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Abstract—This paper proposes a centralized backoff 

control scheme for guaranteeing fair packet transmissions in 

S-ALOHA CDMA system. In S-ALOHA CDMA system, 

simultaneously transmitted packets act as multiple access 

interferences, so that unsuccessful packet transmissions are 

caused entirely by multiple access interferences. Therefore, 

in order to maximize the system performance, the levels of 

MAI should be kept at an optimal level. In the proposed 

scheme, the base station broadcasts the packet transmission 

probability, which is calculated based on the level of MAI. 

Mobile stations attempt to transmit their packet with the 

received probability. Simulation results show that the 

proposed scheme can guarantee a good fairness among all 

the mobile stations. 

 

Index Terms—MAC, Backoff control, CDMA system, 

Slotted ALOHA 

 

 

I. INTRODUCTION 

 

CDMA technique provides the following advantages: a 

multiple access capability, a potential for high spectrum 

efficiency, external interference rejection capability, and 

inherent frequency diversity [1][2]. This is shown in that 

most proposals for radio transmission technology (RTT) 

in IMT-2000 are based on CDMA [3][4]. 

In S-ALOHA protocol, it is assumed that whenever 

more than one packet is transmitted at the same time slot, 

the information in the transmitted packets will be lost. 

Moreover, if a high traffic load is offered to the system, 

then the system will become unstable [5]. This would not 

be the case if it was used with CDMA technique. 

Application of the conventional S-ALOHA protocol to 

CDMA technique, namely S-ALOHA CDMA system, 

offers relatively high system capacity [6][7]. 

Spreading code protocol in S-ALOHA CDMA system 

can be classified into shared code and transmitter-based 

code method [8]. In the shared code method, all the mobile 

stations share a finite number of spreading codes to 

communicate with the base station. Whenever a mobile 

station has a packet to send, it will randomly choose one 

spreading code and transmit at the next slot. On the other 

hand, in the transmitter-based code method, a unique 

spreading code is assigned to each mobile station. It allows 

several mobile stations to transmit their packet at the same 

slot using a different spreading code for each one.  

In S-ALOHA CDMA system with a transmitter-based 

code method, if the number of transmitting mobile 

stations increases above a certain threshold, almost all the 

packets received by the base station can be erroneous. 

Hence, unsuccessful packet transmissions are caused 

entirely by the number of simultaneously transmitting 

mobile stations if negligible thermal noise effects 

assumed. If the level of multiple access interferences can 

be remained close to the level that the system can support, 

it is expected to achieve the best system performance. 

Therefore, the number of simultaneously transmitting 

mobile stations needs to be limited with the use of backoff 

control scheme. 

There are some researches for the backoff control 

aiming at improving the system throughput [11-14]. In 

these researches, the mobile station decreases its 

transmission probability when it fails in transmission. 

Continuously decreasing the transmission probability, a 

specific mobile station restricts excessively its 

transmission. As a result, the system throughput can be 

degraded, the transmission delay can be increased, and 

moreover, fairness between mobile stations cannot be 

guaranteed. 

This paper is intended to improve the throughput and 

delay performance and guarantee the fairness between 

mobile stations. For these purposes, this paper proposes a 

backoff control scheme for S-ALOHA CDMA system 

with a transmitter-based code method. In the proposed 

scheme, the base station controls the transmission 

probability of mobile stations based on the traffic loads. 

This paper is organized as follows. Section II describes 

the S-ALOHA CDMA system model. The proposed 

backoff control scheme is explained in Section III, and 

simulation results are presented in Section IV. Concluding 

remarks are presented in Section V. 

 

 

II. S-ALOHA CDMA SYSTEM 

 

A. Research motivations 

In this paper, the bit error probability Pe(m) of CDMA 

system is assumed as follows [10]: 
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Here, N is the processing gain, m is the number of 

simultaneously transmitted packets, Eb/N0 is the ratio of 

energy-per-bit to noise power spectral density, and Q(x) is 

given by 
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From (1), the number of simultaneously transmitted 

packets as well as the processing gain has a strong 

influence on the bit error probability of CDMA system. 

