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Abstract 14 

With the rapid development of wireless communication technology and the increasing demand 15 

for communication quality in various fields, spread spectrum communication (SSC) and multiple 16 

input multiple output (MIMO) technology have become crucial research directions in the field of 17 

military communication, and space-time block coding (STBC) is an indispensable key 18 

technology in MIMO systems. This paper combined the excellent instrument interaction ability 19 

of LABVIEW and the data processing ability of MATLAB to build a direct sequence spread 20 

spectrum-space time block coding (DSSS-STBC) model based on circular mapping (CM) spread 21 

spectrum code, aiming at realizing multi-domain joint transmission of information in space, time, 22 

and power domains. The results demonstrated that the joint simulation platform of LABVIEW 23 

and MATLAB/Simulink successfully confirmed the superior spread spectrum performance of 24 

chaotic spreading codes based on circular mapping compared to traditional spreading codes. In 25 

addition, the multi-domain joint coding combining DSSS and STBC significantly enhanced the 26 

reliability and interference resistance of the communication system. 27 

1 Introduction 28 

In a wireless communication system, multiple input multiple output (MIMO) technology 29 

can effectively mitigate the fading of wireless channels and enhance the information rate of 30 

communication systems by utilizing multiple antennas for signal transmission and reception. 31 

MIMO technology stands out as a pivotal element in the fifth-generation mobile communication 32 

(5G), contributing to the reliability of wireless communication transmission through mechanisms 33 

such as diversity and multiplexing (Shi & Xiao, 2017; Sun, 2020; Yang & Sun, 2020). Operating 34 

without the need for additional spectral resources or increased antenna transmission power, 35 

MIMO technology optimally employs time, space, and frequency resources to elevate channel 36 

data throughput while minimizing transmission error rates. In order to obtain the maximum 37 

diversity and coding gain, space time block coding (STBC) technology is employed in signal 38 

transmission, achieving a synergistic combination of spatial and temporal dimensions (Wu et al., 39 

2012; Feng et al., 2020; Mangla & Kumar, 2011). STBC achieves full diversity gain and low 40 

coding and decoding complexity (Bharti & Rawat, 2018). This paper utilizes the Alamouti 41 

coding techniques to achieve diversity, involving two pairs of receiving/transmitting antennas. 42 

However, in the context of the rapid evolution of communication technology, military 43 

communication must have stronger confidentiality and anti-interference. Spread spectrum 44 

technology has attracted extensive attention, and DSSS has been the most widely used spread 45 

spectrum method at present (Sajid et al., 2019). In military communication, there has been 46 

considerable research on common chaotic mappings in the context of spread spectrum 47 

technology. Due to the crucial importance of anti-interception and confidentiality in spread 48 

spectrum technology, continuous exploration of chaotic spread spectrum techniques is essential. 49 

Despite the prevalent use of circular mapping as a chaotic mapping in image encryption 50 

algorithms, it has not been investigated for its application in spread spectrum technology. 51 

Therefore, to further explore the capabilities of chaotic spread spectrum technology in military 52 

communication, this paper introduces the application of circular mapping in conjunction with 53 

direct sequence spread spectrum. 54 

Reference (Qin et al., 2019) proposed a cyclic shift spread spectrum (CSSS) scheme for 55 

underwater acoustic (UWA) communication in multipath channels with long delays and severe 56 

Doppler frequency shifts. The receiver was able to mitigate co-channel interference by exploiting 57 
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the periodic autocorrelation properties of the cyclically shifted spreading sequences. A new 58 

hybrid spread spectrum (HSS) technology in MIMO radar systems to protect the orthogonality of 59 

the transmitter and receiver was proposed (Chahrour et al., 2018), which could provide better 60 

narrow-band interference resistance. The spread spectrum enhancement technique proposed in 61 

literature (Yuchi et al., 2016) was based on traditional pseudo-random sequence and completely 62 

complementary sequence (CC-S), which could reduce the interference in MIMO systems. 63 

Literature (Quyen et al., 2017) proposed a DSSS communication system based on chaotic 64 

sequence, which adopted M-ary PSK modulation and combined with MIMO orthogonal 65 

frequency division multiplexing (OFDM) technology. This combination could improve the 66 

performance and capacity of traditional chaotic DSSS system. Literature (Cherni et al., 2011) 67 

introduced the performance optimization capability of spread spectrum sequences for code 68 

division multiple access (CDMA) MIMO systems, calculated the performance of a series of 69 

sequences and compared them with classical gold sequences to improve the performance of 70 

receivers.  71 

Reference (Zhao et al., 2021) proposed a spread-spectrum code generation algorithm 72 

based on linear coupling of Sine mapping and Tent mapping, which significantly improved the 73 

complexity of mapping iterative generation of time series through a cascading approach, so that 74 

the generated spread-spectrum code had stronger pseudo-randomness. In reference (Wang et al., 75 

