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[bookmark: _Toc5912936][bookmark: _Toc462812547][bookmark: _Toc7519050][bookmark: _Toc20679]ABSTRACT
With the rapid development of communication technology, people have gradually been unable to leave mobile phones and communications in their daily lives. At the same time, large and small enterprises at home and abroad are aware that using electronic communication technologies can greatly improve one's working efficiency. OFDM technology is widely used in the wireless communication field of today's 4G and 5G technologies, and is the core of communication systems. It is widely used in communication technologies.

At the same time, SDR establishes an open and shared hardware platform. The use of software technology to implement various functional modules on this hardware platform solves the problems of traditional communications because of the constant emergence of new standards, the coexistence of old and new communication systems, and the problems of different systems.

Firstly, based on the history and background of OFDM system, this paper describes the core principle and implementation method of OFDM system, compares the advantages and disadvantages of OFDM and CDMA (Code Division Multiple Access), and completes the OFDM simulation based on MATLAB to analyze the difference between OFDM systems. The BER of the modulation method, the transmission efficiency, and the completion of the FPGA simulation to obtain the waveform, achieve the purpose of FPGA-based signal processing, and finally complete the OFDM system based on the current 4G communication and future 5G communication prospects.
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[bookmark: _Toc12706][bookmark: _Toc7519051]1 INTRODUCTION
With people's increasing demand for mobile communication service, the demand for service quality and transmission rate of mobile communication is also getting higher and higher, which puts forward higher requirements for the performance of mobile communication system. In the future, the mobile communication service will be extended from voice to multimedia services such as data, image and video, which requires the system to provide higher transmission rate. Bandwidth is a very scarce resource in mobile communication. Therefore, advanced technology must be used to effectively use the precious frequency resources to meet the high speed and large capacity of the business needs. At the same time, the multipath fading and multipath interference of high-speed data transmission in wireless channel are overcome to improve the system performance. OFDM is a technology that claims that it is Orthogonal Frequency Division Multiplexing. In fact, OFDM is MCM multi-carriermodulation, a form of multi-carrier modulation. OFDM technology and software radio are both attractive new technologies in the future development of mobile communications.
And with the development of wireless communication technology, people's life is increasingly inseparable from the transmission of signals. Whether for companies or individuals, the application of wireless communication technology can maximize work efficiency and improve the quality of life. [1] At the same time, the transmission efficiency of communication technology and the reliability of information put forward a very high requirement. Communication system in the transmission environment is poor and noisy channel transmission will produce multipath fading phenomenon, causing serious inter-code crosstalk, seriously reduce the information transmission rate, and enhance inter-code crosstalk, so that the bit error rate is greatly improved to reduce the reliability of the information.
OFDM is a multi-carrier technology. The basic principle is to transfer high-speed data through a series and transfer it to a number of subcarriers with relatively low transmission rate for transmission. Therefore, the period of transmission symbol is extended and the ability of resisting echo is enhanced. Moreover, cyclic prefixes can also be inserted between OFDM symbols, which can minimize the interference between symbols caused by multipath. However, sensitivity to frequency offset is one of the main disadvantages of OFDM technology. Therefore, synchronization technology is one of the main research directions of OFDM technology.
OFDM technology can be used not only as a new channel modulation and demodulation technology, but also as a physical layer transmission protocol. At the same time, the addition of OFDM system can solve the main shortcoming of CDMA technology, namely, inter-code crosstalk caused by frequency selective fading. At the same time, as OFDM system is multi-carrier modulation and demodulation mode, the trouble of information error caused by single carrier due to frequency selective weakness or error code caused by noise is avoided. OFDM systems use cyclic prefixes to ensure the accuracy of the information before and after, and the error correction matrix of multicarrier modulation can also avoid the existence of most error codes and error codes.
The traditional wireless communication is by increasing the time-domain equalizer to solve the intersymbol interference caused by multipath fading problem, but the time-domain equalizer, debugging, make often become the problem of wireless communication system development, and at the same time because of the traditional communication technology often by increasing the bandwidth to increase the rate of the code, so that with the increase of transmission bandwidth, time-domain equalizer is becoming more and more complicated to complete synchronization. [2] Because of this, the traditional communication technology can not meet the requirements of The Times and work needs, so in the fourth generation of mobile communication, OFDM technology has replaced CDMA as a new physical layer protocol. Meanwhile, AS the cornerstone of the fifth-generation communication technology, OFDM technology will be widely applied in daily life. [3] At the same time, the use of OFDM and MIMO technology can greatly improve the utilization rate of spectrum, thus improving the rate of transmission code elements and achieving a leap in the efficiency of transmission code elements.
[bookmark: _Toc18827][bookmark: _Toc7519052][bookmark: _Toc462812552]1.1 Aim
The main aim of this report is:
Based on FPGA [4] (field programmable gate array), this paper compiles and simulates various wireless communication functions, namely, OFDM architecture.
[bookmark: _Toc7519053][bookmark: _Toc462812553][bookmark: _Toc20304]1.2 Objectives
· Core principle of OFDM system, Main technical difficulties of OFDM system and its overcoming means, OFDM system with CDMA advantages and disadvantages;
· Design principle and significance of software radio, Based on the meaning of software radio and design conception of software radio;
· OFDM system simulation based on MATLAB, QDPSK modulation and demodulation and bit error rate analysis;
· Software radio design based on FPGA.
[bookmark: _Toc7519054][bookmark: _Toc7857]1.3 Structure of the report
[bookmark: _Toc7519055]The project makes the following research arrangements for today's widely used OFDM systems :(1) briefly describe the research value and development history of OFDM systems, and the current application of OFDM at home and abroad, and briefly explain the reasons for the research. (2) The core principle and research method of OFDM system are briefly described, and a brief comparison is made between OFDM system and CDMA system to obtain the reason why OFDM has replaced CDMA as a new generation of communication technology. (3) Explain the reasons why OFDM system is based on software radio and the advantages of software radio, and explain the background and development of software radio. (4) The OFDM system simulation based on MATLAB was completed, and the bit error rate (BER) signal-to-noise ratio (SNR) and modulation and demodulation methods were briefly described. (5) Complete the Quartus II and ModelSim simulation, mainly complete the QPSK modulation mode of THE OFDM system, analyze the bit error rate and waveform of the QPSK system, etc. (6) Summarize the full text, and finally look into the application of OFDM system in the fifth-generation mobile communication technology in the physical layer protocol.
[bookmark: _Toc29425]2 RESEARCH AND REVIEW OF LITERATURE
OFDM (orthogonal frequency division multiplexing) is a high-speed transmission technology that can be realized at present. Originated from between 1950 and 1960, but due to the time of the hardware environment cannot meet the OFDM system, so there is only one kind of ideal technology is not applied in actual life, and in 1980 years or so, due to the development of large scale integrated circuit hardware environment greatly, promoted the Fourier algorithm can fast implementation in hardware, so that the implementation of OFDM system get the great leap forward.[5] Therefore, around 1990, OFDM began to be used in broadband data transmission in some countries. Due to the strong effect of OFDM technology on frequency selective fading suppression of multipath channels, OFDM was applied in fields such as mobile frequency modulation.