Accordingly, the system throughput, which is defined as 

the number of successful packets, can be affected by the 

bit error probability. It is assumed that a packet is 

successfully received at the base station when all the bits 

of a packet are error-free. When m packets are transmitted 

simultaneously, the probability Ps(m) that a packet is 

successfully received and the number of successful 

packets S(m) can be expressed as follows, respectively: 

{ }Les mPmP )(1)( −=                        (3) 

{ }Le mPmmS )(1)( −⋅=                       (4) 

where L is the length of a packet in bits. 
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Fig.1. Throughput of S-ALOHA CDMA system. 

 

Fig.1 shows the achievable throughput of CDMA 

system versus the number of simultaneously transmitted 

packets, where the packet length is 432 bits, the 

processing gain is 64, and Eb/N0 is 15dB. As shown in 

Fig.1, when the number of simultaneously transmitted 

packets is over 12, the throughput decreases due to the 

excessive multiple access interferences. Therefore, in 

order to achieve the maximum throughput, the number of 

simultaneously transmitted packets should be controlled 

by the base station. 

 

B. Slotted CDMA system 

Fig.2 shows the S-ALOHA CDMA system model. The 

system consists of a base station and K mobile stations, 

each with an infinite buffer capacity. Each packet has a 

fixed length of L bits, which is equal to slot duration. 

Mobile stations synchronize their transmissions so that 

they transmit packets with a uniquely assigned 

transmitter-based code at the beginning of each slot. 

Every mobile station generates a packet in each slot 

with arrival rate λ. When the mobile station generates a 

packet, it is stored at the buffer. Stored packets are served 

on a first-in-first-out discipline.  
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Fig.2. S-ALOHA CDMA system model. 
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Fig.3. Operation of mobile station. 

 

Fig.3 shows the flow descriptions for the mobile station. 

All the mobile stations may be in one of three different 

operation states: idle state, contention (CON) state, and 

retransmission (RETX) state. The mobile station, which 

does not have any packet in the buffer, is said to be in the 

idle state. When the mobile station in the idle state 

generates a packet, it enters into the contention state and 

transmits a packet at the next slot with a given 

transmission probability Pn. The mobile stations are 

informed as to whether or not the transmitted packets are 

successfully received by the base station in the form of 

acknowledgement. The mobile station that experiences a 

packet error or does not permitted to transmit enters into 

the retransmission state, and retransmits it at the next slot 

with a given retransmission probability Pr. After 

successfully transmitted, the packet is removed from the 

buffer and the mobile station serves the next packet if 

exists. The retransmission process is repeated until the 

packet is successfully received. 

In order to analyze the relationship between the 

transmission probability and the system performance, 



 Intaek Lim: PROPORTIONAL BACKOFF SCHEME FOR DATA SERVICES IN SLOTTED CDMA SYSTEMS  40 

simulations were carried out in terms of number of 

simultaneously transmitted packets, throughput, and 

average delay versus the transmission probability for 

various values of offered load. The average delay is 

defined as the average time between the arrival of packet 

in the buffer and its successful reception at the base 

station. Simulation results are depicted from Fig.4 to Fig.6, 

where G stands for the offered load. It is assumed that the 

packet length is 432 bits, the processing gain is 64, Eb/N0 

is 15dB, K is 100, and the transmission probabilities in the 

contention and retransmission state are set equal to P. The 

offered load is defined as the average number of packets 

arriving in the system during one slot time. 
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Fig.4. Number of transmitted packets versus transmission 

probability. 
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Fig.5. Throughput vs. transmission probability. 

 

As shown in Fig.4, the number of simultaneously 

transmitted packets monotonously increases with the 

transmission probability and offered load increasing. 

From Fig.5, the maximum throughput for the offered 

loads G=30 and G=50 can be achieved when P=0.5 and 

P=0.3, respectively. In these cases, the number of 

simultaneously transmitted packets is about 12 from Fig.4. 

