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Abstract— In this paper, adaptive modulation is implemented for a selection combining Demodulate and Forward 
Relay system. In this method, the source and relay select the modulation type based on the channel quality 
measurement, which is the output SNR, to improve the total throughput of the system. The adaptation thresholds are 
computed by solving an optimization problem. The model is generalized for the N-relay system and the optimization 
problem is modified for this case. Adaptive modulation is then employed for the N-relay DMF system. Adaptive 
relaying method is also proposed for adaptive modulated DMF system to achieve BER constraint, attain maximum 
possible throughput and reduce the complexity of hardware. Another optimization problem and several novel
algorithms are generated in this paper, to perform adaptive relaying adaptive modulated DMF system. The results 
demonstrate that employing the proposed methods improves the total throughput of the system by keeping the BER 
performance at the target level.
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I. INTRODUCTION 

Cooperative technology allows a wireless system 
to coordinate among distributed antennas and attain 
significant performance gains and will be one of the 
main candidate technologies in many standard 
proposals for the fourth-generation wireless 
communication systems [1]. On the other hand, the use 
of multiple antennas (MIMO) may not be ideal for 
different situations because of increasing complexity 
and processing load [2] [3]. Cooperative systems have 
the similar advantages with less complexity [4]. In 
particular, three main cooperative methods have been 
proposed [5]; Amplify-and-Forward (AF) [6], Decode-

and-Forward (DF), and Estimate-and-Forward (EF) [7,
8]. In this paper, we use Demodulate and Forward 
(DMF) cooperative method [9] [10] [11], with 
selection combining at the destination. In this method 
the relay only demodulates the received signal and 
forwards it to the destination, using another 
modulation type. Decoding is just performed at the 
final receiver. This approach could reduce the latency, 
complexity of hardware as well as the energy 
consumption due to decoding in the relay [12]. 

Another key technology to attain high data rate 
services is adaptive rate transmission [13-15]. Variable 
rate transmission techniques have been proposed to 
improve the performance of wireless systems in 



supporting several services. Adaptive rate transmission 
is the technique in which the information rate varies 
according to the quality of the channel [16-18].

In this contribution, we implement adaptive 
modulation for a selection combining DMF Relay 
system to improve the total throughput of the system. 
In this method, the source and relay select the 
modulation type based on the channel quality metric, 
which is the output SNR. To employ adaptive 
modulation, we need some switching thresholds for 
changing the modulation. In this paper, we compute 
these adaptation thresholds by solving the optimization 
problem introduced in [9]. We also generalize the 
model for the N-relay system and modify the 
optimization problem for this case. Then, we employ 
adaptive modulation for the N-relay DMF system. 
Besides, to achieve BER constraint and attain 
maximum possible throughput, we choose the number 
of relays in adaptation with system condition. We call 
this proposed method adaptive relaying.   

The rest of the paper is organized as follows. 
Section II describes the system model and DMF 
cooperative system. In section III, Adaptive modulated 
DMF system for a single relay is considered. 
Generalized scheme for the N-relay scenario is 
considered in section IV. Section V introduces adaptive 
relaying adaptive modulated DMF system. The results 
and comprehensive discussions are presented in section 
VI. Finally Section VII concludes the paper.

II. DMF COOPERATIVE SYSTEM

We consider a cooperative system with a single 
antenna source (S) and destination (D) and one relay 
(R). At the first time slot, source transmits signals to R 
and D, and then at the second time slot, the relay sends 
the signal to destination. System model is shown in 
figure 1. Since we are going to employ adaptive 
modulation method for this system, feedback channels 
from destination to source are considered in the model. 
The feedback data includes small frames, so we could 
consider the reverse channel to be error free.  

Following equations describe the received signal at 
relay and destination:

S DS DS D nxhy (1)

S RS RS R nxhy (2)

where x is the transmitted signal, and SDh and SRh are 
the channel coefficients from S to R and S to D, 
respectively. SDn and SRn are additive complex 
Gaussian noises.

In DMF method the relay only demodulates the 
received signal and forwards it using another 
modulation type. The received signal at D in the 
second time slot can be expressed as:

R DrR DR D nxhy (3)

where rx is the re-modulated signal, RDh is the 
channel coefficient from R to D, and RDn is additive 
complex Gaussian noise. 

