Dual-Stage Channel Estimation using ANN and Hybrid RIS Aided MIMO Systems
Mr. Pradheep T Rajan,

Assistant Professor,   
Electronics and Communication Engineering,
Francis Xavier Engineering College,
Tirunelveli,

India
pradeeptrajan@gmail.com
Thayaneshwaran M, 
Electronics and Communication Engineering,
Francis Xavier Engineering College,
Tirunelveli,

India
thayaneshwaran111@gmail.com


Sai Meenakshinathan S, 
Electronics and Communication Engineering,
Francis Xavier Engineering College,
Tirunelveli,

India
sai555ashwin@gmail.com
Natesan I, 
Electronics and Communication Engineering,
Francis Xavier Engineering College,
Tirunelveli,

India
natesani19@gmail.com


Sai Kutthalingam S, 
Electronics and Communication Engineering,
Francis Xavier Engineering College,
Tirunelveli,

India
saiakash200236@gmail.com




Abstract— In Multiple-Input-Multiple-Output (MIMO) communications, the Reconfigurable Intelligent Surface (RIS) can be described in a crucial enabler. It is used to enhance the signal coverage on it. It is also used to reduce the frequency obstructions in it. The Channel State Information (CSI), is one of the main obstacles to the constructive distribution of the Reconfigurable Intelligent Surface for the collecting purpose on it. Since, cascaded or descend or individual channels can only be manipulated at a base station (BS). It can be done through the uploading training or a MS, which is possibly referred to as Mobile Station can be done through the downlink training, the passive Reconfigurable Intelligent Surface in the absence of baseband processing capability makes channel estimation (CE) challenging. Now we can focus on this hybrid Reconfigurable Intelligent Surface architecture. In this architecture, there are a very low number of elements. It can have an active and capable of receiving and proceeding the pilot signals on RIS, with subjective to facilitate the CSI collection. ANN channels are a subset of machine learning and are at the heart of deep learning algorithms. To retrain the channel, we are ensuring atomic norm minimization and ANN channel, the CE is carried out in two stages. With the help of same training overhead, the proposed technique can perform better than the passive ANN and RIS CE according to simulation findings. We can also additionally manipulate the theoretical performance via CRLB analyses. It can be reduce based upon the mean square error (MSE).
Keywords—Base station, Mobile station, Lower bound, Estimator, Channel, RIS, ANN, Multiple-Input-Multiple-Output
I. INTRODUCTION
The Multiple-Input-Multiple-Output systems can be often regarded as MIMO systems. Multiple-Input-Multiple-Output systems is technology that can be used in fifth generation. Especially used in 5G wireless networks [4], [6]. If we need to recoup the path loss in the system, it generally needs more number of array in both end of the transceivers which is nothing but the emitter side and acceptor side. The channel model that can be used in mm-Wave bands. These bands are generally associated with those high frequencies. Due to this reason, it will lead to the frequent blockage in the system [13], high path loss can be unavoidable and inherent channel sparsity. Multiple Input Multiple Output system heavily depend on the Line-Of-Sight (LOS). Because of this reason, it will lead to ensure enough acceptance power and Bandwidth Efficiency[7].

In generally, there are two types of communication. One is analog communication and the other one is digital communication. In analog communication, the information can be transfer through the wired one. It is the oldest method. In analog communication, if one person can transfer the information to the other person it will receive in a weak manner and also the original information cannot get in a actual way. In order to overcome this problem, we are moving to digital communication. In digital communication, the frequency are in kilohertz (khz). By using this one, if we send the information even we doesn’t get the proper information in the receiver side. 

In generally, if we increase the frequency the time will be decrease and the vice versa can also be applied in this manner. If we change the kilohertz to Megahertz then the time for this will be in micro seconds i.e. 10-6 seconds. In advanced to this one, 5G Wireless system can be used in Gigahertz of the frequency. So, for it the time will be in nano seconds i.e. 10-9 seconds. In now-a-days, if both person can interact between them, their information or the data can be clearly audible for both of them. This is due to the information can be send in nano seconds. So, only we can receive the transmitted information in a neat manner [6].