[bookmark: _Toc16818]2.1 The development history and significance of the project
The global mobile telecommunications system in the 20th century and the narrowband Code division multiple Access (CDMA) technology proposed in the early 1990s can meet people's basic needs for communication to a certain extent, namely voice communication and low-speed data transmission. Therefore, this has become the key of the second generation of communication technology.[6] However, with the development of wireless communication technology, people are no longer satisfied with the transmission of simple data and voice signals. At this time, CDMA and GSM second-generation communication cannot meet the demand again.[7]
As a result, people look away to OFDM system is orthogonal frequency division multiplexing technique, and at the same time cooperate with QAM (quadrature amplitude modulation) technology or QPSK photograph shift keying (positive) technology can greatly improve the transmission efficiency, and the development of integrated circuit can satisfy the requirement of OFDM so at this time the selection of the OFDM system is based on the physical level of 802.11 b standard, and OFDM signal will be split,[8] and then made into orthogonal carrier, reducing the frequency selectivity of weak intersymbol interference caused by the impact, Thus, the reliability of transmission rate and information reliability can be guaranteed by the fourth generation transmission technology.[9]
[bookmark: _Toc31452]2.2 Analysis of research status at home and abroad
Around 1960, the concept of frequency division multiplexing was proposed in the United States. And in the last century 70 s, the United States have made a breakthrough in communications research innovation and development, and its breakthrough development thought is the core of a special overlapping sub-channels FDM is adopted to reduce dependence on time equalizer, used to reduce the frequency selective decline caused by intersymbol interference, which can improve spectrum efficiency.[10] The technology was initially used by the military to build communications systems with extremely high transmission speeds. But after nearly 10 years of time, because the hardware environment can't satisfy the Fourier transform by the effective application of the theory to practice, so on the transmitter and the receiver can't do real-time fast Fourier transform and inverse discrete Fourier transform, and at the same time due to the problem of synchronization has been unable to effectively solve the and oscillator instability, so the application of ideal toward OFDM system speed slow.[11]In the following ten years, due to the application and development of LSI, the hardware could keep up with the steps of the software and complete the real-time Fourier transform and inverse transform in a fast and large scale, so as to realize the modulation. At the same time, other problems have also been effectively solved in the development in the past decade, so the OFDM system has gradually shifted from military to civilian, from narrow to extensive, and the communication system has also taken a rapid step of development.[12]
At present, THE most extensive application of OFDM technology in China is in the fourth-generation communication. MIMO(multi-input and multi-output) and OFDM technology together become the key of the fourth-generation mobile communication technology. In the near future, OFDM technology will also become the core of the physical layer protocol of 5G communication.[13]
[bookmark: _Toc1867]2.3 Core principle of OFDM system
[bookmark: _Toc429]2.3.1Basic principle of OFDM system
OFDM is based on multi-carrier transmission method. The information of a single user is first converted into a series, and the information of a single user is sent with different carriers. Because different information flows need different frequency bands to transmit, the traditional frequency division multiplexing used in traditional communication systems will lead to a great decrease in spectrum utilization. However, the OFDM system abandons the method of using impulse signal and filter to segment the frequency band of different signals, and instead USES Fourier transform to normalize the waveform, so that the frequency mixing between different signals can occur and the demodulation can be obtained at the receiving end.[14] Therefore, OFDM technology can not only be used as a new channel modulation and demodulation technology, but also as a physical layer transmission protocol. At the same time, the addition of OFDM system can solve the main shortcoming of CDMA technology, namely, inter-code crosstalk caused by frequency selective fading. At the same time, as OFDM system is multi-carrier modulation and demodulation mode, the trouble of information error caused by single carrier due to frequency selective weakness or error code caused by noise is avoided. OFDM systems use cyclic prefixes to ensure the accuracy of the information before and after, and the error correction matrix of multicarrier modulation can also avoid the existence of most error codes and error codes.[15]
[bookmark: _Toc7467]2.3.2Structure of OFDM system
In this spectrum if the lack of time, if use the traditional frequency division multiplexing will waste a lot of spectrum resources, because of the frequency division multiplexing to remind between impact signal as a carrier frequency signal at the same time to leave the protection of the fixed interval between adjacent spectrum, to ensure the accuracy of the signal sending and receiving and effectiveness but it will reduce the utilization rate of the spectrum. In order to overcome this shortcoming, OFDM overlaps frequencies between different carriers. In order to prevent errors caused by mixing of information between different carriers, Fourier transform and inverse Fourier transform are adopted to normalize adjacent carriers. Although it is still frequency division multiplexing, OFDM system is fundamentally different from traditional FREQUENCY division multiplexing. OFDM overcomes the biggest problem of traditional moral FDM, namely low frequency utilization rate and waste of energy, and OFDM also becomes the core of future communication technology. OFDM technology will not interfere with the carrier being integrated due to its orthoonality and the protection interval generated by cyclic prefix. Meanwhile, due to the existence of orthography, different carriers can be clearly distinguished without causing minimum crosstalk due to carrier mixing. And spectrum resource is very scarce in today's s, no matter traditional FDM technology or other technologies can only by increasing the bandwidth to improve the transmission rate, but the speed of the OFDM system transmission element and the relationship between the bandwidth is not large, OFDM, the rate of data transmission element mainly depends on the subcarrier number, so when the transmission bandwidth at the same time, can be improved by increasing the number of sub-carrier OFDM system bit-rate transmission rate, increase the spectrum utilization efficiency. At the same time, the OFDM system can use different modulation methods in different frequency bands, which greatly increases the practicability of the system.[16] For example, in the channel with good transmission efficiency, the modulation method with high transmission rate can be used, while in places with high noise, such as high mountains, big rivers or tall buildings, the usefulness can be reduced to exchange for reliability, and error-correction matrix can be used to improve the transmission reliability.
This article OFDM system, the design of the framework are given here will be designed by the following framework can be seen that the input signal source code in the first place, and then mixed processing, string and transform, QPSK modulation channel, then the allocated to each since carrier inserted pilot frequency, time domain signal after Fourier transform, the time domain signal is added after cyclic prefix for the complete OFDM signal into a gaussian white noise in the analog channel of transmission. The receiving end is composed of demodulator and other components, and the transmitted signals are obtained by means of demodulation and interleaving. [17]As shown in the figure below:
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[bookmark: _Toc1426]Figure 1 Basic principle and structure of OFDM system
[bookmark: _Toc11701][bookmark: _Toc7519070]2.4 Implementation method of OFDM technology
[bookmark: _Toc2618]2.4.1 Direct implementation
Set the original baseband modulation signal bandwidth for B, yards yuan modulation rate for R, element cycle for ts, and channel delay spread biggest Δ m >
Ts. As the principle of OFDM is to divide the original signal into N sub-signals, the code element rate after segmentation is R/ N, the code element period is Ts= Nts, and the N symbols transmitted within a period are (d0, D1... Dn-1), where the symbol DK = AK + JBK; Then N subsignals are used to modulate N mutually orthogonal subcarriers (i.e., the KTH symbol DK is modulated to the KTH carrier EXP (J2 FKT)), and the synthesized OFDM modulation signal can be expressed as:
[image: ]
Where, FC is the lowest subcarrier frequency. When the protection interval is not considered, the OFDM modulation signal is obtained by substituting Equation (2) into Equation (1) :
[image: 3MSVSLLZYS_QPME3FW_7D~3]
Where,S(t) is the equivalent complex baseband signal, namely:
[image: F4N4TOHO{L4J9Y8@D)MSLBX]
Visible, the output of the complex equivalent baseband signal is used to describe the OFDM signal, including the real part and imaginary part of corresponding OFDM symbols in phase I (t) and quadrature component (such as QPSK, QAM or because they signal constellation diagram are clearly divided into in-phase component and quadrature component, can be treated respectively), in practice can be respectively with corresponding subcarrier is multiplied by the cosine of components and sin, constitute the final signal and the synthesis of sub-channels OFDM symbols. At the receiving end, the input signal is divided into N branches, and each subcarrier is used for frequency mixing and integration respectively to recover the subsignal, and then the data can be recovered through parallel series transformation and conventional QAM demodulation.
Although this method is simple in principle and feasible in theory, it is very difficult to realize in practice, especially when the number of subcarriers is very large and the interval of subcarriers is very small, it is difficult to achieve such a high frequency resolution. Each channel structure is an orthogonal modulator, the structure is very large. Moreover, this structure adopts discrete modulation and demodulation with the same function of several channels, which is a waste of resources. Therefore, it is necessary to find a solution that is easy to implement.
2.4.2 DSP implementation
If S(t) is sampled with fs= 1/ ts as the sampling frequency, that is, t= NTS, then:
[image: K376$99[414RDPXPDDS~UZ9]
The real and imaginary parts of Sn are I(t) and Q(t) at t= NTS (n= 0,1... The sample value at N minus 1. It can be seen that Sn is just the discrete Inverse Fourier transform (IDFT) of DK, and S(t) can be obtained by the low-pass filtering of Sn. Therefore,OFDM modulation can be realized by IDFT, while demodulation of the corresponding receiver can be realized by DFT. This is the basic principle of multi-carrier parallel transmission using digital signal processing (DSP) technology. Obviously, the advantages of using THE DFT method to handle OFDM are obvious.[18] Firstly, it greatly simplifies the modem design, so that the multi-channel carrier processing can be completed through the DFT processing. In addition, DFT has a mature fast computing method, namely FFT, which can be easily implemented in DSP chip and hardware structure, thus making the utility of OFDM possible.
[bookmark: _Toc25774]2.5 The system structure of OFDM technology
[bookmark: _Toc30197]2.5.1 Measures to improve the anti-interference ability of OFDM system
The above results are obtained without considering intersymbol interference, multipath fading, etc. Multipath transmission in the channel and Rayleigh fading will destroy the orthogonality between subcarriers. The solution is as follows.
(1) Insert protection interval (GI). To overcome inter-code interference ISI increases symbol period due to low speed parallel subcarrier, thus making it possible to insert a protection interval between each OFDM symbol. If the inserted protection interval is greater than the maximum delay extension, all multipath signals with a delay less than the protection interval will not extend to the next symbol period, thus intersymbol interference can be effectively overcome. But there should not be any valid signal during the protection time.
(2) Cyclic prefix (CP) is adopted to overcome intercarrier interference ICI. In order to overcome intercarrier interference ICI, "cyclic extension" can be added to the OFDM symbol protection interval. In particular, cyclic prefix is adopted to copy the end part of OFDM time domain waveform to the front of OFDM symbol as protection interval, and symbol replication is used to maintain the orthogonality of waveform. Theory proves that ICI and ISI cannot be completely eliminated by protection interval and cyclic prefix. If the protection interval is too long, utilization ratio will be affected. Taking too short will cause more interference, so the choice of protection interval is one of the main considerations in system design.
