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Abstract—Because of a progress in marine development for 
seabed natural resource, deep sea exploring becomes essential. 
Then, wireless underwater communication has become important 
to communicate with distanced terminals. In case that the signal 
propagation channel contains reflection objects such as sea surface 
and structures in the sea, plural delayed signals are generated and 
cause the Inter Symbol Interference (ISI) between transmitting 
symbols. To avoid the ISI degradation, acoustic OFDM 
communication system inserts gap interval between successive 
OFDM symbols such as Cyclic Prefix (CP). However, the insertion 
of CP lowers data transmission bandwidth. 

This study evaluates an ISI suppression performance for 
underwater communication system using Space Time Block Code 
(STBC) with MIMO OFDM system [1-2] with no CP insertion. 
Previously we have reported computer simulation results as [3], 
and this paper describes improved signal processing method and 
Ocean experiment results. 

Simulated Bit Error Rate (BER) performance vs maximum 
Multipath Delay L. Multipath condition is one direct wave and 
additional L delayed waves with linearly degraded amplitude and 
random phase. In case of SNR (dB) more than 20 dB, 70 points 
delay (corresponding to 11ms) for 128 points OFDM symbol (20ms 
length) is successfully suppressed, which corresponds to 55% ISI 
condition. 

We uused two transmitting and 4 receiving transducers. The 
distance between TX and RX is roughly 6.0m. 3.3 ms multipath 
delay is observed with 20ms OFDM symbol. Which corresponds 
to 16.5% Inter-Symbol-Interference (ISI) condition. Measured 
constellations for simple OFDM with no CP and 2x4 STBC- 
MIMO OFDM with no CP. And corresponding measured BERs 
are 0.0401 and 0.0023, respectively. Because of ISI, the OFDM 
with no CP suffers the ISI and the BER is degraded, while CP-free 
2x4 STBC- MIMO OFDM has shown improved BER because of 
ISI suppression capability. In this simulation, time series 
distortion was observed. For time series distortion, BER was 
improved when AIF canceled. And corresponding measured BER 
is 0.0017. the BER of CP-free STBC-MIMO OFDM (AIF can cell), 
which we used to deal with distortion, was the smallest. 

Keywords—component, formatting, style, styling, insert (key 
words) 

I. INTRODUCTION 

Because of a progress in marine development for seabed 
natural resources such as hydrothermal deposits, methane 
hydrates, deep sea exploring becomes essential. Especially, 
AUV (autonomous underwater vehicle) without any wires is 
demanded since its searching area is not restricted by wire 
length. Then, wireless underwater communication has been 
become important to acquire AUV collected data without 
docking. Fig.1 shows a target application of the STBC-MIMO 
communication system. Since the signal propagation direction 
is horizontal, delayed signal is caused by reflection at the surface 
and bottom of the sea. By enabling high bandwidth wireless 
communication between AUV and base station, AUV can 
continue a deep seabed exploring without rendezvousing with 
the station. 

In this paper, we propose an underwater acoustic STBC- 
MIMO OFDM communication system without cyclic prefix 
based on the algorithm in the papers [1-2]. Fig.2 shows the block 
diagram of STBC-MIMO OFDM system. The transmitter side 
has two elements while the receiver side equips more than 3 
elements. At the transmitter side, Alamouti's code is used [3]. At 
the receiver side, STBC decode is performed with compensation 
of both Inter Symbol Interference (ISI) and Inter Carrier 

 
Fig. 1: Target application of STBC-MIMO communication system. 



Interference (ICI) by heavy signal processing. In the paper we 
posted earlier, we compared STBC-MIMO OFDM with and 
without CP. However, as we went on with my research, we 
thought that using Oblique Projection (OB) would have better 
performance. 

In the section II, at first conventional OFDM system with CP 
is shown. Then the proposed STBC-MIMO system architecture 
will be disclosed. The detail of the ISI and ICI compensation are 
also described. And we propose STBC-MIMO OFDM system 
with Oblique Projection. The section III shows computer 
simulated result of comparison between OFDM with CP and 
other CP-free STBC-MIMO OFDM. The section Finally, the 
summary is concluded in section IV. 

