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 In Communication system, Spatial Modulation (SM) have become important. 
Optimized Spatial Modulation (TOSM) selects the best transmit structure by activating a single transmit antenna in each time 
boosts spectral efficiency and achieves multiplexing gain. To exploit the 
performance of conventional detection algorithms a ML
Likelihood (ML) active transmit antenna detector achieves the opt
Ordered Block Minimum Mean-Squared Error (OB
continuous amplitude-phase modulation (APM)  The Average Bit Error P
Error Rate and Bit Error Rate are measured. In this paper, we analyze the performance of information sharing of multiple coop
agents over one communication system. In particular, the relati
rates is studied and the overall system performance at different sampling and transmission rates is visualized. The overall s
performance of a 4 × 4 Multi-Input Multi
objective is to reduce the computational complexity, increase the spectral and energy efficiency
(SNR) value. Lastly, performance assessment for a  
simulation, synthesis. The simulation results may illustrate the characteristics of designing mechanisms between control and 
communication performance and show the impro
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INTRODUCTION 
 
 The mechanism of communicating information 
plays an important role on the stability and 
performance of the control systems. 
performance of spatial modulation (SM) and spatial 
multiplexing (SMX) is characterised
National Instruments (NI) PXIe devices
the communication system testing: one for the 
transmitter and one for the receiver. 
 When sensory and actuation devices in a 
system are exchanging data 
communication medium, the sharing of 
communication bandwidth causes 
latency and might degrade the control performance.
[17]. 
 The overall goal of the communication agents in 
the system is to exchange their information  through 
communication media for control performance 
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ABSTRACT 

In Communication system, Spatial Modulation (SM) have become important. A three dimensional modulation scheme, Transmit 
Optimized Spatial Modulation (TOSM) selects the best transmit structure by activating a single transmit antenna in each time 
boosts spectral efficiency and achieves multiplexing gain. To exploit the use of a large number of antennas at the BSs and to improve the 
performance of conventional detection algorithms a ML-based detector is used to reduce the signal processing load. The Maximum 
Likelihood (ML) active transmit antenna detector achieves the optimal performance. An efficient signal detection algorithm, termed 

Squared Error (OB-MMSE), is proposed for achieving near-ML performance with low complexity and 
phase modulation (APM)  The Average Bit Error Probability (ABEP), Pairwise Error Probability (PEP), Symbol 

Error Rate and Bit Error Rate are measured. In this paper, we analyze the performance of information sharing of multiple coop
agents over one communication system. In particular, the relationship between the sampling rates of a control system, and the transmission 
rates is studied and the overall system performance at different sampling and transmission rates is visualized. The overall s

Input Multi-Output (MIMO) channel at different sampling and transmission rates is visualized
objective is to reduce the computational complexity, increase the spectral and energy efficiency against varying Signal

ssment for a  4 × 4 MIMO SM scheme  is conducted. MATLAB/Simulink platform is used for 
The simulation results may illustrate the characteristics of designing mechanisms between control and 

communication performance and show the improvement of implementing the proposed communication modules.

The mechanism of communicating information 
plays an important role on the stability and 
performance of the control systems. In this paper, the 

of spatial modulation (SM) and spatial 
(SMX) is characterised. [5] .Two 

PXIe devices are used in 
the communication system testing: one for the 

and one for the receiver. [17] 
When sensory and actuation devices in a control 

system are exchanging data through a  
medium, the sharing of 

 unavoidable data 
latency and might degrade the control performance. 

he overall goal of the communication agents in 
the system is to exchange their information  through 

control performance 

[16].In addition to their data acquisition capability, it 
it  reports  data and adjust communication 
mechanism adaptively. In this paper, we discuss 
communication architecture and the design of 
communication modules. Any control applications 
datas like position, velocity, temperature, or pressure 
signals are communicated.[5] 
 
II Existing Work: 
 Traditional control systems had a single 
centralized control unit, to control 
devices (sensors and/or actuators) via point
connections which can induce problems due to the 
hardware and software constraints [17
include single point of failure, poor reliability, poor 
performance, and inability to support
distributed control scheme. The
through a shared physical channel 
[17]. Though the systems in [17] require
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A three dimensional modulation scheme, Transmit 
Optimized Spatial Modulation (TOSM) selects the best transmit structure by activating a single transmit antenna in each time slot. It 

use of a large number of antennas at the BSs and to improve the 
based detector is used to reduce the signal processing load. The Maximum 

imal performance. An efficient signal detection algorithm, termed 
ML performance with low complexity and 

robability (ABEP), Pairwise Error Probability (PEP), Symbol 
Error Rate and Bit Error Rate are measured. In this paper, we analyze the performance of information sharing of multiple cooperative 

onship between the sampling rates of a control system, and the transmission 
rates is studied and the overall system performance at different sampling and transmission rates is visualized. The overall system 

(MIMO) channel at different sampling and transmission rates is visualized. The main 
against varying Signal-to-Noise Ratio 

MATLAB/Simulink platform is used for 
The simulation results may illustrate the characteristics of designing mechanisms between control and 

vement of implementing the proposed communication modules. 

