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Abstract. The energy efficiency of error control scheme is very important 
because of the strict energy constraints of wireless sensor networks. Wireless 
sensor node requires simple error control schemes because of the low 
complexity request of sensor nodes. Automatic repeat request(ARQ) and 
forward error correction(FEC) are the key error control strategies in wireless 
sensor networks. In this paper, we implemented the efficient QC-LDPC encoder 
which does not require matrix inversion to improve the complexity of the 
encoder. It is shown that the efficient QC-LDPC code obtained 17.9% and 36% 
gain respectively in the mean number of transmission for the transmission 
power of -19.2dBm and -25dBm. 
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1 Introduction 

In recent years, the idea of wireless sensor networks has produced lots of research, 
because of wireless sensor networks can be applied widely in many fields. In wireless 
sensor networks, erroneous transmission can happen by wireless channel noise. 
Automatic repeat request (ARQ) detects errors using cyclic redundancy check (CRC) 
and retransmission of data is used as error control scheme for wireless sensor 
networks. Sensor node requires long lifetime with limited battery, but retransmission 
of data is the primary source of energy consumption and reduces the lifetime of 
sensor node. Therefore, error control scheme of forward error correction (FEC) for 
wireless sensor networks is necessary [1]. 

Low-density parity-check (LDPC) codes were first introduced by Gallager in 1962 
and rediscovered by Mackay and Neal in 1996 and come into the spotlight  for next 
generation communication system[2][3]. The LDPC codes construction can be 
categorized into Mackay's random construction and sub-block based structured 
construction. The Mackay's random construction LDPC codes show very good 
performance. However, this construction is computationally intensive implementation 
because of large memory requirement. The sub-block based structured construction 
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scheme can be implemented with less complexity than the Mackay’s random 
construction [4]. 

In this paper, the efficient quasi-cyclic(QC) LDPC code on ATmega128 based 
sensor node using sensor network OS platform(SenWeaver OS) is implemented. The 
efficient QC-LDPC code for wireless sensor networks has small size parity check 
matrix and can be implemented easily. The encoding scheme of efficient QC-LDPC 
code is simplified version of Richardson’s encoder and does not require matrix 
inversion so that this encoding scheme is suitable for sensor node which has limited 
computation ability. This paper is organized as follows. In section 2, the efficient QC-
LDPC encode is given. In section 3, the specifications of the sensor node and the OS 
platform (SenWeaver OS) are introduced. In section 4, the experiment results for the 
efficient QC-LDPC code are given. Finally, the conclusion is made in section 5. 

2 The Efficient QC-LDPC Code 

2.1 QC-LDPC Code 

For wireless sensor node applications, we consider a subclass of LDPC code, QC-
LDPC, whose parity-check matrix consists of circulant permutation matrices or the 
zero matrix. Ii is the Ns Ns permutation matrix which shifts the identity matrix I  to 
the right by i-times for any integer i, 0 i Ns. Let I1 be the Ns Ns permutation 
matrix given by 

 (1) 

Using this notation parity check matrix H can be defined by 

 (2)

where  is the shift value corresponding position  sub-block. This value is 

one of the {0, 1, 2, …, Ns-1} for nonzero sub-block and  for zero matrix. 

The size of H is mNs nNs. [4]. 
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2.2 Encoding of LDPC

Block type LDPC encodin
Parity check matrix is divid

where A is (M-l)  (N-M)
l l, E is l  (M-l). All 
one along the diagonal [5]. 
encoder. 
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, B is (M-l) l, T is (M-l)  (M-l), C is l  (N-M), D
these matrices are sparse and T is a lower triangular w
Fig. 1 shows the parity check matrix for the Richardso
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=

EDC

TBA
H

× × ×

T

T

T

T

T

p

p

u

EDC

TBA
0

2

1 =
























=

) ( ) 0

0

1
11

21

=+−++

=+
− TT

TT

pDBETuCA

TpBp

N 

(3)

D is 
with 
on’s 

note 
the 

(4)

(5)

×



 Implementation of 

Let  and

parity bits as the following 

2.3 The Efficient QC-L

The encoding scheme of e

encoder. The goal is to elim
If  and T are identity
equation (7). Also, the sim
encoding can be done wi
computations required to en
Richardson’s encoder. 

 

Fig. 

The parity check matrix for
3 6 sub-matrices as shown

In equation (8), to mak

. To mak

(10) has to be satisfied. 

