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Abstract 
With the widespread application of automated test technology, the composition of the 
aviation test system has become more complex. The complex aviation test system is 
required to meet the real-time data communication of multiple nodes on the network. 
The real-time data distribution service technology, as an emerging technology, can meet 
the requirements of multiple point system testing such as high throughput, low latency, 
and real-time data sharing. This article focuses on aviation test technology and real-time 
data distribution service technology, and applies real-time data distribution technology 
to aviation test technology. 
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1. Introduction 

Aviation testing technology is an important basic supporting technology of aviation industry. On the 
one hand, it needs to establish test equipment or management system suitable for test objects 
according to aviation test requirements; On the other hand, the whole innovation system of 
"production, study, research and application" in aircraft design and development is inseparable from 
testing technology. The development of automatic test system in China has made great progress after 
the rapid development in recent years. However, there are still many deficiencies. The high cost of 
use and maintenance, the improvement of test efficiency and accuracy, and the insufficient test 
coverage are all problems that we must solve [1]. 

Aviation test system, especially the integrated test system in the aircraft assembly stage, has higher 
and higher test requirements. For the test requirements of aircraft ground assembly, there are many 
comprehensive function tests of aircraft assembly. The main test systems include: air management 
system, power system, fire protection system, flight control system, fuel system, hydraulic system, 
landing gear system, avionics system Power plant system, lighting system, electromechanical 
integrated system, etc. It can be seen from this that in the comprehensive function test of modern 
aircraft system, there are more and more comprehensive systems, higher and higher degree of 
integration, and more and more complex interaction relations. The test technology in the test is 
developing towards the direction of open distribution, intelligent informatization and flexible 
combination of modules [1]. 

Aviation test system puts forward higher requirements for the real-time, dynamic and flexibility of 
communication network. Modern aviation test system is a complex system engineering with multi-
disciplinary integration, involving many kinds of knowledge. There are often jobs that require 
business personnel to go from the bottom to the top, resulting in increased work difficulty, 
unnecessary learning tasks are too heavy, and unable to focus on the construction and accumulation 
of their own majors. In the life cycle of design, R & D, measurement, use and maintenance of aviation 
test system, it is completed by different departments through multiple processes and processes; Each 
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department and process has its own input data and output results at its own stage, but the input and 
output connection between many departments and processes is not smooth and needs to be transmitted 
manually, which is prone to error, low efficiency and loss of information. In the prototype design, 
simulation modeling and development verification of complex hardware cross-linked application 
system, limited to factors such as hardware environment, operating system or interactive interface, 
targeted design is required in real-time data acquisition, mapping, calculation and distribution. The 
applicable data processing system meets different needs and is not universal. Therefore, a universal 
real-time data distribution system is needed to solve the above problems. 

2. Research on Real-time Data Distribution Technology 

Data distribution service (DDS) technology is first applied to software platforms and communication 
systems. For the subsystems of modern software systems, the complexity, scale and quality 
requirements of mutual data transmission are increasing. Due to the complex communication 
mechanism, the traditional middleware technology can not meet the requirements of real-time and 
flexibility in the communication process, The proposal of data distribution service technology solves 
this problem[2]. 

Based on publish / subscribe communication mechanism, data distribution service provides a dynamic, 
scalable, efficient, flexible and multi-functional data distribution model with data as the center. 
Publishers and subscribers transmit data in a convenient way by setting the parameters of DDS, which 
reduces the amount of programming, so as to realize multi-party real-time communication. 

Based on the characteristics of the above data distribution services, the concept of "global data space" 
is introduced, and its advantages can be used to build a distributed test system[3]. 

Many units at home and abroad have studied the real-time performance of data distribution services. 
OMG released the data distribution service specification, which is a middleware protocol and API 
standard, which can provide data connectivity, high reliability and scalable architecture to meet the 
requirements of iiot applications [4]; Literature [5] adopts opendds and boost The real-time 
performance of ASIO, zeromq and the improved serialization zeromq is tested and analyzed. The 
transmission time of the communication architecture based on several specifications is less than 1ms; 
Literature[6]tests the real-time performance and reliability of a DDS based on publish / subscribe 
model with real-time performance, throughput, jitter and packet loss as indicators. The test results 
show that the transmission delay of the system is stable at 117.4ms, the average jitter is 26.54ms and 
the number of packet loss is 0. The above literature shows that the real-time optimized data 
distribution service can meet the requirements of aviation test system for transmission delay, 
reliability and other indicators. 

3. Design of Aviation Test System based on Real-time Data Distribution 
Network 

3.1 Architecture Design of Real-time Data Distribution System 

The data distribution system can be deployed in real time according to the RDTs standard. Its 
application topology is shown in Figure 1. 

Real time data distribution system (RDTs), including real-time kernel module, ioal (input output 
assembly link) module, RPC (remote procedure call) service module, data recording module and data 
incentive module. The real-time kernel module includes manager and model tasks. The ioal module 
is interconnected with the model tasks of the real-time kernel module, The data incentive module is 
connected to the manager of the real-time kernel module, the manager of the real-time kernel module 
is connected to the data recording module, and the RPC service module is connected to the manager 
of the data incentive module, the data recording module and the real-time kernel module. The RPC 
service module is interconnected with the external RDTs controller to form a cluster. The architecture 
of the real-time data distribution system is shown in the Figure 2. 
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Figure 1. RDTs application topology 

 

 
Figure 2. architecture diagram of real-time data distribution system 

3.2 Design of Real-time Kernel Module 

Real time kernel is the sub module of RDTs node, which is responsible for maintaining all variables 
and scheduling all model tasks. It is the core module of RDTs. The module uses the unified time of 
RDTs cluster to divide the time into pieces, each piece is a frame, and the minimum frame time of 
real-time kernel is 1ms. In each frame, the real-time kernel completes the data synchronization 
scheduling of all model tasks on the node in turn. 