[bookmark: _Toc20008]2.5.2 Basic implementation of OFDM system
The OFDM system structure is formed naturally on the basis of considering the modulation and demodulation principle of the OFDM system, the anti-interference measures taken by the system, and the use of digital signal processing (DSP) technology and FFT fast algorithm.[19]
[bookmark: _Toc6056]2.6 Conclusion
OFDM system as younger transmission technology has great advantages, now under the basis of the hardware technology rapid development, OFDM technology can higher use of increasingly scarce spectrum resources nowadays, improve signal-to-noise ratio, improve transmission efficiency, and can satisfy the people to the pressing needs of the instant communication, at the same time can be based on user's different needs and environment using different modulation way, so he replaced the CDMA or code division multiple access technology as the core of the fourth and fifth generation mobile technology foundation.OFDM technology has the ability to resist multipath propagation and interference, making it a very suitable transmission technology for wideband wireless communication. With the development of DSP chip technology, the idea of software radio has gradually come into reality. In this paper, a model of OFDM transmission system is built based on the idea of software radio, and a scheme to realize OFDM sending and receiving system based on DSP and FPGA is presented. As the functional components of the transmission system model are implemented by software, when a new algorithm appears, the program that implements the new algorithm can be added to the algorithm library.[20]
[bookmark: _Toc8784][bookmark: _Toc7519071]3 RESEARCH METHODOLOGY
[bookmark: _Toc7519072][bookmark: _Toc462812563][bookmark: _Toc29845]3.1 FFT/IFFT is used to realize the modulation and demodulation
[21]Fast Fourier transform (FFT) was the main hardware reason that restricted OFDM from theory to practice when IT was formed at the beginning of last century. Fast Fourier transform and inverse transform can ensure that the signal does not produce false signal when sampling and the receiver signal is correct.
[bookmark: _Toc28669]3.2 Cyclic prefix (CP)
Cyclic prefix is the introduction of OFDM system, the characteristics of its ideology is the phase wave insert cyclic prefix before and after the formation of a special protection interval, by inserting the impact signal instead of the traditional communication technology simple form of protection interval, and fight due to the weak multipath intersymbol interference, modulated signal in time domain is inserted through the protection interval, eliminate multipath intersymbol interference generated by the weak, the cycle of the waveform to ensure that the receiving signal contains number to an integer.
[bookmark: _Toc3150]3.3 OFDM synchronization technology
OFDM systems include practice and carrier synchronization, and some unknown phase deviations occur due to the difference in actual transmission of different subcarriers between the sending end and the receiving end. However, synchronization technology is in urgent need of improvement in the current OFDM technology. In the process of long distance transmission, the problem of signal unsynchronization will be amplified, resulting in a great bit error rate of the transmitted information. The most effective way at the moment is to reshape the waveform before the receiver does the inverse FAST Fourier transform.
[bookmark: _Toc7214]3.4 OFDM system with CDMA advantages and disadvantages
OFDM technology is a special frequency division multiplexing multicarrier modulation technology.
It has the following advantages:
[bookmark: _Toc19651]3.4.1 String/parallel conversion
The effect of inter-code crosstalk is effectively reduced through string/parallel conversion, the time domain equalizer in the receiver is removed, and the adverse effect of inter-code crosstalk caused by multipath weakness is eliminated by inserting cyclic prefixes.
[bookmark: _Toc11863]3.4.2 Fast Fourier transform
OFDM system converts each subcarrier into a normal subcarrier through fast Fourier transform, so the subcarriers can be overlapped and the spectrum utilization efficiency can be improved while the transmission rate is improved. At the same time, when the number of subcarriers is infinite, the spectrum utilization ratio of the system can reach 2Baud/HZ.[22]
[bookmark: _Toc13266]3.4.3 Modulation and demodulation
The orthogonal modulation and demodulation of the whole system through fast Fourier transform and inverse Fourier transform are orthogonal to each other. However, the application of FAST Fourier transform can greatly enhance the computing power and thus greatly increase the number of subcarriers.
[bookmark: _Toc22573]3.4.4 Different number of subchannels
OFDM system can add different number of sub-channels in uplink and downlink, so as to meet the requirements of different users on data transmission efficiency, thus making the whole system more flexible and more convenient to serve customers.
[bookmark: _Toc29284]3.4.5 Bit error rate is extremely low
The bit error rate of the whole system can be very low by checking each subcarrier. At the same time, OFDM system has used frequency diversity technology to combat multipath weakness, and the two complement each other, which greatly improves the transmission efficiency of the whole system.
[bookmark: _Toc23771][bookmark: _Toc7519084]3.5 Development Methodology
[bookmark: _Toc7519085][bookmark: _Toc17748]3.5.1 Methodology details
[23]Based on the above advantages, OFDM technology is widely used in daily life. Currently, OFDM technology is becoming the core of the fourth-generation communication technology. 4G technology can provide extremely high data transmission rates and support data transfer between various networks. The data transmission rate can also be adjusted at will according to the number of subcarriers, which provides great flexibility for the system. Especially in today's spectrum and its scarcity, the efficient utilization of spectrum in OFDM system is the key for it to be an ideal transmission system in the future. In addition, when OFDM technology makes full use of spectrum resources, it can effectively combat inter-symbol crosstalk caused by multipath weakness. In summary, OFDM is very suitable as the core technology of 4G LTE and Wi-Fi system.
[bookmark: _Toc23229]3.5.2 Methodology advantages
To sum up, OFDM technology has the following advantages:
1. Low complexity: Compatible with low complexity signal receivers, such as mobile devices.
2. High spectrum efficiency: As spectrum resources are scarce today, improving the utilization rate of spectrum can undoubtedly save energy and improve data transmission efficiency.
CDMA (Code division multiple access) technology is based on spread spectrum communication of digital communication system. Spread spectrum is the frequency spread, CDMA technology is the direct sequence spread spectrum. However, in the CODE division multiple access system, the link layer cannot adjust the modulation mode at will as OFDM technology does. In the CDMA system, the uplink cannot be modulated in multiple ways, nor can the subcarriers be normalized. Therefore, CDMA technology can only preliminarily meet people's demand for signal transmission. For downlink link while it is possible to use different modulation mode, but the source encoding must be the same, so the whole system is not as flexible as OFDM system, at the same time the spectrum utilization efficiency is lower, and the non orthogonal modulation mode in different link transmission will inevitably make the signal's SNR greatly reduced, resulting in a high bit error rate, affect the receiving.[24]
In terms of modulation mode, in the OFDM system, the uplink and downlink link each blade channel modulation method can have their own independent, and it is convenient in the OFDM system to introduce the concept of "adaptive modulation and meet the different needs of different users, in different circumstances to take different modulation mode, increase the flexibility of the system. The advantages of various modulation modes can be adopted in different modulation modes, for example, QDPSK modulation with better anti-noise performance can be adopted in the case of high mountains and large rivers, while orthogonal amplitude modulation is adopted in the case of better transmission conditions to obtain greater spectral efficiency, so as to improve channel utilization and transmission efficiency.
In terms of anti-multipath interference ability, OFDM technology increases the code element cycle of modulated signals through serial and parallel transformation to reduce multipath weakness and thus reduce inter-code crosstalk. [25]At the same time, it adds a cyclic prefix after each carrier as a protective interval to reduce the interference caused by overlap between channels.
[bookmark: _Toc6840]3.5.3 further details
The basic idea of software radio is to build A universal and open hardware platform with "A/D-DSP-D/A" model by putting the wideband analog-to-digital converter (A/D) and digital/Analog converter (D/A) as close to the rf antenna as possible. On this hardware platform, software technology is used to realize various functional modules of the radio station. For example, a wideband ADC is used to separate the channels through a programmable digital filter. Digital signal processor (DSP) technology is used to realize the selection of various communication frequency bands such as HF, VHF, UHF and SHF through software programming. Through software programming, information sampling, quantization, encoding/decoding, computing processing and transformation are realized to realize the transceiver function of RADIO frequency station. Software programming is used to select different channel modulation modes, such as am, FM, SINGLE sideband, data, frequency-hopping and spread spectrum. Different security structures, network protocols and control terminal functions are realized by software programming. Software radio technology is a software-based, computationally intensive form of operation.[26]
With the development of wireless communication, a variety of communication systems have appeared. In order to meet the problem of interoperability, the idea of software radio was put forward. The central idea of software radio is to construct A general hardware platform with openness, standardization and modularization, to realize various functions of communication through software, and to make broadband A/D and D/A converter as close to the antenna as possible, so as to develop A new generation of wireless communication system with high flexibility and openness. [27]Since software radios can add new functions by adding software modules, and the hardware can be constantly upgraded with the development of devices, the concept has attracted wide attention since it was first proposed.
The effectiveness of software radio can be referred to as hardware platform or OFDM system simulation. Its features, such as authenticity, high efficiency and wide application range, constitute the real value of software infinite power. The software-based implementation of the efficiency request reduces the imitative key and improves the digital function to another aspect. It can be divided into several categories, including aspects related to communication, digital signal processing, software radio composition, and so on.
There will be differences in the functions of software radios, including converter and digital signal processing projects, as well as software that includes a variety of other aspects. Software radios have a large coverage and a large adaptive frequency, and require the average characteristics of each frequency band to meet the needs of various types of business. For the convenience of realization, intelligent antenna disposal is adopted. The rf front end realizes up and down frequency conversion, filtering and amplification.