2020), a signal simulation analysis system was established using MATLAB/Simulink to study 76 

the anti-interference performance of DSSS system based on logistic chaotic sequence. 77 

Experiments showed that the spread spectrum modulation of signals by chaotic spread spectrum 78 

sequence could effectively improve the anti-interference performance of signals. The DSSS and 79 

frequency-hopping spread spectrum (FHSS) (Hasjuks et al., 2022) were based on chaotic spread 80 

spectrum codes, which were compared with the classical M-sequence systems.  81 

In view of the improvement of spread spectrum technology, the selection of spread 82 

spectrum codes holds particular significance for the performance of spread spectrum systems. In 83 

previous studies, the most common spread spectrum codes were m sequence and gold sequence. 84 

However, their periodicity limits the performance of spread spectrum, while chaotic mapping has 85 

good correlation and better randomness. Many studies have demonstrated that commonly used 86 

chaotic maps, such as logistic and Chebyshev, offer benefits including an extensive code set and 87 

robust anti-interference capabilities. Circular mapping chaotic sequences, frequently employed in 88 

neural networks and deep learning, have gained attention. Reference (Zhang et al., 2015) 89 

established a quantitative model for neural circuits based on the principles of circular mapping 90 

(CM) and symbolic dynamics. Meanwhile, Reference (Premnath et al., 2019) applied CM to 91 

image encryption, providing an evaluation of the effectiveness of CM and attractors in image 92 

encryption. 93 

There has been insufficient exploration of circle mapping in the realm of spread spectrum 94 

technology. Therefore, this paper introduces a direct sequence spread spectrum method based on 95 

circular mapping. In addition, while STBC contributes to the reliability of the communication 96 

system, the combination of DSSS and STBC enables signal transmission across spatial, 97 

temporal, and power domains. Consequently, the CM-DSSS-STBC communication system 98 

enhances the anti-interference ability and maximize the diversity. The communication system in 99 

this paper is primarily implemented through the collaborative simulation platform of LABVIEW 100 

and Simulink. Although Simulink also utilizes a graphical language, its main strength lies in data 101 

processing when compared to LABVIEW. If this system is to be applied to NI virtual 102 
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instruments in the future, LABVIEW is currently the optimal choice. Therefore, this paper 103 

employs a collaborative simulation platform using both LABVIEW and Simulink to realize the 104 

model. 105 

2 CM-DSSS-STBC System 106 

2.1 Circular mapping 107 

Chaos refers to the unpredictable, random-like motion state of deterministic dynamical 108 

system that is highly sensitive to changes in the system's initial state. This definition emphasizes 109 

that the initial state of a chaotic system dictates its state at any given time. Because accurately 110 

describing the initial state of a chaotic system is challenging, and the motion of chaotic system is 111 

highly sensitive to the initial state, even a minor alteration in the starting state can result in a 112 

significant divergence in the system's state over time. 113 

The CM is a chaotic map representing a mapping of the circle to itself. It is based on a 114 

nonlinear dynamical system, and generates a sequence of changes in a specified range by 115 

iteratively computing the input values. It is suitable for a variety of applications, including 116 

communication systems, cryptography, random number generation, and others. The complexity 117 

and randomness inherent in CM make the generated sequences exhibit favorable properties in 118 

certain applications. Nevertheless, in practical applications, it is necessary to pay attention to the 119 

selection and range limits of parameters, as well as possible convergence problems (Zhao et al., 120 

2021; Wang et al., 2020; Zhang et al., 2015; Premnath et al., 2019). 121 

 122 

Figure 1. Bifurcation graph on the parameter space (0, k) of circular mapping and 123 

diagram of the relationship between Lyapunov exponent and k. 124 

The most representative is the standard sinusoidal CM, such as Equations (1) and (2). 125 

When K is less than or equal to 1, it functions as a monotonic CM, resulting in periodic or quasi-126 

periodic sequences. When K is bigger than 1, it is a non-monotonic circular map, and chaotic 127 

motion may occur in the supercritical region. Supercritical CM has complex bifurcation 128 

behavior. Fig. 16-1 in reference (Chen, 1998) delineates the bifurcation diagram of the parameter 129 

space of the standard CM. Fig. 1 illustrates the bifurcation diagram in the parameter space of the 130 

CM (0, K), indicating the commencement of chaotic states at a K value of approximately 3.55. 131 
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 𝑓𝛺(𝜃𝑛) = 𝜃𝑛 + 𝛺 −
𝐾