By following the above process, the information can receive in a speed and clear one. But still the problem in this process is if both person can speak to each other, if the third person can call to first person they will be in the waiting mode until they speak to each other [10]. If two persons can call at a time to a common person, then any one of them line will be in busy mode. If we need to transfer the data between them, we need antenna in it. In the top of the antenna, there is a LED light [15]. This LED light will be ON mode. By using this LED light, the data can be transferred in these antenna i.e. Visible Light Communication (VLC). Data or the information can be reached via this Visible Light Communication. 

In the LED light, there is a 256 bit of data in it. In other words, it can have a 2256  channels on it [6]. It means it can have a infinity number of channels. But in the previous communication that is 2G or 3G network system, it can have 8 bits of data or information only. It means we can able to store the information only in 256 channels. It will be very less when compared to the 5G system [3] to [5]. In previous communication, we cannot able to connect a call with more than three persons at a time. But in this system, we can able to connect a call more than three person at a time. They all can clearly audible and those information or the data. In Visible Light Communication system, there are lot of channels on it to transfer the data or information. But we need to know which channel can be free in order to send the information through it. For example, if a person’s information can be sent in one channel if we know that the channel is in busy condition, we can send another person’s information in other channels [1]. So, the information can receive it in a fast manner in receiver side.
In order to overcome this problem, we are going to use this method. It is also called B planning. It means, these can be used in AI technology (i.e.) Artificial Intelligence. For example, if we send a data in road 1 there is four routes on it. In Artificial Intelligence, it will store in route 1 which means the remaining route are in a free mode. So, we can send the data in those three routes. If there is a data in the input layers, 1 will be stored on it. If there is no data in the input layers, 0 will be stored on it. So, we can drain the data in this Artificial Intelligence. By using it, it can send the one signals in one channel and the signal in the other channel. This process is called as the Multiple-Input-Multiple-Output systems (MIMO) [5]. We will transmit or send multiple signals and also, we can receive multiple output using this system.
If we have 2256 channels on it, we didn’t need the channel estimation then it can send through the busy channel in it. By using this dual stage, we can interact with the artificial intelligence two times. It will be in a faster mode. So, we can receive in a speed and clear manner. 

We also going to provide a security for the system. Because the main reason to provide security is third party can be to hear the information that are passed between the two-way communications. In order to overcome this problem, we provide a solution for it by adding a security for the systems in it. Here there are both time and amplitude one for this information. By doing this one, we can able to change the analog to digital conversion. In the digital signal, the rows information can be changed into column one. And in our mobile, there is a microprocessor on it. It is used to perform the reverse process on it. It means that the microprocessor will convert column into row one. By doing this process, we can easily avoid the problem which will be in the existing system.
RIS which stands for Reconfigurable Intelligent Surface (RIS). Reconfigurable Intelligent Surface can be suggested as a promising solution. Because of sustaining signal coverage, this Reconfigurable Intelligent Surface can be used. By maintaining signals on it, we can easily resolve problem in this mm-Wave Multiple Input Multiple Output systems [5] – [6]. The Reconfigurable Intelligent Surface can be categorized as an array. This array will be a very low cost. It is in discrete i.e. not in a continuous phase shifter. The RIS can modify the signal response by adjusting those phase shifters. By adjusting it, we can achieve only specify objective. Let us take an example, it will only get attraction on the signals via in the receiver side [1],[1]. RIS can be bringing together by introducing these benefits, i.e. improving the physical layer security [2],[6] and enhancing spectral efficiency (SE) [7]. By using these benefits in this system, the RIS is mainly used to increase the performance of the indoor and also the performance of the outdoor [5], [6].

The remaining of the paper can be following one. The second section will define about the Channel Model. The third section will define about the Existing system. The fourth section will discuss about Sounding Procedure for RIS. The section V will discuss about the Proposed System. The section VI will discuss about the RIS channel estimation. The section VII will discuss about the RIS Phase Control Matrix. The section VIII will discuss about the CRIB Analysis followed by the results and conclusion in it. 