Software radio requests to A/D times if sampling speed and number of digits. The sampling speed is mainly determined by the signal bandwidth (usually at least 2.5 times of the signal bandwidth), and the request for post-processing accuracy of the sampling must be taken into account. Digital signal processing (DSP) in the project of digital wave record, the second is to extract a variety of signal sampling of some projects in the project, OFDM has adopted many kinds of ways to implement data transmission, at the same time, it also depends on the sub-carrier are orthogonal to each other, the best solution is to use FFT to realize the relevant part of the parts and demodulation carrier modulation module. Its characteristics are strong anti-interference ability, can adapt to a variety of orthogonal carrier, spectrum utilization can also be improved, the selective channel will not be affected by this aspect; The common DSP only handles baseband signals. The OFDM project can be combined with radio to achieve rapid transmission of its signals. These channels are wireless, then the requirements of OFDM is its channel length to be reference, frequency should be controlled at the same time, it all of the channel in every system has its unique way of participating in transmission, more contain each child channel, it also reflects its pass rate, the bandwidth of the projects to avoid as far as possible the intersymbol interference. Overlapping spectrum interference will occur in THE OFDM system, so the carrier pass rate of the sub-channel should be increased to increase its utilization ratio, and orthogonal carrier signals in the system should be avoided as far as possible. These include a radio interface that provides the user with multiple frequency utilizations and multiple band outputs. Radio has more suitable for the user's level, its waveform adaptive orthogonal frequency division multiplexing, according to the relevant knowledge of digital signal processing, on the one hand, OFDM has adopted many kinds of ways to implement data transmission, other ways at the same time, it also depends on the sub-carrier are orthogonal to each other, the best way is to use FFT to realize the relevant part of the parts and demodulation carrier modulation module. Its characteristics are strong anti-interference ability, can adapt to a variety of orthogonal carrier, spectrum ratio can also be improved, the selective channel will not be affected by this aspect.[28]
Software radio technology is widely used in the field of radio communication. Software radio technology was first born in the military application, because of its excellent characteristics, software radio technology soon penetrated into the field of civil wireless mobile communication, especially in the field of the third generation mobile communication which is about to be commercialized. Because of software radio technology of the analog signal digital process as much as possible close to the antenna, the AD converter close to RF front-end RF, the flexibility of the powerful processing capability of DSP and the software realization channel separation, demodulation, channel coding, decoding, etc, which can provide the second generation mobile communication system to the smooth transition of the third generation mobile communication system provide a good seamless solution. Software radio technology also has applications in the field of satellite communications, especially in the ongoing application of small modern satellites.
Application of software radio: In cellular mobile communication system, base station and mobile terminal adopt software radio structure, hardware is simple, function is defined by software. Rf frequency band, channel access mode and channel modulation are programmable. In this system, the transmission of software radio is different from other systems. [29]It divides the available transmission channels, detects the propagation path, conducts the modulation suitable for the channel, electronically controls the beam pointing in the correct direction, selects the appropriate power, and then transmits. Receive the same is true, it can be divided into the current channel and the energy distribution of the adjacent channel, recognition mode of input signals, the adaptive cancellation, estimates the dynamic characteristics of the multipath signal, the multipath signal is needed to be coherent combination and adaptive equalization, the channel modulation grid coding, and then through the FEC decoding correcting residual error, reduce the bit error rate as much as possible. In addition, software radio can add value through a number of software tools. These software tools can help analyze the radio environment, define the required additions, test the template of value-added services developed by software in the wireless environment, and finally open up the value-added services through software or hardware.
[30]At the same time we can look forward to is now ready to be put into use 5G, 5G in NR design process, is in OFDM system as the underlying physical layer protocol and multiple access technology, OFDM system is today's wireless communication systems and radio system is widely used, because it can be effective against frequency selective decline, at the same time improve the spectrum utilization, and improve the efficiency of transmission within the limited spectrum resources.
[bookmark: _Toc7519087][bookmark: _Toc21524]3.6 Conclusion
[bookmark: _Toc7519088]OFDM system as younger transmission technology has great advantages, now under the basis of the hardware technology rapid development, OFDM technology can higher use of increasingly scarce spectrum resources nowadays, improve signal-to-noise ratio, improve transmission efficiency, and can satisfy the people to the pressing needs of the instant communication, at the same time can be based on user's different needs and environment using different modulation way, so he replaced the CDMA or code division multiple access technology as the core of the fourth and fifth generation mobile technology foundation.


[bookmark: _Toc3652]4 DESIGN
[bookmark: _Toc30299]4.1 The core principles and background of software radio
Software radio is a new concept based on software design hardware. His core is to simulate and simulate the previous hardware radio function with the software function and improve the hardware function with the portability and reusability of the software. Software radios make it easy to interconnect and upgrade systems, and they are widely used in today's research and development. He reinvented a new research philosophy that eliminated a design philosophy that could only be designed with hardware in mind. In recent years, FPGA is the most widely used software in software radio. Software radio design based on the unified software standard platform is more and more able to meet the design requirements.OFDM technology is a kind of multi-carrier transmission. The basic principle is to transform the original high-rate information data stream signal into N low-speed data stream sub-signals through series/and conversion, and then modulate them respectively to carry out parallel transmission on N mutually orthogonal sub-carriers. The symbol cycle is extended by the low-speed sub-data stream transmitted in parallel, so that it is possible to insert a protection interval between each OFDM symbol. If "cyclic prefix" is added, ISI and ICI caused by multipath channel will be overcome. As OFDM makes full use of the signal's time frequency orthogonality, it allows the frequency spectrum of N sub-channels to be overlapped by 1/2, which makes the frequency spectrum utilization nearly double that of the single-carrier serial system. At the same time, it can be realized by digital signal processing (DSP) technology -- fast Fourier transform (FFT), without the need of comb filter bank.
[bookmark: _Toc24021]4.2 The significance of software radio technology
In the field of mobile communication, due to the new way of encoding appear constantly, the old system wide application area, result in different system of system, encoding is difficult to adapt to each other, makes the Internet information transmission, modulation demodulation increasingly difficult, plus a variety of communications equipment, electronic devices, make the standard in the field of communication is more and more diversified, the traditional communication design is based on the hardware of the wireless communication system cannot adapt to all of the standard, and set up a unified standard is imperative, through software to set the standard is the best choice, so to agreed standards by software radio is imperative.
The principle of software radio is shown in the figure below:
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Figure 2 The principle of software radio

[bookmark: _Toc23830]4.3 Design - Software radio design concept
The software design of the system is the core of this paper, as well as the whole design process of OFDM system in this paper. The whole design needs to be carried out with the idea of software radio.
[31]Based on FPGA (field programmable gate array), this paper compiles and simulates various wireless communication functions, namely, OFDM architecture. The purpose of the software radio is based on the simulation software to set up a hardware platform, through of the programming function of the software code and physical representations to implement hardware all kinds of radio function, so as to improve the disadvantages of low efficiency of the hardware design of radio, discard the traditional hardware design software, the low efficiency of thought and take an effective way of design. Thus can save raw materials, improve the efficiency of the design.
[bookmark: _Toc16246]4.3.1 The hardware part
The hardware USES FPGA chip, AD and DA conversion, is the front-end of data processing. At present, special FPGA chip can complete the data computation such as fast Fourier change in OFDM system quite quickly. Therefore, in consideration of work efficiency, this part of digital signal processing is completed by special FPGA. This article mainly completes the software part function module design and the realization.
[bookmark: _Toc13402]4.3.2 The software part
The software part is divided into the user-oriented main control interface, the controller responsible for software configuration and the code part to realize the system application functions.
The control interface is the interface used by users, through which users configure parameters to be configured for FPGA simulation, including OFDM design parameters to be configured, so that users only need to understand OFDM modulation and demodulation and relevant knowledge of communication principles before they can operate. You don't need to know much about the code inside the system and how it works.
The controller is responsible for controlling OFDM system under FPGA system. Source and channel coding, signal modulation and demodulation, interlacing, fast Fourier transform and inverse transform are carried out for OFDM self-information according to the system parameters transmitted by the master control. At the same time, the results of the processing of the lower layer will be passed to the upper interface for users to view and use.
[bookmark: _Toc3156]4.3.3 Software waveform modulation and demodulation function
Software demodulation function of waveform in the first place in the main control interface shows all kinds of modulation mode, and the source code and then in the FPGA design, different ways of modulation QPSK QDPSK etc all design into the program, for example, and in the output port design waveform display function, the function of the implementation of the project, complete the OFDM system design in the physical. At the same time, the waveform simulation based on Quartus II is completed based on the third party tool modelSim.
[bookmark: _Toc98]5 IMPLEMENTATION
[bookmark: _Toc4216]5.1 OFDM system simulation based on MATLAB
This chapter firstly completed the SIMULATION of OFDM system based on MATLAB, mainly testing the signal-to-noise ratio, bit error rate, transmission efficiency and spectrum utilization ratio of OFDM system completed under the conditions of QDPSK modulation and fast Fourier transform under different SNR. The figure below is the simulation input parameter. The 20,000-bit binary sequence is transmitted based on THE OFDM system.
[image: ] 
Figure 3 Simulation Input Parameters
Among them, carrier _ count = 200 stands for The subcarrier number; bits _ per _ symbol = 2 stands for digit/symbol; symbols _ per _ carrier = 50 stands for Symbol number carrier; SNR = input (‘SNR=’) stands for Input SNR parameters; baseband _ out _ length = carrier _ count*symbols _  per _ carrier*bits_per_symbols stands for Calculate the length of the binary sequence. The above code represents the definition of parameters.
