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Abstract 

The traditional detection methods are easily affected by noise. It is difficult to extract 

the useful signal from the power traveling wave which is submerged in a lot of noise. A 

method using digital lock-in amplifier is proposed for detecting the power traveling wave 

signal. The basic principles of the lock-in amplifier are studied. Virtual instrument 

language LabVIEW is used to design the digital lock-in amplifier. It is able to extract the 

corresponding frequency components of the power traveling wave signal. As the front 

panel and the flow sheet of the digital lock-in amplifier are presented, the design of each 

module is introduced in detail. The experimental research on detecting signals containing 

noise and not containing noise are carried out, respectively. The results of experiment 

show that the presented digital lock-in amplifier can accurately extract the corresponding 

frequency components of the power traveling wave signal. Moreover, with the increase of 

the noise amplitude, the root mean square error of the output signals varies little. The 

presented digital lock-in amplifier is able to cancel the effect of noise. Therefore, it is a 

powerful tool to detect and extract the power traveling wave signal. 

 

Keywords: traveling wave, signal detection, digital lock-in amplifier, LabVIEW, virtual 

instrument 

 

1. Introduction 

A large number of random noises exist in the work environment of the travelling-wave 

fault location device, restricted by transformer bandwidth and the analysis method. 

Therefore, it is difficult to separate the noise and useful signal. In process of collection 

and analysis, the traveling wave signals along with high frequency and weak amplitude 

are more susceptible to noise interference. It will cause the extracted traveling wave 

signal data not accurate and have impact on the position accuracy [1-6]. In Literature [7], 

we design a kind of filter installing in line roadside in order to obtain the wave signal, 

which combine capacitive voltage transformer and high-voltage coupling capacitor, but 

the filtering effect is not obvious, traveling wave signal is still affected by noise 

interference. In Literature [8], we adopt the method of narrowband filtering to restrain the 

high-frequency component from line outside, by adjusting the filter pass-band. We can 

make it just as the resistance filter to achieve filtering, but it can only get the traveling 

wave signal in the pass-band instead of getting the full wave signal. In Literature [9], In 

view of the traditional capacitive voltage transformer, we know that it can't pass and 

change the transient high-frequency signal, we can use capacitive voltage transformer or 

the casing end screen capacitance of the current transformer to extract voltage traveling 

wave. In Literature [10], it adopts the method of mathematical morphology to achieve the 

suppression of noise interference and extract traveling wave signal. The results were 

slightly better than the wavelet algorithm, but after de-noising, the wave-head steepness is 
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reduced, the traveling wave signal amplitude is weakened. In Literature [11], by getting 

the cable’s current traveling wave signal by the hall sensor, data acquisition card work in 

fault-current traveling wave to conduct high-speed sampling and storage control, but it 

still did not consider the errors caused by noise. 

The lock-in Amplifier is a kind of device which act on alternating signal phase 

sensitive detection and use the filter device to restrain noise interference, it can effectively 

extract the useful signal from the signal containing noise, it has such advantages as high 

sensitivity, strong processing capacity, simple operation, precision advanced features, 

etc., [12, 13], but the lock-in amplifier’s development cycle is long, is difficult to 

maintenance, versatility is not strong, greatly influenced by environmental factors in 

actual application. Virtual instrument language LabVIEW With features strong 

commonality, portable, easy maintenance, etc., [14] It is available to develop digital 

Lock-in Amplifier to replace the current chip-style Lock-in Amplifier, and it also further 

improves the precision of the Lock-in Amplifier and expands its generality. 

Therefore, this paper proposes the application of the digital lock-in amplifier to power 

traveling wave signal detection, based on the fundamental principle of lock-in amplifier 

analysis and research. Under the help of virtual instrument language LabVIEW, we can 

design the digital lock-in amplifier whose detection signals corresponding to the 

frequency of the traveling wave signal. The digital lock-in amplifier block diagram and 

front panel have given. The block diagram gives a detail description about the design of 

each module. Finally, we carry out detecting experiment on the traveling wave signal 

containing noise and not containing noise. The detection results were analyzed and 

compared. 

 

2. The Basic Principle of Lock-in Amplifier 

The Lock-in amplifier is based on the cross-correlation signal detection. It is a kind of 

device which adopts Cross-correlation calculation between the detected signal and the 

same frequency reference signal to achieve signal detection [15, 16]. Due to various 

signals component is included in the detected signal, the lock-in amplifier adopts 

heterodyne oscillation technology, transforming the signal component which same as the 

reference signal frequency into the DC signal, while the other frequency components are 

converted into AC signal, filtered by the low- pass filter. Accordingly, the lock-in 

amplifier applies phase-sensitive detection to detect the same frequency component 

between the signal containing noise and the reference signal. It can extract the frequency 

component corresponding to the traveling wave signal from a large number of noise 

signals. The principle of Lock-in amplifier is shown in Figure 1. 