For selection combining scheme, the error will only 
occur when the two copies were incorrect at 
destination. Therefore, the BER at the destination is 
computed as relay

e
direct

e PPBER [9]. direct
eP is the 

probability of error when receiving directly from the 
source that is represented by eSDP . relay

eP is the error 
probability when receiving through relay. The 
destination detects the correct bit through relay path, if 
at the both S-R and D-R paths the bit is received 
correctly. Therefore, based on the probability theory, 
the BER can be written as:

))](1))((1(1)[( RDeRDSReSRSDeSD PPPBER
(4)

where eSRP and eRDP are the BER of the SR and RD, 

respectively. 
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In this paper we compute the BER of all SR, RD 
and SD paths using the simplified equation (5) of [19]:
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in which kM 2 determines the modulation mode, 
and b=d=1 for Rayleigh channel.

R

S D
Optimum ks

Optimum kr

Fig. 1: Cooperative system model with feedback 
channel



In [9] an optimization problem is proposed to 
maximize the total throughput ( totalR ) for the DMF 
cooperative system under the constraint of the received 
BER requirement:

max,
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To describe this concept of throughput, it should be 
noted that a frame of L bits with the rate of W 
symbol/sec is transmitted during the time, defined as 

)( WkLT ii [9], where i=s for source and i=r for 

relay. The total time of transmission is rs TT .
Assuming that each frame consists of the fixed number 
of symbols with the constant symbol rate, the average 
throughput of the system depends only on the total time 
of bit transmission, which in turn, is dependent on the 
number of bits per symbol ( ik ). Maximizing totalR is 

simplified to maximizing the expression 
)( rs

rs

kk
kk

.

In this paper, we use this optimization problem to 
compute the optimum switching thresholds for adaptive 
modulation.

III. ADAPTIVE MODULATED DMF SYSTEM

Adaptive modulation is a technique that attempts to 
increase the average throughput of the system by 
switching between modulation modes depending on 
the quality of the channel. When the channel quality is 
satisfactory, a high order modulation is used to 
transmit as many bits per symbol as possible. When 
the channel is hostile, the modulation mode is switched 
to a low order one to reduce the error probability. 
Since different levels of QAM are usually used in 
order to rate adaptation, adaptive modulation is also 
known as adaptive QAM; AQAM. In order to adapt 
the AQAM modes, a metric corresponding to the near 
instantaneous channel quality is required. In this work 
we use the same metric as the one used in [13-18] that 
is the instantaneous output SNR. The first important 
step in achieving an acceptable adaptation 
performance is finding the most appropriate thresholds 
through which the transmitter would adapt itself to the 
channel state. The thresholds are to be chosen so that 
the BER, as the performance criteria, remains below a 
specific value. Comparing the metric by the pre-
determined thresholds, the system decides about the 
appropriate modulation mode for the next symbol. 

BPSK, QPSK, 16-QAM and 64-QAM have been 
considered as the four different modes in adaptive 
modulation, since they are widely used in many 
existing standards [20-22]. In this paper we use the 
optimization problem (P1) to compute the required 
switching thresholds, jointly for source and relay. The 
following algorithm describes the procedure.

Algorithm 1
0) Initialization: 0

1) Solve P1 and find optimum rs kk ,
2) step

3) Go to 1.

0 is the average SNR in which BER remains below 

max,eP for rs kk , =[1,1]. Table I lists the results 

when max,eP is 310 .

TABLE I: Optimum adaptation thresholds

(dB) 8 10 12 14

rs kk , [1,2] [1,6] [2,6] [6,6]

By using the above thresholds, adaptive modulation 
procedure is done in the way that is described by the 
following algorithm.

Algorithm 2
If 0 feedback 00 , rs kk to S & R

If 1ii feedback risi kk , to S & R

If max feedback maxmax , rs kk to S & R

in our case 00 , rs kk =[1,1] and maxmax , rs kk =[6,6].