DBET +−=Φ −1

p

p

Φ

×









=

1,3

1,2

1,1

A

A

A

H

015,26,1 === −IAA

Energy Efficient LDPC Code for Wireless Sensor Node 

d assume that  is nonsingular. Then, we can obt

equations 

 

LDPC Code 
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Also, if we let  wh
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Fig. 4. Parity check
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Fig. 5. Sensor node

 

Fig. 

Table 

 Model 

MCU ATmega

Ext. SRAM CS18LV
RF module CC2420

Antenna SWBBL

H. Moon 

 

e used for the efficient QC-LDPC code implementation 

6. SenWeaver OS architecture overview 

1. Detailed specifications of a sensor node 

Specification 

a128L 8bit processor, 
128Kbytes flash, 4Kbyte SRAM 

V02563 32Kbytes SRAM 
0 2.4GHz, IEEE 802.15.4/ZigBee-ready 

RF transceiver 
L1 Multilayer chip antenna 

2400~2485MHz, 100MHz BW 
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4 Experiment Results 

As shown in Fig. 6, the transmitter and the receiver are located on the ceiling to 
ensure the line of sight communication. By monitoring the 2.43GHz frequency band, 
no other source of interference is observed. In order to measure performance of the 
efficient QC-LDPC code, 15,000 12byte long MAC frames as shown in Fig. 7 are 
transmitted. 

 

Fig. 7. Experiment environment of performance measurement  

 

Fig. 8. LDPC coded simple MAC frame 

The experiment results for the uncoded and the efficient QC-LDPC coded cases are 
summarized in Table 2. The transmitting power is varied from -7 dBm to -25 dBm.. 

Table 2. Measured BER performance of efficient QC-LDPC code 

TX power Uncoded case Efficient QC-LDPC coded case 

-7 dBm 3.4787 10-6 0 
-10 dBm 8.5301 10-5 5.7418 10-5 
-15 dBm 8.3478 10-4 4.6648 10-4 
-19.2 dBm 7.0767 10-3 5.0378 10-3 
-25 dBm 1.6713 10-2 1.2139 10-2 

×
× ×
× ×
× ×
× ×
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Given the packet length and BER performance, we calculate the PER (Packet Error 
Rate) to be 

 (12)

where Pep is PER, L is packet length[7]. The calculated PER using equation (12) is 
shown in table 3. 

Table 3. PER performance analysis of efficient QC-LDPC code 

TX power Uncoded case Efficient QC-LDPC coded case 

-7 dBm 3.3390 10-4 0 
-10 dBm 8.1558 10-3 5.4971 10-3 
-15 dBm 7.7043 10-2 4.3804 10-2 
-19.2 dBm 4.9428 10-1 3.8421 10-1 
-25 dBm 8.0171 10-1 6.9040 10-1 

 
The mean number of transmission, R, required for success can be calculated as 
 

 (13)

Also, the gain of mean number of transmission Rgain is given by 
 

 (14)

Where Runcoded is mean number of transmission for uncoded case, Rcoded is that of the 
efficient QC-LDPC coded case. Table 4 shows the mean number of transmission 
using equations (13) and (14). 

Table 4. Mean number of transmission for success 

TX power Uncoded case Efficient 
QC-LDPC coded case 

Rgain 

-7 dBm 1.0003 1.0000 0.0003 
-10 dBm 1.0082 1.0055 0.0027 
-15 dBm 1.0835 1.0458 0.0348 
-19.2 dBm 1.9774 1.6239 0.1787 
-25 dBm 5.0430 3.2300 0.3595 

 
It is shown that the implemented QC-LDPC code showed limited gain for the TX 
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and -25dBm, the implemented QC-LDPC code obtained about17.9% and 36% gain 
over uncoded case, respectively. 

5 Conclusion 

In this paper, we propose FEC using efficient QC-LDPC code for the error control in 
the wireless sensor networks. The efficient QC-LDPC code has small size parity 
check matrix and easy implementation scheme. The encoding of the efficient QC-
LDPC code that constructs sub-matrix T and Φ of Richardson’s encoder into identity 
matrix and requires less computation compare to the Mackay’s random constructed 
LDPC code. 

We implemented the efficient QC-LDPC code on ATmega128 based sensor node 
using sensor network OS platform (SenWeaver OS) and measured the BER 
performance at TX powers between -7dBm to -25dBm. Also, we calculated the 
packet error rate and the mean number of transmission required for successful 
transmission. 

It is shown that the implemented QC-LDPC code obtained performance gain in the 
mean number of transmission about 17.9% and, 36% gain over the uncoded case for 
the transmission powers of -19.dBm and -25dBm, respectively. 
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