II. CHANNEL MODEL

Now we can consider the hybrid Reconfigurable Intelligent Source mm-Wave Multiple-Input-Multiple-Output systems. In this Multiple-Input-Multiple-Output system, it can be consisted of three antennas. It includes single multiple antenna Base Station, single hybrid Reconfigurable Intelligent Surface multiple elements and finally single multiple antenna Mobile Station. Here, Ab indicates the base station antennas and Am indicates the mobile station antennas and the number of elements in this hybrid Reconfigurable Intelligent Surface is denoted as Hr. Let us assume a direct Mobile Station and Base Station channel that is leads to the RIS distribution. It is used to sustain the connectivity between Base Station and Mobile Station. Let us adopt a uniform Linear Array (ULA). But it can be elaborated as a Uniform Planner Array (UPA). This Uniform Planner Array can be realistic. We also focus on this method of the uplink training procedures.
This method can be considered as the two channels i.e. Mobile Station-Reconfigurable Intelligent Surface and Reconfigurable Intelligent Surface-Base Station. The Mobile Station-Reconfigurable Intelligent Surface can be denoted by Pm,r  and the Reconfigurable Intelligent Surface -Base Station can be denoted by Pr,b  respectively.
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lth propagation path gain can be indicated as [image: image5.png]o[m,r],



, and the No. of path angles of the arrival and departure of the channel can be indicated as  [image: image7.png]


 respectively. The array response vectors can be defined as the [image: image9.png]
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. Now we can consider the half-wavelength antenna element spacing. The array response matrices shown in it. Also, the array response matrices [image: image13.png]B(@mr)
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 can be written as,
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So, the RIS-BS channel can be written as,
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We can also express the point-to-point Mobile Station-RIS-Base Station

Channel is,
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 Where phase control matrix can be indicated by [image: image24.png]


 on diagonal. Let us assumed that the RIS can be obtained by phase shifter and the phase control matrix.
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Thus, the effective channel can be depended upon the phase shifter and phase control matrix. In this system, the angular parameters can be combined with the Reconfigurable Intelligent Surface which can be aided in the Multiple-Input-Multiple-Output systems and those must be effectively used in it.

In this Multiple-Input-Multiple-Output systems will be briefly explained into the direct Mobile Station and Base Station channels. In that case, let us estimate the direct Mobile Station and Base Station channels after setting the RIS under absorption mode. Then the proposed algorithm to estimate the remaining channels. When RIS aided system is on the range of the Base Station, data information can be transmitted per unit-power. The reflected signals of all the RIS aided system should be equally synchronized with each other. It is also used to enhance the received signals in MIMO systems. So, we can achieve a high beamforming effect.

In order to make in a simple manner, the path difference information in RIS unit on the reflection coefficient (RC). Let us design a reasonable RIS RC unit. The reflected signal in this system should also be focused on the acceptor antenna signals and the different phase shifter.
III. EXISTING SYSTEM

Let us consider the hybrid RIS-assisted millimeter wave Multiple Input Multiple Output systems, that include single multiple antenna Base Station, single hybrid multistage Reconfigurable Intelligent Surface, and has single multiple antenna Mobile Station. The existing system is also extended by using the direct Mobile Station-Base station channel [1][3]. In this stage, they evaluate the direct Mobile Station-Base Station channel then they adding the Reconfigurable Intelligent Surface at the absorption mode. Next, they proceed the existing dual-stage channel estimation method for evaluating the unresolved channel. In the time of sounding process, the training matrices, the phase control matrices. Because the a of the lack of foregoing information in the channel parameters, analog combining matrices are assembled with the random phases. Thus, the directional pilots are considered if the foregoing information are in the channel parameters mainly angular parameters are obtainable this is left for our future work. Otherwise, the RIS should also be used for backhauling to send the received signal to the Base Station for discharge the estimation then they send to the Base Station. Then, they retain an easy structure to the Reconfigurable Intelligent Surface. After the passive Reconfigurable Intelligent Surface aspect are unconnected to the baseband processing unit and also to the Radio Frequency, then the reason for an non-interference is the receiving signal caused in the Reconfigurable Intelligent Surface side. For enabling the optimal or semi optimal junction designing for beamforming vector in the BS and in the MS to the control matrix and for channel state information. 

