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ABSTRACT 
 

Software radio is a new concept emerging in military communication and commercial wireless 
communication systems. Its kernel idea is to give a support with rapid building the flexible, modular, 
multiband and multimode wireless systems. This paper aims at programmable detection module in 
software radio application. It uses adaptive software to realize the detection function, this will greatly 
enhance the wireless receivers’ flexibility and intelligent process. From the simulation results of 
MPSK adaptive detection software, it can be concluded that adaptive software makes the system 
easy to realize detection function for various applications. 
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INTRODUCTION 
 
Recently, software radio concept has emerged from military research to commercial wireless 
communication systems, especially in mobile communication systems. Therefore, it will become a 
cornerstone of third-generation (3G) strategies for global communication. Its kernel idea is to give a 
support with rapid building the flexible, modular, multiband and multimode wireless systems, and 
reprogramming for new standard. Software radio essentials include wideband analog to digital (A/D) 
convectors, digital to analog (D/A) convectors and high performance digital signal processing (DSP) 
chips, and moving the software defined radio waveforms from baseband to IF or RF. Among these, 
software programmability of modulation and detection functions is one of the basis functions which 
software radio can realize. Moreover, the software radio industry standard forum —
Software-Defined Radio (SWR) Forum —defines that SWR can use adaptive software and flexible 
hardware platform to solve those problems which caused by conventional improvement and 
technology reformation. So, we consider whether the adaptive software could be used in radio 
receiver’s detection. This is the principal purpose of this paper. 
 
Usually, receiver’s detection function using software radio technology is implemented by software 
modular. According to practical environment, the software module may easy to be updated. 
Consequently, it achieves the goal of detecting several kinds of modulated waveforms. However, 
such software has some restrictions that the modulated scheme must be known beforehand. On the 



 

 

basis of signal’s characteristics, if the receiver could extract the characteristic of the modulated 
scheme, this will greatly enhance the wireless receivers’ flexibility and intelligent process. The 
diagram of digital detection software module in universal wireless communication channel is shown 
as Figure 1. Here, adaptive detection module’s function is to detect the modulated waveforms 
corresponding with their modulation characteristics, equalizer can eliminate inter symbol 
interference (ISI), forward error correction (FEC) is used to reduce the bit error probability. 
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Figure 1  Software digital detection and decoding 

 
 

M-ary PSK DIGITAL MODULATION  
 
M-ary phase shift keying (MPSK) is very familiar in modern digital communication modulation. 
This paper is focus on how to realize the MPSK adaptive detection, other digital modulation schemes 
are similar to MPSK adaptive detection in principle, but their realization may be more complexity. 
The characteristics of MPSK modulation and detection are described as follows. 
 
MPSK carrier phase have M values, usually it chooses M=2n, n is a positive integer, the phase value 
often are at same intervals, i.e. 
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where ϕ  is the initial phase. For rectangle envelope MPSK, its modulated signal’s time-domain 
expression is 
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where Ts is the symbol duration, Es is the unit symbol’s signal energy, rect denotes rectangle 
function, 
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)(nθ  is the carrier phase at t=nTs, { } 1,...,1,0,)( −=∈ Min iθθ . Derived from the Formula (2) 
and suppose the initial phase ϕ =0, then 
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Moreover, it can be simplified as 
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From the MPSK expression (4), it can be concluded that MPSK signal may use two orthogonal 
carrier signals to realize the coherent detection. Figure2 is depicted the MPSK coherent demodulator 
block diagram. 

BPF

MPSK

Signal

cosωct

Integrator
Sample

Decision

Bit Timing

Recovering

Integrator Sample
Decision

sinωct

I(t)

Q(t)

Parallel to serial

converter

Figure 2  MPSK coherent demodulator block diagram
 

 
Usually the MPSK carrier synchronization process has an M-fold ambiguity, except for using 
differential encoding/decoding technology to overcome the phase ambiguity problem, we can also 
use the unique code as fixed message head (such as 13 bit Barker code) to overcome this problem. 
Using software modulation/detection, fixed message head is easy to be implement. 
 
 

IMPLEMENT OF MPSK ADAPTIVE DETECTION 
 
To implement MPSK adaptive detection, we first need the software programming of MPSK 
modulation. Suppose the channel is ideal channel, only exists additive white Gaussian noise 
(AWGN). According to the received waveforms’ characteristics, it uses programming to realize the 
MPSK adaptive detection. Among these, the most important problem is the decision of M value. The 
method used in this paper is to get hold of the characteristic of the modulated waveforms’ phase 
route. With the characteristics, we can easily distinguish the modulation schemes. For examples, at 
the symbol transition moment (i.e. symbol transition point), BPSK may be has a 0 and π ambiguity, 
and that QPSK may be produce ±π/2 and π phase change ambiguity. According to the phase 
characteristic, we may transmit a segment of pure carrier at the transmitter. During the receiving 
period, first the local carrier will be synchronized with the carrier through phase lock loop (PLL), 
then the received waveform’s phase is compared with carrier phase, and the phase route change 
curve is obtained. Afterward, the phase route curve is compared with the modulated waveform’s 
phase route of those known modulation schemes, then the modulation method which is the 
transmitter accepted can be estimated accurately. The initial phase is depended on the demodulation 
of the fixed message head. Adaptive detection flow chart is shown in Figure3. 
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Figure 3  MPSK adaptive demodulation program flow chart 