.In addition to their data acquisition capability, it 
it  reports  data and adjust communication 
mechanism adaptively. In this paper, we discuss 
communication architecture and the design of 

modules. Any control applications 
datas like position, velocity, temperature, or pressure 

 

raditional control systems had a single 
control processes and 

devices (sensors and/or actuators) via point-to point 
induce problems due to the 

are and software constraints [17]. These 
include single point of failure, poor reliability, poor 
performance, and inability to support advanced 

The nodes communicate 
physical channel using bus topology 

systems in [17] require less 
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complex wiring than point-to-point systems, it leads 
to the possibility of faults which affects the whole 
communication system. Bus topology in physical 
channel may influence time delay and increases the 
response time for data transmission [13][16]. 
 
III Proposed Work: 
 MULTIPLE-INPUT multiple-output (MIMO) 
system increases spectral efficiency compared to 
single-antenna systems. An example for MIMO is 
spatial modulation (SM), which increases the spectral 
efficiency of single-antenna systems while avoiding 
Inter channel interference (ICI). Devices 
interconnected together don’t require wiring and 
maintenance when compared to traditional 
communication modules. The system distributes 
control among multiple processors and becomes 
more robust and fault-tolerant whereas centralized 
control suffers from the drawback of a single point of 
failure.  
 
 
 

IV Communication Modules: 
 Devices such as actuators and controllers needs 
to first recover the original content of the data 
information augmented by a header and   trailer to 
specify the source and the destination. For satisfying 
both control and communication performance, 
Spatial Modulation design methodologies is adopted 
in MIMO to generate proper control actions and 
utilize communication bandwidth optimally.[5] 
 This paper consists of nine sections including 
the Introduction section.  Section II discusses the 
existing work. Section III describes the proposed 
work. Section IV addresses the design methodologies 
of communication modules and the general 
architecture for sensing and control applications, and 
related design issues for communication devices. 
Section V presents an illustrative example of 
communication modules that is MIMO system, and 
outlines a control simulation tool that is used to 
simulate communication system. Section VI & VII 
explains the system model and parameters analyzed. 
Section VIII & IX describes applications and 
advantages. Conclusion is provided in Section X. 

 

 
 
Fig. 1: Communication System Architecture. 
 
 This model consists of 3 levels with different 
goals, communication capabilities and complexity. 
The communication system Architecture is shown in 
figure 1. In modern manufacturing systems, for 
example, level one is the device or sensor-actuator 
level which is used to interconnect controllers, 
sensors or actuators. Level two is the data 
processing, designed to be used with cell controllers 
such as at milling, lathe and control workstations in 
manufacturing plants. Level three is the supervisory 
level and is used to interconnect machine cells and 
accomplishes data transmission.  It also interconnects 
workstations located in different cities or countries.  
Level 3 is the multiprocessor unit which coordinates 
various tasks executed inside a plant such as 
manufacturing engineering, production management, 
resource allocation which perform different 
manufacturing processes[13][16]. 
 Time delays and lost data at level 3 may degrade 
the system performance and even cause system 

instability. The three key features of a 
communication system are Sensing/actuation, data 
processing, and communication capabilities. The 
communication modules have three major features: 
data acquisition, actuation, intelligence, and 
communication ability [13][16].  The actuator in 
level 1 decodes  information from the medium and 
transmit it to the channel. The major functionalities 
of the agents are to analyze the sensor data, make 
decisions, and give commands to actuation devices.  
 The control algorithms in level 3 should handle 
decentralized information analysis as well as the 
traditional centralized analysis. That is, controllers 
should be able to handle multiple time delays and it 
should cooperate with other communication 
controllers. The timing identification is an important 
factor not only for communication performance, but 
also for control performance. The total time delay of 
one message transmission is a function of the pre-
processing time, waiting time at the source device 
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(sensor or controller), the transmission time and 
propagation time on the communication medium, and 
the post processing time at the destination device 
(controller or actuator)[13][16]. The communication 
traffic load is a function of the number of 
transmitting agents and available bandwidth. 
 