Supposing the input signal is Vi(t), the reference signal is VR1(t) and VR2(t). The 

amplitude of the output signal is Vs1. The output signal phase is  . PSD1 and PSD2 are 

multipliers. LPF is a low-pass filter. I and Q are low-pass filter output signal. 

Supposing the input signal is:  

1 1 1
( ) s in ( )  

i s
V t V t                                                            (1) 

Where t represents time, ω1 is the angular frequency of the signal Vi(t), 1 is the initial 

phase angle of the signal Vi(t). 
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Figure 1. Block Diagram of Digital Lock-in Amplifier 

Assuming the initial phase angle of the reference signal VR1(t) and VR2(t) is 0, 

1 1 2
( ) s in ( )

R
V t V w t                                                           (2) 

2 2 2
( ) c o s ( )

R
V t V w t                                                          (3) 

Where V1 is the amplitude of the signal VR1(t), V2 is the amplitude of the signal VR2(t), 

the signal VR1(t) and VR2(t) in the same frequency, angular frequency both are ω2. 

Assuming V1=V2=V, ω1=ω2=ω, multiplying the input signal with the reference signal, 

equivalent to the signal frequency migration, then 

1 1 1 1

1 1 1

( ) ( ) s in ( ) s in ( )

/ 2[c o s c o s ( 2 )]



 

 

  

i R s

s

V t V t V V w t w t

V V w t
                         (4) 

2 1 2 1

1 1 1

( ) ( ) s in ( ) c o s ( )

/ 2[s in s in ( 2 )]



 

 

  

i R s

s

V t V t V V w t w t

V V w t
                              (5) 

By the use of low-pass filter, we can filter the AC component and retain the DC 

component. The low-pass filter output signal is： 

1 1
I / 2 c o s 

s
V V                                                             (6) 

1 1
Q / 2 s in 

s
V V                                                                 (7) 

The calculated amplitude and phase of the input signal: 

2 2

1 2

4
 

s
V I Q

V
                                                                (8) 

= arc tan ( )
I

Q
                                                                        (9) 

By the equations (4)-(9), when the lock-in amplifier’s input signal and the reference 

signal are no phase difference, the lock-in amplifier can accurately measure the magnitude 

of the input signal. When the input phase signal and the reference signal have phase 

difference, the lock-in amplifier can be used to determine the phase difference between 

input signal and the reference signal. Thus, by appropriately adjusting the lock-in 

amplifier parameters, it can accurately obtain the amplitude and phase of the input signal, 

using of the amplitude and phase, we can restore the corresponding frequency of the 

signal. 

 

3. Digital Lock-in Amplifier Design 

LabVIEW is a graphical programming language widely used in the industrial, 

academic and various types of laboratory [17]. It owns a short development cycle, strong 

commonality, high degree of visual, intuitive operation, functional changes the 
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advantages of simple, strong commonality, easy to maintain [14]. Provided with virtual 

elements, we can design the general digital lock-in amplifier used to detect the traveling 

wave signal of the corresponding frequency. Digital lock-in amplifier is composed of the 

front panel and program block diagram, the following paper respectively for the design 

details of the front panel and program block diagram. 

 

3.1 The Digital Lock-in Amplifier Front Panel 

Front panel located in the digital lock-in amplifier is divided into a signal generation 

panels, control panels and signal extraction panels of three-part sections. Signal 

generation panel is composed of the frequency knob, amplitude knobs, phase knobs, noise 

amplitude knob and reset button. Respectively control the input signal frequency, 

amplitude, phase, and noise amplitude, the reset button controls the program to start or 

stop. Control panel consists of a sliding lever knob, frequency knob and direct numerical 

output display section, the sliding lever control filter’s the Low-pass cut-off frequency 

and frequency knob controls the size of the reference signal the frequency, numerical 

output section display reference signal phase and amplitude. Signal extraction panel is 

composed of signal-Vector measurement value output, single-frequency measured values 

output. The panel can display the input signal waveform and the output signal waveform. 

It also can export vector measurement of the related numerical, single frequency 

measurement output amplitude, frequency and phase. The designed front panel of digital 

Lock-in amplifier is shown in Figure 2. 