 
Figure 4(a) shows the BPSK modulated data, Figure 4(b) demonstrates the BPSK modulated 
waveform, and Figure 4(c) demonstrates the demodulated waveform, the Figure 4(d) is the 
constellation diagram of BPSK signal set. When the data polarity is changed, the phase has an abrupt 
180° transform, so the vector change only has two states and gets across the origin point. During 
the application comparison, suppose carrier wave frequency fc=107Hz, sampling frequency is fs=4fc. 
Here, the two states of BPSK is list as follows: 
 
      0: 1 0 -1 0 1 0  -1 0 
      1: -1 0 1 0 -1 0 1 0 
 
Therefore, it is quite easy to identify the BPSK modulated signal. 
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Figure 4  BPSK modulation and detection waveform and constellation diagram 



 

 

 
Figure 5(a) shows the QPSK modulated data, Figure 5(b) demonstrates the QPSK modulated 
waveform, and Figure 5(c) demonstrates the QPSK demodulated waveform, the Figure 5(d) is the 
constellation diagram of QPSK signal set. Four vertexes in constellation diagram stand for QPSK 
signal’s four possible phases in one symbol interval Ts. For QPSK, data of I and Q two channel is 
`uniform on time edge. Thus, when the I and Q data polarity are changed at the same time, vector 
overpasses the origin instantaneously and the phase abruptly changes 180 degrees; whereas when 
only one channel data polarity is changed, vector of QPSK signal is transformed from one point to 
the adjacent point along the side of the square, that is to say, the phase has an abrupt 90 degrees 
change. The four states of QPSK is list as follows: 
 
      0 (00):  1  0  -1  0  1  0  -1  0 
      1 (01):  0  1  0  -1  0  1  0  -1 
      2 (10):  -1  0  1  0  -1  0  1  0 
      3 (11):  0 -1  0  1  0  -1  0  1 
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Figure 5  QPSK modulation detection waveform and constellation diagram 
 
Figure 6(a) shows the 8PSK modulated data, Figure 6(b) demonstrates the 8PSK modulated 
waveform, and Figure 6(c) demonstrates the 8PSK demodulated waveform, the Figure 6(d) is the 
constellation diagram of 8PSK signal set. There are 8 points equally distributed on the unit 
circumference, it stands for eight states of 8PSK, shown as follows: 
 
      0 (000):  1  0 -1  0  1  0 -1  0 
      1 (001):  α  α - α - α  α  α - α - α 
      2 (010):  0  1  0  -1  0  1  0  -1 
      3 (011): - α  α  α - α - α  α  α - α 
      4 (100):  -1  0  1  0  -1  0  1  0 
      5 (101): - α - α  α  α - α - α  α  α 
      6 (110):  0  -1  0  1  0  -1  0  1 
      7 (111):  α - α - α  α  α - α - α  α 
where α =0.7071. 
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Figure 6  8PSK modulation detection waveform and constellation diagram 
 
 

SIMULATION PERFORMANCE ANALYSIS 
 
In this paper, it gives the software simulation of system decision probability with different 
modulation types in demand. According to the simulation data, we can get Figure7. Mmax=4 indicates 
that it only need distinguish BPSK and QPSK two modulation schemes; Mmax=8 indicates that it need 
distinguish BPSK, QPSK and 8PSK three modulation schemes; and Mmax=16 indicates that it need 
distinguish BPSK, QPSK, 8PSK and 16PSK four modulation schemes. 
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Figure 7  Mmax and decision probability relationship in MPSK adaptive detection 

 
From the performance curves, it can conclude that the value of Es/n0 is ratio to MPSK correct 
detection probability. Selecting the appropriate Es/n0 value may assure the stated correct detection 
probability. When Mmax=16, if Es/n0 is not lower than 30dB, then the correct detection probability 
may obtain about 93%; When Mmax=8, if Es/n0 is not lower than 15dB, then the correct detection 
probability may obtain about 93%; When Mmax=4, it only need assure Es/n0 is not lower than 10dB•



 

 

the correct detection may be around 97%. All above-mentioned data is based on the hypothesis of 
transmitting them through AWGN channel without equalizer. 
 
 

CONCLUSION 
 
Obviously, for discontinuous phase route modulation, we can identify them through each phase route 
properties (for example, whether the phase route is a line or a curve and the curve’s slope) These can 
all be implement by software. These are involved in many specific problems, such as differential 
encoding MPSK and filter before modulation. We need distinguish them according to their new 
property on phase. In brief, software adaptive detection can be realized in a certain range. It will 
satisfy the flexibility demands in military communication; on the other hand, it also can adapt to 
develop adaptive software using in various commercial application environments. 
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