2𝜋
𝑠𝑖𝑛⁡(2𝜋𝜃𝑛) (1) 132 

 𝜃𝑛+1 = 𝑚𝑜𝑑(𝑓𝛺(𝜃𝑛), 1) (2) 133 

When studying chaotic motion, the Lyapunov exponent is of utmost importance. It is one 134 

of the features used to identify several numerical values of chaotic motion, representing the 135 

numerical features of the average exponential divergence rate of adjacent trajectories in phase 136 

space. When K=2, period-doubling bifurcation occurs, and the critical point from period-137 

doubling bifurcation to chaotic transition is 3.531. The process of period-doubling bifurcation 138 

acts as a pathway to chaos, representing a means of transitioning from a periodic window into 139 

chaos. 140 

Circular mapping has the potential to substitute for pseudorandom code as spread 141 

spectrum code. As shown in Fig. 2, the chaotic sequence generated by the CM exhibits favorable 142 

autocorrelation and cross-correlation characteristics. The premise is that Ω and K values need to 143 

be selected in the chaotic region to generate the chaotic sequence. According to the bifurcation 144 

diagram of the parameter space of the CM before, Ω=0 and K=8.5 are selected in the model in 145 

this paper. 146 

 147 

Figure 2. Auto-correlation and cross-correlation of circular mapping chaotic sequences. 148 

2.2 Direct sequence spread spectrum 149 

The Shannon formula indicates that channel capacity corresponds to the rate at which 150 

information is transmitted through the channel. Generally, a higher transmission rate is more 151 

advantageous for communication, making it crucial to enhance channel capacity. According to 152 

the Shannon formula, increasing signal bandwidth or improving signal-to-noise ratio can 153 

enhance channel capacity. Signal bandwidth is directly proportional to channel capacity, while 154 

signal-to-noise ratio is logarithmically proportional to channel capacity. Thus, it is evident that 155 

increasing signal bandwidth is more effective in enhancing channel capacity, and spread 156 

spectrum technology precisely increases the signal bandwidth. Consequently, spread spectrum 157 

technology could significantly boost channel capacity. 158 

Furthermore, when the channel capacity remains constant, it is possible to reduce the 159 

communication system's requirement for signal-to-noise ratio by increasing signal bandwidth. 160 
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This implies that reliable information transmission can occur under low signal-to-noise ratio 161 

conditions by increasing signal bandwidth (Qin et al., 2019; Chahrour et al., 2018). Similarly, 162 

increasing signal-to-noise ratio can reduce the communication system's demand for signal 163 

bandwidth. This interchangeability between signal bandwidth and signal-to-noise ratio highlights 164 

the necessity of spread spectrum technology. 165 

At present, the spread spectrum communication systems can be divided into three 166 

categories. The first is DSSS communication system, which directly extends the signal 167 

bandwidth through the spread spectrum code, allowing the communication system to establish 168 

reliable communication in the case of low SNR. The second is FHSS communication system, in 169 

which the carrier frequency is constantly hopping, and the frequency hopping is controlled by a 170 

pseudo-random sequence to ensure that it cannot be easily cracked by the enemy. The third is 171 

time-hopping spread spectrum (THSS) communication system. THSS means that the signal 172 

transmission time is jumping, and the transmitter uses a pseudo-random sequence to control 173 

whether the transmitter sends a signal in a certain period of time. Among the above (Yuchi et al., 174 

2016; Quyen et al., 2017; Cherni et al., 2011), DSSS is the most widely used one, which is also 175 

the focus of this scheme. 176 

The structure of the DSSS system is shown in Fig. 3. At the sending end, the raw data (bit 177 

sequence) is dot-multiplied by a ratio with the spread spectrum code. This introduces a higher 178 

frequency component into the signal, thus extending the spectrum of the signal. The spread 179 

spectrum code is a long sequence, usually pseudo-random, much longer than the original data. At 180 

the receiving end, the received extended signal is affected by noise and interference. To restore 181 

the original data, the receiver must have the same spread spectrum code. The receiver dot-182 

multiplies the received signal with the spread spectrum code to shrink the spectrum of the signal 183 

again and recover the original data. 184 

 185 

Figure 3. Block diagram of direct sequence spread spectrum system composition. 186 

The spread spectrum code in the spread spectrum process plays a decisive role in the 187 

performance of the spread spectrum communication system. The selection of spread spectrum 188 

