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A continuous spectrum water quality on-line monitoring signal processing method based on Hilbert-Huang transform 

(HHT) is proposed in this paper, which combines the micro-reagent water quality on-line monitoring technology of 

sequential injection. The modulation signal and spectrum curve of each intrinsic mode function (IMF) component of 

the original spectrum signal were obtained by empirical mode decomposition (EMD). The water sample data of dif-

ferent concentrations in the continuous spectrum on-line monitoring system was analyzed by the HHT model. The 

noise signal was excavated to realize the noise reduction processing, and the reconstruction of the continuous spectrum 

signal was realized after the noise reduction processing was completed. The research results show that this method can 

effectively reduce the noise of continuous spectrum signals according to different signal-to-noise characteristics of 

continuous spectrum, and has convenient use, fast processing speed, and high resolution in the time-frequency domain, 

which effectively improves the stability and accuracy of the micro-reagent continuous spectrum water quality on-line 

monitoring system.  
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The spectral analysis method[1-3] has been applied in cer-

tain on-line monitoring fields. The spectrometer is af-

fected by external environment such as temperature, hu-

midity, and electrical noise, and there is interference 

such as stray light inside. Therefore, many irrelevant 

noise signals are obtained from the data collected by the 

spectrometer in addition to the useful signals, and the 

applications of continuous spectrum on-line detection are 

subject to certain restrictions. If the noise of the spectral 

analysis data is not eliminated, it will affect or even mask 

the real signal, thereby affecting the quality of the cali-

bration model and the accuracy of predicting unknown 

samples[4-6]. HUANG et al [7] have proposed a new 

method for adaptively processing non-linear and 

non-stationary signals Hilbert-Huang transform (HHT). 

This method only needs to decompose the signal by em-

pirical mode decomposition (EMD) according to the 

characteristics of the signal itself to obtain multiple in-

trinsic mode function (IMF) components. The Hilbert 

transform is performed on these components to complete 

the local feature description of the signal in the 

time-frequency domain. Therefore, it is very suitable for 

the noise reduction analysis of non-linear and 

non-stationary spectral signals[8-11]. PENG et al[12,13] have 

analyzed the denoising effect of HHT on the signal of 

vortex flowmeter and double-triangle bluff body vortex 

flowmeter in oscillating flow under different sig-

nal-to-noise ratio conditions. WANG et al [14] have found 

that using Hilbert spectrum analysis of denoising data 

can clearly identify the natural frequency of the bridge 

structure, which was consistent with theoretical calcula-

tions, and the proposed method can effectively determine 

the natural vibration characteristics of the bridge struc-

ture. YANG et al [15] have used HHT to process the fluo-

rescent optical fiber temperature measurement signal, 

and a good noise reduction effect has been achieved. 

The water quality total nitrogen and total phosphor 

parameters were studied as an example in this paper, the 

signal noise reduction processing method was based on 

the HHT, and the noise reduction analysis of the water 

quality spectrum signal was studied. 

The EMD is to perform multiple adaptive decomposi-

tions to separate out the IMF according to the characteris- 

tics of the signal itself [16]. The IMF must satisfy that the 

difference between the number of extreme points of the 

original signal and the number of intersection points of 

the original signal with the horizontal axis cannot be 

greater than 1, and at any point, the mean value equal to 

0 is determined by the envelope defined by the maximum 

value and the minimum value. 
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The formula in mathematics indicates that the decom-

position process is the sum of n intrinsic modal function 

cj(x) components and a residual Rn(x), namely 
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  Hilbert transform is an important means for HHT to 

perform spectrum analysis. All IMF components were 

obtained by decomposing the analyzed signal after im-

provement, and it needs to perform the Hilbert transform. 

The signal will present 90° phase shift after Hilbert 

transform. The continuous spectrum vector is represented 

by f(x), which is transformed into H[f(x)] after Hilbert 

transformation[17] as 
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where H[f(x)] is the convolution of f(x) and 
1

πx ,
x is 

Band number, and t is integral variable. 

When the signal is analyzed, the Hilbert transform is 

not used to avoid the influence of the remaining items on 

other IMF components. The corresponding Hilbert spec-

trum is obtained by Hilbert change of the signal expres-

sion composed of each IMF as 
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where a(x) is the instantaneous amplitude. 