IV. GENERALIZED SCHEME FOR N RELAYS

In this section DMF method and adaptive 
modulation are implemented for the N-relay scenario. 
Figure 2 shows the system model in this situation. The 
source transmits the information signal to the 
destination and all the N relays, as in following 
equations:

R1

S D
Optimum ks

Optimum ki
R2

RN

Fig. 2 Cooperative system model with feedback 
channel for N relays



S DS DS D nxhy (6)

Ninxhy S iS iS i , . . . ,1 (7)

All the N relays send the re-modulated signals to the 
destination:

iDiiDiD nxhy (8)

In this case BER of the system is computed through 
following equation 

N

i
ie

direct
e PPBER

1
, (9)

where ieP , is the BER due to ith relay.  
The total throughput for the N-relay system is now 
calculated using equation (10), which is the 
generalization of the throughput concept.
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The optimization problem that maximize totalR now 
should be modified to find optimum modulation for 
the source and all the N Relays:
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Considering fixed frame size and symbol rate, 
maximizing totalR is simplified to maximizing the 

expression N

i is kk 1

11
1

.

To implement adaptive modulation, we should first 
find switching thresholds for all the relays and source. 
Hence they can change the modulation in adaptation 
with the channel quality. This leads to improving the 
total throughput of the system. Using Algorithm 1 for 
problem (P2) we can compute optimum is kk , for 
i=1,...,N .
Table II lists the results for N=2, when max,eP is 

310 .

TABLE II: Optimum adaptation thresholds for N=2.

(dB) 4 6 8 12

21,, kkks [1,4,2] [2,4,2] [4,4,4] [6,6,6]

By using the above thresholds adaptive modulation 
procedure is performed in the way similar to what 
described by the Algorithm 2. For the 2-relay system, 

0,20,10, ,, kkks =[1,1,1]and max2max1max ,, kkks =[6,6,6]. 

The destination feedbacks is kk , to the source and all 
the N relays.

V. ADAPTIVE RELAYING ADAPTIVE MODULATED 
DMF SYSTEM

As it was seen in the throughput computation, 
increasing the number of relays leads to decreasing 
maximum throughput. However, in this paper the 
purpose is increasing the throughput. To improve the 
throughput, less number of relays should be involved. 
On the other hand, reducing relays, leads to decaying 
BER. To achieve BER constraint and attain maximum 
possible throughput, we have to deal with a kind of 
trade off. In lower SNRs we can use more relays to 
achieve desired BER. By increasing the SNR we can 
eliminate the relays gradually, with the condition that 
BER is kept at the desired level. Therefore, by 
increasing SNR the cooperating relays will be 
decreased adaptively and consequently, throughput 
increases while BER constraint still remains under a 
target value. Decreasing the number of cooperating 
relays also reduces the hardware complexity.

In this section, we compute the minimum number 
of relays required for achieving the BER constraint in 
each SNR. In this step, BPSK modulation is 
considered for source and all relays. To compute the 
optimum number of relays, we solve the following 
problem, at every SNR:

max,
3 :..

min
:

ePBERts
N

Pproblem

The initial modulation was BPSK in the above 
step. However, higher order modulations might also 
accomplish BER threshold with the same number of 
relays and similar SNR. So it is preferred to use higher 
order modulations that leads to increasing throughput. 
To find the preferable modulation, we solve the 
optimization problem P2 for all SNRs due to the 
selected relay number. The following two algorithms 
describe the above steps.

Algorithm 3
SOLVE 3P

Algorithm 4
for “N” resulted of Algorithm 3,  SOLVE 2P

The results due to above algorithms make the data that 
will be used during adaptation procedure explained in 
the algorithm 5.



Algorithm 5
If 10 , 1,1,2,1;3 321 rrrs kkkkN
If 21 , 1,2,4,1;3 321 rrrs kkkkN
If 32 , 1,1,1;2 21 rrs kkkN
If 43 , 1,2,1;2 21 rrs kkkN
If 54 , 2,4,1;2 21 rrs kkkN
If 65 , 6,6,1;2 21 rrs kkkN
If 76 , 2,4,2;2 21 rrs kkkN
If 87 , 1,1;1 1rs kkN
If 98 , 2,1;1 1rs kkN
If 109 , 6,1;1 1rs kkN
If 1110 , 6,1;1 1rs kkN
If 1211 , 4,2;1 1rs kkN
If 1312 , 6,2;1 1rs kkN
If 1413 , 6,4;1 1rs kkN
If 14 , 6,6;1 1rs kkN

VI. RESULTS AND DISCUSSIONS

In this section, some results are provided. Figure 3 
shows the BER of the DMF-SC cooperative system for 

rs kk , =[1,1] and all modulation modes of Table 1. 

