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    Abstract -The pace of wireless system development using the latest communication techniques is 
increasingly limited by the design productivity. It is critical to verify the design characteristics at the earliest 
possible stage of design (e.g., at the baseband level) to minimize costly design iterations. This paper presents 
the bit error rate (BER) performance Validation of digital baseband communication systems on a field-
programmable gate array (FPGA).The processing element consists of history computation unit, binary search 
unit and an comparator. The sorting and merging are the two functions in processing element unit. The 
proposed work consumed 151mW of power consumption and consumed processing delay 5.77ns. This FPGA-
based solution is significantly more cost effective than conventional performance measurements made using 
expensive commercially available test equipment and channel simulators. 
 
    Index Terms — Bit Error rate (BER), field-programmable gate array (FPGA), History Computation Unit 
(HCU), Processing Element Unit(PEU) 

 
 
      I.INTRODUCTION 
 
The pace of wireless system development using the latest communication techniques is increasingly limited 

by the design productivity. It is critical to verify the design characteristics at the earliest possible stage of design 
(e.g., at the baseband level) to minimize costly design iterations. At the physical (PHY) layer, the bit error rate 
(BER) performance metric is widely used to measure the reliability of the communication systems. Because BER 
properties are not in general amenable to analysis, Monte Carlo (MC) simulation techniques have been widely used 
to generate BER versus a range of expected signal-to-noise ratio (SNR) conditions. However, the execution times of 
software-based MC simulations of the baseband layer on workstations can be extremely long, especially for 
increasingly complex communication systems. This is mainly because: 1) Many modern techniques, such as 
multiple-input– multiple-output (MIMO) systems, rely on computationally intensive signal processing at the 
receiver. Therefore, bit-true software-based simulation of these algorithms on workstations is becoming 
prohibitively time consuming. In addition, for a communication system specification with a set of target system 
requirements such as data throughput, received power, available bandwidth, noise statistics, and a target error 
performance, there are typically various potential solutions. Each solution can use a different combination of 
subsystem designs with different sets of input parameters. Exploring the design space to achieve an optimized 
overall system solution that meets the target specifications can involve a large number of options. 
2) To estimate the BER performance of a communication system with the MC simulation method, which measure 
the BER over a large number of independent problem instances [1]. While simulation of digital communication 
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systems under additive white Gaussian noise (AWGN) channels is straight forward as the system. Performance is 
averaged over a large number of independent instances of noise and data, BER performance measurement of 
wireless systems over time-varying fading channels requires significantly longer simulation times because of the 
dependence between the channel instances. To accurately estimate the BER performance  of a communication 
system over a time-varying fading channel, the error performance needs to be averaged not only on independent 
instances of noise and data, but also on the fading channel samples over a long period [1], [2]. Such a performance 
evaluation can require several weeks or months of software simulations. This paper presents the design and 
implementation of a parameterizable baseband MIMO BER measurement system on an FPGA.  
 

II.LITERATURE SURVEY 
 
In the implemented BERT, source bits are encoded using an extended Golay channel code [19] and 

interleaved with a length 16383   pseudorandom inter leaver [20]. Then, the interleaved bits are modulated to 4-
quadraticamplitude modulation (4-QAM) symbols and passed through the MIMO channel, where they are affected 
by spatiotemporally correlated MIMO fading variates, and corrupted with AWGN. In the receiver, a maximum 
likelihood (ML) detector tries to estimate the transmitted bits. In addition, perfect channel state information is 
assumed to be available to the receiver. For the digital information source, it is common to use a pseudorandom 
number generator (PRNG). Linear feedback shift registers (LFSRs) are undoubtedly the best known register-based 
PRNGs [21]. In this system used combined Tausworthe generators (CTGs), which has improved statistical 
properties [23]. 

 
 

III.BER MEASUREMENT SYSTEM AND COMPONENTS  
  

BER Measurement System block diagram shown in Fig.1. The proposed BERT integrates various signal 
processing modules of a typical PHY layer, such as the channel encoder, interleaver, modulator, demodulator, 
deinterleaver, channel decoder, and symbol detector, along with previously published realistic fading channel 
simulator [15]–[18] and accurate GNG [13] onto a single FPGA to provide an accelerated and repeatable test 
environment in the laboratory. 
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 Fig.1 BER Measurement System 
 
Encoder Design 

 
  Fig.2.Convolutional Encoder  
 

The Generator representation Fig.2 Convolutional Encoder shows the hardware connection of the shift register 
taps to the modulo-2 adders.  A generator vector represents the position of the taps for an output. A “1” represents a 
connection and a “0” represents no connection. For example, the two generator vectors for the encoder are g1 = 
[111] and g2 = [101].where the subscripts 1 and 2 denote the corresponding output terminals. The code rate r for a 
convolutional code is defined as        r=k/n 

where k is the number of parallel input information bits and n is the number of parallel output encoded bits at 
one time interval.  The constraint length K for a convolutional code is defined as                          K=m+1 

• where m is the maximum number of stages (memory size) in shift register. 