II. SYSTEM ARCHITECTURE 

A. STBC-MIMO OFDM system with CP 

Fig. 3 shows a block diagram of a conventional OFDM 
communication system. The upper side corresponds to 
transmitter and the lower side is receiver. First, bit information 
is modulated by PSK/QAM mapper. Then the mapped outputs 
are serial to parallel (S/P) converted to make N-symbols packet. 
The N-symbols frequency domain packet is IFFTed to make N-
points time domain baseband OFDM symbol. As shown in 
yellow box, the tail parts are copied to the head as Cyclic Prefix 
(CP) addition. The purpose of CP is to remove ISI from the time 
delayed previous OFDM symbol to current OFDM symbol as 
far as the delay is smaller than CP length. In the receiver side, 
reverse operation is performed. However, since multi-path 
transmission channel causes signal distortion, the Equalization 
process is applied for the FFT outputs in the receiver. To 
perform the equalization, transmission channel estimation 

(Channel Impulse Response or Channel Transfer Function 
estimation) is required but it is not included. 

B. CP-free STBC-MIMO OFDM system 

Fig. 3 shows CP free STBC-MIMO OFDM system. The 
S1(k), S2(k) are PSK/QAM modulated signal packets similar to 
the conventional OFDM. By STBC Alamouti's encoding, two 
time slots, two OFDM symbols are generated by two parallel 
IFFTs. Let s(k) and s(k+1) be two N-dimensional M-ary QAM 
transmitted symbol blocks. After STBC encoder, It is equation 
(1) that the transmitted data sequence. Equation (2) is the time 
domain OFDM symbol block to be send from the ith transmit 
antenna. At 1st time slot, S1(k), S2(k) are IFFTed to generate 
x1(k), x2(k) vectors. Then at 2nd time slot, -S*

2(k), S*
1(k) are 

IFFTed to generate x1(k+1), x2(k+1) vectors. S*
1(k) is complex 

conjugate of S1(k). Those two time slots are pairs for STBC 
encoding and decoding. ⋯൤െݏଶ∗ሺ݇ሻݏଵ∗ሺ݇ሻ ൨ ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨ ൤െݏଶ∗ሺ݇ െ 1ሻݏଵ∗ሺ݇ െ 1ሻ ൨ ൤ݏଵሺ݇ െ 1ሻݏଶሺ݇ െ 1ሻ൨⋯   ・・・ሺ1ሻ ݔ௜ሺkሻ ൌ ,௜ሺkሻݏுܨ	 1	 ൑ i	 ൑ 2  	・・・ሺ2ሻ 

Fig. 4 shows time-frequency representation of the STBC-
MIMO OFDM signals. The used FFT/IFFT size is 128. Then 
each vertical line of circles are corresponds to one OFDM 
symbol. To perform channel estimation Scattered Pilot (SP) 
symbols are inserted. The blue subcarriers are only for blue 
transmit element (TX1) and the red  subcarriers are for red 
transmit element (TX2) as shown in Fig. 4. The white circles 
corresponds to modulated symbol such as S1(k), S2(k). The 
auxiliary matrices ܪ଴ሺ݇ሻ, ܪଵሺ݇ െ 1ሻ and ݊ሺ݇ሻ are general 
referred. Equation (4) is the time k+1. ݎሺ݇ሻ 	ൌ 	 ቎ܪ଴ሺଵ,ଵሻሺ݇ሻ ⋮଴ሺଵ,ଶሻሺ݇ሻܪ ଴ሺெ,ଵሻሺ݇ሻܪ⋮ ଴ሺெ,ଶሻሺ݇ሻ቏ܪ ଶுܨ ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨  
																									൅ ቎ܪଵሺଵ,ଵሻሺ݇ െ 1ሻ ଵሺଵ,ଶሻሺ݇ܪ െ 1ሻ⋮ ଵሺெ,ଵሻሺ݇ܪ⋮ െ 1ሻ ଵሺெ,ଶሻሺ݇ܪ െ 1ሻ቏ ଶுܨ ൤െݏଶ∗ሺ݇ െ 1ሻݏଵ∗ሺ݇ െ 1ሻ ൨				 
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Fig. 2: Block Diagram of conventional STBC-MIMO communication 
system. 

 

Fig. 3: Block diagram of CP free STBC-MIMO OFDM system. 

 

Fig. 4: The blue SPs are only for TX1 element and red SPs are only for 
TX2 element. The SPs are used for channel estimation. 