We use BER curve due to rs kk , =[1,1] to find 0 .
The curves state that as modulation mode increases, 
BER performance of the system decreases. However 
for all of these curves, there is an SNR threshold that 
BER remains below 310 . The optimization problem 
is used to find the corresponding thresholds. Using 
these thresholds in adaptive modulation procedure, we 
could improve the total throughput of the DMF-SC 
system. Figure 4 shows the normalized throughput of 
the system which improves as a result of changing the 
modulation mode of source and relay, adaptively. The 
BER performance of the adaptive-modulated DMF-SC 
system is shown in figure 5 in comparison with the 
non-adaptive system. It is clear in this figure that the 
BER of adaptive modulated system remains below 

310 which is the expected value.
Figure 6 shows the BER performance of the N-relay 

system, for N=2. The figure compares the performance 
of this system with the one-relay system when the 
source and all the relays use similar modulation; BPSK 
or 64-QAM. It is apparent in the figure that when more 
relays are employed, the number of independent paths 
and consequently the diversity order increase. It leads 
to improvement of the BER performance of the 
system.

In the figures 7-9 we employed N-relay model and 
extracted the curves for N=2. Figure 7 shows the BER 
of the system for 21,, kkks =[1,1,1] and all 
modulation modes of Table II. We use the BER curve 
when all the relays and the source use BPSK, to find 

0 . For each of these curves, there is an SNR 

threshold that BER remains below 310 . The modified 
optimization problem is used to find the corresponding 
thresholds. Using these thresholds in adaptive 
modulation procedure, we could improve the total 
throughput of the 2-relay DMF-SC system. Figure 8 
shows the normalized throughput of the system which 
is enhanced as a result of changing the modulation 
mode of the source and all the relays. The BER 
performance of the adaptive-modulated 2-relay DMF-
SC system is shown in figure 9 in comparison with the 
non-adaptive system. It is apparent that the BER of 
adaptive modulated system remains below the target 
level.

In figures 10-13 we performed the algorithms due to
adaptive relaying system, described in section V.
Figure 10 shows the result of algorithm 3, for BER 
constraint of 310 . As apparent in this figure, for 
SNRs below 2dB, at least 3 relays should cooperate so 
that the BER of 310 could be achieved. The number 
of relays reduces to 2, for SNRs between 2 and 6 dB. 
For SNRs more than 7dB, we can use only 1 relay to 
achieve BER of 310 . In figure 11 the BER of the 
system is shown for N=1, 2 and 3 relays. The same 
modulation BPSK or 64-QAM is used for all nodes. 
The curves re-demonstrate that, for more number of 
relays, the BER performance of the system improves. 
However, increasing the number of relays leads to 
decreasing maximum throughput. This value is equal 
to 3 for single-relay system, is 2 for 2-relay system and 
is equal to 1.5 for 3-relay system. To combat this 
problem and at the same time keeping BER at the 
target level, we use adaptive relaying along with 
adaptive modulation as described in algorithm 5. The 
result is shown in figure 12 that is the normalized 
throughput of the system. The throughput gradually 
increases and reaches the maximum of 3, for SNRs 
more than 14dB. However that, if we use 2 relay for all 
SNRs, as done in figure 8, the system could attain 
maximum throughput of 2. On the other hand, the 
BER of this system is shown in figure 13, which is 
below 310 for all SNRs. Whereas, if we use 1-relay 
for all SNRs, the BER does not reach 310 until 6dB 
(figure 5).

As it is seen in figure 12, a local drop happened at 
SNR=7dB and after that, it begins to increase over 
again .This is the point in which the system switches 
from 2 relays to 1 relay. In 1-relay system, less order 
modulation satisfies BER constraint, at this SNR. So, a 
local throughput reduction happens. However, the 
throughput has a regular improvement and after 14dB, 
it reaches its maximum possible value of 3, while BER 
is always kept below 310 .



Fig. 3 BER of the DMF-SC cooperative system for different rs kk ,

Fig. 4 The normalized throughput of the adaptive-modulated DMF-
SC cooperative system

Fig. 5 The BER of the adaptive-modulated DMF-SC cooperative 
system

Fig. 6 BER of the DMF-SC cooperative system, comparing 1-relay 
and 2-relay systems. 