This is same as the number of simultaneously transmitted 

packets for achieving the maximum throughput as shown 

in Fig.1. The average delay for the offered loads G=30 

and G=50 increases while decreasing the transmission 

probability when P<0.5 and P<0.3, respectively. This is 

because the mobile stations excessively restrict their 

transmissions. Furthermore, at a high offered load (G=50), 

packet errors will frequently occur due to the increased 

multiple access interferences as the transmission 

probability increases. Therefore, almost all the mobile 

stations should retransmit their packets, and hence the 

average delay increases rapidly. 
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Fig.6. Average delay vs. transmission probability. 

 

 

III. PROPORTIONAL BACKOFF  

SCHEME 

 

The system model for the proposed scheme, which is 

named as the Proportional Backoff (PB) scheme, is 

presented in Fig.7. In the proposed scheme, the base 

station controls the transmission probability of mobile 

stations in the centralized manner. The mobile stations in 

the contention state and retransmission state attempt to 

transmit packets with the transmission probability Pn and 

retransmission probability Pr, respectively. The base 

station calculates these probabilities based on the 

estimated traffic load and broadcasts over an error-free 

downlink control channel. 
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Fig.7. System model of backoff control scheme. 

 

The mobile station that fails to transmit its packet at 

slot t retransmit with Pr(t+1) at slot (t+1), while the 

mobile station that enters into the contention state at slot t 

transmit with Pn(t+1) at subsequent slot. The Pn(t+1) and 

Pr(t+1) are calculated as follows: 
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where THm is the number of simultaneously transmitted 

packets at which the system throughput can be maximized, 

and Nr(t+1) is the number of mobile stations in the 

retransmission state at slot (t+1). Let Nf(t) be the number 

of unsuccessful mobile stations at slot t, and Nb(t) the 

number of mobile stations not permitted at slot t. Then 

Nr(t+1) can be derived as follows: 

)()()1( tNtNtN bfr +=+                      (7) 

The value THm can be determined by (4), and Nb(t) is 

given by 

)}(1){()}(1){1()( tPtNtPtNtN
rrnnb
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Nn(t) in (8) is the number of mobile stations that enter 

into the contention state at slot t, and can be derived by 

λ⋅−−−= )}1()({)( tNtNKtN
nrn

             (9) 

In (9), K is the number of registered mobile stations 

in the system, and λ is the probability that a mobile 

station generates a packet in each slot. The base station 

cannot exactly know how many packets are generated 

in one slot. Therefore, λ is computed using a moving 

time average number of new packets that are 

successfully received. 

In the proposed scheme, if the number of mobile 

stations in the retransmission state is less than THm, all the 

mobile stations in both the contention state and the 

retransmission state should be allowed to transmit a 

packet. If the number of mobile stations in the 

retransmission state becomes more than THm, the base 

station sets Pn into 0 to suppress the transmission of new 

packets. Also, in this case, the base station sets Pr as the 

values at which the total number of simultaneously 

retransmitted packets becomes THm, in order to minimize 

the transmission delay. 

 

 

IV. SIMULATION RESULTS 

 

This section presents simulation results for the 

proposed scheme. For simulation, it is assumed that the 

packet length is 432 bits equal to a slot duration, the 

processing gain is 64, Eb/N0 is 15 dB, the total number of 

mobile stations is 100, and each mobile station generates 

packets according to the Poisson process. With theses 

parameters, it can be seen that THm is equal to 12 from 

Fig.1. Also, it is assumed that the length of window used 

for computing the moving time average of packet arrival 

rate is set to 1,000 slots. 

The performance measures of interest are the system 

throughput, average delay, and throughput fairness index. 

The system throughput is defined as the number of 

successfully transmitted packets during one slot time. The 

average delay is defined as the average time between the 

arrival of packet and its successful reception at the base 

station. And the throughput fairness index is defined as 

follows [15]: 
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where Yi is the measured throughput for the mobile station 

i, and K is the total number of mobile stations in the 

system. 