Interleaver Design: 

The bit errors are independent of each other.-Random errors can be corrected by Repetition Coder. The bit 
errors occur sequentially in time and as groups-Burst errors can be corrected by Interleaving Techniques. 

Interleaving is a form of time diversity that mitigates the effects of error bursts over the radio fading channels. 
A technique called bit (or binary digit) interleaving keeps track of the number and sequence of the bits from each 
specific transmission so that they can be quickly and efficiently reassembled into their original form upon receipt.  
Fig.3 shows Interleaver design of BER Measurement system. Interleaving is mainly used in digital data transmission 
technology, to protect the transmission against burst errors. 

 

  Fig.3 Interleaver 
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Modulator: 

Modulator is used to convert the bits in to symbols. Modulator carrier frequency is 47MHZ.Lower order 
modulation techniques are BPSK, QPSK. Higher order modulation technique using QAM. BPSK Supports less 
B.E.R but also having lower Bandwidth Utilization. QPSK and QAM support Higher Bandwidth Utilization. 

 
 

QAM Modulator & Demodulator: 

QAM is a higher order modulation technique. In Fig.4 describes about QAM send two different signals 
simultaneously on the same carrier frequency by using 2 copies of the carrier frequency, one shifted by 180 degree 
with respect to the other. The two independent signals are simultaneously transmitted over the same medium. 

At the receiver, the two signals are demodulated and the results are combined to produce the original binary 
output. 

 
Fig.4 QAM Modulator 

MIMO: 
 

MIMO can be used to achieve high data rate for wireless Communications. The Multiple transmit antennas 
(Multi-input-Multi output)  are the  important tool to improve Space diversity. Here, Space–time block coding 
(STBC) can achieve the full space and Space diversity of a frequency-selective channel with N transmit and M 
receive antennas. STBC is the type of MIMO Architecture. 

 
Space Time Coding: 

Space-time coding refers to channel coding techniques for transmission with multiple transmit and receive 
antennas. The Space time coding can be used in Signal transmission between the Base Station’s. Types of Space 
Time Block Coding:  
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 Space Time Trellis Code. 
 Layered Space Time Code. 
 Super Orthogonal Space time trellis code 

 

Space Time Trellis code: 

In Fig.5 describes about the STT. Space time trellis codes operates on a one input symbol at a time and then 
produce a sequence of vector symbols whose length represent the number of transmit antennas. STTC are the type of 
space time code used in multiple antenna wireless communications. This scheme transmits multiple, redundant 
copies of a trellis code distributed over time and number of antennas. These multiple, ’diverse’ copies of the data are 
used by the receiver to attempt to reconstruct the actual transmitted data. 

 

 
Fig.5 Space Time Trellis 

 

For STC to be used, there must be a multiple transmit antennas, but only a single receive antenna is 
required. Nevertheless multiple receive antennas are often used since the performance of the system is improved by 
so doing. The Number of Memory Elements (m) depends on the number of transmit antennas. The Number of 
Transmit antennas (N)=(m/2).The Number of receive antennas(N1)=N. 
 
Channel Estimator: 

In Fig.6 describes about Channel Estimator (CE). CE is comprised of two units namely Processing Unit 
(PU) and History Computation Unit (HCU). 
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 Fig.6 Channel Estimator 

History Computation Unit (HCU): 

 HCU generates the data using the following methodology. This computes the n sets of data 

sets.  

Fig.9 shows that integrated Merging and sorting unit. HCU consists of sorting and Merging Unit. Merging 
Unit is to merge the n-sets of the operation. Sorting is an important operation for many embedded computing 
systems. Since sorting large datasets may slowdown the overall execution, schemes to speedup sorting operations 
are needed. It focuses on embedded computing systems implemented with FPGAs, which give us the flexibility to 
accommodate customized hardware sorting units. 