Fig. 7 BER of the 2-relay DMF-SC cooperative system for different 
modulations

Fig. 8 The normalized throughput of the adaptive-modulated 2-relay 
DMF-SC cooperative system



Fig. 9 The BER of the adaptive-modulated 2-relay DMF-SC 
cooperative system

Fig. 10 The minimum number of relays that achieves BER 
constraint.

Fig. 11 BER of the DMF-SC cooperative system, comparing 1-relay, 
2-relay and 3-relay systems.

Fig. 12 The normalized throughput of the adaptive-modulated DMF-
SC cooperative system, with adaptive relaying

Fig. 13 The BER of the adaptive-modulated DMF-SC cooperative 
system, with adaptive relaying

VII. CONCLUSION

In this paper, we implemented adaptive modulation 
for a DMF cooperative system, when the destination 
employs selection combining for data detection. In the 
proposed method, the source and relay select the 
modulation type based on the channel quality metric, 
which is the output SNR. To employ adaptive 
modulation, some switching thresholds are required. In 
this paper, we computed these adaptation thresholds by 
solving an optimization problem. Using these 
thresholds in adaptive modulation procedure, we 
improved the total throughput of the DMF-SC system.  
We also developed the model for the N-relay system 
and modified the optimization problem for this case. 
Then, by employing adaptive modulation for the N-
relay DMF system, we enhanced the throughput while 
keeping the BER at a target level. However, increasing 
the number of relays leads to decreasing maximum 
throughput, and reducing relays, causes decaying BER. 
To achieve BER constraint and attain maximum 
possible throughput we proposed an adaptive relaying 
method. In this method, by increasing the SNR we 
eliminated the relays gradually, so the hardware 
complexity reduced. We also implemented adaptive 



modulation for adaptive relaying DMF system.
Therefore, we proposed a method that attains 
maximum possible throughput, achieves BER 
constraint, and reduces the complexity of hardware.

