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Abstract: As the smallest component unit of the flight test 

task, test point defines the tasks and requirements to be 

completed by the test aircraft, which is the main basis for 

the flight effect evaluation. This article through in-depth 

analysis parameters variation characteristics of the testing 

aircraft in different test points, combined with the prior 

knowledge that the domain experts artificial recognize test 

points, extraction the key parameters of  influencing test 

point identification, and their change rule. We constructed 

the knowledge base for test point identification, designed  

test point automatic identification algorithm. Combined 

with the flight test real-time task evaluation technology, we 

developed the real-time monitoring system for flight test  

based on the test point automatic identification and 

intelligent evaluation. It realized the change from the 

"intelligent security monitoring" to "intelligent task  

monitoring", and effectively improve the flight efficiency of  

the test aircraft. 

 

Keywords: flight test, test point, automatic identification, 

intelligent evaluation. 

 

1. Introduction 

In flight test, real-time monitoring is an important means to 

ensure the safety of flight test. With the increase of  flight 

tasks and the continuous development of real-time 

monitoring technology, real-time monitoring plays an 

increasingly important role in ensuring the safety and 

improving the efficiency of flight test. For example, 

intelligent security monitoring can monitor the important 

parameters of affecting the safety of the test plane by setting 

the alarm threshold value of test parameters and auxiliary 

decision information, so as to ensure that the auxiliary 

decision information can be timely alerted and popped up 

for the commander to deal with the failure after the 

occurrence of failure. However, with the increasing number 

of flight missions, safety monitoring has been unable to 

meet the requirements of test flight, and the realization of 

intelligent monitoring of test tasks is the main problem 

facing us at present. 

The existing real-time monitoring methods for test missions 

are mainly for the flight test engineers to manually analyze 

key parameters, analyze, identify, judge and evaluate the 

execution effect of test points based on personal knowledge 

and experience, and have shortcomings such as long cycle 

and low efficiency. Due to the characteristics of many test 

plane, long vacancy time and many test points, those bring 

enormous pressure and workload to flight test engineers, 

which seriously affects the flight test progress of the plane. 

Therefore, it is necessary to study an intelligent monitoring 

technology for testing tasks. By studying the characteristics 

of test points in various subjects of the testing plane, 

researching the key parameters and their changing rules for 

identifying the test points, and establishing the test flight 

test database based on the test points
[1]

, designing the 

real-time monitoring test point automatic identification 

algorithm, realizing intelligent comprehensive monitoring 

based on test points, improves the monitoring efficiency of 

the test plane, and ensures the rapid advancement of the test 

flight task. 

2. Test point knowledge base construction 

2.1 Test point 

As the minimum component of the flight test task, the test 

point clarifies the tasks and requirements to be completed 

by the test plane. It is the main basis for the flight effect 

evaluation. It mainly includes the subject name, the action 

name, the test purpose, the test parameters, the flight test 

method, and the action validity, data analysis and 

processing flow, result form, etc. 

During the flight test preparation phase, the flight test 

engineer lists the test points involved in the flight and 

makes a test flight task list. During the flight, the pilot 

completes each test site according to the contents specified 

in the flight test task list. At the same time, the test flight 

engineers pay attention to the aircraft status in real time in 

the monitoring hall, obtain the test point execution status 

from various data, and quickly evaluate the execution 

results of the test points according to the relevant 

calculation methods, and feedback to the pilot in time, 

Thereby effectively improving the flight test efficiency. 

2.2 Test point identification method 

There are many drawbacks in the manual identification test 

point, which can not accurately identify the start and end of 

the test point, which brings uncertainty to the rapid 

evaluation of test points, especially some test points that 

require depth calculation, slightly different can lead a huge 

difference in calculation results, so there is a need for a 

method that can automatically identify test points. The 

identification of test points is mainly the identification of 

the operating state and parameters of the test points. The 

difficulty lies in the identification of the operating states. 

According to the characteristics of the action involved in 

the test point, the test points can be divided into three 

categories
[2,3]

: 

1) Basic action: It can be determined by several key 

parameter change characteristics, such as leveling flight, 

hovering, climbing and so on. 