Sorting Unit: 

Sorting is an important operation for many embedded computing systems. Since sorting large datasets may 
slowdown the overall execution, schemes to speedup sorting operations are needed. It focus on embedded 
computing systems implemented with FPGAs, which give us the flexibility to accommodate customized hardware 
sorting units.  
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Fig.7 Sorting Unit 

BER used sorting unit shows in the Fig.7.which is going to sort 4 no of inputs such as (D1,D2,D3.D4) to 
get output such as(G1,G2,G3,G4). 

Merging Unit : 

  

Fig.8 Merging Unit 

Merging Unit is to merge the n-sets of the operation. In this paper used Merging unit shows in the Fig.8. 
which is going to merge two sets of input such as (G1,G2,G3,G4 and B1,B2,B3,B4). 
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 Fig.9 Integrated Sorting and Merging Unit 

 

 

 

Processing Unit (PU): 

 

Fig.10 Architecture of PU 

The Processing Unit is responsible for computing the path metrics and identifying valid symbols 
(considering both error-free terms and erroneous terms) for each survivor node from previous levels. Fig.10 shows 
the architecture of PU and the components as follows: 
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Binary Search Unit(BSU): 

If the list to be searched contains more than a few items (a dozen, say) a binary search will require far 
fewer comparisons than a linear search. 

Comparator: 

 Which is used to compare the two logarithm output such as log(c0) and log(c1). This is the output Unit of 
Processing Unit. This used the following logic to compare the output and decide the error signal or erroneous terms.  

 

Max-Min Detector: 

In the receiver, a Max-Min detector tries to estimate the transmitted bits. In addition, perfect channel 
state information is assumed to be available to the receiver. After Max-Min detector detection, the bit stream is 
deinterleaved, decoded, and compared with the transmitted bit stream. To demonstrate the fading channel effects on 
the transmitted symbols, also implemented a single-antenna transmitter where the bits can be modulated using 
different schemes. For the digital information source, it is common to use pseudorandom number generator (PRNG). 
Max-Min detector used to reduce the power consumption of the BER measurement system. 

Linear feedback shift registers (LFSRs) are undoubtedly the best known register-based PRNGs . Because of 
their compactness,last bit-level operations, and the exponential increase of their period with the width of the shift 
register, LFSRs haveenjoyed success in many hardware-based simulations and digital circuit testing. However, 
LFSRs produce only a single bit at each clock cycle, which is rather slow for very long running simulations.  

 
 
IV.RESULTS AND DISCUSSION: 
 
 Fig.11 shows the simulation wave form of BER Measurement System. Simulation wave form shows the 
output wave form for corresponding input given. 
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Fig. 11 Simulation Waveform 
 

This transmitted bit sequence 0 1 1 0 0 0 1 0 1 1,and the following received bit sequence 0 0 1 0 1 0 1 
0 0 1,The number of bit errors (the underlined bits) is in this case 3. The BER is 3 incorrect bits divided by 10 
transferred bits, resulting in a BER of 0.3 or 30%.Slightly difference in the incorrect bits, which will be reduced.  

The fig.12 shows the RTL Schematic View of BER. In digital circuit design, register-transfer level (RTL) 
is a design abstraction which models a synchronous digital circuit in terms of the flow of digital signals (data) 
between hardware registers, and the logical operations performed on those signals.  

Register-transfer-level abstraction is used in hardware description language (HDLs) 
like Verilog and VHDL to create high-level representations of a circuit, from which lower-level representations and 
ultimately actual wiring can be derived. Design at the RTL level is typical practice in modern digital design.   
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Fig.12 RTL Schematic view 
  

This RTL Schematic view shows a schematic representation of the pre-optimized design in terms of generic 
symbols that are independent of the targeted Xilinx device, for example, in terms of adders, multipliers, counters, 
AND gates, and OR gates etc. 

 

 
 

Fig.13 Technology Schematic view 
  
 The fig.13 shows Technology schematic view of input and output and components. 
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Technology view design has used LUT and some other elements are input buffer, output buffer, inverters etc. 
 
 

 
  Table 1.Performance Analysis 
 
 
  This work presented in this paper was implemented using VHDL and logic simulation was done using 
Xilinx ISE 9.2i and Modelsim. The obtained results are presented in table 1 .which shows the power consumption 
and latency analysis values and that value also be reduced using the choosing the channel . 
 
VI. CONCLUSION  

 
The BER Measurement system consumed 151mW of power consumption and consumed processing delay 

5.77ns. It reduces the time consumptions and This FPGA-based solution is significantly more cost effective than 
conventional performance measurements made using expensive commercially available test equipment and channel 
simulators. 
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