The signal expression is analyzed and processed by 

the HHT algorithm. Combine time and frequency for 

analysis in time domain or frequency domain, which is 

not possible with the Fourier transform. At the same time, 

each IMF component obtained by signal decomposition 

of EMD contains different time feature scales and fre-

quencies, good local time-frequency characteristics, and 

high resolution. 

As shown in Fig.1, the continuous spectrum on-line 

detection technology of water quality was applied to this 

experiment, which includes sequential injection module, 

data processing display and system control module, high 

temperature closed digestion module, and light source 

detection module. The sequential injection module in-

cludes a syringe pump and a multi-channel switching 

valve island. Its minimum liquid inlet accuracy is 

0.002 5 mm/1.038 1 μL, the syringe specification is 

500 μL, and the valve head model is M07. The compact 

deuterium-halogen tungsten light source is used in the 

light source detection module. The emission spectrum 

range of the light source is 190—2 500 nm. The 

AVANTES high-resolution spectrometer has a response 

range of 180—1 200 nm. The design of the digestion 

tank in the high temperature closed digestion module 

should aim at low power consumption, low cost, and 

miniaturization. The digestion tank should have the 

characteristics of small size, convenient processing, fast 

heating to the required digestion temperature, fast heat 

dissipation, and at the same time the digestion tank is 

also used as a detection tank [18]. 

 

Fig.1 Schematic diagram of continuous spectrum 
on-line monitoring  

 
The experiment needs to be prepared for 1 μL—1 mL 

research plus a single-channel pipette. The XP205 elec-

trode is prepared with an electronic balance with an ac-

curacy of 0.1 and a desiccator.   

The concentration gradient of total nitrogen solution is 

set to 0.4 mg·L-1, and its concentration range is 

0—2 mg·L-1, that is, there are 6 gradients of 0.0 mg·L-1, 

0.4 mg·L-1, 0.8 mg·L-1, 1.2 mg·L-1, 1.6 mg·L-1, and 

2.0 mg·L-1. There are 6 groups of experimental subjects 

in the same gradient, a total of 36 groups of experimental 

subjects. The concentration gradient of total phosphorus 

solution is set to 0.2 mg·L-1, and its concentration range 

is 0—1 mg·L-1, that is, there are 6 gradients of 

0.0 mg·L-1, 0.2 mg·L-1, 0.4 mg·L-1, 0.6 mg·L-1, 

0.8 mg·L-1, and 1.0 mg·L-1. There are 6 groups of ex-

perimental subjects in the same gradient, a total of 36 

groups of experimental subjects. 

The collection of spectral signals within a certain 

range is due to the detection unit composed of a compact 

deuterium-halogen tungsten light source and a 

high-resolution spectrometer, and the overall size of the 

detection device is taken into account, so the digestion 

cell is regarded as the measurement cell. The absorbance 

A of each standard water sample (finally analyzing the 

corresponding parameter in the water sample from the 

curve of each parameter) can be obtained according to 

Lambert-Beer law, namely 
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where A is the absorbance of water sample, T is the me-

dia transmittance, K is the molar absorption coefficient, 

B is the optical path, C is the concentration, reference is 

the photoelectric signal when the light source is on, Dark 

is the photoelectric signal when the light source is off, 

and sample is the photoelectric signal after reagent di-

gestion. 

The above-mentioned working point solution is taken to 

the digestion tank according to the concentration from low 

to high, and the parameters are detected by using sequen-

tial injection technology. The total nitrogen reagent
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performs spectral scanning after the system is digested 

and dropped to normal temperature. The ultraviolet ab-

sorption peak of nitrate nitrogen is about 202.0 nm in the 

full spectrum wavelength range, and the wavelength of 

total phosphor is about 730.0 nm, as shown in Fig.2. 

 

 
 

 

Fig.2 Absorption spectra of raw signals for (a) total 
nitrogen and (b) total phosphor 
 

The noise generated by the spectrometer belongs to 

the "non-linear and non-stationary" signal. The EMD of 

the spectral signal is based on the requirements of the 

Hilbert transform. The Hilbert transform and spectrum 

analysis are performed after the IMF components are 

obtained. The data signal with a concentration of 

0.8 mg·L-1 in the total nitrogen spectrum is randomly 

selected, as shown in Fig.3. The 6 IMFs and one re-

maining term are obtained by EMD, as shown in Fig.4. 