												൅ ቎݊ሺଵሻሺ݇ሻ⋮݊ሺெሻሺ݇ሻ቏   ・・・ሺ4ሻ		      			  

The multichannel system model can be described in terms 
of signal subspace൏ ଴ሺ݇ሻܪ ൐, structured noise subspace൏ܪଵሺ݇ െ 1ሻ ൐ and unstructured noise vector ݊ሺ݇ሻ. The channel 
matrix ܪଵሺ݇ െ 1ሻ models the overall effect of Inter Symbol 
Interference (ISI), from the previous to the current block, while ܪ଴ሺ݇ሻ models the overall Inter Carrier Interference (ICI) 
effect. ுܲಽሺ௞ିଵሻୄ  be denoted as orthogonal projection 
complement of ܪ௅ሺ݇ െ 1ሻ, Insert ுܲಽሺ௞ିଵሻୄ  into equation (3). 

ுܲಽሺ௞ିଵሻୄ ሺ݇ሻݎ ൌ ுܲಽሺ௞ିଵሻୄ ଶுܨ ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨ ൅ ுܲಽሺ௞ିଵሻୄ ݊ሺ݇ሻ				・・・ሺ5ሻ 
Equation (5) can be express by the solution of least squares. 

ுܲಽሺ௞ିଵሻୄ ሺ݇ሻݎ ൎ ுܲಽሺ௞ିଵሻୄ ଶுܨ଴ሺ݇ሻܪ ൤̂ݏଵሺ݇ሻ̂ݏଶሺ݇ሻ൨ 											・・・ሺ6ሻ 
According to the normal equation, we can express equation (5) 
as ቀ ுܲಽሺ௞ିଵሻୄ ଴ሺ݇ሻቁுܪ ுܲಽሺ௞ିଵሻୄ ሺ݇ሻݎ ൌ																																																															 
																																ቀ ுܲಽሺ௞ିଵሻୄ ଴ሺ݇ሻቁுܪ ுܲಽሺ௞ିଵሻୄ ଶுܨ଴ሺ݇ሻܪ ൤̂ݏଵሺ݇ሻ̂ݏଶሺ݇ሻ൨ 								・・・ሺ7ሻ 
We obtain the least-squares estimate of the desired OFDM 
signal.  

ቆቀ ுܲಽሺ௞ିଵሻୄ ଴ሺ݇ሻቁுܪ ுܲಽሺ௞ିଵሻୄ ଴ሺ݇ሻቇିଵܪ ቀ ுܲಽሺ௞ିଵሻୄ ଴ሺ݇ሻቁுܪ ுܲಽሺ௞ିଵሻୄ  ሺ݇ሻݎ
																																																																									ൌ ଶுܨ ൤̂ݏଵሺ݇ሻ̂ݏଶሺ݇ሻ൨ 							・・・ሺ8ሻ 

Since the orthogonal projection matrix ுܲಽሺ௞ିଵሻୄ  have a property 
as ுܲಽሺ௞ିଵሻୄு ுܲಽሺ௞ିଵሻୄ ൌ ுܲಽሺ௞ିଵሻୄ , this equation(8) can be 
rewritten as ቀܪ଴ுሺ݇ሻ ுܲಽሺ௞ିଵሻୄ ଴ሺ݇ሻቁିଵܪ ଴ுሺ݇ሻܪ ுܲಽሺ௞ିଵሻୄ  ሺ݇ሻݎ

																																																																															ൌ ଶுܨ ൤̂ݏଵሺ݇ሻ̂ݏଶሺ݇ሻ൨ 							・・・ሺ9ሻ 
We 

may 
per 

multiply the channel signature matrix, ܪ଴ሺ݇ሻ , on both sides of 
equation (9), to give equation (10).  

଴ሺ݇ሻܪ  ቀܪ଴ுሺ݇ሻ ுܲಽሺ௞ିଵሻୄ ଴ሺ݇ሻቁିଵܪ ଴ுሺ݇ሻܪ ுܲಽሺ௞ିଵሻୄ  ሺ݇ሻݎ
																																																																	ൌ ଶுܨ଴ሺ݇ሻܪ ൤̂ݏଵሺ݇ሻ̂ݏଶሺ݇ሻ൨ 							・・・ሺ10ሻ 

