Wuhan University
Journal of Natural Sciences

NJ2830/

2026, Vol.31 No.1, 058-068

Article ID 1007-1202(2026)01-0058-11 DOI https://doi.org/10.1051/wujns/2026311058

Cite this article: LI Xianjin, LIU Yu, LI Gangqiang, et al. Design of "1+N+N" Parachute Training Simulation
System[J]. Wuhan Univ J of Nat Sci, 2026, 31(1): 58-68.

Design of "1+ N+N"” Parachute
Training Simulation System

[ LI Xianjin, LIU Yu, LI Gangqgiang, ZHANG Lili
Teaching and Research Department of Unit 91976, PLA, Guangzhou 510430, Guangdong, China

Abstract: Aiming at the issues of poor scalability, single training modes, and missing platform foundation in current parachute training
simulation systems, a method for a parachute training simulation system supporting the "1+N+N" mode is proposed by building a flexible
functional structure design based on four domains and two systems architecture, which can adapt to multiple working modes such as "1+N"
and "1+N(*)". This method can effectively save the cost and time of upgrading and expanding system capacity, greatly increasing the lifes-

pan and availability of the system.
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0 Introduction

Complex organization and coordination, difficult
guarantee, high safety risk, weather restrictions and so on
will lead to poor effect of real parachute jump training™,
The use of parachute training simulation system can not
only effectively reduce the safety risk, but also improve
the training quality and efficiency, and has significant
military and economical benefits. The existing parachute
training simulation system can realistically simulate the
visual, auditory, somatosensory and other feelings in the
process of parachuting, and can record data to assist in
assessment. However, through market research, techni-
cal comparison and user feedback, it is found that there
are some problems in the existed system.

1) Lack of real weightlessness experience

The existing training equipment uses VR glasses,
which makes use of human visual difference to produce
three-dimensional sense of space, but the trainee’ s body

is generally in a state of rest or slow decline, and cannot
experience the sense of physiological weightlessness®.

2) Power limitation of lifting device

The existing parachute training simulators mainly
use hydraulic and motor power sources to control the
lifting platform. But the application practice shows that
the two power sources have obvious shortcomings. The
response of the training device of the hydraulic structure
is slow, the lifting speed of the platform is slow, and the
liquid will cause harm to the surrounding environment.
Although the motor control mode can accurately and
quickly control the rise and fall of the platform, it has
the disadvantages of high cost, high power consumption
and complex maintenance™!.

3) The strap unit and control components are
different from real parachutes

The design of the real parachute strap unit is scien-
tific and ingenious, inline with the ergonomic principle.
In addition to fixing the user, it also has precise control
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components for the user to adjust the falling speed and
orientation after leaving the aircraft. The existing para-
chute training simulator generally uses the simulated
strap unit, which is equivalent to the actual equipment in
some extent, but the material, joint and control end are
obviously different™. Using this kind of simulator train-
ing, the trainees’ skills not only cannot be applied to the
actual parachuting, but may mislead or even interfere
with the development of parachuting skills.

4) The height measurement of lifting platform is
not accurate

The existing parachute training simulation system
generally uses a single sensor to measure the height of
the platform. The commonly used ones are motor
encoder and infrared ranging device. The former uses
the angle information of the motor encoder to measure
the height of the lifting platform, but due to the exis-
tence of tensile strain in the process of rope transmis-
sion, it will lead to errors in the measure values, which
may lead to be out of control in the operation of the plat-
form control system and even accidents. The latter is
easily disturbed by obstacles in the process of measure-
ment, resulting in data deviation.

These problems can be solved by the latest tech-
nologies such as virtual reality, motion capture and
large space position. In this paper, these technologies are
used to establish simulation models of personnel, aerial
kinematics, three-dimensional viewpoint, parachute,
collision detection and so on. Hardware-in-the-loop
(HIL) simulation devices such as cabin, individual sol-
dier strap system, off-plane platform, personnel move-
ment in air, and water landing environment, backup para-
chute and other related devices are developed to construct
a realistic parachute training environment. The new para-
chute simulation training not only enables the trainees to
train in person, but also supports a variety of parachute
types, aircraft models, meteorological conditions, land-
ing areas and training groups, it can also quantitatively
evaluate the psychological quality of trainees based on
wearable heart-rate detection device.

1 Requirement Analysis

In general, the parachute training simulation system
is based on the following requirements.

The first is to adapt to the development of informa-
tion technology. The increasingly mature and reliable

virtual reality, motion capture and spatial positioning
technology are introduced to reconstruct the function of
the parachute training simulation system and improve
the training efficiency.

Secondly, it should keep up with the training needs
of troops to improve the quality and efficiency of para-
chute training. Although parachuting training on land
can achieve certain results, but when it comes to the real
jump from the plane, it is often inconsistent with the
actual jump because it is unable to complete the continu-
ous movement training on land. Psychological factors
and other reasons can also lead to motion deformation
and even operation errors, a little carelessness may cause
serious consequences. In addition, multi-person forma-
tion operation training in air is not supported by simula-
tion training equipment on land.