 

 

Figure 2. Front Panel of Digital Lock-in Amplifier 

3.2 Digital Lock-in Amplifier Block Diagram 

Digital lock-in amplifier block diagram shown in Figure 3, it is composed of the signal 

generating module, the pre-filtering module, the phase-sensitive detection module, the 

signal recovery module, the measured value display module of five parts. 
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Figure 3. Flow Sheet of Digital Lock-in Amplifier 

(1) The signal generation module 

The input signals can be generated by "simulation signal" in Express palette. We can 

get the sinusoidal waveform of the given frequency, amplitude and phase by the help of 

simulation signal controls, and overlay several adjustable intensity on the waveform to 

simulate noise signal. As shown in Figure 4, Simulation signal 3 and 1, simulation signal 

2 are the sine-wave signal generation modules, we can apply the signal frequency, phase 

and amplitude of three knobs to achieve parameters’ adjustment. Simulation signal 4 is 

the uniform noise generating module. Its amplitude is adjusted by the noise amplitude 

knob of the front pane. 

 

 

Figure 4. Signal Generation Module  

(2) The Previous filtering module 

When the digital lock-in amplifier is used to detect weak signals in strong noise or 

drowned in even greater noise, the previous filtering module preliminary filter the signal 

in the first place. A 9- step Bessel band-pass filter provided by LabVIEW is used in the 

filtering process, as shown in Figure 5. We can carry out linkage on the reference signal 

frequency and simulation signal, then the previous filtering module 3 conduct preliminary 

filtering, phase of the output signal and the input signal which both are from the previous 

filtering module is identical. The high cut-off frequency of band-pass filter is of 1.2 times 

the reference signal frequency. The low cut-off frequency is the reference signal 

frequency/1.2. 
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Figure 5. Previous Filtering Module 

(3) The Phase-sensitive detection module 

The phase-sensitive detection module consists of low-pass filter and Phase-sensitive 

detection section, as shown in Figure 6. The phase-sensitive detection module uses the 

low-pass filter with minimal bandwidth. The low-pass bandwidth can be adjusted, when 

the low-pass bandwidth is small, it possesses those features as high precision, strong noise 

suppression capability, but the response time is longer. When the low-pass bandwidth is 

large, it leads to low precision, lack in noise suppression capability, but the response time 

is shorter. Low-pass filter adopts the adjustable design. It is enough to adapt to input 

signal in the different signal-noise ratio. The Phase-sensitive detection section takes the 

relevant operation module according to the basic principle of the lock-in amplifier to the 

input signal and reference signal, in order to comply the corresponding operation. By this 

method, we can get the detected signal amplitude and phase information. 

 

 

Figure 6. Phase-sensitive Detection Module 

(4) The Signal recovery module 

Based on the measured signal amplitude and phase, the signal recovery module may 

restore the corresponding sine signal, In order to carry out further analysis and 

identification on the traveling wave signal with the detected frequency, as shown in 

Figure 7. First, the signal is converted to a double-precision array format from dynamic 

mode, then calculate reduction signal using the formula point-by-point. 
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Figure 7. Signal Recovery Module 

(5) The Measurement display module 

The processed and calculated data display in the Measurement display module, as 

shown in Figure 8. The display includes: 

Amplitude and phase: Where φ is the phase difference between the measured signal 

and reference signal, U is the measured signal amplitude. As a result of adopting the 

orthogonal vector lock- in amplifier, instead of adjusting the frequency of the reference 

signal, it can obtain amplitude and phase. 

Signal waveform: display waveform of the reduction signal and analyze the reduction 

effect, list signal-to-noise ratio of the signal, harmonic distortion and other indicators, 

evaluate performance of the phase-locked amplifier. 

 

 

Figure 8. Measurement Display Module 

4. Experimental Results and Analysis 
 

4.1 Sine Signal Detection 

In order to test the designed digital lock-in amplifier to extract the useful signal from 

the signal containing a lot of noise, we can take advantage of sinusoidal signal to test, the 

sinusoidal signal frequency is 100Hz. Amplitude is 1 v. The phase angle is 0, submerged 

in the amplitude of 100 v white gaussian noise. Adjusting the front panel knob at the 

moment, the frequency knob to 100 Hz, the amplitude knob to 1 v, the phase knob to 0°, 

noise amplitude knob to 100v, getting sinusoidal signal drowned in the noise as shown in 

Figure 9. 
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Figure 9. Sinusoidal Wave Covering by Noise 

The cut-off frequency of low-pass filter in the regulation program diagram is set to 

0.001 Hz. The output waveform is shown in Figure 10. 

 

 

Figure 10. Output Waveform 

Watching numerical results on the front panel display, amplitude of the output 

waveform is 1.00187 v. Frequency is 100 Hz. Phase angle is 1.0419°. Signal noise ratio is 

113.306 dB. Total harmonic distortion is 1.2839×10
-9

. 

