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Abstract 
Laser driver state estimation is an important task during 

the operation process for the high-power laser facility, by 
utilizing measured data to analyze experiment results and 
laser driver performances. It involves complicated data 
processing jobs, including data extraction, data cleaning, 
data fusion, data visualization and so on. Data governance 
aims to improve the efficiency and quality of data analy-
sis for laser driver state estimation, which focuses on 4 
aspects — data specification, data cleaning, data ex-
change, and data integration. The achievements of data 
governance contribute to not only laser driver state esti-
mation, but also other experimental data analysis applica-
tions. 

INTRODUCTON 
Laser driver state evaluation is an important part of the 

business process of a laser shooting experiment, which 
mainly includes physical experiment results evaluation 
and driver performances evaluation. The energy, pulse 
power waveform and near-field results of the experi-
mental process are extracted by using the measurement 
data obtained by acquisition equipments such as energy 
card meters, oscilloscopes and CCDs in the diagnostic 
system, and the energy dispersion, power imbalance and 
other results of a shooting experiment, as well as the gain 
capacity, output capacity and output stability of the driver 
are calculated, to evaluate the effectiveness of physical 
experiments and the performance status of the laser driver. 

By adopting the Oracle relational database platform, all 
the experimental measurement data of the facility are 
stored [1, 2]. The early database design defined the physi-
cal structure and logical structure specification of experi-
mental data storage, but there were no constraints on the 
storage format of experimental data, so there existed in-
consistencies in the storage format of the same type of 
experimental data. Secondly, there are invalid measure-
ments or missing measurements in the process of experi-
mental data measurement, but such measurement data are 
not screened when the experimental data are stored in the 
database, resulting in experimental data quality problems 
such as missing or abnormal data items. In addition, with 
the laser facility putting into experimental operations, a 
large number of experimental measurement data are ac-
cumulated, and multiple application systems involving 
experimental data processing and storage are generated. 
For these late emerging application systems, most of them 
do not follow the early database design specifications in 
terms of data storage. Therefore, the experimental data 

relationship of the whole facility is complex. 
The operational process of a shooting experiment.is de-

scribed in Figure 1. As an important asset of the facility, 
the increasingly accumulated experimental data has 
played an important role in the operation control optimi-
zation of the facility in recent years, and the state evalua-
tion of laser driver is one of the main contents. However, 
limited by the above problems such as inconsistent exper-
imental data storage format, missing experimental data 
items, abnormal experimental data and complex experi-
mental data relationship, data preprocessing consumes a 
lot of time, and application systems involving experi-
mental data processing and analysis reveal common prob-
lems, such as slow development progress, repeated pro-
cessing of experimental data, low computational efficien-
cy, and uncertain analysis results, which coincides with 
the current situation of data preparation mentioned in 
literature [3]. 

Data governance aims to improve the efficiency and 
quality of data analysis and plays an important role in the 
whole big data analysis process [4]. In recent years, with 
the rapid development of big data analysis and application 
research, data governance has played a very significant 
role in enterprise big data mining, government public data 
sharing, industrial big data analysis, scientific research 
data management and other industries [5-12]. The state 
estimation of a laser driver involves a lot of jobs, like 
experimental data extraction, transformation, joint calcu-
lation and visualization. Considering the current situation 
of the experimental data quality and the problems faced 
by the data processing application system, we utilize a 
framework consisting with data governance and data 
visualization to implement the laser driver state estima-
tion system. This paper mainly introduces and summariz-
es our work about the data governance part. 

The next section provides an overview of laser driver 
state estimation. Section III illustrates the data govern-
ance. The computation of state parameters of laser driver 
is discussed in section IV. Finally, we conclude this paper 
in section V. 

LASER DRIVER STATE EVALUATION 
The main purpose of state estimation of laser driver is 

to evaluate the compliance of physical experiment and the 
performance of the laser driver. The energy, pulse power 
waveform and near-field results of the experimental pro-
cess are extracted from the original measurements. And 
the key technical parameters such as power imbalance, 
output beam quality, output stability, gain capability and 
third harmonic efficiency of the laser driver are calculated. 
Furthermore, their evolution law is visually analyzed.  ___________________________________________  
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Figure 1: Business process of a shooting experiment. 