2) Combined action: Several basic actions are combined in 

sequence, such as sprint takeoff, leveling flight acceleration 

and deceleration. 

3) Complex action: The process is more complicated and it 



is difficult to find fixed laws. Such actions are mainly 

guided by random tasks. The pilots are determined 

according to the specific situation, such as S-shaped 

maneuvering and avoidance zones. 

It can be seen from these three classifications that the basic 

actions and combined actions are quantifiable actions, and 

the key parameters and general change rules can be 

extracted according to the action characteristics, which is 

conducive to the automatic identification of test points; 

complex actions are difficult to extract general change 

rules , is a non-quantitative test point. In the actual flight 

test, the basic actions and combined actions involved in all 

test points accounted for approximately 90% of the total test 

points. Since the main purpose of this project is to reduce 

the workload of flight test engineers, the main research is to 

identify the basic actions and combined actions. Since 

combined actions are a combination of basic actions, the 

identification of basic actions is the main content of this 

paper. 

2.3 Test point key parameter extraction 

Table 1 shows some common basic actions. According to 

the induction and summary, each judgment condition of 

these actions can be classified into the following categories: 

a) During a certain period of time, the parameter deviation 

is greater or less than the given value; 

b) During a certain period of time, the parameter value is 

less than or greater than the given value; 

c) During a certain period of time, the parameter deviation 

amplitude is less than the given value; 

d)During a certain period of time, the parameter values 

change regularly, such as gradually increasing or 

decreasing; 

e) During a certain period of time, the parameter is a certain 

value; 

 

Table 1: Partial test action identification conditions 

Action Identification condition 

Action1 The height deviation does not exceed 25m; 

The speed deviation does not exceed 

12km/h; 

Rolling angular velocity <3 rad/s; 

The side slip angle is 2°. 

Action2 The height deviation does not exceed 20m; 

The speed deviation does not exceed 

10km/h; 

Rolling angular velocity <3 rad/s; 

Side slip angle ≥3°.  

Action3 Height deviation does not exceed ± 5%; 

Given the starting speed, the speed 

gradually increases over the entire time 

period; 

The angle of attack is <5°. 

 

According to the actual conditions of flight, the design 

difficulty is the uncertainty of the actual flight action point 

conditions. Traditional real-time monitoring is mainly to 

calculate real-time parameters, and the current and 

historical values of the same parameter are not related. To 

identify the test points, it is necessary to correlate the 

current data with the historical data and analyze the changes 

of these parameters over a period of time. So the rules are 

summarized as follows: 

1) deviation is not greater than (value); 

2) deviation is not less than (value); 

3) not greater than; 

4) not less than; 

5) deviation is not greater than (percent); 

6) deviation is not less than (percent); 

7) gradually increase; 

8) gradually become smaller; 

9) equal . 

Among them, 3), 4), and 9) can be judged by using 

instantaneous data, and other items need to be associated 

with historical data to determine whether it is established. 

2.4 Test point knowledge representation 

After extracting the key parameters and laws of the test 

points, these test knowledge needs to be regularly managed 

for subsequent test point identification and evaluation. A 

test point knowledge database was specially designed for 

this purpose to store knowledge about test point 

identification and evaluation. Therefore, the test point 

identification knowledge can be divided into several pieces 

of independent identification information, and each piece of 

information is described by four elements: parameter name, 

parameter symbol, constraint condition and constraint value. 

The four pieces of identification information of the action1 

test point shown in Figure 1 can be expressed as: 

 

Table 2: Action1 identification conditions 

Condition  parameter 

name 

parameter 

symbol 

constraint 

condition 

constraint 

value 

Condition 

1 

Height HP deviation is 

not greater 

than 

25 

Condition 

2 

Speed VI deviation is 

not greater 

than 

12 

Condition 

3 

Rolling 

angular 

velocity 

YA less than 3 

Condition 

4 

Side slip 

angle 

SLIP equal    2 

 

In order to be able to store in the database, these four 

elements can be re-integrated. The integrated expression is: 

Parameter name: Height # Speed # Rolling angular velocity 

# Side slip angle; 

Parameter symbol: HP#VI#YA#SLIP; 

Restriction conditions: deviation is not greater than(value) 

#deviation is not greater than(value) # less than #equal; 

Limit value: 25#12#3#2. 