Source Modulator

Channel

 Demodulator

Spreading Code

Destination

CM Spread 
Spectrum Code 

Synchronization

×

DSSS

×

Spreading Code

Despreading 



manuscript submitted to replace this text with name of AGU journal 

 

code requires attention to its good autocorrelation characteristics and the non-correlation 189 

between each spread spectrum code. The m-sequence is a kind of spread spectrum code that has 190 

been studied widely and applied. The term “m-sequence” is short for the longest linear feedback 191 

shift register sequence ( Wang et al., 2020; Hasjuks et al., 2022). It is a pseudo-random sequence 192 

generated by a shift register with linear feedback. As a spread spectrum code, the m-sequence 193 

has many advantages, including good periodicity, superior autocorrelation, and good mutual 194 

correlation. Fig. 4 shows the auto-correlation and cross-correlation of m-sequence respectively. 195 

 196 

Figure 4. Auto-correlation and Cross-correlation of M-sequence. 197 

2.3 Introduction to alamouti code principle 198 

MIMO represents a breakthrough in wireless communication technology, doubling the 199 

capacity and spectrum utilization of the communication system without increasing bandwidth. It 200 

surpasses the Shannon capacity limit, enabling wireless transmission capacity to approach that of 201 

wired transmission. To approach the channel capacity of wireless MIMO systems in information 202 

transmission, researchers progressively extended the mature coding technology of single-input 203 

single-output (SISO) systems to MIMO systems, giving rise to space-time coding (Abed & 204 

Mohammed, 2019). 205 

Rayleigh fading occurs when wireless signals propagate in complex wireless channels, 206 

and the fading characteristics differ in various spatial positions. If the distance between two 207 

positions exceeds the correlation distance between the antennas (typically more than 10 signal 208 

wavelengths apart), the two signals are considered entirely unrelated (Torabi & Haccoun, 2022; 209 

Mukhtar & Begh, 2022). Consequently, spatial diversity reception of signals can be achieved. 210 

Traditionally, diversity provides independent fading channels to receive multiple copies of the 211 

transmitted signal at the receiver and extract the transmitted signals from them. Since different 212 

bits of information fade independently, the probability that all copies fade deeply at the same 213 

time is very small, allowing the receiver to extract the sent bit from the received signal with 214 

minimal Rayleigh fading (Jang et al., 2019; Zhang et al., 2018). 215 
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Space-time codes are mainly divided into space-time trellis codes and space-time block 216 

codes. The received signal is detected by a maximum likelihood (ML) decoder. The earliest 217 

space-time coding is space-time trellis code (STTC). The number of diversities provided by 218 

STTC is equal to the number of transmitting antennas, and the coding gain depends on the 219 

complexity of code words without sacrificing bandwidth efficiency. While STBC can provide 220 

the same diversity gain as STTC, they lack coding gain. STBC is usually preferred because it 221 

requires only linear processing during decoding. In space-time coding technology, it is generally 222 

assumed that channel state information (CSI) is completely known at the receiver. When CSI is 223 

unknown at both ends, unitary space-time coding and differential space-time coding are 224 

proposed (Yu et al., 2010; Cuvelier et al., 2021). 225 

STBC encodes a certain number of symbols output by the modulator in the wireless 226 

MIMO system into a space-time codeword matrix. A properly designed space-time block code 227 

can provide a certain degree of transmission diversity. STBC is usually completed by linear 228 

processing of input symbols in the complex number field. Therefore, leveraging this "linear" 229 

characteristic, a low complexity detection method can be employed to detect sending symbols. 230 

This paper primarily investigates the implementation of Alamouti coding based on 231 

LABVIEW and MATLAB co-simulation, utilizing two transmitting antennas and two receiving 232 

antennas. The Alamouti coding scheme is a scheme is designed not to require CSI at the 233 

beginning. It encodes the transmitted symbols in both the space and time domains, making it an 234 

STBC structure. In this scheme, two consecutive symbols, 𝑥1 and 𝑥2, are coded according to the 235 

space-time codeword matrix of the following formula (3): 236 

 𝑋 = [
𝑥1 −𝑥2

∗

𝑥2 𝑥1
∗ ] (3) 237 

The Alamouti coded diversity gain is 2. Note that the diversity analysis is based on ML 238 

signal detection at the receiver (Hyeok & JUNG., 2020; Anusha & Rani, 2020). The ML signal 239 

detection for the Alamouti space-time encoding scheme is discussed below, assuming that the 240 

channel gains ℎ1(𝑡) and ℎ2(𝑡) remain the same in two consecutive symbol cycles: 241 

