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 Abstract - The error vector magnitude (EVM) is extensively 

applied as a metric for digital transmitter signal quality compliance in 

modern communication systems. In cooperative communication, 

signal carrier frequency and symbol rate are predicted, and the 

reference signal can be recovered from demodulated symbols directly. 

However in non-cooperative communications, the signal carrier 

frequency and symbol rate are estimated. Since the demodulation and 

EVM are very sensitive to symbol rate, we focus on the EVM of 

non-cooperative communication in this paper. In our proposal， a 

novel wavelet-based EVM recovery of reference signal is presented. 

This method can recover reference signal accurately to achieve the 

true EVM, if the estimation error of symbol rate has been bounded 

within a small range. The experimental results depict the validity of 

our algorithm. 

 Index Terms - EVM, Wavelet, Non-cooperative communication. 

1.  Introduction 

 The error vector magnitude (EVM) is extensively applied 

as a metric for digital transmitter signal quality compliance in 

modern communication systems, that is used to measure the 

difference between the expected complex voltage value of a 

demodulated symbol and the value of the actual received 

symbol. Moreover, the bit error rate gives a “go,” “no-go” 

level of system characterization. EVM can be more useful to 

the microwave engineering because it contains information 

about both amplitude and phase errors of the signal, [1], [2]. 

EVM encapsulates many nonidealities of the transmitter, 

including inter symbol interference, mismatches, non-linearity, 

phase noise and spurs, and carrier leakage [3]. Such additional 

information allows a more complete picture of the channel 

distortion and is more closely related to the physics of the 

system. 

 The predecessors have accumulated a lot of research 

findings [4], [5], [6] of EVM measurement algorithms for 

cooperative communication  systems.  However, these 

methods cannot be adopted to non-cooperative communication 

systems. In cooperative communication systems, there is much 

prior knowledge on receivers and  signal, many data-aided 

algorithms may be adopted in the receiver. However in non-

cooperative communication systems, there is almost no 

knowledge on the intercepted signal of receiver. In this case, 

only blind signal processing can be used. How to capture 

information from a received signal without any prior 

knowledge is still an important and difficult problem to be 

solved. 

 To calculate the EVM in non-cooperative communication, 

the parameters of the signal must be estimated first, and the 

accuracy of these parameters estimated will affect EVM 

precision greatly. For example, small errors of the frequency 

offset or the symbol rate estimated will lead to a large error of 

EVM estimated. In this paper, a novel EVM calculation 

method based on wavelet method is proposed. In our 

algorithm， if symbol rate estimation error is within a certain 

range, the influence of the parameters estimated on the EVM 

can be effectively restricted. In this paper，Haar wavelet  is 

used to locate the transition point and recover the reference 

signal. 

2. Error Vector Magnitude 

 In wireless communication systems, the magnitude and 

phase of signals in receiver are different from that in 

transmitters due to nonideal modulation and transmission. 

From another point of view, measured vectors are different 

from ideal vectors (or reference vectors) in the complex plane 

and error vectors are used to represent the difference. Figure l 

illustrates the concepts of measured vectors, reference vectors 

and error vectors. EVM defines the relationship between error 

vectors and reference vectors which is given by: 
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Let e(k)= s(k) - z(k) ,Where ( )s k  is the reference sequence of 

complex symbols, ( )z k is the measured sequence of complex 

symbols, after best-fit procedure, and ( )e k  is the complex 

error sequence. The symbol error vector of ( )e k is formed 

using the best-fit amplitude normalized, time synchronized, 

and frequency/phase aligned sampled symbol waveform over 

the measurement time interval. In practical measurement of 

EVM, if the explicit reference waveform is not available, 

demod-remod is used to generate a reference waveform. 
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Fig 1. Error Vector Magnitude 

 3. EVM testing flow 

 As shown in Figure 2, in a cooperative communication, 

the symbol rate used in the ideal modulation process is known 

exactly in advance, and reference signal can be directly 

obtained by modulating[7], [8]. However, in a non-cooperative 

communication, as shown in Figure 3, carrier frequency,  

symbol rate estimated information, and the estimation 

accuracy of these parameters,  affect that of the EVM. 

Specifically, the error of offset estimation will lead to phase 

drift of baseband signal, and the symbol rate error will result in 

that the reference signal and the measuring signal cannot be 

synchronized, as shown in Figure 4. Even if the signal is the 

same as the initial phase, and the time domain synchronization, 

the accumulated error will corrupt the synchronization of the 

reference signal and the measuring signal. 

 Considering this issue, in this paper we propose a novel 

method of calculation of EVM. The wavelet-based approach 

detects the symbol transition point and recover the reference 

signal. If the estimation of symbol rate has a bounded bias, our 

proposal can also provide a reasonable reference signal to 

eliminate the influence of inaccurate estimation of the signal. 
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Fig 2.  EVM calculation process of cooperative communication baseband 

signal  
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Fig3.  EVM calculation process of non-cooperative communication baseband 

signal 

       
                                                                  Number of sampling date 

Fig 4. The comparison between the reference signal directly recovered and 

the measured signal 

A. Wavelet Model 

 A communication signal analytical expression is 

( )
( ) ( ) ( ) ( ) ( )c cj t

x t s t n t s t e n t
 

                    (2) 

Wherein, ( )x t is a complex signal, ( )s t  is the modulated 

complex signal, ( )n t  is the additive white Gaussian noise, 

c is carrier angular frequency, 
c is a carrier initial phase，

and ( )s t  is the base band signal. The MPSK signals ，for 

example, can be expressed as: 

( ) ( )nj
s

n

s t A e u t nT                     (3) 

Where A  is the signal amplitude, n  is the phase of the n-th 

element of the signal, ( )u t  is a unit step function, sT  is a 

symbol length. 