ுబሺ௞ିଵሻுಽሺ௞ିଵሻܧ ൌ ଴ሺ݇ሻܪ ቀܪ଴ுሺ݇ሻ ுܲಽሺ௞ିଵሻୄ ൈ																																																																				 ଴ሺ݇ሻቁିଵܪ ଴ுሺ݇ሻܪ ுܲಽሺ௞ିଵሻ				ୄ 					・・・ሺ11ሻ 
The ISI free data only belong to the subspace 〈ܪ଴ሺ݇ሻ〉, after 
projection operator. ܧுబሺ௞ሻுಽሺ௞ିଵሻݎሺ݇ሻ ⊆  ሺ12ሻ・・・											〈0ሺ݇ሻܪ〉
Equation (13) is obtained for time k + 1. ܧுబሺ௞ାଵሻுಽሺ௞ሻ ൌ ଴ሺ݇ܪ ൅ 1ሻ ቀܪ଴ுሺ݇ ൅ 1ሻ ுܲಽሺ௞ሻୄ ଴ሺ݇ܪ ൅ 1ሻቁିଵ 																																																																				ൈ ଴ுሺ݇ܪ ൅ 1ሻ ுܲಽሺ௞ሻୄ 									・・・ሺ13ሻ 
The QR decomposition with Householder transformation is 
shown in Equation 14. ܧுబሺ௞ሻுಽሺ௞ିଵሻ																																																																																													 ൌ ܳுబሺ௞ሻభ൫ܳுಽሺ௞ିଵሻమு ܳுబሺ௞ሻభ൯றܳுಽሺ௞ିଵሻమு 					・・・ሺ14ሻ 
We may indicate the pseudo-inverse, ܣற ൌ 	 ሺܣுܣሻିଵܣு . The 
time k+1 show in equation (15). ܧுబሺ௞ାଵሻுಽሺ௞ሻ																																																																																																	ൌ ܳுబሺ௞ାଵሻభ൫ܳுಽሺ௞ሻమு ܳுబሺ௞ାଵሻభ൯றܳுಽሺ௞ሻమு 								・・・ሺ15ሻ 

 

C. STBC-MIMO OFDM system with Oblique Projection 

Figure 5 shows an STBC-MIMO OFDM system with 
Oblique Projection. Equation (3) is preprocessed with the QR-
based Oblique Projection(OB) operator ܧுబሺ௞ሻுಽሺ௞ିଵሻ, defined 
in equation(14), such that the structured noise is completely 
removed, while signal model matrix ܪ଴ሺ݇ሻ  is remained 
undisturbed, 

Fig. 5: This is STBC-MIMO OFDM system with Oblique Projection. The 
blue SPs are only for TX1 element and red SPs are only for TX2 element. 
The SPs are used for channel estimation. 

Table 1:  System Parameters 

Parameters Value 

TX-RX Elements 
2TX and 4 RX 

2x4  STBC MIMO 
Sampling Frequency 6.4k Hz 
TX Center Frequency 16k Hz 
Band Width 6.4k Hz 
FFT Size 128 
OFDM symbol length 
T 

20.0 ms (128 points) 

CP length Tcp 0ms, CP free 
Sub-Carrier Spacing 50.0 Hz 
Number of Sub Carrier 128 

Channel Estimation 
Two Symbols for 

each TX1 and TX2 
Modulation QPSK/16QAM 



௢௕ሺ݇ሻݎ ൌ ൌ										 																																																															ሺ݇ሻݎுబሺ௞ሻுభሺ௞ିଵሻܧ ଶுܨ଴ሺ݇ሻܪ	 ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨ ൅  ・・・ሺ16ሻ											ுబሺ௞ሻுభሺ௞ିଵሻ݊ሺ݇ሻܧ
The structure of matrix ܪ଴ሺ௠,௜ሻሺ݇ሻ  and ܪଵሺ௠,௜ሻሺ݇ െ 1ሻ  as 

show in equation (17) and equation (18), has a property that the ܰ ൈ ܰ  matrix ܪ଴ሺ௠,௜ሻሺ݇ሻ ൅ ଵሺ௠,௜ሻሺ݇ܪ െ 1ሻ , a circulant matrix. 
According to the definition of matrices ܪ଴ሺ݇ሻ  and ܪଵሺ݇ሻ  in 
equation (3), we can rewrite the equation (19) 

 