It can be seen that the re-integrated expression can 

effectively save the size of the database. 

In addition, the test point expression for a plurality of action 



combinations is relatively simple, such as the take-off 

takeoff can be expressed as: take-off # takeoff, can clearly 

indicate that the run ahead, take off after. 

2.5 Test point knowledge database design 

The test point knowledge base must include not only the 

test point knowledge information, but also other 

information for managing the test points, such as task list, 

type, subject, and monitoring parameters. As shown in 

Figure 1, the test point knowledge database mainly includes 

six tables, such as a task list table, a type table, a subject 

table, a monitoring parameter table, and a test point table.  

The task list is used to store the task list information of the 

flight. The flight test task list is the basis for the test plane 

to perform the task, and specifies the requirements, 

restrictions and test points of the test plane during each task 

execution. Each task list has a unique number and 

corresponds to a specific flight schedule. Therefore, we use 

the flight test task list as the link between the test point 

knowledge information and the real-time monitoring 

software, which is the medium for contacting the 

knowledge database and the real-time monitoring software. 

In addition, since the same type of testing plane has 

hundreds of test points involved in the whole flight test, and 

one flight station involves more than ten test points, since 

the flight test engineer needs to select this test points that 

need to be identified in this flight before each flight. It is 

can improve system efficiency and reduce invalid 

calculations, and the flight test task list can achieve this 

function well. 

The type table and the subject table are mainly used for the 

management of test points; the monitoring parameter table 

is used to save all the monitoring parameters involved in all 

test points of the test plane of this type, and the values of 

these monitoring parameters can be obtained in the 

monitoring system. 

Task list

Task list number
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plane ID

Subject name

Subject number

Number of test points

Test point name

Plane type

type

plane list

Subject

Subject number
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type
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Start date

End date

Remarks

Test point

Test point name

type

plane ID

Number of restrictions
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Parameter symbol

limitation factor
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Evaluation parameter list

Evaluation model
Monitoring parameter

plane type

plane ID

parameter list
 

Figure 1: Test point knowledge database structure 

3. System architecture design 

3.1 System workflow 

The system adopts the C/S structure, and the server side is 

the test point knowledge database, which is used to store the 

test point information of the test plane; the client is the test 

point knowledge database management software and the 

intelligent identification and evaluation software. By 

connecting the knowledge database, the knowledge 

database management software can configure the test point 

knowledge information, and the intelligent identification 

and evaluation software can obtain the identification 

information and evaluation information of the test points 

involved in the flight of the test plane, and match the 

real-time data to realize the intelligent identification of the 

test points. The system architecture is shown in Figure 2: 
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Figure 2: system workflow 

3.2 System function module 

According to the function division, the system can be 

divided into test point knowledge base management 

software and intelligent identification and evaluation 

software. Each sub-software consists of multiple functional 

modules. The system composition is shown in Figure 3. 
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Figure 3: system composition block diagram 

 

The test point knowledge base management software 

mainly completes the management of various types of data 

of the test plane. It includes the management of test plane 

type, subject, monitoring parameters, identification 

conditions and other information, and uses database storage 

to fully prepare for the intelligent identification and 

evaluation of test points in the real-time monitoring phase. 

The software consists of 6 functional modules, and the 

functions implemented by each module are as follows: 

1) Type management module: classify each test plane by 

type, and lay the foundation for the management of 

subsequent modules. 

2) Subject management module: The subject related to each 



test plane is managed in a unified manner. The subject 

information includes the task name, the subject code, the 

task start date, and the test plane involved in the subject. 

3) Task list management module: Manage the electronic 

task list of each flight frame. In the intelligent identification 

and evaluation of subsequent test points, the task list must 

be loaded to obtain relevant information. 

4) Parameter selection module: Select the parameters to be 

monitored from all parameters file of the test plane. This 

parameter list contains all the parameters needed for the 

subsequent intelligent identification and effect evaluation of 

the test points. 

