bound Ub remains the 
same as the previous iteration.



16QAM Based JSCCM
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y Replace the Hamming distance in Step 3 with the 
Euclidean distance according to the constellation in 
Figure 2.

y Modify Step 4 by adding one rule to ensure that the 
resulting symbols are 16QAM based.



16QAM Based JSCCM
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y Step 4′:  
y Discard the child node, which satisfies any of the 

following conditions:
y It has selected more than K codewords for its Cchild;
y There is no more candidate in Achild and the size of Cchild is less 

than K (i.e., Achild = ∅ and |Cchild| < K);
y The metric f(child) is larger than Ub;
y It disobeys condition (5).
y It cannot be divisible by 4.



Hard-decision Based 

Demodulator
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y The hard-decision based demodulator is a modification 
from the MAP decoder in [34]. Specifically, it first 
maps the received symbols into the 16QAM binary 
patterns via a hard decision criterion. Then an MAP 
decoder is performed onto the sequence of binary 
patterns.



Soft-decision Based Demodulator

26

y Represent a path from state S0,0 to state Si,j in trellis 
TL,N as		

( , )
( , ) ≜ 1 2 3… i in	Xi,j,      

y The metric of ( , )
( , ) is defined as 

( ( , )
( , )

) = ∑ (/ , ),
where is the lth QAM symbol corresponding to 

( , )
( , ) , and is the lth QAM symbol in the received 

QAM sequence.



Soft-decision Based Demodulator
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y Step 1:  
y Initialize the path metric of ( , )

( , ) as m( ( , )
( , )) = 0, and 

load it into the Decoding Stack.
y Step 2:  
y If the top node of the Decoding Stack reaches the final 

state SL,N in TL,N, update the metric according to 
( ( , )

( , )) as well as its associated path. If the Decoding 
Stack contains zero node, then output the path as the 
decision and stop the algorithm.



Soft-decision Based Demodulator
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y Step 3:  
y Mark the state of the top node as visited. Then extend the top 

node to all its successors. Delete the top node from the 
Decoding Stack.

y Step 4:  
y Discard the successors if they had been marked as visited. 

Also, discard the successors for which the number of decoded 
symbols exceeds L or the number of decoded bits exceeds N.

y Step 5:  
y Insert the remaining successors (i.e., those successors which 

are not discarded in Step 4) into the Decoding Stack .Go to 
Step 2.
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Simulation Results



Codes
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y Distribution (0.512, 0.128, 0.128, 0.128, 0.032, 0.032, 0.032, 0.008).

Six VLECPCs for 8-source symbols obtained by the suboptimal code construction 
algorithm in [34] for different values of free distances (System A).

Six JSCCMs for 8-source symbols obtained by the proposed suboptimal code construction 
algorithm for different values of free distance (System B).



Average QAM Symbol Length
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y The AvgL of system B is better than that of system A 
in #1~#3, but is worse in #4~#6. 

System A

Index #1 #2 #3 #4 #5 #6

5 6 7 8 9 10

2.421 2.828 3.203 4.467 5.213 5.732

AvgL 1.444 1.544 1.872 2.044 2.242 2.362

AvgL* 1.398 1.498 1.826 1.998 2.196 2.316

freeH*d

freeEd

System B

2.4 2.8 3.2 4.4 5.2 5.7

2.421 2.912 3.264 4.427 5.366 5.794

AvgL 1.4 1.528 1.56 2.36 2.36 2.56

freeE*d

freeEd

freeH*d

freeEd
freeE*d



Error Performance
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y Under hard-decision demodulator, JSCCM has about 
0.4dB to 1.2dB gains over VLECPC+16QAM mapper 
in every paired designs of the same index except #5.

y Under soft-decision demodulator, JSCCM has about 
1.5 dB to 2 dB gains over VLECPC+16QAM mapper 
in every paired designs of the same index except #5.

y We examine the distance spectrum of 
VLECPC+16QAM mapper and JSCCM to find 
possible cause for the particular behavior of #5 pair.



Error Performance Under Hard-

decision Based Demodulator.
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Figure 4 : Comparisons of #1 VLECPC+16QAM and #1 

JSCCM under hard-decision based demodulator.



Error Performance Under Hard-

decision Based Demodulator.
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Figure 5 : Comparisons of #2 VLECPC+16QAM and #2 

JSCCM under hard-decision based demodulator.



Error Performance Under Hard-

decision Based Demodulator.
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Figure 6 : Comparisons of #3 VLECPC+16QAM and #3 

JSCCM under hard-decision based demodulator.



Error Performance Under Hard-

decision Based Demodulator.
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Figure 7 : Comparisons of #4 VLECPC+16QAM and #4 

JSCCM under hard-decision based demodulator.



Error Performance Under Hard-

decision Based Demodulator.
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Figure 8 : Comparisons of #5 VLECPC+16QAM and #5 

JSCCM under hard-decision based demodulator.



Error Performance Under Hard-

decision Based Demodulator.
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Figure 9 : Comparisons of #6 VLECPC+16QAM and #6 

JSCCM under hard-decision based demodulator.



Error Performance Under Soft-

decision Based Demodulator.
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Figure 10 : Comparisons of #1 VLECPC+16QAM and #1 

JSCCM under soft-decision based demodulator..



Error Performance Under Soft-

decision Based Demodulator.
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Figure 11 : Comparisons of #2 VLECPC+16QAM and #2 

JSCCM under soft-decision based demodulator..



Error Performance Under Soft-

decision Based Demodulator.
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Figure 12 : Comparisons of #3 VLECPC+16QAM and #3 

JSCCM under soft-decision based demodulator..



Error Performance Under Soft-

decision Based Demodulator.
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Figure 13 : Comparisons of #4 VLECPC+16QAM and #4 

JSCCM under soft-decision based demodulator..



Error Performance Under Soft-

decision Based Demodulator.
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Figure 14 : Comparisons of #5 VLECPC+16QAM and #5 

JSCCM under soft-decision based demodulator..



Error Performance Under Soft-

decision Based Demodulator.
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Figure 15 : Comparisons of #6 VLECPC+16QAM and #6 

JSCCM under soft-decision based demodulator..



Distance Spectrum
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Figure 17 : Distance spectrum for designs.
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Conclusion



Conclusion
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y We propose suboptimal prefix-free JSCCMs for the 
joint source-channel coded modulation for  
memoryless sources transmitted over memoryless 
channels.

y We transform the free Hamming distance of VLECPC 
to the equivalent free Euclidean distance for fair 
comparison between JSCCM and VLECPC+16QAM 
mapper.

y Simulations show that JSCCM has a certain gains over 
VLECPC+16QAM mapper of comparable free 
Euclidean distance in terms of average symbol word 
length and error performance.



Future Work
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y In a certain situation (such as #5), JSCCM performs 
much better than VLECPC+16QAM mapper. More 
thorough analysis or examination on this case should 
be performed to realize its cause and theory.

y Using higher order modulation such as 64QAM may 
even be more advantageous, which should be an 
interesting future work of technical significance.
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Thank You.