OFDM also adopts many ways to realize data transmission, which is also a method. In other aspects, it also relies on those subcarriers, which are orthogonal to each other. The best way is to use FFT to realize the modulation module part and demodulation carrier part of relevant parts. Some data with low transmission rate will affect some functions, which may delay the cycle and increase inter-code crosstalk. However, an independent inter-code interval in THE OFDM system can avoid this disadvantage, and the spectrum utilization ratio can also be improved, and the selective channel will not be affected by this aspect. OFDM may produce overlap rate, delay cycle, increase intersymbol crosstalk, and the utilization rate drops a lot. Of course, it will not have a big impact on digital signal processing, etc. In the implementation process of DSP and FFT, the errors generated in this process can be covered up or corrected.[32]
The typical block diagram of the TRANSCeiver of OFDM system is shown in the following figure:
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Figure 4 A typical block diagram of a transceiver in a OFDM system
The OFDM project can be combined with radio to achieve rapid transmission of its signals. These channels are wireless, then the requirements of OFDM is its channel length to be reference, frequency should be controlled at the same time, it all of the channel in every system has its unique way of participating in transmission, more contain each child channel, it also reflects its pass rate, the bandwidth of the output of multicarrier system is more child channel signal superposition, so if multiple signals in phase, the superposition of the instantaneous power signal will be much higher than the average power of the signal, thus may lead to signal distortion, the frequency spectrum of the signal will vary, orthogonality between sub-channels is destroyed, the disturbance.[33]
Wireless MAN communication system using OFDM technology is a more complex system. Matlab simulation is used to realize the feasibility demonstration of the system.

[bookmark: _Toc15076]5.1.1 QDPSK modulation and demodulation
QDPSK modulation and demodulation scheme are adopted in this simulation, mainly because QDPSK (offset four-phase relative phase shift modulation) is a modulation scheme with good anti-noise performance. It is mainly used in the environment with complex transmission conditions, such as high river, large river or between buildings in urban areas, and the signal reliability can be obtained by increasing the signal redundancy.
Simulation flow chart:
Start -- generation of random integer sequence -- string and conversion -- QPSK modulation -- IFFT operation -- insert protection interval -- add Gaussian noise -- remove protection interval -- FFT operation -- QPSK demodulation -- and string conversion -- bit error rate statistics -- end
Simulation parameters are set as follows: SNR is 10dB, FFT length is 24, each frame contains 4 OFDM symbols, the number of subcarriers is 24, the modulation mode is QPSK modulation, the protection interval length is 1/4 of the effective symbol period, that is, 1/4 of the FFT length, so the length of the cyclic prefix is set as 6. Set SNR as SNR, dB as unit, FL as FFT length, Ns as the number of OFDM signals in a frame structure, Para as the number of subcarriers, gl as the length of protection interval. According to the system parameters, para=24, Ns=4, FL =24, GL =6, SNR=10. QPSK USES four different phases of the carrier to represent the digital information. Each phase of the carrier represents two bits of information, so the modulation level is ml=2. In MATLAB, the function RAND () can be used to generate random sequences. The number of serial sequences generated is 1536, and the function is set to RAND (1,192). The sequence generated by the RAND () function is random.




The QDPSK signal adopted in this paper is mainly generated in the following way:
[image: S%YD)C7C%CH7`F~)BGO_C3M]
Figure 5 QDPSK signal generation
String concatenation conversion and string concatenation conversion are commonly used parts. The diagram is as follows:
[image: BJ4%JJ)[X`A4W7N67]_}5{V]
Figure 6 Schematic diagram of string conversion
[image: T%A1F5VO~[8~$D4@7(3A)FV]
Figure 7 String conversion
When the protection interval measure is adopted, the interchannel interference caused by multipath fading can be overcome to a certain extent, so that the bit error rate can be reduced, but the cost is to reduce the capacity of the system. The error performance under multipath interference is much worse than that under additive White Gaussian noise, mainly because the intercode interference caused by multipath delay affects the error performance of the system. The error performance of THE QPSK modulated OFDM system is consistent with that of the original QPSK modulated system, that is, IFFT and FFT transform do not change the error performance of the system. [34]The simulation shows that the higher the SNR is, the lower the bit error rate is.
Radio has more suitable for the user's level, its waveform adaptive orthogonal frequency division multiplexing, according to the relevant knowledge of digital signal processing, on the one hand, OFDM has adopted many kinds of ways to implement data transmission, other ways at the same time, it also depends on the sub-carrier are orthogonal to each other, the best way is to use FFT to realize the relevant part of the parts and demodulation carrier modulation module. Its characteristics are strong anti-interference ability, can adapt to a variety of orthogonal carrier, spectrum ratio can also be improved, the selective channel will not be affected by this aspect.
1

QDPSK USES the relative phase change between the front and rear codes to represent the digital information. The previous code element is used as a phase reference, then the relationship between the initial phase transformation of the latter code element and the previous code element and the information encoding and carrier phase, The relationship between dual - specific code and carrier phase variation is shown in the figure:
Binary code element    Carrier phase variation (degree)                   

[image: ]
Figure 8 Relationship between dual - specific codes and carrier phase variation (degree)
Modulation principle:
The modulation waveform before and after code transformation digital sequence can be expressed as the following figure:
[image: ]
Figure 9 The modulation waveform
In the formula, there are 4 values of [image: ] regulated phase
[image: ]

Demodulation principle, The demodulator input signal can be expressed in one cycle time without considering the influence of inter-code crosstalk caused by the channel and the noise during transmission as follows:
[image: ]
Ⅰ road multiplier output:
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Filter output: 
	
Ⅱ road multiplier output: 
[image: ]
[image: ]Filter output:

	
The output transformation diagram above is shown in the figure below:
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Figure 10 The output transformation
[35]QDPSK modulation method is the modern communication system is based on the best modulation method in the complex environment, the ability to transfer in the complex environment is superior to the traditional analog modulation, especially in the fight against frequency selective fading and multipath time delay, so choose QDPSK modulation in the third generation mobile communication as the core technology and channel coding methods. Therefore, QDPSK modulation is selected as the channel modulation method in this paper. Combined with OFDM system, it can effectively enhance the wireless communication capability, enhance the transmission rate and reduce the bit error rate.
[bookmark: _Toc3402]5.1.2 Bit error rate analysis
Bit error rate calculation
Bit error rates based on different SNRS are shown in Figure 11, Figure12, Figure13 and Figure 14.
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Figure 11
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Figure 12
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Figure 13
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Figure 14
Simulation results show that modulation QDPSK did in the case of low SNR effect is very good, when the signal-to-noise ratio is higher than 40 db error rate is 0, the available QDPSK modulation transmission efficiency is very high indeed, although the spectrum utilization rate is not high but the signal is very reliable, when SNR is 30 db is the bit error rate is low, but when the signal-to-noise ratio is lower than 20 db QDPSK modulation ber deteriorated sharply reached 0.201450, so when the signal-to-noise ratio is lower than 20 db QDPSK unsuitable as the main means of transport of OFDM modulation, We can continue to consider increasing signal redundancy in exchange for signal reliability.
[bookmark: _Toc15370]5.2 The simulation results of OFDM system are summarized based on MATLAB
This chapter completes the OFDM system simulation based on MATLAB. This simulation is carried out under the condition that the carrier is strictly synchronized. The program first judges the length of binary sequence, and the length of binary sequence in this simulation is 20000. Then source coding and QDPSK modulation are carried out, and then the modulated signal is put into the channel with Gaussian white noise simulation for fast Fourier transform. QDPSK demodulation is performed at the receiving end, and the inverse Fourier transform is performed. And then you get the signal. Since the signal to noise ratio (SNR) is designed in the user input interface before the design of this simulation, bit error rate (BER), namely the transmission efficiency of QDPSK under different environments, can be obtained according to different SNR.
As is known above, when the SNR is lower than 30dB, the QDPSK bit error rate increases rapidly, while when the SNR of QDPSK modulation is lower than 40dB, the bit error rate rises to 50% and cannot be used for transmission. It can be seen that QDPSK modulation can adapt to the environment with high noise as a transmission mode.
[bookmark: _Toc11555]5.3 Software radio design based on FPGA
Software radio developed in OFDM wireless communication project has many advantages, including can use repeatedly repeatedly and transplanted to other place, when the software behind, upgrades and more convenient, so far, the project is still in design practice, to research and development of components and then carry on the processing and treatment, it also add program to load or unload some unnecessary software, of course, these also is only roughly achieved part of OFDM, in order to better realize its communication function, also want to make good use of its reasonable parts or practical degrees.
Software radio requests to A/D times if sampling speed and number of digits. The sampling speed is mainly determined by the signal bandwidth (usually at least 2.5 times of the signal bandwidth), and the request for post-processing accuracy of the sampling must be taken into account. Digital signal processing (DSP) in the project of digital wave record, the secondary sampling some project is to extract a variety of the inside of the lamp, OFDM has adopted many kinds of ways to implement data transmission, at the same time, it also depends on the sub-carrier are orthogonal to each other, the best solution is to use FFT to realize the relevant part of the parts and demodulation carrier modulation module. Its characteristics are strong anti-interference ability, can adapt to a variety of orthogonal carrier, spectrum utilization can also be improved, the selective channel will not be affected by this aspect; The common DSP only handles baseband signals.