V. Standard Mimo System: 
 Spatial modulation (SM) is a low complexity 
Multi-Input Multi-Output (MIMO) technique that 
employs only one active transmit antenna in each 
time slot using a modulation and coding scheme. The 
digital signal processing (DSP) in level 3 formats the 
information data for transmission and recovers the 
information data during reception. 
 It transmits a given data symbol (constellation 
symbol) with the exploitation of the spatial position 
(index) of the active antenna as an additional 
dimension for data transmission (spatial symbol) as 
shown in the figure 2. Both the constellation and 
spatial symbols depend on the incoming data bits. [4] 
 In order to increase the spectral efficiency, the 
number of transmit antennas should be in base-two 
logarithm unless fractional-bit-encoded SM  or 
generalized SM (GSM) is used. In particular, the 
number of spatial symbols does not need to be equal 
to the number of transmit antennas. For example, if 
GSM is used, the number of spatial symbols is equal 

to the number of unique channel signatures between 
the transmitter and the receiver [2]. In this paper, the  
unique channel signatures are assumed to be due to 
the activation of individual transmit antennas [4][5]. 
 Activating only one antenna at a time means 
only one Radio-frequency (RF) chain is needed. 
Moreover, the most energy-consuming parts of a 
base station (BS) are the power amplifiers and the RF 
chains that are associated with transmitter, where the 
power requirements of a BS are shown to linearly 
increase with the number of RF chains that are added 
[3].  
 Furthermore, the computational complexity of 
the ML detector for SM [SM-maximum likelihood 
(ML)] is equal to the complexity of single-input 
multiple-output (SIMO) systems, i.e., the complexity 
of SM-ML depends only on the spectral efficiency 
and the number of receive antennas and does not 
depend on the number of transmit antennas 
[1][6][10]. 
 The Average Bit-Error Ratio (ABER) 
performance of SM is improved by introducing trellis 
coding on the transmitting antennas. The optimal 
detector is derived with and without channel state 
information at the receiver. In this paper, the ABER 
performance of SM is analyzed and compared with 
that for spatial multiplexing (SMX) [13]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Spatial and Signal Constellation. 
 
VI. System Model: 
 The basic elements of the transmission link are 
the transmit RF chain, the wireless channel, and the 
receive RF chain. The software consists of the DSP 
at the transmitter (DSP-Tx) and the DSP at the 
receiver (DSP-Rx). The binary data to be 
broadcasted are first processed by the DSP-Tx, 
before being transmitted through the fading channel.  
 The number of antennas at the transmitter and 
the receiver are denoted by Nt and Nr, respectively. 
At the receiver, the DSP-Rx records the RF signal 
and process the original data stream. The system may 
have an operational frequency range of 85 MHz to 
6.6 GHz and can facilitate a bandwidth of 100 MHz 
at a maximum transmission power of 5 dBm [13]. 

 The transmitter performs linear mapping i.e., the 
peak voltage amplitude is assigned to any value in 
the transmission vector. The output from transmitter 
though the channel is connected to the upconverter in 
the receiver. The step by-step layout of the binary 
data encoder (DSP-Tx) and decoder (DSP-Rx) 
processes is shown in the figure 3.  The upconverter 
outputs the analog waveform corresponding to the 
data resulting from DSP-Tx at a carrier frequency of 
2.3 GHz. This completes a single RF chain. The 
transmission of the RF signal by the upconverters is 
synchronized by using a 10-MHz reference 
signal[13] 
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Fig. 3: Step-by-step layout of the binary data encoder (DSP-Tx) and decoder (DSP-Rx) processes. 
 
 The Rx may operate in a frequency range of 10 
MHz to 6.6 GHz in a bandwidth of 50 MHz.  At the 
receiver, each antenna is associated with a complete 
RF chain. For each antenna, the downconverter is 
used to detect the analog RF signal from its dedicated 
antenna.  
 The signal is then sent to the dedicated 16-Bit 
Digitizer. The 16-Bit Digitizer applies a bandpass 
filter with a real flat bandwidth that is equal to Bf = 
(0.4 × fs), where fs is the sampling rate.  The 
sampling rate in the experiment is 10 Ms/s, which 
results in a real flat bandwidth of 4 MHz.  ML 
detection is used to decode the received signal for 
both SM and SMX [1]. The use of ML detection is 
applied to the complete SM symbol, i.e., the spatial 
and signal symbols are jointly decoded.  
 MATLAB was used to facilitate the DSP-Tx and 
the DSP-Rx. The DSP-Tx processes the information 
data and generates binary files using Framing, 
Modulation. In framing, the incoming data is splitted 
into frames consisting of 100 symbols per frame. In 
modulation, the data in each frame is modulated 
using SM or SMX. In SM, the bit stream is divided 
into blocks containing log2(NtM) bits each, where M 
is the signal constellation size. In SMX, the bit 
stream is divided into blocks of Nt log2(M) bits; [13] 
 During Pilot and zero padding, two pilot signals 
are added for each frame, one of which at the start of 
the frame and one at the end. Upsampling and 
matched filtering (pulse shaping) are used to 
maximize the SNR and reduces InterSymbol 
Interference. Each frame is upsampled with an 
upsampling ratio of 4 and then passed through a root-
raised-cosine (RRC) finite-impulse response (FIR) 
filter with 40 taps and a rolloff factor of 0.75. 
 