The channel state information has been estimated by challenge task in the millimeter wave MIMO systems, they are more-tricky in the RIS-aided case. There is a logical good resolution for the channel parameters of estimation scheme for the RIS assisted millimeter wave multiple-input-multiple-output systems they are based on the norm minimization. This can be reducing the training for the overhead by the first evaluating the part of channel parameters. The CE is mainly used to remove the reference signal for the transmit or receive antenna set from the receiver grids. By alternating the EM wave from any directions, the RIS must be shaping the radio propagation environment Otherwise, the optical wave in the Reconfigurable Intelligent Surface aided for the CSI to the separation of the channel that are connected to the BS and the MS using the method RIS. In the MIMO communication system the RIS is the critically increase [3] the scope of signals then to decrease the frequency barrier. The collection of CSI is on of the main obstacles in the practical stationing of the RIS. After that the parallel or single channel was evaluated on the Base Station for uplink transferring or the Mobile Station for the downlink transferring. The parameters which are referred to the strong paths has achieved improved performance. Then, the location availability can also be examined. It also has the highest quality of efficiency and the effectiveness also achieved in this stage. Then the data evaluate performance in this system are additionally enhanced by the distributed time processing and the repetitive procedure. It has a term variable convergence and to improve the estimation and the performance.
Then the RIS has the planner surface that has a larger number of radiating components. In conductive to change the phase shift of these passive components, then the RIS can reshape the propagation platform. The channel estimation problem for identify the uplink channel for the RIS assisted MU-MIMO system. It has been fixed that in the given the similar training for overhead assumption, then the proposed hybrid RIS channel estimation can exceed the passive RIS channel estimation.
IV. SOUNDING PROCEDURE FOR RIS

 Then we can see the passive Reconfigurable Intelligent Surface by using the sounding process for testing purpose then hybrid Reconfigurable Intelligent Surface [2] then they consists of  passive and active components.
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Fig. 4.1. Hybrid RIS with active and passive components.

We can also imagine that the wireless channels are quasi-stable block fading. In this channel parameters they are rest not changed at the time of specific period is known as coherence time. Then for the sound process, only on coherence time distance is broken into two sub distances, the first one is for the channel estimation and the second one is for the data transmission. The channel estimation sub distances is newly broken into t+1 blocks. Then the difference π is taken into consider, i.e., π0 ≠ π1 ≠ …≠ πt. The frequent difference in the RIS phase control matrix there is one coherence time can be estimated by the nFET switches. 

A. Passive RIS Structure

Then, the Channel estimation for the passive RIS structure was evaluated. The Channel Estimation for the series or the parallel channel was evaluated at the BS or in the MS. Our idea is to evaluated the channel parameter else the channel sparsity is inbuilt in the channel matrix. Then the uplink pilot based training rule, where the Mobile station share the series of training matrices Yl at the time of l=1,2,3,.. . ., L to the BS. Then the signal has been reflected at the RIS by π l3 and they are added at the Base Station.

In the time of sound procedure, the training matrices, the phase matrices and the Analog adding matrices are completed with the random phases in order to absence of foregoing information on the channel parameters, mainly angular parameters are available for our future work.

Here, 
µt- transmission power
Xk- addition noise
Then that are distributed as the overall path loss. Therefore, in the channel estimation for the passive RIS assisted mm wave for the MIMO systems and it has been forwarded with the help of two-stage procedure by using ANM, [3][2] in this stage the target can be recovery of the difference angle and multiple matrices fixed, and the phase control from one block to another block. Then, Mobile Station our only access to minimum sum rate for an multiple user MIMO system and a junction transmit beamforming and reflect the scheme that can solve the problem. While the passive RIS can only limited to the sum-rate of 22%, thus they overcoming the multiplicative fading effect. As we know that the wireless channel has an RIS to use for the 6G networks in the future. They also reflect the signals without the amplification.
B. Hybrid RIS Structure
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Now we can see the measurement that are available for the received signal at the active components. So, we can do the channel estimation at the RIS in the hybrid structure. Next to the channel estimation evaluates the channel parameters that are transmitted in the Base Station that help by backhaul link. Let us assume the perfect in the time domain connecting mobile and the base station while executing the channel estimation that are also common.

Let us assume that N out as  MR  that are used for the receiver capacity then  MRF,R = N that receives the radio frequency from the RIS. The received signal [1][2] is expressed as for the RIS as
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  for K=1,2,3,…,K       (7)
Where FRK ass the row-select matrix that contain N rows and the  MR x MR  identical matrix, [image: image30.png]Gy € ANET



 is the noise that are equally distributed.