The software design of the system is the core of this chapter, as well as the whole design process of OFDM system in this chapter. The whole design needs to apply the idea of software radio. This chapter is compiled by software based on FPGA (field programmable gate array), and various wireless communication functions, namely OFDM architecture, are realized through simulation. The purpose of the software radio is based on the simulation software to set up a hardware platform, through of the programming function of the software code and physical representations to implement hardware all kinds of radio function, so as to improve the disadvantages of low efficiency of the hardware design of radio, discard the traditional hardware design software, the low efficiency of thought and take an effective way of design. Thus can save raw materials, improve the efficiency of the design. The hardware USES FPGA chip, AD and DA conversion, is the front-end of data processing. At present, special FPGA chip is quite fast in completing data computation such as fast Fourier change in OFDM system. Therefore, in consideration of work efficiency, this part of digital signal processing is completed by special FPGA. This chapter mainly completes the design and implementation of some software function modules.
OFDM's new project USES IQ modulation, which overcomes some technical difficulties, such as amplitude distortion, low utilization rate, imbalance, or error code reduction. According to the principle of FPGA, multi-carrier modulation is adopted to achieve adaptability and compatibility of the target.
FPGA adopts multi-base system to realize multiple simulation of the project, which eliminates inter-code interference, improves frequency band utilization, reduces bit error rate, and reduces inter-code crosspoint. Finally, AD digital-to-analog conversion is implemented to import the correct signal into the carrier required. After receiving the signal, the frequency division multiplexing of the two signal channels is performed, so that the signal is converted from IQ to FPGA to the main signal needed by OFDM.
Part the OFDM projects related to frequency conversion, using FFT to Fourier transform, so as to realize OFDM system simulation USES a variety of ways to realize the data transmission, at the same time, it also depends on the sub-carrier are orthogonal to each other, the best solution is to use FFT to realize the relevant part of the parts and demodulation carrier modulation module. Its characteristic is no more than strong anti-interference ability, can adapt to a variety of orthogonal carrier, spectrum efficiency can also be improved. Then hardware is used to realize receiving and participating to reduce bit error rate.
To the sender, multi-band amplitude of simulation can be used, with the algorithm, it is concluded that the realization of the project data and process reuse of OFDM technology, the adoption of the OFDM multiple ways to achieve data transmission, at the same time, it also depends on the sub-carrier are orthogonal to each other, the best way is to use FFT to realize the relevant part of the parts and demodulation carrier modulation module. Its characteristics are no more than strong anti-interference ability, can adapt to a variety of orthogonal carrier, spectrum utilization can also be improved, finally get the frequency domain data, through the change to copy to the front to achieve a new simulation, then the signal to the baseband for ordinary simulation, baseband transmission plus AD digital-to-analog conversion; Delete the redundant parts, then a series of synchronization algorithms, estimate the possible errors, adopt QPSK, convert ownership to binary, and finally output.
FPGA Design based on software Radio:
Wireless MAN communication system using OFDM technology is a more complex system. Realized using Matlab simulation system feasibility and need to consider how to use FPGA to implement the algorithm process, the need to consider using specific FPGA to limited word length, and the characteristics of the floating point arithmetic and system takes the FPGA resources, to ensure that the size of the system not too big and storage capacity of more than specific FPGA computing, QPSK modulation demodulation main realization about the design of the software radio, the FPGA as part of the software radio design combined with QPSK modulation.
This chapter will continue to complete the modulation and demodulation part of OFDM system based on FPGA and ModelSim. Mainly completed the design of QPSK modulation and demodulation about software radio,FPGA as part of software radio design combined with QPSK modulation.
QPSK modulation demodulation part based on the FPGA design to choose Quartus Ⅱ simulation part. The whole idea is as follows:
(1) Complete the simulation with Verilog language and draw the design schematic diagram of QPSK modulation and demodulation based on Verilog language;
(2) Integrated design and converted design inputs such as Verilog language and design schematic diagram into digital circuit;
(3) Conduct simulation, and check whether the program written based on Verilog language is correct;
(4) Run the file generated based on FPGA, observe whether the waveform generated by FPGA based on ModelSim conforms to the principle, and input different parameters to observe and record the waveform generated by ModelSim.
Orthophase shift keying is the use of four carrier phases {one of which is 0 ° 90 ° 180 ° 270 °} to represent the information contained in the digital signal.
[bookmark: _Toc21564]5.3.1 Modulation part based on FPGA
Modulation part: QPSK has two different modulation methods: phase selection method and phase modulation method. Qpsk modulation, because the initial phase is unknown, the initial phase cannot be resolved during demodulation, so sometimes Qpsk demodulation will make the whole waveform offset several phases, based on this case, the signal is processed namely differential coding, through this way of modulation demodulation is derived that is differential normal phase shift keying modulation. From the original absolute code of QPSK into the relative code of QDPSK. This paper only carries on the simulation to QPSK.
[bookmark: _Toc22650]5.3.2 Demodulation based on FPGA
Demodulation part: QPSK has two demodulation methods: coherent demodulation and phase comparison method. The former demodulation requires multiplying the input signal and the same frequency carrier of the modulating part. For the phase comparison rule, only the phase between adjacent carriers is needed to get the result. Since QPSK is an absolute phase, neither of the two demodulation approaches can clearly distinguish the initial phase of the waveform, resulting in information errors.
[bookmark: _Toc25878]5.3.3 Specific design and implementation process
Carrier synchronization simulation based on ModelSim is shown in the following figure:
[image: ]
Figure 15 modelsim Simulation Carrier Synchronization[36]
Modelsim-based modulation and demodulation of QPSK is completed based on the carrier shown in the figure above. The simulation results are shown as follows:
[image: ]
Figure 16 QPSK modelsim Based Modulation and Demodulation
Based on the principle of QPSK modulation demodulation, this chapter apply Quartus Ⅱ and Modelsim software design.
In the design, carrier synchronization and filter as well as QPSK channel coding were completed. At the same time, due to my insufficient ability and time, some existing resources, such as IP CORE, were called. The system transforms the signal into two orthogonal components by means of the fast Fourier transform; In order to avoid several phase shifts of the whole waveform caused by unknown initial phase during demodulation, differential coding is carried out at the same time. At last, the design of carrier synchronization and filter is completed at the same time.
Design of Carrier synchronization:
In MATLAB simulation, carrier synchronization was originally considered as strict, but in Quartus II, this paper carried out a new design for carrier synchronization. In daily life, due to the interference of transmission channel, the time for subcarriers to reach the receiving end is not the same, so the carrier of the system must be synchronously processed based on this situation. However, the carrier decision feedback design adopted in this paper makes the received signal and the sent signal necessarily have the same frequency and the same initial phase.
About the design of filters
As an ideal case, baseband signals can be regarded as power signals with finite time domain and infinite frequency domain. However, due to the superposition of Gaussian white noise in the channel, the corresponding low-pass or band-pass filter must be adapted to filter the Gaussian white noise except the useful signal bandwidth at the receiving end. In this way, the power of output noise is reduced and the useful channel can be recovered by the coherent demodulator connected behind the filter. Therefore, when decoding QPSK channel, a filter matching the signal must be added. However, due to the fact that the lifting coefficient of the ideal filter tends to infinity, the common communication equipment cannot have such a high precision coefficient based on practical considerations.[37] So rotate the design business county filter. After the filter eliminates part of the noise, the time-domain spectrum Narrows, resulting in the change of the signal waveform in the frequency domain, widening and intercode interference, thus affecting the final result.
[bookmark: _Toc7519104][bookmark: _Toc8560]5.4 Summary of Results
Is the wideband medium frequency band-pass sampling software radio structure of the real OFDM system, the following scheme can be adopted:
(1) The implementation scheme of "RF part" adopts mature superheterodyne technology. Through the link of "analog up/down conversion", the up-conversion of broadband analog if signal output from D/A to RF signal and the down-conversion of RF signal to broadband analog if signal suitable for A/D sampling are respectively realized.
(2) "A/D converter for the analog/digital/analog conversion part" can choose AD6640 from AD company; D/A converters are available with Harris HI5741, etc.
(3) The realization scheme of "digital up/down frequency conversion part" DUC can be HSP50215 of Harris Company, etc. DDC can choose Harris HSP50216, etc. Of course, in addition to dedicated chips, FPGA can also be used to achieve, such as FPGA(APEXEP20K200E) produced by Altera company can not only complete digital up/down frequency conversion, digital filtering, but also complete modulation/modulation, spread spectrum/desorption, PN code synchronization and tracking functions.
(4) "Baseband digital signal processing part" of the implementation scheme DSP scheme. There are many high performance DSPS designed for communication, such as TI's new generation high speed fixed-point DSP TMS320C6x and AD's fixed/floating point Tiger SharcadSP-TS101s. In this scheme, DSP can be used to implement codec, digital QAM modulation/demodulation, IFFT modulation/demodulation, control and so on. FPGA and DSP combined scheme. In this scheme, the whole complex baseband signal can also be divided into two parts for processing. One part USES the characteristics of multi-stream parallel processing (compared with DSP, which is single stream processing) to implement IFFT/ FFT algorithm and synchronization algorithm, which cost the most resources and speed, in FPGA module. The other part is to put complex computation into DSP processing, such as digital QAM modulation, coding, digital pulse filtering, control and so on in sending system. Receiving system of digital QAM demodulation, decoding, control, etc. This division of labor is to give full play to the advantages of FPGA and DSP respectively, thus reducing the workload of single-chip DSP and FPGA and reducing the system's requirements on THE performance of DSP and FPGA. In addition, DSP can be used to control FPGA flexibly, and FPGA can also provide various state information of the system to DSP.