 
ℎ1(𝑡) = ℎ1(𝑡 + 𝑇𝑠) = ℎ1 = |ℎ̇1|𝑒

𝑗𝜃1

ℎ2(𝑡) = ℎ2(𝑡 + 𝑇𝑠) = ℎ2 = |ℎ2|𝑒
𝑗𝜃2

 (4) 242 

Where⁡|ℎ̇1|⁡and 𝜃i⁡represent the amplitude gain and phase rotation in two symbol cycles, 243 

and i=1,2. If 𝑦1 and 𝑦2 represent the received signals at t and 𝑡 + 𝑇𝑠, then the received signals 244 

can be expressed as: 245 

 
𝑦1 = ℎ1𝑥1 + ℎ2𝑥2 + 𝑧1
𝑦2 = −ℎ1𝑥2

∗ + ℎ2𝑥1
∗ + 𝑧2

 (5) 246 

Where z1 and z2 represent the additive noise at 𝑡 and 𝑡 + 𝑇𝑠. The following matrix-vector 247 

expression is obtained by taking the complex conjugate of the second received signal: 248 

 [
𝑦1
𝑦2
∗] = [

ℎ1 ℎ2
ℎ2
∗ −ℎ1

∗] [
𝑥1
𝑥2
] + [

𝑧1
𝑧2
∗] (6) 249 

The subsequent input-output relationships can be derived: 250 

 [
𝑦̃1
𝑦̃2
] = (|ℎ1|

2 + |ℎ2|
2) [

𝑥1
𝑥2
] + [

𝑧̃1
𝑧̃2
] (7) 251 
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From equation (7), it is evident that one antenna does not interfere with the other. In other 252 

words, the unwanted symbol 𝑥2 is removed from 𝑦1, and the unwanted symbol 𝑥1 was removed 253 

from 𝑦2. This elimination is a result of the complex orthogonality of the Alamouti code in 254 

equation (3). This property simplifies the structure of the ML receiver: 255 

 𝑥̂𝑖,𝑀𝐿 = 𝑄 (
𝑦̃𝑖

|ℎ1|
2+|ℎ2|

2) , 𝑖 = 1 (8) 256 

3 Application of joint progamming in CM-DSSS-STBC 257 

3.1 LABVIEW and MATLAB/Simulink hybrid programming method 258 

The co-simulation of LABVEIW and MATLAB/Simulink has been widely applied in the 259 

field of communication. In this study, we employed the collaborative programming of 260 

LABVIEW and MATLAB/Simulink to further validate the communication performance of the 261 

DSSS-STBC communication system. MATLAB/Simulink excels in computing power and signal 262 

processing, surpassing most simulation platforms. However, it doesn't integrate well with 263 

hardware for real-time simulation. On the other hand, LABVIEW is adept at building virtual 264 

instruments through graphical language, making it convenient for real-time interaction with 265 

various test and measurement hardware, although it is less efficient in processing large amounts 266 

of data. Considering the strengths of both MATLAB/Simulink and LABVIEW, we constructed 267 

the communication system model in Simulink, performed data computation and signal 268 

processing in MATLAB, and, through collaborative programming, imported the data into 269 

LABVIEW. This joint programming method is conducive to the application of the 270 

communication simulation system in the interaction experiment between LABVIEW and 271 

instruments. 272 

The integration of LABVIEW with MATLAB/Simulink is a significant approach in 273 

developing intelligent virtual instruments. Both LABVIEW and Simulink use graphical 274 

languages. In this study, the joint programming method was based on the dynamic link library 275 

(DLL) technology to achieve communication between the two software types. A DLL file, as an 276 

executable file, enables programs to share code and resources needed for special tasks (Peng & 277 

Zhu, 2007; Lv & Fu, 2010). 278 

In the combined simulation environment of LABVIEW and MATLAB, the model 279 

interface toolkit (MIT) was essential. MIT supports more than 15 languages, including C/C++ 280 

and LABVIEW. It needed integration and packaging in NI VeriStand. The initial step involved 281 

building a simulation environment for NI VeriStand and MATLAB, associating VC++ and 282 

MATLAB before linking NI VeriStand and MATLAB. Once the environment was successfully 283 

established, the model in Simulink was compiled into a DLL file compatible with NI VeriStand. 284 

Finally, LABVIEW could call the DLL file through the model built by the MIT toolkit.  285 

NI VeriStand is a software environment for configuring real-time test applications. It aids 286 

in configuring the real-time engine of multi-core processors for various tasks, such as analog, 287 

digital, communication bus and I/O interface based on field programmable gate array. NI 288 

VeriStand also supports tasks like triggering multi-file data recording, real-time incentive 289 

generation, computing channel, event warning, and early warning response programs. 290 