Thirdly, it should solve the difficult problems of
training evaluation. The system can monitor the training
activities of the trainees in all direction, especially in the
aspect of psychological quality, and can find the
problems and deficiencies in the training time, so as to
provide a basis for correcting actions and evaluating
training.

1.1 System Function

The main functions of the system include: 1) leaving
preparation, leaving, parachute controling and landing
skill simulation training; 2) emergency handling simula-
tion training; 3) weightlessness simulation training; 4)
with heart-rate monitoring equipment, supporting the
accurate implementation of trainee psychological quality
evaluation. 5) multi-person group simulation training.

1.2 Overall Technical Index

1) Support syllabus subject training. It can realize
the seamless connection between theory teaching and
real parachute diving, improve the training effect and ef-
ficiency, and improve the training level.

2) Training simulation of special situation manage-
ment. Special situation can be added to the trainees at
different times and in different ways to train their rapid
response.

3) The function of examination and evaluation. The
actions of the trainees such as leave, manipulation, han-
dling of special situation and landing can be captured
and identified by intelligent equipment, and can be
evaluated automatically combined with the data.

4) Virtual reality function. It can provide a training
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environment with full-view, three-dimensional (3D), vir-

tual and real combination.

2 Architecture Design

2.1 System Architecture

Adhering to the design concept of "comprehensive
coverage, key breakthrough, scientific unity and effi-
cient application", a kind of system architecture is con-

structed, which separates data from model and supports
stand-alone training and group training at the same time.
The architecture is divided into comprehensive integra-
tion layer, service supply layer, network interconnection
layer, foundation support layer and safe guarantee sys-
tem (see Fig.1). The bottom layer provides service sup-
port for the upper layer, and the upper layer aggregates
the basic functions of the lower layer. The architecture

can realize such functions as plan management, percep-
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tion and reappear, assessment and evaluation, virtual
scene generation, hardware-in-the-loop simulation, train-
ing management, network management and system man-
agement. Under the condition of ensuring the safety of
trainees, help trainees or groups to effectively grasp the
parachute jump requirements from leaving to landing,
and improve the handling ability for dangers in air, sig-
nificantly enhance the effect of parachuting simulation
training.

Foundation support layer includes computation
resources, network devices, sound-video devices and
wearable devices. This layer provides data platform and
technical support for upper layer interaction by building
unified underlying virtual reality system development ar-
chitecture, bundling VR resources, introducing wearable
devices, which is the basis of the whole system.

Focusing on the interconnection among different
kinds of simulation training equipments in the future,
the model data layer constructs a set of parachute profes-
sional training model database with unified structure and
outstanding characteristics. This layer provides all the
model resources and data resources needed by the para-
chute training simulation system. The model resources
include personnel model, training scene model, battle-
field environment model, training grouping model and
so on. The data resources include 2D/3D map of the
landing site, meteorological environment data, parachute
performance data, aircraft performance data, training
subjects and so on.

The network interconnection layer provides a set of
standard coding protocol modules, which can realize the
wired/wireless connection and communication of the
system itself including all related devices/components.

According to the design thoery of software engi-
neering, based on the principles of cohesion, reconfigu-
ration and function minimization, the software applica-
tion functions are decomposed into services to form a
service supply layer. This layer includes eight service
packages: plan management, perception and reproduc-
tion, assessment and evaluation, virtual scene genera-
tion, hardware-in-the-loop simulation, training manage-
ment, network management, as well as system manage-
ment. It can support the integrated layer to extract and
couple services according to the training business
requirements, and form a business system collection that
meets the whole process and subjects requirements of
group parachute training.

The integrated layer is a set of software collection,
including parachute training application software, real-
time heart-rate monitoring software, flight scene control
software, server control software and client training soft-
ware. The first four softwares are deployed on the server
side, installed in the integrated guidance console. The
last software is embedded in the high-performance com-
puter inside the parachute simulator, and drives the hard-
ware of the parachute simulator into the training process.

The parachute training simulation system can be
applied to parachuting skill simulation training, para-
chuting disposal simulation training for dangers and
accidents, weightlessness simulation training, psycho-
logical quality evaluation and multi-person group para-
chuting simulation training.

Applicatian area pass through all levels of the
whole system design, follow the training law, training
time requirements and simulation training equipment
standards, and set the system operation process stan-
dards, which can ensure the safe, reliable, stable and effi-
cient operation of the system.

2.2 Functional Composition

The parachute training simulation system is com-
posed of integrated control console, parachute training
simulator and monitoring device (see Fig.2), which sup-
ports two deployment modes: single skill training and
multi-person group training.

The integrated director console includes integrated
multi-person control desktop, high-performance com-
puter, display, voice equipment, projection system, com-
munication module, spare parts, etc., and is equipped
with parachute training application, real-time heart-rate
monitoring, flight scene simulation and server control
software. It can be operated by one person or cooperated
by many people.