[bookmark: _Toc31557][bookmark: _Toc7519106]5.5 Conclusion
The OFDM wireless communication system developed according to the software radio (FPGA) idea can be used and compiled repeatedly, and it is also easy to be updated. In addition, the software radio platform is easy to be transplanted due to the unified standards. At present, the modulating and demodulating plate completed in this paper has fully verified the FPGA-based completability of OFDM system, and at the same time, it can give full play to the advantages of FPGA. OFDM technology is suitable for communication because of its ability to resist multipath interference and frequency selective attenuation. With the development of FPGA chip technology, the idea of soft armour radio becomes more and more mature, and OFDM and software radio ideas will be developed continuously in the field of wireless communication. At present, IT is widely believed that OFDM and software radio technology are the key technologies in broadband wireless communication. At present, OFDM system has been taken as the core physical layer protocol of the fourth-generation communication system. Meanwhile, due to its efficient spectrum utilization rate, OFDM system will continue to step on the stage of 5G.
[bookmark: _Toc24776][bookmark: _Toc7519107]6 EVALUATION
[bookmark: _Toc14373][bookmark: _Toc7519108]6.1 Conclusions drawn from data
In this paper, the data of symbol synchronization algorithm is proposed for the FPGA hardware design and implementation, first of all, in order to make the output of the signal and synchronization signal, designed a data cache module, secondly synchronization algorithm module can be divided into coarse symbol synchronization design module and fine symbol synchronization module design, finally through a peak detection module will symbol synchronization estimation output. In order to verify the reliability of the algorithm, Modelsim simulation and board level debugging were carried out for the designed algorithm. Experimental results show that the symbol synchronization algorithm can detect the starting point of OFDM symbol.
[bookmark: _Toc7519109][bookmark: _Toc14221]6.2 Data with literature review
This paper first takes the high-speed development of mobile communication technology as the background, and mainly considers the mobile node, the central node and the shift
The high speed and reliable communication between moving node and mobile node can be realized within several kilometers. OFDM is analyzed emphatically
Key synchronization techniques in communication. Based on the transmission rate and synchronization performance, OFDM is designed
Based on the analysis of the portable wireless channel model and the classical symbol synchronization algorithm based on the training sequence, this paper proposes that the existing synchronization algorithm cannot meet the requirements of the portable wireless communication system with low power consumption, high speed and anti-multipath frailness. Secondly, combined with the complementarity in performance of Schmidl&Cox algorithm and Park algorithm and the consistency in training sequence, this paper establishes a new OFDM symbol synchronization mode, and proposes a portable mobile communication mode
Synchronous algorithm. According to the system requirements, the baseband transceiver module of OFDM system is designed, and each module in the transceiver system is simulated and verified through FPGA development platform. At the same time, channel noise is added to verify the whole transceiver system. Finally, FPGA design and implementation of receiver symbol synchronization algorithm proposed in this paper are carried out.
[bookmark: _Toc4424]6.3 Highlights of the data in this article
(1) The basic principle of OFDM communication was analyzed, and the application of FPGA in wireless communication was summarized, with emphasis on analysis
The key synchronization technology in OFDM communication is introduced, and the research status of OFDM symbol synchronization technology at home and abroad is described.
(2) According to the application background of the mobile communication system, the performance indexes of the mobile communication system are proposed. According to these indexes, the basic parameters of the OFDM communication system are designed and the basic model of the OFDM communication system is built.
(3) The basic model of portable wireless channel is analyzed, and THE TU-6 channel is taken as the simulation channel in this paper to analyze S&C
The performance of symbol synchronization algorithm and Park symbol synchronization algorithm under TU-6 channel is simulated, and the results show that
S&C and Park algorithms cannot meet the performance requirements of the article. Schmidt &Cox algorithm and Park calculation are studied
A synchronization algorithm combining delay correlation and symmetric correlation is proposed to train the sequence structure
Function. Simulation results show that the proposed algorithm is suitable for portable mobile communication system.
(4) According to the basic parameters and models of OFDM communication system, THE OFDM baseband transceiver module is designed and FPGA implementation is carried out for each module, including the design module of system working clock, jamming and unscrambling module, convolutional encoding module and 16QAM
Modulation and demodulation modules, IFFT/FFT modules, and cyclic prefix addition and windowing modules.
(5) Hardware design and implementation of the algorithm proposed in this paper are carried out. Symbolic synchronization design hardware module is composed of data cache,
Rough symbol synchronization, fine symbol synchronization and comparison detection are completed, among which the emphasis is on rough symbol synchronization estimation module
The detailed design is done. Then we use Modelsim to simulate the layout and routing of the designed algorithm.
[bookmark: _Toc7519112][bookmark: _Toc753]6.4 Expected answers
In order to solve the constantly emerging application scenarios and business requirements in 5G communication, the standard protocol of the 5G system is constantly improving. Scholars and enterprises at home and abroad are also conducting continuous experiments and tests on the key technologies and system performance of the 5G communication system. As a 5G candidate waveform proposed by Huawei, OFDM is in a crucial position in the standard formulation process of the next-generation mobile communication system. In view of its synchronization test on the hardware platform, there is data support for the design of theOFDM receiver and transmitter. Based on the FPGA platform, this paper firstly selects the synchronization algorithm, and secondly designs and implements the OFDM synchronization test system. On this basis, the design optimization is carried out to reduce resource consumption. Finally, the simulation and realization of the entire prototype system is completed. This article first focuses on typical synchronization algorithms, including maximum likelihood synchronization algorithm based on cyclic prefix, Schmical & Cox synchronization algorithm using training sequence, and H. The Minn synchronization algorithm compares and analyzes their synchronization accuracy in the OFDM system, and compares the computational complexity of each algorithm from the perspective of hardware resource consumption. A comprehensive view of the Schmical & Cox synchronization algorithm is between synchronization accuracy and computational complexity Has a good compromise. Secondly, for the FPGA hardware design of the OFDM synchronization system, a design method with modular functions and replaceable synchronization modules is proposed. Completed the design and functional simulation of independent modules such as timing synchronization module, filtering module, subband data processing module, demodulation module in the receiving link. The design of each module is independent of each other. When a module changes or is replaced, no control and feedback are performed on the upper or lower level. In the design of the timing synchronization module, the output end realizes the ping-pong storage function by adding two RAMs, which can support the replacement and data exchange of modules with different clock frequencies. Aiming at the related calculations and energy calculations in the module, the design adopts a recursive method to reduce hardware resource consumption. Finally, for the feasibility verification of the hardware design of the OFDM synchronization system, the FPGA board test of the design system was completed. By using the built-in logic analyzer on Xilinx's Kintex-7 series 325t chip, the waveform capture and result debugging of the OFDM downlink were carried out, focusing on the test and verification of the synchronous output waveform and the demodulated output waveform, and the results were verified. It is consistent with the result of functional simulation.
[bookmark: _Toc7519113][bookmark: _Toc23896]6.5 Extension and outlook
5G did not use the rest of the physical layer protocols in the design process, but still uses the physical layer protocols and multiple access technologies based on the OFDM system. OFDM technology can improve the spectrum utilization rate, and even reach the upper limit of the spectrum utilization rate. At the same time, the OFDM technology equipment is not complicated, so it can meet the underlying design of 5G requirements. OFDM technology is also known for its design flexibility. It can realize different rates of uplink and downlink through the number of subcarriers, and can also realize different modulation methods for different links. At the same time, OFDM can more flexibly meet the needs of different users for transmission speed and transmission efficiency due to its operability for a single link.