By comparing the input waveform with the output waveforms, we can draw a 

conclusion that the digital lock-in amplifier can be designed to extract accurate sinusoidal 

signal buried in the noise. 

 

4.2 Traveling Wave Signal Detection 

(1) The traveling wave signal detection excluding noise 

Setting the traveling wave hits for 3000, acquisition for traveling wave signal 

excluding noise as shown in Figure 11. 
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Figure 11. Traveling Wave Signal not Containing Noise 

Then set reference frequency knob of control panel in the digital lock-in amplifier to 

4.33 kHz, the cut-off frequency of Low-pass filter is set to 3kHz, cancel a band-pass Pre-

filter and obtain the output waveform shown in Figure 12, root mean square error of the 

output signal is 3.11199×10
-6

. 

 

 

Figure 12. Sinusoidal Component Extracting from the Travelling Wave 
Signal not Containing Noise 

(2) Traveling-wave signal detection containing noise 

Based on the above experiment, adding the noise signal amplitude of 10
-6

 v to the 

traveling wave, the traveling wave signal containing noise is shown in Figure 13. Sine 

component extracted from the traveling-wave signal containing noisy shown in Figure 14, 

root mean square error of the output signal is 3.12655×10
-6

. 

To further increase the noise amplitude to 2×10
-6

 v, the traveling wave signal 

containing noise as shown in Figure 15, the extracted sine component shown in Figure 16, 

the root mean square error of the output signal is 3.27447×10
-6

. 

(3) The experiment results analysis 

When the input signal is traveling wave signal not containing noise, the designed lock-

in amplifier can accurately extract sine component of corresponding frequency from 

traveling Wave signal, the root mean square error of the output signal is 3.11199×10
-6

. 

After adding the noise signal amplitude of 10
-6

 v to the input signal, output waveform of 

lock-in amplifier get without obvious changes, the root mean square error of the output 

signal is 3.12655×10
-6

. But the noise amplitude is double sized as the original real signals, 

the root mean square error of the output signal is 3.27447×10
-6

. From here we see that 

along with the increase of noise amplitude, the root mean square error of the output signal 

Sample 

V
o
lt

ag
e 

(v
) 

Time (s) 

V
o
lt

ag
e 

(v
) 

http://dict.cnki.net/dict_result.aspx?searchword=%e6%ad%a3%e5%bc%a6&tjType=sentence&style=&t=sine
http://dict.cnki.net/dict_result.aspx?searchword=%e5%88%86%e9%87%8f&tjType=sentence&style=&t=component


International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol. 8, No. 4 (2015) 

 

 

370   Copyright ⓒ 2015 SERSC 

varies little, the designed digital lock-in amplifier has a strong anti-noise capability, it can 

accurately detect the traveling wave signal submerged by noise. 

 

 

Figure 13. Traveling Wave Signal Containing Noise (Amplitude: 10-6 v) 

 

Figure 14. Sinusoidal Component Extracting from the Traveling Wave 
Signal Containing Noise (Amplitude: 10-6 v) 

 

Figure 15. Traveling Wave Signal Containing Noise (Amplitude: 2×10-6 v) 
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Figure 16. Sinusoidal Component Extracting from the Traveling Wave 
Signal Containing Noise (Amplitude: 2×10-6 v) 

5. Conclusion 

This paper studied the basic principle of the lock-in amplifier, applying Virtual 

Instrument language LabVIEW to design the digital lock-in amplifier which detects the 

traveling wave signal. Describing the functions about the corresponding various parts of 

the front panel and block diagram, this paper gives a detailed description of composition, 

role and setting for many modules of the program block diagram, such as the signal 

generating module, the Pre-filtering module, the Phase-sensitive detection module, the 

Signal recovery module, the measured value display module. By using the designed 

digital lock-in amplifier to test two kinds of traveling wave signal, ones is containing 

noise, another is not containing noise. As the experimental results shown, the designed 

digital lock-in amplifier can accurately extract the sinusoidal component of corresponding 

frequency in traveling wave signal, and with the increase of noise amplitude, root mean 

square error of the output signal varies little, it indicates that the designed digital lock-in 

amplifier has a strong anti-noise capability. 

In practical application, because the travelling wave is the high-frequency signal, it is 

difficult to determine wave frequency range, after the checksum, the designed digital 

lock-in amplifier is better to extract 5 kHz sinusoidal component. We further intend to 

make an improvement on the design of the system parameters, making it conform to the 

requirements of the traveling wave signal extraction in various frequencies. 
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