Tuning signal power:  
 The SNR is varied by changing the power of the 
transmitted signal to obtain the ABER. This is done 
by multiplying each transmission vector with a 
“tuning signal power” factor to obtain the desired 
transmit power. In particular, the amplitude of the 

“data section” in the transmission vector is changed 
by using the “tuning signal power” factor. 
 
Synchronization and SNR:  
 The interpolation filter at the receiver due to the 
channel attenuation, causes error by one or two 
samples. To facilitate SNR calculations at the 
receiver, two sequences of power and no power are 
added after the synchronization pulses of the 
transmitted signal. Each sequence contains five 
blocks of 50000 symbols and 50000 zeros. The first 
sequence is transmitted from the first antenna, 
whereas the second antenna is off. The second 
sequence is transmitted from the second antenna, 
whereas the first antenna is off. 
 DSP-Rx: The data that are received the DSP-Rx 
recovers the original data stream.  
The SNR is defined as 

 
 H is the Nr × Nt channel matrix, x is the Nt × 1 
transmitted vector, E[·] is the expectation operator, 
 After the start of the transmission, the DSP-Rx 
performs a serial-to parallel conversion to separate 
the received frames. To complete the matched filter, 
each frame is down sampled by a factor of 4 and 
passed through an RRCFIR filter.The ML optimum 
receiver for MIMO systems is used for 
demodulation, which can be written as 

 
 where Q contains every possible (Nt × 1) 
transmit vector andˆ· denotes the estimated 
transmission vector. 
 The average bit-error ratio (ABER) of the 
system is validated through simulation results for SM 
and SMX under the line-of-sight (LoS) channel 
conditions. 
 The simulation, analytical, and experimental 
results for the ABER performance of SM in an LoS 
channel is shown in the figure 6. As the SNR 
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increases, timing recovery, and channel estimation 
improve leading to a lower ABER. Differences 
between the measured and simulated ABER curves 
can be attributed to channel imperfections such as 
channel correlations, mutual coupling, and 
interference signals from the surrounding 
environment. 
 

VII. Parameters Analysed: 
 The control parameters analysed are sampling 
rate, control system bandwidth , Operating 
frequency& Temperature, Power dissipation, Carrier 
frequency, Source destination distance, Data rate, 
Background noise and Basic signal rate [7][8][11] 
 

 
 
 
     
 
 
 
 
 
 
 
 
Fig. 4: Simulation result for transmission.  
 
VIII. Applications: 
 The trend of modern Industrial and Commercial 
systems is to integrate computing, communication 
and control into different levels of machine/factory 
operations and information processes. The proposed 
scheme can be applied in Office and Home 
automation, Intelligent vehicle systems, Advanced 
aircraft, spacecraft and Multitask robot systems. In 
industrial applications, the system is used to carry 
information such as daily or hourly production data 
and to communicate with factory-wide databases 
Message of  large data size.  
 
IX. Advantages: 
 In control applications, the communication 
system may use functional agents like sensors, 
actuators, controllers. The proposed system can 
improve the efficiency, flexibility, reliability in 
integrated applications and reduces installation, 
reconfiguration, and maintenance time setup time 
and costs. 
 
X. Conclusion: 
 The stability and performance analysis of 
communication system is analysed. The key 
components and parameters needed in the 
performance analysis of the system are then 
addressed. On the other hand, performance 
evaluation is used to identify the response time or 
processing time of agents.  This paper also presented 
the standard MIMO system models for adaptive 
communication module design. The communication 
performance influences the end-to-end time delay of 
control signals, and moreover, changes the control 
system performance. The stability of the control 
systems is analyzed and the control communication 
performance is characterized in Multiple Input 
Multiple Output System using Spatial Modulation. 
Finally, this paper presented a communication 

control simulator developed on the Matlab/Simulink 
platform. The simulation tool was developed to help 
analyze and visualize the performance of proposed 
design schemes. 
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