Importantly, NI VeriStand can import control algorithms, simulation models, and other tasks 291 

from NI LABVIEW software and third-party environments. The tasks are monitored and 292 

interacted with through a runtime editable user interface that incorporates numerous effective 293 
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tools for mandatory assignments, alert monitoring, I/O calibration, and incentive configuration 294 

editing. Using NI VeriStand does not require programming knowledge, but it can be customized 295 

and extended in various software environments, including NI LabVIEW, American national 296 

standards institute (ANSI) C/C++, and other modeling and programming environments. 297 

NI VeriStand real-time test applications typically encompass one or more real-time 298 

execution targets communicating with the host system via Ethernet. Each real-time execution 299 

target operates the NI VeriStand engine, configured through the Windows primary system, and 300 

deployed over Ethernet. Once the NI VeriStand engine configuration is deployed, interaction 301 

with the test system is possible at runtime using the NI VeriStand workspace window and the 302 

tools it provides, such as the incentive profile editor. 303 

Additionally, joint programming of LABVIEW and MATLAB can be realized through 304 

the following methods: 305 

MATLAB Script node: LabVIEW offers the MATLAB Script node to streamline the call 306 

process. It is worth noting that the MATLAB Script node has clear requirements on the type of 307 

input and output data. Data transmission can only be carried out if the data type in LabVIEW 308 

aligns with the data type in MATLAB. 309 

ActiveX function template of LabVIEW: MATLAB supports ActiveX automation 310 

technology, treating MATLAB as an ActiveX server. The interface function provided by 311 

ActiveX interacts with MATLAB. The ActiveX channel is first established, and then the 312 

function or command is sent to MATLAB through the ActiveX channel. Subsequently, 313 

MATLAB executes it in the background. 314 

Use dynamic data exchange (DDE) technology. DDE provides dynamic data exchange 315 

among programs running on the same computer or different computers. This technology has 316 

found extensive application in control software and information network integration due to its 317 

good real-time performance and easy network communication connection. Dynamic data 318 

exchange is based on Windows messaging mechanism, in which applications exchange 319 

information by conveying messages. Windows DDE uses client/server mode for messaging. The 320 

client serves as the requestor and receiver of data, while the server functions as the provider of 321 

data. The data transmission process involves three steps: request, reply and transmission (Huang, 322 

2009). 323 

3.2 Integrated model design for joint programming 324 

The Simulink simulation model, as depicted in Fig. 5, illustrates a series of steps. First, 325 

the randomly generated binary number undergoes dot multiplication with the spread spectrum 326 

code, serving as a signal to extend the bandwidth of the original signal through DSSS. In a 327 

spread spectrum system, different spread spectrum gain can be obtained by changing the length 328 

of spread spectrum code. Subsequently, the signal the BPSK modulator block as a vector. The 329 

input vector is then subjected to orthogonal space-time coding to support both the time and space 330 

domains of orthogonal space-time block code (OSTBC) transmission. This coding scheme also 331 

includes an optional dimension, representing the frequency domain where encoding 332 

computations are independent. This dimension can be considered as the frequency domain. 333 

Given that there are 2 transmitting antennas, in each matrix, the entry (l,i) represents symbols 334 

sent from the ith antenna in the first time slot. The value of i ranges of 1 to 2, and the value of l 335 

spans from one to the total length of the code block. 336 
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 337 

Figure 5. Simulation model for circular mapping multi domain joint coding based on 338 

Simulink. 339 

After traversing the Rayleigh fading channel and Gaussian white noise channel, the 340 

signal undergoes joint decoding. The OSTBC combiner block amalgamates the input signal, 341 

derived from all receiving antennas, with the channel-estimated signal. This process aims to 342 

extract soft information concerning the symbols encoded through OSTBC. During the 343 

transmission of each codeword block, the input channel estimation may vary. In a MIMO 344 

communication system, a symbol demodulator or decoder follows the combiner block. This 345 

block conducts the combination operation for each symbol independently, and the decoding 346 

algorithm of this module is calculated according to the ML. After demodulation by BPSK, the 347 

signal needs to undergo dispreading. Pseudo-code synchronization is crucial, and this paper 348 

achieves it by connecting the same spread spectrum code module and incorporating a delay 349 

module. After synchronization, the signal is dot-multiplied with the spread spectrum code again 350 

to complete the signal dispreading. The model developed in this paper includes NI VeriStand 351 

Out before spread spectrum, after spread spectrum, after Alamouti encoder, and after Alamouti 352 

decoder. With these modules added, we can export output data or modify and set input data in 353 

LABVIEW. 354 

After building the model in Simulink and running it successfully, proceed to convert the 355 

graphical model into a code file. During the actual code conversion process, there were 356 

occasional disruptions in the interface order. In essence, the Simulink input interface of the 357 

controller became disordered after DLL conversion. To avoid this error, it is crucial to verify the 358 