 

Evaluation Contents 
The state evaluation of the laser driver mainly includes 

two aspects: the evaluation of physical experiment results 
and the evaluation of laser driver performance. 

a. State of physical experiment results: including output 
energy and pulse power waveform of each laser 
beam, total output energy, energy dispersion of each 
beam set, total average power and power imbalance. 
Among them, energy dispersion and power imbal-
ance are two important criterion to judge whether the 
physical experiment meets the target or not, and they 
are also key factors to indicate the energy and power 
balance of the laser driver. 

b. State of laser driver performance: including driver 
gain capability, output capability and output stability. 
Among them, the gain capability includes the main 
amplification gain and pre amplification gain, the 
output capability mainly refers to the peak power of 
each laser beam, and the output stability includes the 
frequency conversion efficiency and the energy de-
viation of each laser beam. 

Figure 2: Functional architecture of the laser driver state 
estimation system. 

Functional Architecture 
The laser driver state estimation system mainly consists 

with two functional parts, namely data governance and 
data visualization, as shown in Figure 2. 

Data visualization is mainly responsible for the inter-
face display of driver state parameters, while data govern-
ance realizes the whole process of data extraction, clean-
ing, calculation, transformation and storage integration, as 
well as the functions of analysis and processing algorithm 
management and anomaly detection. 

Technical Architecture 
The laser driver state estimation system is composed of 

a hierarchical architecture, including data application 
layer, data management layer, data computation layer and 
data sources layer. The technical architecture is shown in 
Figure 3. Data governance mainly covers the data compu-
ting layer and the data management layer. 

a. Data sources: in the process of experimental opera-
tion, the original experimental data is generated and 
stored in Oracle database. The data forms are diversi-
fied, including numerical value, text, picture and 
other data. 

b. Data computation: extracting the original measure-
ment data from the data source system, then cleaning 
the source data, detecting the abnormality and mark 
the quality of the measured data. Finally, combined 
with the statistical analysis algorithm, the state eval-
uation result data of the laser driver are obtained. 

c. Data management: according to certain physical 
structure, logical structure and data format specifica-
tions, the analyzed state parameters are stored in the 
data warehouse for centralized management. In the 
data management layer, data is stored in Oracle rela-
tional database. 
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d. Data application: providing the data in the data 
warehouse system to the end user in the form of 
chart through the web interface. According to the 
analysis needs of users, report, query, multi-
dimensional analysis and other functions are used to 
display data. 

Figure 3: Technical architecture of the laser driver state 
estimation system. 

DATA GOVERNANCE FOR LASER 
DRIVER STATE EVALUATION  

The data governance is the process of reviewing and 
transforming data in order to make data better serving 
data analysis. It is the most energy consuming part in the 
whole data analysis process [3]. Although the original 
motivation of conducting the data governance is to con-
veniently serve the laser driver state evaluation system, 
once the data governance is carried out, it becomes a task 
of dynamically constructing data processing process for 
various business systems. Data governance pre-processes 
data for specific problems, adopts different data pro-
cessing algorithms for different problems, and some data 
governance achievements can be shared among multiple 
applications. The final result of data governance for laser 
driver state estimation can serve all relevant data users in 
the whole facility, as shown in Figure 1. 

Data governance mainly includes four aspects: data 
specification, data cleaning, data exchange and data inte-
gration. The work in these four aspects is described in 
detail below. 

Data Specification 
Aiming at the problem that the data formats of the same 

type of data are inconsistent, the data formats of pulse 

power waveform data and CCD image data are designed 
uniformly. 

Pulse power waveform data is represented by [time 
column, power column] two-dimensional double array. 
The background measurement results outside the effective 
time window in the original measurement waveform are 
no longer retained, and only the part within the effective 
time window in the original measurement waveform is 
selected, as depicted in Figure 4. 

 
Figure 4: Example of pulse waveform data (red rectangle 
indicates the effective time window). 

CCD image data is represented according to integer 
pixel matrix. Each element in the matrix represents the 
pixel gray-scale value at the corresponding position of the 
image. In order to facilitate subsequent data analysis, 
CCD image data is divided into two types, original meas-
ured and intended clipped. The matrix dimensions of 
these two types are different. The original measurement is 
fixed at 1024 * 1024 scale, and the pixel matrix dimen-
sion of the clipped image depends on the effective illumi-
nation range during actual imaging, as shown in Figure 5. 