In this paper, the performance of the proposed PB 

scheme is evaluated and compared with the existing 

Harmonic Backoff (HB) scheme [11][12]. In the HB 

scheme, the mobile station that fails in transmission 

decreases its transmission probability independently with 

the traffic load. For the first attempt of packet 

transmission, the transmission probability P1 is set to 1. If 

the transmission becomes unsuccessful, then Pi+1 for 

(i+1)th attempt is decreased according to 
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Fig.8. Number of transmitted packets vs. offered load. 
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Fig.9. Throughput vs. offered load. 
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Fig.10. Average delay vs offered load. 

 

The number of simultaneously transmitted packets, 

throughput, and average delay versus the offered load are 

shown in Fig.8, Fig.9, and Fig.10, respectively. In the HB 

scheme, as the traffic load increases, so the bit error rate 

of each packet increases because of the unconditional 

transmission of new packets. Therefore, the mobile station 

in the retransmission state continuously decreases the 

transmission probability due to the packet error, and 

moreover, the transmission probability of a specific 

mobile station becomes excessively decreased. As a result, 

as shown in Fig.8, the number of simultaneously 

transmitted packets in the HB scheme is far less than THm. 

On the other hand, in the proposed PB scheme, the base 

station controls the transmission probability based on the 

traffic load and the threshold THm. Therefore, PB scheme 

keeps the number of simultaneously transmitted packets 

in the threshold THm in spite of the increased offered load.  

From Fig.9 and Fig.10, PB scheme gives better 

performance than the HB scheme. The reasons are as 

follows: i) PB scheme can control the number of 

simultaneously transmitted packets more precisely than 

HB scheme; ii) in the PB scheme, the base station does 

not permit the transmission of new packets in case of the 

heavy traffic load. 
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Fig.11. Throughput of each mobile station (G=10). 

 

Fig.11 and 12 shows the throughput of each mobile 

station when the offered load (G) is 10 and 50, 

respectively. With a light traffic load i.e. G=10, there is 

no significant difference in the throughput of each mobile 

station. As shown in Fig.11, both schemes provide a good 

fairness when the offered load is low. In the HB scheme, 

the mobile stations in the retransmission state 

continuously decrease the transmission probability, while 

the mobile stations in the contention state transmit their 

packet with the probability P1. Therefore, the mobile 

stations in the contention state are permitted to transmit a 

packet prior to the mobile stations in the retransmission 

state. On the other hand, in the PB scheme, when the 

number of mobile stations in the retransmission state is 

more than THm, the mobile stations in the contention state 

are not permitted to transmit a packet. Therefore, as 

shown in Fig.12, the proposed PB scheme provides fairer 

throughput for each mobile station than the HB scheme 

when the offered load is high. 
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Fig.12. Throughput of each mobile station (G=50). 

 

Fig.13 compares the fairness index according to the 

offered load. The fairness index of HB scheme decreases 

sharply when the offered load increases. However, the 

proposed PB scheme maintains the fairness index into 

almost 1 regardless of the offered load. Therefore, PB 

scheme can guarantee fair packet transmissions among all 

the mobile stations even though the offered load increases. 
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Fig.13. Fairness index. 

 

 

V. CONCLUSIONS 

 

This paper has proposed a centralized backoff control 

scheme for S-ALOHA CDMA system with a transmitter-

based code method. In the proposed scheme, the base 

station determines the packet transmission probability of 
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mobile stations according to the offered load and then 

broadcasts to all the mobile stations. Simulation results 

show that the proposed scheme maintains the level of 

MAI at the optimum threshold. The throughput and delay 

performance of the proposed scheme outperforms by far 

those obtained with the existing scheme. In particular, the 

proposed scheme can guarantee the fair throughput among 

all the mobile stations. 

 

 

REFERENCES 

 

[1] H. Jiang, W. Zhuang, X. Shen, and Q. Bi, “Quality-of-service 

provisioning and efficient resource utilization in CDMA cellular 

communications,” IEEE Journal on Selected Areas in Commun., 

vol. 24, no. 1, pp. 4-15, Jan. 2006. 