 

 

Fig.3 Spectral signal of total nitrogen with concentra-
tion of 0.8 mg·L-1 to be decomposed 

 

As shown in Fig.4, the spectral signal is decomposed 

into 6 different frequencies from high to low, different 

scale intrinsic mode functions IMF1—IMF6, and a re-

maining term, of which the signal fluctuations in IMF1 

and IMF2 are mainly concentrated in 180—250 nm 

range. The value of the remaining term obtained by 

EMD does not change significantly, and the result is a 

monotonic function, which proves that it is completely 

decomposed.  
 

 

 

 

 

 

 

 

Fig.4 EMD for (a) IMF1 signal, (b) IMF2 signal, (c) IMF3 
signal, (d) IMF4 signal, (e) IMF5 signal, (f) IMF6 signal, 
and (g) remaining term signal
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As shown in Fig.5, the Hilbert transform of each IMF 

component decomposed by EMD is based on the HHT 

principle and algorithm. The new analytical signal spec-

trum is constructed by the Hilbert transform result of the 

spectral signal, and the corresponding instantaneous fre-

quency of each IMF component is obtained. A large 

number of irregular peak frequencies are contained by 

the instantaneous frequency of the IMF1 component, 

which changes rapidly with wavelength. Similarly, IMF2 

also concentrated on some irregular peaks in the middle 

and end parts, which tended to be more stable than the 

IMF1 frequency changes. The instantaneous frequencies 

of IMF3 and IMF4 components fluctuate mainly at the 

wavelength of 320—350 nm, and the other wavelengths 

are basically in a stable state. The instantaneous frequen-

cies of IMF5 and IMF6 components are in a stable state 

except for the two ends. 

 

 

 

Fig.5 Instantaneous frequencies of (a) IMF1 signal, (b) 
IMF2 signal, (c) IMF3 signal, (d) IMF4 signal, (e) IMF5 
signal, and (f) IMF6 signal 

 

As shown in Fig.6, the corresponding Hilbert spectrum 

analysis was performed on each IMF component. The 

distribution trend of each IMF spectrum decomposed by 

the spectrum signal is generally from high to low, and 

the spectrum changes are mainly concentrated in the 

front part of the wavelength range. There are obvious 

differences in the frequency spectrum of IMF1 to IMF6, 

and there is a part of overlap. The absorbance informa-

tion at the wavelength of about 202 nm is extracted in 

this experiment, which plays a vital role in filtering the 

noise at the front end of the wavelength range and the 

accuracy of the experimental results[19,20]. 
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Fig.6 Hilbert spectra of (a) IMF1 signal, (b) IMF2 signal, 
(c) IMF3 signal, (d) IMF4 signal, (e) IMF5 signal, and (f) 
IMF6 signal 
 

The instantaneous frequency and Hilbert spectrum of 

each IMF were decomposed by analyzing the spectral 

signal. The frequency of the noise component in the sig-

nal is much higher than the signal frequency, and it is 

mainly distributed in IMF1 and IMF2. Therefore, the 

noisy inherent modal functions IMF1 and IMF2 were 

filtered, and other noise-free components were retained, 

and the filtered IMF components are linearly superim-

posed, and the result of the total nitrogen spectrum signal 

with a concentration of 0.8 after filtering the noise is 

obtained, as shown in Fig.7. 

The noise reduction of the continuous spectrum signal 

was processed using the above method, and the HHT 

analysis was performed on other concentration parame-

ters in the total nitrogen and total phosphorus. The fil-

tered results of the original spectral signals of different 

concentrations were obtained and reconstructed, as 

shown in Fig.8. 

 

 

Fig.7 The spectral signal after noise reduction 
 

     

 

Fig.8 Reconstruction of spectral signals for (a) total 
nitrogen and (b) total phosphor 

 

The original spectral signal and the spectral signal af-

ter HHT noise reduction processing are curve-fitted to 

the obtained data with absorbance as the ordinate and 

concentration as the abscissa, and the curve is obtained 

as shown in Fig.9. 

The concentration and gradient have 6 groups of pa- 

rallel experiments according to the experimental content. 