଴ሺ௠,௜ሻሺ݇ሻࡴ ൌ
ۈۉ
଴݄ۇۈ

ሺ௠,௜ሻሺ݇ሻ⋮݄௅ሺ௠,௜ሻሺ݇ሻ0⋮0
0⋱⋱⋱⋱⋯

⋯⋱⋱⋱⋱0
0⋱0݄଴ሺ௠,௜ሻሺ݇ሻ⋮݄௅ሺ௠,௜ሻሺ݇ሻ

⋯⋱⋱⋱⋱⋯
0⋮0⋮0݄଴ሺ௠,௜ሻሺ݇ሻۋی

 ሺ17ሻ・・・ۊۋ
 

ଵሺ௠,௜ሻሺ݇ࡴ െ 1ሻ ൌ
ۈۉ
0⋮0⋮⋮0ۇۈ

…⋱⋱⋱⋱⋯
0⋱⋱⋱⋱0

݄௅ሺ௠,௜ሻሺ݇ െ 1ሻ⋱0⋱⋱0
⋯⋱⋱⋱⋱⋯

݄ଵሺ௠,௜ሻሺ݇ െ 1ሻ⋮݄௅ሺ௠,௜ሻሺ݇ െ 1ሻ0⋮0 ۋی
 ሺ18ሻ・・・ۊۋ

௢௕ሺ݇ሻݎ  ൌ ൫ܪ଴ሺ݇ሻ ൅ ܪ2ܨଵሺ݇ሻ൯ܪ ൤1ݏሺ݇ሻ2ݏሺ݇ሻ൨																																												 																								െ1ܪሺ݇ሻܨଶு ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨ ൅  ・・・ሺ19ሻ				1ሺ݇െ1ሻ݊ሺ݇ሻܪ0ሺ݇ሻܪܧ
After demodulation by FFT matrix the frequency domain 
multiple received signals in equation (20). ݖ௢௕ሺ݇ሻ ൌ ௢௕ሺ݇ሻݎெܨ ൌ ଴ሺ݇ሻܪெ൫ܨ	 ൅ ଶுܨଵሺ݇ሻ൯ܪ ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨																							 												െܨெܪଵܨଶு ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨ ൅  ுబሺ௞ሻுಽሺ௞ିଵሻ݊ሺ݇ሻ・・・ሺ20ሻܧெܨ
Frequency-domain representation equation (A) and (B) will be 
combined for STBC decoder, which can be expressed in a 
vector-matrix form equation(21). ൤ ∗௢௕ݖ௢௕ሺ݇ሻݖ ሺ݇ ൅ 1ሻ൨ ൌ ൤ ሺ݇∗ܦሺ݇ሻܦ ൅ 1ሻܬ൨ ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨ െ ቈ ∗ெܨଶுܨଵܪெܨ ଵ∗ሺ݇ܪ ൅ 1ሻܨଶ் ቉ܬ ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨ ൅ ൤ ሺ݇∗ݒሺ݇ሻݒ ൅ 1ሻ൨ 					・・・ሺ21ሻ											 

The ISI-free data model is reduced to equation (22). We can 

delete ICI by using Γுሺ݇ ൅ 1ሻ ൤ ሺ݇∗ܦሺ݇ሻܦ ൅ 1ሻܬ൨ . ̃ݖሺ݇ ൅ 1ሻ ൌ Γுሺ݇ ൅ 1ሻ ൤ ∗௢௕ݖ௢௕ሺ݇ሻݖ ሺ݇ ൅ 1ሻ൨																																																											 ൌ Γுሺ݇ ൅ 1ሻ ൤ ሺ݇∗ܦሺ݇ሻܦ ൅ 1ሻܬ൨ ൤ݏଵሺ݇ሻݏଶሺ݇ሻ൨																									 
         		 ൅ Γுሺ݇ ൅ 1ሻ ൤ ሺ݇∗ݒሺ݇ሻݒ ൅ 1ሻ൨ 										・・・ሺ22ሻ			 

In the following section, 4 element receiver cases are 
examined by computer simulation program Matlab.  

Summary of the STBC-MIMO OFDM system feature is 
shown in Table I. OFDM symbol length T is 20.0 ms, which 
corresponds to 128 sampling points and subcarrier spacing is 
50.0 Hz. Carrier Modulation is QPSK and 16QAM. 

III. COMPUTER SIMULATION 

The ocean experiment was performed in Barge moon pool 
with 30m depth at Uchiura bay, Numazu Japan. Fig. 6 is 
structure of ocean experiment. Fig. 7 shows a photo of two 
transmitting and 4 receiving transducers. The distance 
between TX and RX is roughly 6.0 m. Measured delay profile 
is shown in Fig. 8. 3.3 ms multipath delay is observed with 
20ms OFDM symbol. Which corresponds to 16.5% Inter-
Symbol-Interference (ISI) condition. Measured 
constellations for simple OFDM with no CP and 2x4 STBC-
MIMO OFDM with no CP are shown as Figs 9a and 9b. And 
corresponding measured BERs are 0.0401 and 0.0023, 
respectively. Because of ISI, the OFDM with no CP suffers 

 

Fig. 6: The figure is structure of ocean experiment. 