REFERENCES

[1] Cheng-Xiang Wang, Xuemin Hong, Xiaohu Ge, Huazhong , 
Xiang Cheng, Gong Zhang, and John Thompson, "Cooperative 
MIMO Channel Models: A Survey," IEEE Communications 
Magazine, pp. 80-87, Feb. 2010.
[2] R. U. Nabar, H. M. Bölcskei, and F. W. Kneubühler, “Fading 
relay channels: performance limits and space-time signal design,” 
IEEE J. Sel. Areas Commun., vol. 22, no. 6, pp. 1099-1109, Aug. 
2004.
[3] H. Mheidat, M. Uysal, and N. Al-Dhahir, “Equalization 
techniques for distributed space-time block codes with amplify-and-
forward relaying," IEEE Trans. Signal Process., vol. 55, no. 3, pp. 
1839-1852, May 2007.
[4] D. Y. Seol, U. K. Kwon, and G. H. Im, “Performance of single 
carrier transmission with cooperative diversity over fast fading 
channels," IEEE Trans. Commun., vol. 57, no. 9, pp. 2799-2807, 
Sep. 2009.
[5] Y. Zhang , H. H. Chen , and M. Guizani, Cooperative Wireless 
Communications, CRC Press, 2009.
[6] J. N. Laneman, D. N. C. Tse, and G. W. Wornell, "Cooperative 
diversity in wireless networks: Efficient protocols and outage 
behavior," IEEE Transactions on Information Theory, 50, 3062-
3080, Dec. 2004.
[7] T. M. Cover and A. A. El Gamal, "Capacity theorems for the 
relay channel," IEEE Transactions on Information Theory, IT-25, 
572-584, Sep. 1979.
[8] G. Kramer, M. Gastpar, and P. Gupta, "Cooperative strategies 
and capacity theorems for relay networks," IEEE Transactions on 
Information Theory, 51, 3037-3063, Sep. 2005.
[9] Yuanqian Luo and Lin Cai, "Throughput Maximization for User 
Cooperative Wireless Systems with Adaptive Modulation," 
Proceedings of International Conference on Communications (ICC),
May 2010.
[10] Tae-Won Yune, Dongsik Kim, and Gi-Hong Im, “Opportunistic 
Network-Coded Cooperative Transmission with Demodulate-and-
Forward Protocol in Wireless Channels," IEEE TRANSACTIONS ON 
COMMUNICATIONS, VOL. 59, NO. 7, pp. 1791-1795, JULY 2011.
[11] D. Chen and J. N. Laneman, “Modulation and demodulation for 
cooperative diversity in wireless systems," IEEE Trans. Wireless 
Commun., vol. 5, no. 7, pp. 1785-1794, July 2006.
[12] J. P. K. Chu, R. S. Adve, and A. W. Eckford, “Fractional 
cooperation using coded demodulate-and-forward," in Proc. IEEE 
GLOBECOM, pp. 4323-4327, Nov. 2007.
[13] J. M. Torrance, and L. Hanzo. "Upper bound performance of 
adaptive modulation in a slow Rayleigh fading channel," Elect. 
Letters,. Vol. 32, No. 8, pp. 718-19, 1996.
[14] B.J. Choi, M. Munster, L.-L. Yang, and L. Hanzo. "Performance 
of RAKE receiver adaptive-modulation based CDMA over 
frequency-selective slow Rayleigh fading channels," Elect. Letters,
Vol. 37, No. 4, pp. 247-9, 2001.
[15] J. Kim, S. Ro, I. Hwang, D. Hong, and C. Kang. "Performance 
of adaptive modulation with transmit diversity over frequency-
selective Rayleigh fading channels," Elect. Letters, Vol. 38, No. 19, 
pp. 1136-7, 2002.
[16] Vakil V., and Aghaeinia H., "Throughput improvement of STS-
based MC DS-CDMA system with adaptive modulation," Computers 
and Electrical Engineering, Vol. 36, Issue 6, pp. 1147-1155, Nov. 
2010.
[17] Vakil V., and Aghaeinia H., "Throughput Analysis of Adaptive 
Modulated STS-based CDMA system over Multipath fading 
Channel," Wireless Personal Communication, Vol. 49, pp. 597-612, 
2009.
[18] Debang Lao, J. H. Horng and J. Zhang. "Throughput Analysis 
for W-CDMA System with MIMO and AMC," Proceedings of IEEE 
PIMRC2003, Vol. 3, pp. 2276-80.
[19] Z. Wang and GB Giannakis. "A simple and general 
parameterization quantifying performance in fading channels," IEEE 
Trans. on Communications, 51(8):1389-1398, 2003.
[20] Prasanna Kalansuriya, Madushanka Soysa and Chintha 
Tellambura, "Performance of a Cooperative Network using Rate 

Adaptation and Cooperative Combining," Proceedings of Wireless 
Communications and Networking Conference (WCNC), April 2010.
[21] Doufexi, S. Armour, M. Butler, A. Nix, D. Bull, J. McGeehan, 
and P. Karlsson, "A comparison of the HIPERLAN/2 and IEEE 
802.11a wireless LAN standards," IEEE Commun. Mag., vol. 40, no. 
5, pp. 172-180, May 2002.
[22] W. Xiang, P. Richardson, and J. Guo, "Introduction and 
preliminary experimental results of wireless access for vehicular 
environments (WAVE) systems," in Mobile and Ubiquitous Systems
- Workshops, 2006.3rd Annual International Conference on, San 
Jose, CA, pp. 1-8, Jul. 2006.

Vahideh Vakil received her B.Sc. and 
M.Sc. in Communications Engineering 
from Ferdowsi University in 2000 and 
2003, respectively. She finished her 
Ph.D. in Amirkabir University of 
Technology, in 2008. From 2007, she is 
a faculty member in Bahar Institute of 
Higher Education in Mashhad. Her 
research interests are CDMA & OFDM 

Systems, Diversity Techniques, and Adaptive Rate 
Transmission.

Mehdi Rahmati received the B.Sc. and 
the M.Sc. degrees in electrical 
engineering from Ferdowsi University
of Mashhad and Iran University of 
Science and Technology, Tehran, 
respectively. He is currently a faculty 
member of Bahar Institute of Higher 
Education, Mashhad, Iran. His research 

interests are Cooperative Communications, CDMA &
OFDM techniques, Space-Time Processing and Coding.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Right
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