Then the uplink training process to the hybrid RIS. we can divide the time into dual distances first part for the channel estimation and the second part is for the DT. They are additionally broken into M blocks each containing t channels. This can be expressed as [image: image32.png]


, here ρ(d1) is path loss. Then, output obtained as
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By using this equation, the RIS based on the increasing on the power effective channel. Now we can design the RIS control matrix for the channel estimation. Then the phase control matrix can be expressed as,
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Then,
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Fig. 4.2. RIS for Hybrid mm-Wave
This is the Reconfigurable Intelligent Surface systems for the Hybrid millimeter wave MIMO systems. In the second stage, let us assume that KN,R is the target to recover the channel parameter and the acceptor signal in BS. Then hybrid RIs for the dual-Stage MIMO systems.

V. PROPOSED SYSTEM
The ANN (Artificial Neural Network) and RIS-MIMO (Reconfigurable Intelligent Surface-based Multiple Input Multiple Output) communication system’s system and signal models are under evaluation, after the completion of the evaluation we 
Fig. 5.2. Block Diagram 
provide our suggested Channel Estimation (CE). This model has been used to analyze the mmWave propagation characteristics. Since the proposed model is a statistical channel model which is used in a multipath environment, so it is used for applications that have similar propagation characteristics or properties in hybrid Reconfigurable Intelligent Surface (Hybrid RIS) based MIMO systems. Additionally, this channel can reflect the mmWave communication system in a constrained propagation environment.
On the transmitter side, we have used the Encoding technique for that we have taken the input data as input. Encoding is a process of converting the sequence of characters such as letters, numbers, punctuations, symbols, etc.,  into a specific format for the effective and secure data transmission. The technique of encoding is also used to convert the digital or analog data to a digital or analog signal, which means the modulation is about converting analog data to an analog signal and digital data to a digital signal. The main purpose of the encoding technique is to ensure effective data transmission and data storage, whereas modulation is used to send the signal over a long distance.
The modulator is used to permit the signals. The modulator is the process of controlling the data information on a carrier. Modulation is used to convert the low frequency to high frequency. In the demodulation phase, the original information is recovered at a long distance. By modulator, we can combine several signals with related frequencies to send the signal over the related bandwidths in the model. The basic or normal frequencies enhance transmission quality by amplification. By amplification, the signal can get strengthened in the electronic signal. Modulation is also used to convert analog to digital and vice versa. Then the signal is settled in the transmitter side and then it is sent to the Reconfigurable Intelligent Surface (RIS) channel. The RIS technology ca n used to manipulate the propagated environment to deploy both in an indoor and outdoor environment. The RIS consists of a more controllable passive element that is completely independent. These independent controllable passive elements are involved in high passive beamforming gain. After the RIS, the signals are allowed to the ANN (Artificial Neural Network) channel. Generally, ANN has a strong or quality signal and also has strong fault tolerance. So when the noisy data get processed in the ANN channel it converts the noisy data into a strong signal. ANN is also scalable, it can scale the data against noisy data.
On the receiver side, the ANN channel, demodulator, and decoder are present. ANN is scalable and robust so it converts the noisy signal to a strong signal. The demodulator and decoder are used to handle the ANN channel on the receiver side. A demodulator is used to recover the original information over a long distance or long way. In a receiver, we receive a demodulated signal which may be sound, binary, or image data. Demodulation is the reverse process modulation which means it converts the high frequency to low frequency on the receiver side. Then the demodulated signal is passed to the decoder. The Decoder technique is used to convert the analog signal into digital data and the digital signal into analog data. According to simulation results, the theoretical performance limit by means of MSE is achieved by the CRLB. In the end, we receive effective output result.