 

Fig. 7: A photo of two transmitting and 4 receiving transducers. 

 
Fig. 8: Measured Delay Profile at Ocean Barge experiment shown in 
Fig7. 3.3ms multipath delay is observed with 20ms OFDM symbol. 
16.5% Inter-Symbol-Interference (ISI) condition. 



the ISI and the BER is degraded, while CP-free 2x4 STBC-
MIMO OFDM has shown improved BER because of ISI 
suppression capability. 

 In this simulation, time series distortion was observed as 
shown in Fig. 10. Based on this result, BER improved when 
AIF was canceled as shown in Fig. 11. After AIF cancel, we 
can cancel distorted time series distortion as shown in Fig. 12. 
And corresponding measured BER is 0.0017.  Figure 13 is a 
result of comparison between CP-free OFDM, OFDM with 
CP-free STBC-MIMO OFDM, CP-free STBC MIMO OFDM 
(AIF cancel). CP-free OFDM has a very high BER because 
ISI cannot be taken. However, the BER of CP-free STBC-

MIMO OFDM (AIF can cell), which we used to deal with 
distortion, was the smallest. 
 

IV. CONCLUSION 

 We propose an A CP-free STBC-MIMO OFDM 
communication system with ISI suppression capability for 
underwater multipath channel based on the algorithm in the 
papers [1-2]. The transmitter side has two elements while the 
receiver side equips more than 4 elements. At the receiver 
side, STBC decode is performed with compensation of Inter 
Symbol Interference (ISI) by Oblique Projection. 3.3 ms 
multipath delay is observed with 20ms OFDM symbol. Which 
corresponds to 16.5% Inter-Symbol-Interference (ISI) 
condition. Measured constellations for simple OFDM with no 

 

Fig. 13: This graph is a result of comparison between CP-free OFDM, 
OFDM with CP-free STBC-MIMO OFDM, CP-free STBC MIMO 
OFDM (AIF cancel). 

 
Fig. 9a: Measured QPSK Constellation with 1x1 SISO OFDM. Because 
of ISI, degraded BER of 0.0401 is observed. 

 
Fig. 9b: Measured QPSK Constellation with 2x4 STBC- MIMO OFDM. 
Improved BER of 0.0023 is observed by ISI suppression capability. 

 

Fig. 10: This figure is time series distortion was observed. 

 
Fig. 11: Measured QPSK Constellation with 2x4 STBC- MIMO OFDM 
Improved BER of 0.0017 is observed by AIF cancel. 

 
Fig. 12: This figure is canceled constellation after AIF cancel 



CP and 2x4 STBC- MIMO OFDM with no CP are shown as 
figs 6a and 6b. And corresponding measured BERs are 0.0401 
and 0.0023, respectively. Because of ISI, the OFDM with no 
CP suffers the ISI and the BER is degraded, while CP-free 2x4 
STBC- MIMO OFDM has shown improved BER because of 
ISI suppression capability. In this simulation, time series 
distortion was observed. For time series distortion, BER was 
improved when AIF canceled. And corresponding measured 
BER is 0.0017. Result of comparison between CP-free 
OFDM, OFDM with CP-free STBC-MIMO OFDM, CP-free 
STBC MIMO OFDM (AIF cancel). CP-free OFDM has a very 
high BER because ISI cannot be taken. However, the BER of 
CP-free STBC-MIMO OFDM (AIF can cell), which we used 
to deal with distortion, was the smallest. 

 
 

REFERENCES 
[1] Chih-Yuan LIN, Jwo-Yuh WU, Ta-Sung LEE, “A Near- Optimal Low-

Complexity Transceiver for CP-Free Multi- Antenna OFDM Systems,” 
IEICE Trans. Commun., Vol. E89-B, No.1, January 2006.  

[2] Chih-Wei Wu, Shiunn-Jang Chern, “Novel Frequency Domain DFE with 
Oblique Projection for CP Free ST-BC MIMO OFDM System,” Master 
Thesis at National Sun Yat- sen University, June 2009.  

[3] Shiho Oshiro, Tomohisa Wada, “A CP-free STBC- MIMO OFDM 
communication system for underwater multipath channel,” IEEE UPCON 
2018, MMMUT Gorakhpur, UP India, November 2-4th 2018.  

[4] S.M. Alamouti, "A simple transmit diversity technique for wireless 
communications," IEEE Journal on Selected Areas in Communications. 
16 (8): 1451–1458, October 1998.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