DLL input and output interfaces after each code conversion. The above is to complete the 359 

generation of the DLL file. It should be emphasized that generating a DLL file through Simulink 360 

was essentially the process of generating C or C++ code from the model, which can be used for 361 

embedded systems or hardware implementations, so a fixed-step solver must be used. 362 

Fig. 6 shows the system simulation control Model built in LABVIEW. The "Model Path" 363 

function is used to input the path of simulation data file output from Simulink, and “Load 364 
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Model” loads the imported model into memory, preparing it for execution. This VI must be 365 

called to load the model before it can be executed in the control loop. “Model Period” outputs the 366 

running rate (in seconds) of the compiled model. A model is set to run at a certain rate, or step 367 

size, as defined in the build options when the model is compiled. However, the rate at which the 368 

Model Interface API actually steps the model is determined by how often the “Take Model Time 369 

Step” is executed in your application. The role of the “Take Model Time Step” is that write to 370 

model imports, run the model for one time step, and return values from outports. “NI In” and “NI 371 

Out” respectively correspond to the same module in Simulink. 372 

 373 

Figure 6. Simulation control system based on LABVIEW. 374 

Fig. 7 illustrates the DSSS-STBC simulation model of joint programming designed in 375 

this paper. One part comprises the DSSS-STBC model based on Simulink, while the other part is 376 

the simulation control model based on LABVIEW. The two models exchange data through the 377 

NI interface. LABVIEW transmits the modified SNR Settings to the Simulink model through the 378 

NI interface. Simulink conveys signal processing in the simulation process to LABVIEW 379 

through NI interface, encompassing signal source, spread spectrum signal, Alamouti coded 380 

signal, Alamouti decoded signal, BPSK demodulation signal, and the BER of the entire Simulink 381 

model communication simulation process. 382 

 383 

Figure 7. System composition diagram. 384 
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The output of the Simulink system model, denoted as 𝑆[𝑛], where n is the time index, is 385 

represented as follows in the data transmitted to LABVIEW: 386 

 𝐿[𝑛] = 𝑆[𝑛] (9) 387 

Here, 𝐿[𝑛] is the signal passed to LABVIEW. This is a simplified description, and in 388 

reality, more details may be required, with the crucial aspect being the correct configuration of 389 

the data transfer interface between these two environments. The accuracy and abstraction level of 390 

the mathematical model depend on the model's purpose. In the context of this paper, the 391 

composite model is primarily implemented through the interface of the DLL file generated by 392 

Simulink and the calling operations in LabVIEW. This represents a high-level model, focusing 393 

on the system's components, interactions, and fundamental operations. 394 

 395 

Figure 8. The model interaction diagram of the integrated system. 396 

As shown in Figure 8, the model interaction diagram of the integrated system depicts the 397 

relationship between data input and output in the composite system. The NI interface in Simulink 398 

belongs to the NI VeriStand module. Therefore, the data, including NI In1, NI Out1, NI Out2, NI 399 

Out3, and NI Out4, output by Simulink will be shared with NI VeriStand and undergo 400 

processing. When running the NI VeriStand or Model Interface Toolkit test application, this 401 

application executes functions defined in the NI VeriStand model framework file. These function 402 

calls invoke functions in the model code, which, in turn, convert user-defined data types, 403 

initialize the model, and increment the time step in NI VeriStand. For instance, functions 404 

exported by the NI VeriStand model framework will call functions in the model code output by 405 

Simulink. During model execution, the test application can interact with the model by writing 406 

data to model inputs, reading data from model outputs, and adjusting model parameter values. 407 

LABVIEW can load and execute the model output from Simulink using the NI VeriStand model 408 

framework. LabVIEW VI models can be converted into compiled “lvmodel” files. Once the 409 

compiled “lvmodel” is deployed to the real-time target, NI VeriStand automatically copies the 410 

required DLL files to the target. 411 
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4 Experimental results 412 

The LABVIEW-based simulation control model can modify and display Simulink models 413 

imported into LABVIEW in real time, and the total number of bits increases with continuously 414 

with the running time. As shown in Fig. 9, when comparing the bit error rates of Alamouti 2 × 2, 415 

Alamouti 2 × 1, and a single antenna transceiver, it can be clearly observed that performance of 416 

Alamouti 2 × 2 is the best. The comparison plot of the BER is derived from the BER calculation 417 

module in Simulink, which stores the output BER in the workspace and outputs its relation to 418 