RDTs internal data exchange: 

Through the configured ICD, iomap maps the data of the data bits of each channel in the board to the 
variable pool of RDTs. This operation is divided into two directions: sending and receiving. The ICD 
determines the direction of data flow. 

At the same time, external applications, such as simulation model, motivate and consume variables 
in the data pool through the external API of RDTs. 

The real-time kernel module has a variable pool, and the manager is responsible for maintaining all 
variables in the variable pool; The manager is interconnected with model tasks. There are multiple 
model tasks. The model tasks are interconnected with external models or application software. The 
manager schedules all model tasks. All real-time kernel modules in the cluster adopt unified time, 
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and divide the time into pieces according to frames. Each piece is a frame. The minimum frame time 
of real-time kernel module is 2ms; The real-time kernel module completes the data synchronization 
scheduling of all model tasks in turn in each frame, and notifies the ioal module to send and receive 
through the model tasks. 

 

 
Figure 3. Schematic diagram of real-time kernel 

3.3 Interface Service (Ioal) Module 

The interface service adopts ioal module and is equipped with host manager. The host manager is 
connected with multiple network workers. The network workers are connected with external 
communication boards. The host manager manages and controls all communication boards through 
the network workers; The ioal module parses the defined ioal file (board IO mapping file), and 
organizes the sending and receiving operation of communication board data according to the ioal file; 
Ioal module dynamically updates the sent content and stores the received data according to the values 
of variables managed in the real-time kernel module. 

 

 
Figure 4. Schematic diagram of interface service (ioal) module 

3.4 RPC Service Module 

RPC service is an interface provided by RDTs node for manipulation. Through RPC service, remote 
procedure call can be realized, such as controlling the start and stop of RDTs, managing the number 
of models loaded by the current node, managing the current number of variables of RDTs, updating 
the current cluster information and other RDTs node management operations. 
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The RPC service module is provided with a TCP service interface, and the RDTs controller is 
connected with the RPC service module through the TCP service interface; The controller realizes 
remote procedure call through RPC service module for node management, variable management, 
model control and node information maintenance; Node management operations include controlling 
start and stop, managing the number of models loaded by the current node, managing the current 
number of variables, and updating the current cluster information. 

 

 
Figure 5. Schematic diagram of RPC service module 

3.5 Data Distribution Record Module 

The data recording module is a module used to record the data of the current RDTs node. Through 
interconnection with the kenel of RDTs, it collects and records the value, timestamp and other 
information of each variable in the kernel according to the requirements of the controller. These data 
are stored asynchronously on the local disk for future access. 

The data recording module carries out data collection, data storage and recording task management; 
The data recording module obtains the task information from the RDTs controller through the 
connection with the RPC service module, and then collects and records the value and timestamp data 
of each variable in the real-time kernel variable pool through the connection with the manager of the 
real-time kernel module according to the task requirements, and stores the data asynchronously in the 
file system of the local disk. 

 

 
Figure 6. schematic diagram of data distribution and recording module 

3.6 Data Incentive Module 

The data incentive module is used to motivate and modify the variables of the variable pool in the 
kernel. According to the requirements of the controller, the value of the corresponding variable can 
be modified with the specified content at the specified time. 
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The data incentive module includes data incentive unit, data generation model unit and incentive task 
management unit. The incentive task management unit is connected with RPC service module to 
obtain task information from RDTs controller; The data excitation unit is connected with the manager 
of the real-time kernel module to stimulate or modify the variables in the variable pool of the real-
time kernel module; The data excitation module modifies the value of the specified variable with the 
specified content at the specified time according to the requirements of the RDTs controller. 

 

 
Figure 7. Schematic diagram of data excitation module 

4. System Operation Efficiency Analysis 

The aviation test system based on real-time data distribution network can improve the ability of 
simulation modeling and test verification of aviation test system. Through the trial operation of the 
system, its remarkable efficiency is reflected in the following aspects: 

Simulation modeling: provide a variety of computing hardware configuration and system selection to 
build a distributed simulation system; Provide system level full equipment simulation, establish 
simulation unit for each equipment, and simulate the logic and communication of the equipment; 
Provide logical operation sequence simulation of equipment in real environment to ensure that the 
model operation time, frequency and sequence of each simulation equipment are consistent with the 
actual situation; Provide real environment equipment communication simulation to simulate the real 
communication process of each equipment, including the simulation of communication interface, 
communication protocol and communication content; Provide system level equipment access 
network simulation, including 1553, 429, 422 and other bus networks; Provide board management 
function and support board automatic sending and receiving synchronous data, including 1553, 429, 
422, DIO, ad, FC, AFDX and other protocol boards; Provide a user-defined model running 
environment, which can load, schedule and control the model. 

Test and verification: provide the model algorithm development framework of each device, including 
C + +, c#, Python and other languages; Provide API interface, which can be used for independent 
third-party program development; Provide automatic code generation function and automatically 
generate interface header files; Provide peripheral tools such as data recording, data playback and 
system control. 

5. Conclusion 

Compared with the existing technologies at home and abroad, the aviation test system based on real-
time data distribution network has the following beneficial effects: 1) Remove the information island 
and directly upload and input the current state information to the data server to facilitate the mutual 
call between departments; 2) Through the ioal module, the bottom processing can be decoupled from 
the upper business, so that business personnel can pay more attention to the development and 
processing of business; 3) Realize flexible reuse, not limited to hardware structure; Through the 
model task, various devices and software formed in various stages can be simulated, such as monitor, 
exciter and simulator, so that the devices and software are no longer limited to the hardware 
environment, operating system and interactive interface, and have strong universality. 
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