5) Identification condition editing module: Edit the 

information required for the determination of the action 

state of each test plane, including the action name, 

parameter name, parameter symbol, restriction condition 

and limit parameter value. According to the inconsistent 

identification conditions of each test, the user can edit the 

conditions autonomously, and the same parameter can add 

multiple conditions. The software interface is shown in 

Figure 4. 

 Figure 4: test point knowledge editing interface 
 

6) Evaluation model editing module: First, generate an 

evaluation model (dll file) through the test point model 

generation template (VC dynamic library program), which 

contains all calculations and results of the recorded data 

after the test point motion identification. The model editing 

module implements the loading of the evaluation model and 

its related parameters, laying the foundation for task 

evaluation in the real-time phase. 

The intelligent identification and evaluation software 

mainly completes the intelligent identification of the test 

points in the real-time monitoring phase and the rapid 

evaluation of the test points. The software interface is 

shown in Figure 5, the right half is the safety monitoring 

module, and the left half is the intelligent test point 

identification and evaluation module. The software consists 

of 7 functional modules, and the functions implemented by 

each module are as follows: 

1)Test point information loading module: By selecting the 

appropriate task list, obtain the test points, test information, 

identification conditions, monitoring parameters and 

evaluation conditions involved in this flight. 

2) Data receiving module: Obtain key parameter values to 

be monitored for this flight from the data distribution 

software(this software is used to send the parameters in the 

monitoring parameter list to the monitoring software in a 

certain order); 

3) Jump point removal module: It can judge the validity of 

the received real-time data and eliminate the erroneous data 

due to the bad telemetry signal, which lays a good 

foundation for the intelligent identification of the 

subsequent intelligent test points. 

4) Action manual identification module: In the manual 

mode, the flight test engineer uses the artificial method to 

record the start and end time of the test point. 

5) Motion intelligent identification module: intelligently 

determines the start and end time of the test point execution 

by matching the real-time data with the test point 

identification conditions. 

6) Data Recording Module: Record the data within the 

identified start and end time of the test point and back up 

the final valid data to the data server. 

7) Test point evaluation module: According to the identified 

test point time period and corresponding record data, 

combined with the data evaluation conditions, make a quick 

assessment of the test points. 

 
Figure 5 : Test point automatic identification and 

evaluation software 

4. Automatic test point identification 

4.1 Identification process 

The expression of knowledge is closely related to the 

reasoning strategy of the inference engine. In order to 

facilitate the verification of the validity of the flight action 

based on knowledge identification, the flight motion 

identification inference engine adopts the forward precision 

reasoning of the data-driven strategy
[4,5,6]

. As shown in 

Figure 6, the reasoning steps are as follows: 

1) Access the knowledge database, obtain test point 

knowledge, and read flight data frame by frame; 

2) The inference engine matches each rule in the knowledge 

base; 

3) If the matching is successful, the name of the flight 

action, the completion time and the relevant flight 



parameters are output to the computer screen, and the data 

in the period is saved. 
Receive real-time 

data

Get identification 

rules

Match one by one Matching success Show result

Access to the 
knowledge 
database

Save data

 
Figure 6: Test point identification flow chart 

4.2 Identification strategy 

In order to ensure accurate and reliable identification of test 

points, some matching strategies have been established: 

1)If the continuous matching fails N (N = sampling rate / 2) 

times, it is judged that the action has ended; 

2)If the telemetry signal is interrupted for 3 seconds, the 

action judgment is terminated; 

3)The interval between the combined actions is no more 

than 15 seconds. 

4.3 Algorithm flow 

The process of identification process is shown in Figure 7. 

The main steps are as follows: 

1) Turn on the network; 

2) Connect to the knowledge database, obtain a list of 

monitoring parameters, and knowledge rules; 

3) Link the data distribution software; 

4) Create data D[i][j], where i is the number of monitoring 

parameters, and j is the length of the buffered data (in the 

case of receiving data frequency of 8p/s, for example, up to 

4800 points can be cached in 10 minutes, ie the maximum 

of j The value is 4800). 