[bookmark: _Toc7519114][bookmark: _Toc31792]7 CONCLUSIONS AND RECOMMENDATIONS
[bookmark: _Toc7519115][bookmark: _Toc8434]7.1 Summary
In recent years, with the development of software radio, its advantages such as openness, flexibility, low cost, modularity, and softwareization have gradually become known to people and have been continuously applied to digital communications. It mainly completes communication through a high degree of coupling between software modules and hardware modules. The software part includes functions such as modulation/demodulation, data format and communication protocol, and the hardware part includes high-speed data processing such as up/down conversion and digital/analog conversion. . As a multi-carrier modulation technology, OFDM technology, each sub-carrier orthogonal to each other, can maximize the use of spectrum resources, well to meet the growing communication demand. Moreover, it has the advantages of simple channel equalization, strong anti-interference, and support for business asymmetry. However, the OFDM technology is more sensitive to synchronization errors. The existence of synchronization errors can easily lead to serious ICI and ISI, resulting in a higher bit error rate and affecting system performance. The hardware-based OFDM system experiment platform has shortcomings such as long design cycle, high cost, and difficulty in implementation. At the same time, many colleges and universities are currently researching the OFDM system based on the MATLAB principle simulation, lacking a complete experimental platform for the OFDM communication system and the specific implementation of related algorithms. First of all, the paper elaborated on the domestic and foreign background and significance of software radio and OFDM technology. Among them, it analyzes the advantages of software radio compared to traditional hardware equipment, and the significance of OFDM modulation technology under the current tight spectrum resources and increasing communication demand. Then, I studied the basic principles of OFDM modulation technology and the key technologies involved include cyclic prefix and synchronization issues, and conducted research on the currently used high-order modulations, and analyzed and compared their respective advantages and disadvantages. In order to further understand the synchronization problem, this paper conducts theoretical research on frequency offset and timing offset respectively, analyzes the influence of synchronization error on the system, and focuses on the study of synchronization timing algorithms including S&C algorithm, Minn algorithm, and Park algorithm. At the same time, the Moose algorithm for frequency offset is studied to achieve frequency correction. Based on the above, this paper proposes an improved timing synchronization algorithm based on CAZAC sequence weighting. Through the research and analysis of the above principles, this paper has completed the design of the OFDM system including the transmitting end VI and the receiving end VI2. In the LABVIEW environment, using the USB device to design and build a complete communication system module, in addition to the configuration function to achieve basic parameter configuration and initialization, complete the connection with the hardware device, it also includes various main data processing modules such as text conversion module, 16QAM Modulation, demodulation module, OFDM modulation, demodulation module, training sequence module, pulse shaping filter module, delay and frequency offset module, synchronization module. Then, four different synchronization timing algorithms are implemented on the built OFDM system, and the timing measurement function M(d) curve and MSE curve of different algorithms are compared and analyzed. Finally, it is verified that the timing measurement function M(d) curve of the improved synchronization timing algorithm in this paper, except for the main peak, the sample value energy of the individual convex sub-peaks caused by AWGN noise is less than 0.1, which has higher timing accuracy, The advantage of small error rate, and when the SNR is 20dB, the MSE value is close to 1/1000, the timing accuracy is higher, the system error rate is lower than 1/10000, and the system performance is better.
[bookmark: _Toc19578][bookmark: _Toc7519116]7.2 Conclusion
This article is based on the principle of QPSK modulation and demodulation, using Quartus II and Modelsim software to design.
The design includes carrier synchronization, filters, and related QPSK channel coding, etc. I have used some existing resources, such as IP CORE. The system uses Fast Fourier Transform to transform the signal into two orthogonal components; at the same time, in order to avoid the problem of the entire waveform shifting several phases due to the unknown initial phase during demodulation, the source encoding is performed at the same time. Differential coding; increase the redundancy of the whole system in exchange for the credibility of information, and finally realize the design of carrier synchronization and filter at the same time.
Regarding the design of carrier synchronization: In the MATLAB simulation, the carrier has been considered to be strictly synchronized, but in quartus II, this article has carried out a new design for the carrier synchronization. In daily life, due to the interference of the transmission channel, the time for the subcarriers to reach the receiving end is not the same. Based on this situation, the carrier of the system must be synchronized. The carrier decision feedback design adopted in this article makes the received signal and The transmitted signal must have the same frequency and the same initial phase.
[bookmark: _Toc25451][bookmark: _Toc7519117]7.3	Recommendations for Further Research
This article only designs and builds a preliminary OFDM system framework based on functions, and conducts research and analysis on synchronization issues in it. However, there are still many areas that need to be improved. Next, I will explain the future improvement and optimization directions from the following aspects:
(1) In terms of logical structure, the internal logic of the program can be further optimized, the memory usage can be reduced, and the data processing and analysis speed of the OFDM system can be accelerated.
(2) On the user interaction interface, currently only a basic simple interface is designed according to the function, and it can be further improved and optimized in the future to make the user interface more comprehensive and beautiful, and convenient for interaction.
(3) In terms of system performance, this article is currently only studying synchronization technology. If channel estimation and synchronization algorithms can be combined, and both factors can be considered comprehensively, better system performance can be obtained.
(4) In terms of system design, the synchronization algorithm studied in this article is only for single-user models. For multi-user models, it should be more complicated, and there will be more factors affecting system performance. In the future, we can further study the synchronization problems under multi-user models.
Now OFDM has received extensive research and attention as a candidate waveform for 5G. The network synchronization problem for OFDM system has also become one of the important research directions. In this paper, there are still some shortcomings and improvements in the design and implementation of the FPGA-based FOFDM synchronization system. The follow-up research can be further studied on the basis of this paper from the following three perspectives:
1. In this paper, the synchronization algorithm of the OFDM system is applied and simulated in the dual-subband OFDM system, and FPGA implementation and testing are carried out. The follow-up can continue to study the improvement, design and implementation of the synchronization algorithm for the OFDM system.
2. The synchronization system studied in this paper is based on the dual-subband OFDM system. The synchronization problem of the OFDM system when the number of subbands is greater than 2 is not discussed. Therefore, the follow-up research can consider the realization of OFDM system based on more subbands of FPGA. OFDM synchronization system.
3. The design and implementation of the OFDM synchronization system in this paper is based on the FPGA platform for implementation and testing. According to the final resource consumption table, it can be seen that the modular design of this paper still has room for improvement, and it can also be used as a future research work focus.
[bookmark: _Toc7519118][bookmark: _Toc23852]8 REFLECTION
OFDM (orthogonal frequency division multiplexing) is widely used as an efficient transmission technology. Like other wireless receiving systems, synchronization is a key problem that OFDM systems must solve. It not only affects the overall performance of the system, but also has great significance for the future development of various technologies in the field of communication. OFDM system requires orthogonal subcarriers and is very sensitive to synchronization deviation. Therefore, synchronization has always been the focus and difficulty to be solved in OFDM system. In this paper, the implementation of OFDM system based on software radio is studied, and the advantages and disadvantages of several frame synchronization methods are analyzed and compared. It is necessary to select the delay correlation and keep the length
As a frame synchronization algorithm, the algorithm should apply the design and implementation of cache unit, relevant energy computing unit, energy computing unit and frame search unit, and complete algorithmic level simulation, layout and routing simulation and testing. Based on the comparison of the accuracy and complexity of the algorithm, the time domain algorithm based on short training sequence is selected as the carrier synchronization algorithm. The algorithm was divided into data separation unit, carrier frequency offset estimation unit, frequency offset compensation unit, cache unit and data federation unit, and the algorithm level simulation, layout and routing simulation and testing were completed by replacing multiplication with accumulation.
The paper adopts the simplified least square algorithm as the sampling frequency offset synchronization algorithm, divides the algorithm into five units, namely, pilot frequency extraction, pilot frequency correlation, frequency offset estimation, frequency offset compensation, and sequence adjustment, and completes the algorithm level simulation, layout and routing simulation and test. In order to achieve more accurate synchronization, channel estimation equalization algorithm is added before sampling frequency synchronization.
The algorithm consists of five units: long training sequence extraction, channel estimation, channel compensation and energy calculation. In order to verify the compensation effect, the tuning algorithm was designed and divided into threshold adjustment unit, data cache unit and 16QAM demodulation unit. The algorithm level simulation, layout and routing simulation and testing are completed.
Starting from the error model of the received signal, this paper deduces and analyzes the main factors leading to the deviation, and observes the influence of different errors on the constellation from the constellation diagram. Based on the comparison and analysis of different compensation algorithms, the synchronization algorithm with high reliability, high precision, higher accuracy, lower complexity and less resource consumption was selected in combination with the index demand. The characteristics of this paper mainly include the following aspects: (1) Avoid the simplification of division operation. (2) Simplified calculation of amplitude. (3) The summation and simplification of finite length. (4) Peak search simplified implementation. (5) Replace multiplier with adder to save multiplier resources. (6) Choose synchronization algorithm or simplified algorithm that is easier to implement.
Because of my academic level and the research time is limited, so this article has yet to be further improve the place: paper method can well realize synchronization and demodulation accuracy deviation compensation, but this method is suitable for low modulation OFDM signal, but for higher-order modulation, such as 1024 QAM modulation, the system has higher sensitivity for frequency deviation, you need to research more high precision compensation algorithm, and the present stage is not suitable for this kind of higher-order modulation synchronous compensation hardware implementation algorithm of OFDM signal. The influence channel, in this paper, the frame body is not too long, because of long training sequence to real-time tracking channel interference situation of each symbol, the follow-up can be redesigned pilot sequences, especially discrete pilot, is able to track each symbol of channel change, but it will no doubt increase a certain amount of calculation, so further research should consider when resources and precision of the balance.
During the design process of this project, I consulted a lot of domestic and foreign project materials, and my classmates and teachers gave me a lot of help, which enabled me to have a profound understanding of the design and implementation of OFDM system based on software radio, so that I could finally complete the task of graduation project. I would like to express my heartfelt thanks to you. My teachers' rigorous attitude towards study, rich knowledge, keen academic thinking, striving for perfection, enterprising spirit of scientific research and tireless demeanor in teaching are my lifelong learning models. I would also like to thank my local friends for their valuable input at all stages of this article. The professors' advanced attainments and rigorous and practical spirit of study will always inspire me. In this year's graduate career, but also by the care and support of many teachers and help, here, I would like to express heartfelt thanks and high respect to the teachers and professors!
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