 
Figure 5: Example of CCD image data (red rectangle 
indicates effective illumination range). 

Data Cleaning 
Data cleaning is a necessary step for most data-driven 

tasks. Data cleaning refers to detecting and correcting 
possible errors from data to ensure the quality of data and 
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comply with domain related integrity constraints. The 
data cleaning mainly refers to the integrity and anomaly 
detection of the original measurement data. Integrity 
detection is to judge whether the laser beam participating 
in the experiment has energy, waveform and near-field 
measurement results at all positions based on the experi-
mental configuration parameters. Anomaly detection is to 
judge whether there is a serious mismatch between the 
measurement results and the actual output, which will 
significantly affect the state evaluation results. 

Data Exchange 
A data governance service named "report and perfor-

mance calculation process" is established to exchange 
data through the database read-write interface.  

The service reads the experimental measurement data 
from the original database of the data source layer 
through the database interface, realizes the functions of 
data extraction, data cleaning, analysis and calculation in 
combination with the algorithm, and stores the analytical 
results in the data warehouse of the data management 
layer, for the visualization function module to directly 
read the data and display the charts. 

The "report and performance calculation process" ser-
vice is integrated into the main operation workflow. It is 
called by the centralized control system. After each shoot-
ing experiment, the experimental data governance of the 
shot is started to calculate the state parameters of the laser 
driver. 

Data Integration 
Data integration is the physical or logical integration of 

heterogeneous, distributed and autonomous data to pro-
vide users with a unified access interface, so that they can 
access data sources transparently, so as to realize compre-
hensive data sharing [3,4]. There are two common 
schemes for data integration, one is pattern integration 
method, and the other is data replication method, such as 
data warehouse. This paper utilizes the data replication 
method, based on the logical model of experimental num-
ber, laser beam number, experimental configuration pa-
rameters, experimental measurement results and state 
evaluation results, constructs the data warehouse of driver 
state evaluation. The visualization function module direct-
ly reads data from the data warehouse and displays a 
variety of charts. 

CALCULATION OF LASER DRIVER 
STATE PARAMETERS 

The contents of laser driver state estimation are de-
scribed in Section 2.1, mainly including physical experi-
ment results and laser driver performances. In order to 
calculate these data, we need to focus on two important 
issues: the data flow and the calculation algorithm. 

Data Flow 
The relationship between experimental configuration 

parameters, original measurement data and state parame-
ters data is shown in Figure 6. 
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• MAIN_WAVE

T_SCIENTIFIC_CCD_DATA

• BD_VALUE
• IMAGE_DATA

Measured 
time waveform

Measured energy

Measured 
near-field image

T_TARGETWAVE_DATA

• TNS
• PTW

Target 
power waveform

Actual 
power waveform

Actual 
near-field flux

Actual
peak power,

average power,
power imbalance

Actual third 
harmonic efficiency

Actual 
near-field area, 

contrast, modulation

Actual
energy gain ,
total energy,

energy imbalance

T_TARGETENERGY_DATA

• YF
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Figure 6: Data flow of calculating state parameters.  

Agorithm Integration 
The data governance service for the laser driver state 

estimation follows the software architecture and integra-
tion specification of the centralized control system, and is 
coded in C++. Data governance service involves various 
data processing algorithms in data extraction, data clean-
ing, analysis and calculation. By weighing the difficulty 
of algorithm implementation and the time efficiency of 
calculation, the matlab is mostly used. These algorithms 
are encapsulated into dynamic link library files for data 
governance services to call. According to the data rela-
tionship as shown in Figure 6, the data input and output 
interfaces of each algorithm are almost fixed. In case of 
algorithm upgrade, we only need to replace the corre-
sponding algorithm dynamic link library file and rebuild 
the data governance service. 

CONCLUSION 
This paper summarizes the data governance work for 

the application of laser driver state estimation from four 
aspects: data specification, data cleaning, data exchange 
and data integration. The final result can serve all relevant 
data users in the whole laser facility. 

Data governance involves various data processing algo-
rithms. As a supplement to traditional algorithms, artifi-
cial intelligence algorithms increasingly show a big po-
tential. Our future research will be carried out in the de-
velopment and integration of intelligent algorithms to 
gradually optimize the effect of data governance. 
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