5) Receive real-time data and save it to the D[i][j] array; 

6) k is the serial number of test points to be identified, 

RealRiskNumber is the number of test points to be 

identified, k=0; 

7) determine whether k>=RealRiskNumber, if it is 

established, then go to step 5; if not, then go to step 8; 

8) determining whether all the identification rules of the 

k-th test point are established, if yes, proceeding to step 9; if 

not, proceeding to step 10; 

9) Determine whether to trigger for the first time. If it is 

established, record the start time of the test point StartTime. 

k++, and jump to step 7; 

10)Calculate the kth action execution duration StableTime, 

determine whether StableTime is greater than 

MinStableTime (MinStableTime is the action execution 

minimum time), if yes, record the action start and end time, 

and save the data to the local; if not, discard the result . 

11) k++ and jump to step 7. 

Connect client scheduling software

Turn on the network

Connect the test point database, obtain 

a list of monitoring parameters, and 

determine the conditions

Create a cache array D[i][j]

k>=RealRiskNumber?

Calculate the kth action execution time 

StableTime

Read a frame of data from the receive 

buffer and assign it to the array D[i][]

k=0

Determine whether all 

conditions of the kth 

test point are met 

AllLimite()

k++

If（StableTime>20ms)

Save and display the start time of the test 

point

Determine if it is 

triggered for the first 

time

Record the start time 

of the test point

StartTime

Y

N

Y

N

Y

N

Y

N Discard  

results

Figure 7: Automatic test point identification algorithm 

5. Test point intelligent evaluation 

The test evaluation is to analyze the data during the 

execution of the test point, and evaluate the execution of the 

test point according to the test point execution standard. The 

fast evaluation of the real-time phase is an important means 

to quickly understand the test flight effect, and plays an 

important role in improving the flight test efficiency of the 

test plane. 

The evaluation of the test points mainly relies on the 

secondary calculation and evaluation model. The traditional 

evaluation method separates the secondary calculation and 

the effect evaluation separately, and the effect evaluation 

mode is relatively fixed, such as the ratio of the calculated 

parameters in the mean value, the parameter state changes, 

etc. if the special evaluation method requires 

re-modification of the software, which brings great trouble 

to the maintenance and use of the system. Therefore, the 

system adopts an open structure and realizes the secondary 

calculation and fast evaluation function of the test point in 

the form of a dynamic library. 

First, in the task preparation phase, the test point evaluation 

model needs to be edited. The model adopts a fixed format 

and contains the routine functions of various test point 

evaluations. The user only needs to make a slight change 

according to the specific situation to complete the 

evaluation of one test point. Usually the template mainly 

contains the following parts: 

a) an input function, for specifying the parameters, data 

sources, etc. required for the evaluation of the test point; 



b) a calculation function, for calculating the calculation 

formula required to evaluate the test point; 

c) an evaluation function, for comparing actual calculation 

results with expected results, and possible comparison result 

information; 

d) Output function, for outputting critical evaluation 

information to the software interface and saving detailed 

evaluation results at specified locations. 

6. Main indicators achieved 

After actual testing, the system meets the requirements of 

various functions, and the performance also meets the 

requirements of real-time monitoring. The main 

performance indicators are shown in Table 3. 

 

Table 3: test results 

project index 

Single test point knowledge 

configuration time 

Not more than 3 

minutes 

Test point identification 

minimum time period 

10 seconds 

Test point identification 

maximum time period 

20 minutes 

Time is given in the complete 

time period after the end of the 

test point 

Less than 2 seconds 

Test point time period extraction 

result and actual deviation 

Less than 1 second 

Test point evaluation calculation 

time 

Less than 10 seconds 

The number of parameters that 

can be processed in real time 

Not less than 300 

Number of test points More than 80% 

Identification accuracy above 90% 

7. Conclusion 

By studying the characteristics of testing plane test points, 

this paper summarizes the testing and evaluation methods of 

test plane test points, designs the test point knowledge data 

management software and test point automatic 

identification and evaluation software, and realizes 

real-time monitoring of flight test based on automatic 

identification of test points. The technology has 

significantly improved the flight test efficiency of the test 

plane and laid a solid foundation for the realization of the 

follow-up intelligent expert monitoring system. 
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