Therefore, the standard deviations of the standard ope- 

rating points of each parameter are counted and reflected 

in the form of error bars on each standard operating point 

in Fig.9. As shown in Fig.9(b) and (d), the measured data 

is subjected to HHT noise reduction processing and then 

drawn as a curve for comparison. The total nitrogen and 

total phosphorus indices are more accurate after HHT 

noise reduction treatment, and the deviation from the 

fitted curve is not much different, so the drawn standard 

working curve is reliable and accurate after HHT noise 

reduction treatment. 
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Fig.9 Original spectral data for (a) total nitrogen and (c) total phosphor; HHT processed results for (b) total ni-
trogen and (d) total phosphor 
 

Tab.1 Work curve related parameters 

Parameter Fitting function Adjusted R-square Residual sum of squares 

TN (Raw data) y=0.061 3x+0.060 1
 

0.979 6 0.000 096 9 

TN (Data processed by HHT) y=0.062 2x+0.061 4
 

0.990 9 0.000 092 8 

TP (Raw data) y=0.520 3x+0.008 5 0.980 6 0.000 085 3 

TP (Data processed by HHT) y=0.514 8x+0.003 6 0.995 4 0.000 086 1 

 
The 10 mg·L-1 potassium nitrate standard solution was 

prepared according to the national standard and the deion-

ized water of grade EW-I in the "GB 11446-1- 

2013 National Standard for Deionized Water". The total 

nitrogen standard water sample solution is configured to 

contain 0.2 mg·L-1, 0.6 mg·L-1 and 1.0 mg·L-1, and each 

standard solution gradient contains 6 sets of parallel ex-

periments. The total phosphorus standard water sample 

solution is configured to contain 0.1 mg·L-1, 0.3 mg·L-1 

and 0.5 mg·L-1, and each standard solution gradient con-

tains 6 sets of parallel experiments. The continuous spec- 

 

trum on-line monitoring technology is used for the con-

centration from low to high, and the parameters are de-

tected. HHT noise reduction is performed on each set of 

data, and then the relative standard deviation (RSD) of 

each parameter is calculated. At the same time, the na-

tional standard method is used to detect each parameter 

separately, and the RSD is obtained, then the repeatability 

of HHT noise reduction processing method with the 

original spectral data and the national standard method is 

analyzed and compared. The RSD of each parameter is 

shown in Tab.2. 
 

Tab.2 RSD comparison of total nitrogen and total phosphor experiments  

TN (mg·L-1) 

Data processed 

by HHT  

RSD (%) 

Raw data 

RSD (%) 

GB (code) 

RSD (%) 
TP (mg·L-1) 

Data processed by HHT 

 RSD (%) 

Raw data 

RSD (%) 
GB (code) RSD (%) 

0.20 3.43 3.69 3.23 0.10 1.93 2.05 1.87 

0.60 3.35 3.48 3.19 0.30  2.01 2.14 1.92 

1.00 3.42 3.82 3.21 0.50 2.17 2.23 2.05 
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The repeatability of total nitrogen and total phospho-

rus parameters is similar to that of the national standard 

method. And after HHT noise reduction processing, the 

repeatability is significantly improved. The reliability 

and stability of HHT noise reduction processing have 

been proven, as shown in Tab.2. 

The HHT is adaptive in the noise reduction processing 

of continuous spectrum signals. It can perform unique 

EMD according to the characteristics of the signal itself, 

and the local characteristics in the time domain and fre-

quency domain are maintained at the same time. The 

water quality total nitrogen and total phosphorus pa-

rameters are studied as an example in this paper, and the 

signal noise reduction processing method is based on the 

HHT and fusion continuous spectrum water quality 

online monitoring technology. The Hilbert transform is 

carried out after EMD, the continuous spectrum signal is 

analyzed by Hilbert spectrum, and finally the different 

concentration spectrum signals after the noise reduction 

process are reconstructed. The comparative analysis of 

the experimental results found that the correlation coeffi-

cient of the total nitrogen parameter fitting curve in-

creased from 0.979 6 to 0.990 9, an increase of 1.15%. 

The total phosphorus parameter fitting curve increased 

from 0.980 6 to 0.995 4, an increase of 1.5%. Three dif-

ferent concentrations of total nitrogen and total phos-

phorus RSD increased significantly. Therefore, the 

method can effectively remove the noise in the signal, 

and has the characteristics of convenient use, fast pro- 

cessing speed, and high time-frequency domain resolu-

tion, which improves the stability and accuracy of con-

tinuous spectrum online monitoring technology. 
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