 In this paper, using continuous wavelet Transform[9],[10]: 

*1
( , ) ( ) ( )

t
CWT a s t dt

aa


 


               (4) 

Where ( )s t  is the signal being measured, ( )t  is the mother 

wavelet function, * represents a conjugate. a  is the scale, and  

  is the displacement. 

 We chose Haar wavelet and its expression with the 

follows[11] : 
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 Wavelet transform of digital MPSK signal is divided into 

the phase continuous interval and phase discontinuity interval. 

In phase continuous interval: 

    24
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 In the discontinuous phase interval, n , 
1n 

, 

respectively, for the phase of the signal of the n-th and

（n+1）-th symbols, and at , ( 0)d d  : 
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Similar results when 0d  . 

 From the above two equations, within a cycle or a cycle 

within the same symbol, the modulus of the wavelet coefficient 

is a constant. When the symbol transitions, the coefficients will 

be changed, and in the transition point, a maximum is 

generated. 

B. Wavelet scale selection and the extraction of the extreme 

points 

The key of extracting symbol transition point is selecting 

the correct wavelet scale.[12] The smaller the choice of 

wavelet scales, the higher the accuracy estimated , 

unfortunately, but more easily influenced by the high-

frequency noise, stability correspondingly deteriorated. The 

larger the choice of wavelet scales, the better stability 

estimated, however, when scale beyond the length of the 

symbol, the symbol transitions can not be detected. Taking 

into account the cyclical nature of the signal sign change, 

select / , (0.4 1)a c R c   as wavelet transform scale [13], 

wherein R is the estimated value of the signal symbol 

rate[14]. This can effectively resist the influence of high 

frequency noise, to ensure the detection of symbol transition. 
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Fig 5.  signal waveform and the wavelet transform  (a)BPSK modulated    

baseband signal without noise.  (b)BPSK modulated baseband signal 

with noise. (c)Wavelet transform coefficient modulus value 

 As can be seen from Figure 5, the wavelet coefficient 

modulus maxima correspond to the symbolic transition point, 

consistent with the theoretical analysis of the results.  In order 

to eliminate the the noise pseudo extreme points caused by 

envelope fluctuations, and extract modulus maxima [14], we 

select a threshold value threshold 
hT  to  denoise 

| ( , ) |CWT a  .For BPSK signals, we select 

max(| ( , ) |) / 2hT CWT a   (large number of simulation 

experiments permit this threshold for BPSK, QPSK, and 8PSK 

signal have good results in different SNR) as the denoising 

door limit threshold . The wavelet coefficients modulus value 

of the signal after denoising can be expressed as: 

| ( , ) | | ( , ) |
| ( , ) |

0 | ( , ) |

h

h

CWT a CWT a T
CWT a

CWT a T

 





 



     (8) 

Set 0.5 / R as window length,  extract local maxima of 

| ( , ) |CWT a  to locate the symbol transition 

point , (1 )
i

P i N  , where i  represents the serial number of 

the transition point, and N is the number of transition points. 

     Set the extreme point as symbol switching point, set 

judgment of the mean phase between the two transition points  

as  the phase value between switching point, set the mean 

amplitude of the signal as amplitude, we can get the reference 

signal. This signal as the reference signal can effectively 

eliminate the reference signal recovery errors caused by 

symbol rate estimation deviation. 

4. Simulation and analysis 

 In order to evaluate the EVM measurement algorithm 

proposed in this paper, a simulation platform is set up. The 

signal is generated by signal generator and processed by 

Matlab software. We employ QPSK and BPSK as measuring 

signal modulation scheme, with the signal sampling rate 

=30MFs , the symbol rate   =1MR , =20dBSNR , the estimation 

error of the symbol rate is 5%. Figure 6 (a) is the comparison 

of the reference signal recovered directly by the symbol rate 

estimated and the measured signal. It can be seen, the both 

signals on the phase of the initial moment is aligned. With the 
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time, the phase deviation between reference signal and the 

measurement signal in the time domain is on the grows, which 

is the cause of the deviation of the symbol rate estimates. In 

Figure 6 (b) we use the method in this paper to recover the 

reference signal. It can be seen that the phase of the reference 

signal and the measurement signal in the time domain is 

always consistent. Figure 7 shows the EVM comparison of the 

proposed method and the direct recovery method with 

different modulation and signal-to-noise ratio. Also the 

proposed method has better results under different signal-to-

noise ratio and modulation. 

 
Number of sampling date 

(a) 

 
Number of sampling date 

(b) 

Fig 6. The comparison between the reference signal and the measured 

signal(a) Directly recover method(b) Method proposed 

 
SNR (dB) 

Fig 7. The comparison of EVM between proposed method and directly 

recover method 

5. Conclusion 

 This paper proposes an EVM testing method of non-

cooperative communication signals based on wavelet 

detection. This method can recover the reference signal in the 

case of deviation of estimated symbol rate, and achieve an 

reasonable EVM calculation. Experimental results show that 

this method corrects the detection caused by the error 

parameter estimation, is more robust to noise, and applies 

EVM calculation to non-cooperative communication signals. 
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