VI. RIS CHANNEL ESTIMATION
The compressive sensing (CS) method is used to investigate the channel estimation for the mmWave MIMO system. By using the CS method, we can reduce the training overhead significantly by than minimum mean square error method (MMSE) and least-squares method. This is happened by leveraging the property of mmWave MIMO channels. Compressive Sensing methods generally consist of two categories the are on-the-grid methods and off-the-grid methods. In the above two methods, the on-the-grid method is a normal one and the off-the-grid method is an advanced one. Off-the-grid. The off-the-grid method consists of advanced techniques like ANM. ANM is the commonly known method, by this method we can reconstruct the spare signals. The reconstruction happened without discretizing the angle of arrival and angle of departure for entire angle spaces into the grids. By ANM methods, the basic mismatch of the method is identified and avoided from the system. This mismatch include degrades in the performance
A. Atomic Norm Minimization
Here, it is mostly based on ANM to retrain the spare signal it include angular frequency and the equivalent spatial frequency. 
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Here spatial frequency is [image: image50.png]
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B. First Stage Of CE for Hybrid RIS

In the beginning of the process, the prior aim is to recover the parameter of the channel E t,h.  Because of this reason, [image: image76.png]
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This is equivalent in terms of SDP as,
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The above is the equivalent form of SDP (Semidefinite Programming).
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 ( or same b1 and c1) can be recovered by knowing the following complex problem.
VII. RIS PHASE CONTROL MATRIX
Based on the certain criteria, the phase control matrix can be expressed. The phase control matrix is expressed as,
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Whose (a,b)th entry can e indicated as
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Here we applied singular value decomposition (SVD) on [image: image128.png]GGE



, this result in [image: image130.png]GGE
HAHE



. By selecting first column of H, we can get optimal version of [image: image132.png]
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VIII. CRLB ANALYSIS

           First, CRLB is abbreviated as Cramer Rao Lower Bound. It is also known as Cramer Rao Bound or CRB in short. This analysis represents the fundamental lower bound on the estimation variance. This is the possible way to summarize the performance of the estimator. When speaks about the estimator, there will be two types. One is biased and another one is unbiased. Among the two, unbiased estimator is the best one.
          The reason is that the unbiased estimator is the one which gives the correct result. This estimator gives the least possible variance that can be achieved. It can be defined in other words like that the variance of this estimator should be greater than this Cramer Rao Lower Bound. So, we can achieve or found this estimation by using the likelihood function for the parameter ‘k’. Let us consider the vector of observation,
p(ȳ;k)
Here ȳ is the n dimensional vector and k is the unknown parameter. We know that the pdf with respect to ȳ is equal to 1. Take the integral of the above pdf,
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Here, ȳ is the vector of observations or observation vector. The likelihood function mentioned above is equal pdf with respect to ȳ. The Result(1) shows the unbiased estimator of unknown parameter ‘k’. It means the expected value of the estimator ‘k’ is always k. In other words, the mean value of the estimator k is equal to the true value of the unknown parameter k. Consider an unbiased estimator,
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The Result(3) represents the fundamental bound of Cramer Rao Lower Bound. The left side of above mentioned final expression represents the variance of the estimator. Whereas the right side represents the Fisher Information I(h). Finally, it is clear that larger the fisher information is lower is the variance of the estimator.
IX. RESULT

                We have got the results which is depicted in the below figures. The first figure depicts the MSE (Mean Square Error). It is the one which shows relation of Signal to Noise Ratio.
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  Fig. 9.1. MSE of S in db
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Fig. 9.2. MSE of  G in db

       The second figure depicts about the result in NMSE (Normalized Mean Square Error). It gives you a comparison of two models with different scales.
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Fig. 9.3. NMSE using CRLB analyzes
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Fig. 9.4. Average NMSE using CRLB analyzes

          The below figure depicts the achievable rate in vits per Hertz. The solid line represents the Optimal Phase Shift at the value of N. The dotted line represents the Optimal Phase Shift at the value of N.
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Fig. 9.5. Achievable Rate
X. CONCLUSION

So far, we have studied about the dual stage channel estimation by Hybrid RIS MIMO system. The problem which we have discussed earlier can be easily overcome in this paper. Cramer Rao Lower Bound is very useful in the channel estimation. The unbiased estimator gives the correct average result. Thus, the dual stage channel estimation is very much useful in the fifth generation. Because, the world has moved to the fifth generation. Here, we added security during conferences and no overlap noises will be there in our model. Whenever a model is invented, there must be a future scope. Yes, our model also has an important future works. We known that entire world will also move to the sixth or seven generation. So, this security has also been useful in the sixth and upcoming generation.
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