SNR as an image. 419 

 420 

Figure 9. Comparison diagram of bit error rate of Alamouti coding. 421 

 422 

Figure 10. The time domain diagram of the spread spectrum code, the original signal and 423 

the signal after spread spectrum. 424 

Fig. 10 illustrates the time domain diagram of the spread spectrum code, the original 425 

signal, and the signal after spread spectrum. The code rate of the original signal is 1kb/s, and the 426 

spread spectrum code has a code length of 31 bits with a rate of 31 kb/s. From the time-domain 427 

waveform, it is evident that the original signal became faster, and the symbol becomes narrower 428 

after the spread spectrum. In Fig. 11 and Fig. 12, the frequency domain diagrams of the original 429 

signal and the spread spectrum signal are presented. When the spread spectrum factor is 31, the 430 
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signal bandwidth after spread spectrum extends by 31 times, and the signal spectrum after spread 431 

spectrum typically exhibits lower peak power because the signal energy is spread over a larger 432 

frequency band. The broadening of the spectrum implies that the signal is more evenly 433 

distributed across the frequency domain, and the energy of the signal is dispersed, facilitating 434 

easier signal transmission in interfered environments. The characteristic underscores one of the 435 

advantages of DSSS technology in terms of anti-jamming and anti-multipath fading. 436 

 437 

Figure 11. Original signal spectrum diagram. 438 

 439 

Figure 12. Spectrum diagram of spread spectrum signal. 440 

 441 

Figure 13. The signal transmitted by the first antenna in the Simulink model. 442 

Fig. 13 and Fig. 14 display the signals transmitted by two antennas in the Simulink model 443 

respectively, encoded by Alamouti. Subsequently, these signals undergo filtering through a 444 

MIMO multipath fading channel, with the addition of Gaussian white noise. Upon reaching the 445 

receiver through the channel, Alamouti decoding is performed. The received signals are then 446 

combined, taking into account the channel estimate based on OSTBC. As shown in Fig. 15, the 447 

OSTBC Combiner block merges the input signal (from all receive antennas) with the channel 448 
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estimate signal to extract soft information about the symbols encoded using OSTBC. It's 449 

noteworthy that the input channel estimate may vary during each codeword block transmission, 450 

and the combining algorithm uses only the estimate for the first symbol period per codeword 451 

block. A symbol demodulator or decoder would follow the Combiner block in a MIMO 452 

communications system, conducting the combination operation independently for each symbol. 453 

 454 

Figure 14. The signal transmitted by the second antenna in the Simulink model. 455 

 456 

Figure 15. Alamouti decoded signal in the Simulink model. 457 

 458 

Figure 16. A comparison of the BER was made among the Alamouti 2 x 2 model without 459 

multi-domain joint coding, the DSSS-STBC system based on m-sequences, and the multi-460 

domain joint coding communication system based on circular mapping. 461 
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As shown in Fig. 16, a comparison of the BER is conducted among the Alamouti 2 x 2 462 

model without multi-domain joint coding, the DSSS-STBC system based on m-sequences, and 463 

the multi-domain joint coding communication system based on circular mapping. It can be 464 

observed that the communication performance of the multi-domain joint coding system based on 465 

circular mapping was superior. Fig.17 depicts the signal before and after spread spectrum, the 466 

output from the first transmitting antenna, the output from the second transmitting antenna, and 467 

the signal from Alamouti decoding output in the LABVIEW model. It can be seen that this paper 468 

successfully imported model data from Simulink into LABVIEW and is capable of real-time 469 

display and observation of the model data. Ultimately, it achieves the Alamouti encoding model 470 

based on the collaborative simulation of LABVIEW and Simulink. 471 

 472 

Figure 17. The signal transmitted by the first antenna in LABVIEW. 473 

5 Conclusions 474 

The multi-domain joint coding scheme based on circular mapping integrates DSSS with 475 

Alamouti coding, and convincingly demonstrates that the communication system can process 476 

signals through the time domain, space domain and power domain. Secondly, compared with the 477 

traditional pseudorandom sequence, the circle mapped chaotic sequence proves to be more 478 

suitable for spread spectrum communication, enhancing communication's resistance to 479 

interference. In this paper, the model is successfully built, and the signal is processed in 480 

Simulink. The code generated in Simulink is imported into the simulation control model in 481 

LABVIEW. The data interaction between the two platforms is successfully realized, verifying 482 

the correctness and integrity of the communication scheme. The co-simulation of LABVIEW 483 

and Simulink effectively promotes the application and expansion of DSSS-STBC technology. In 484 

subsequent research, the content of this paper holds significant reference value for the real-time 485 

interaction between the communication scheme and the instrument. Additionally, the multi-486 

domain joint coding communication scheme based on circular mapping proposed in this paper 487 

contributes to the research on communication security and reliability in other fields. 488 
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