[2] I. Bergel, and H. Messer, “Optimization of CDMA systems with 

respect to transmission probability, part I: Mutual information rate 

optimization,” IEEE Trans. on Wireless Commun., vol. 7, no. 6, pp. 

2075-2083, june 2008. 

[3] J. W. So, I. Han, B. C. Shin, and D. H. Cho, “Performance analysis 

of DS/SSMA unslotted ALOHA system with variable length data 

traffic,” IEEE Journal on Select. Areas Commun., vol.19, no.11, 

pp.2215-2224, Nov. 2001. 

[4] TIA TR45.5, The CDMA2000 RTT candidate submission to ITU-R, 

Draft Document, June 1998. 

[5] B. H. Walke, Mobile Radio Networks: Networking and Protocols, 

John Wiley & Sons, 1999, pp.88-108. 

[6] D. Makrakis, and K. M. Sundaru Murthy, “Spread slotted ALOHA 

techniques for mobile and personal satellite communication 

systems,” IEEE J. Select. Areas Commun., vol.10, no.6, Aug. 1992, 

pp.985-1002. 

[7] M. Saquib, S. Das, G. Mandyam, and M. Z. Win, “Fade-resistant 

CDMA transmission and reception over time-varying wireless 

channels,” IEEE Trans. Wireless Commun., vol. 5, no. 5, pp. 1197-

1206, May 2006. 

[8] E. S. Sousa, and J. A. Silvester, “Spreading code protocols for 

distributed spread-spectrum packet radio networks,” IEEE Trans. 

Commun., vol.36, no.3, Mar. 1988, pp.272-280. 

[9] O. Sallent, and R. Agusti, “A proposal for an adaptive S-ALOHA 

access system for a mobile CDMA environment,” IEEE Trans. Veh. 

Tech., vol.47, no.3, Aug. 1998, pp.977-986. 

[10] H. Jiang, W. Zhuang, X. Shen, and Q. Bi, “Quality-of-service 

provisioning and efficient resource utilization in CDMA cellular 

communications,” IEEE J. on Selected Areas in Commun., vol. 24, 

no. 1, pp. 4-15, Jan. 2006. 

[11] S. Choi, and K. G. Shin, “An uplink CDMA system architecture 

with diverse QoS guarantees for heterogeneous traffic,” 

IEEE/ACM Trans. Networking, vol.17, no.5, Oct. 1999, pp.616-

628. 

[12] Ch. V. Verikoukis, and J. J. Olimos, “Up-link performance of the 

DQRUMA MAC protocol in a realistic indoor environment for W-

ATM networks,” Proc. of VTC2000, Sept. 2000, pp.1650-1655. 

[13] TIA/EIA/IS-95-A, “Mobile station-base station compatibility 

standard for dual-mode wideband spread spectrum cellular 

systems,” Telecommun. Indust. Assn., May 1995. 

[14] J. F. Frigon, and V. C. M. Leung, “ A pseudo-Bayesian ALOHA 

algorithm with mixed priorities,” ACM Wireless Networks, vol.7, 

Issue 1, Jan. 2001, pp.55-63. 

[15] R. Jain, D. M. Chiu, and W. Hawe, “A Quantitative Measure of 

Fairness and Discrimination for Resource Allocation in Shared 

Systems,” DEC Research Report TR-301, 1984. 

 

Intaek Lim received the B.S. degree in 

computer science from University of Ulsan, 

Ulsan, Korea, in 1984, and the M.S. degree in 

computer science and statistics from Seoul 

National University, Seoul, Korea, in 1986. He 

received the Ph. D. degree in computer 

engineering from University of Ulsan, Ulsan, 

Korea, in 1998. From 1986 to 1993, he was a 

Senior Researcher at Samsung Electronics Co., 

Ltd. In 1998, he joined the faculty at Pusan 

University of Foreign Studies, Busan, Korea, where he is currently a 

Professor in the Department of Embedded IT. From July 2006 to June 

2007, He was a visiting scholar at Cleveland State University in USA. 

His research interests include the MAC protocol design, ad-hoc network, 

RFID, and mobile computing. 

 

  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /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
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /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 true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