The parachute simulator is the key equipment for
simulation training. It adopts truss structure and is com-
posed of strap system modified by real parachute strap
system, sports platform, VR components, acousto-optic
components and training client software. It can support
parachuting skill training simulation and emergency re-
sponse simulation training. The training client software
is embedded in the built-in the computer inside the
parachute simulator. Support single person simulation
training.

The heart-rate monitoring device adopts wrist wear-
ing mode and is connected wirelessly with the real-time
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client training software are interconnected and can

trainee’s heart-rate in real time and display it synchro-
nously on the computer of the integrated director con-
sole. Because of its operational flexibility, this device
can also be used independently.

The parachute training application software is the
core program to organize and carry out parachute train-
ing simulation, which is deployed in the integrated direc-
tor console and operated by the system support staff. It
can be used for pre-training scheme design such as scene
setting, flight route setting, release point setting, subject
setting and emergency setting, as well as process control
during training, for example start, pause, stop and guide
control and so on.

The flight scene control software simulates the
main trajectory of a complete flight route from take-off,
approach, door opening, personnel jumping and falling,
closing the cabin door to returning to the airport, which
needs to be used in conjunction with the parachute train-
ing application software.

The server control software interacts with the built-
in computer of the parachute simulator in real time to
monitor and remotely control the working status of all
parachute simulators. It receives data such as system run
process, working status and hardware preparation sent
by the parachute training application software and the
training client software.

The parachute training application software and the

actively find and adapt to the changes in the number of
parachute simulators and heart-rate monitoring equip-
ment, and generate real-time training simulation scenes
consistent with the number of participants. At the same
time, the number of access devices is forwarded to the
flight scene control software.

2.3 Working Mode

1) "1+1+1" training mode

The system supports individual parachuting skill
training, referred to as "1+1+1" training mode, which is
suitable for the situation that the training space is
limited. This mode consists of an integrated director
console, a parachute simulator(individual soldier skill
training unit) and a heart-rate monitoring equipment, as
shown in Fig. 3. It can help trainees quickly master the
standard operating procedures of parachuting, help them
overcome their psychological fears, and lay a solid foun-
dation for later actual parachuting.

2) "1+N+N" training mode

The system supports multi-person formation para-
chute training mode, referred to as "1+N+N" training
mode (N>1), mainly for training space, software and
hardware deployment in the case of wide field,in which
the first "N" represents N parachute training simulators
(individual soldier skill training unit), and the second
"N" represents N heart-rate monitoring devices. A unit
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composed of N people can use this training mode to
conduct full process and full-element parachute simula-
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3 Main Subsystem Design

The service supply layer in the overall structure
design of the system is mainly includes eight service
packages (see Fig.5), including Plan management, Per-
ception and reappear, Assessment and evaluation, Virtual
scene generation, HIL simulation, training management,
network management, System management etc. These
service packages designed with a service-oriented archi-
tecture can be flexibly assembled on demand, providing
platform support for software such as training clients,
training applications, real-time heart rate monitoring,

"1+1+1" training mode

1. Truss structure
(Motion platform)
2. Strap system
3. Video capture module
4. VR glasses e
5. Off-board simulation platform
6. T projection
o 7. Integrated control console ™
(¥ 8. Training computation units -~
9. Projector
10. Projection screen
1. Heart-rate monitor
D 12. Control cabinet
. &;\%%} 13. VR controller
§iig

)
*

&

"1+NV+N" training mode

flight scenario control and server-side control.

3.1 The Parachute Training Application
Software

The parachute training application software is
deployed on the server side to drive a number of training
client software, uniformly initiate the parachute training
process, support the design of training subjects, set dan-
gerous special situations, input the new training assess-
ment index system, support director, conditioning, evalu-
ation and other functions. It uses three functional service

packages of plan management, training management, as
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well as assessment and evaluation provided by the
service supply layer, as shown in Fig. 5 (1), (3), and (6).

Plan management mainly includes functional mod-
ules such as scene setting, subject setting, emergency re-
sponse setting, personnel grouping setting, and launch-
ing settings. It is responsible for completing various pre-
paratory work before parachute training implementation.
It differentiates trainees and supports setting training
courses at different levels, configuring different param-
eters according to the training conditions of each course.
For the four processes of pre-flight preparation, take-off,
parachute operation, and landing, it supports differential
setting of training parameters such as route, wind speed,
wind direction, temperature, and weather conditions. In
addition, different training categories and levels can be
added for different trainees to reflect varying training
difficulties. The training management service undertakes
management functions such as training process control
and guidance control. The assessment and evaluation ser-
vice mainly encapsulates functional modules including
assessment index management, evaluation model man-
agement, and assessment result data management. To
overcome the distortion problem of traditional hierarchi-
cal analysis evaluation models”™, the system uses finite
state machines to establish a training assessment rule
base, achieving relatively objective, effective, and sys-
tematic comprehensive evaluation goals.

3.2 The Parachute Training Client Software

The training Client software to be embedded into
the parachute simulator, serving as part of the parachute
training application software. It supports simulating the
entire process from aircraft exit to landing for parachut-
ists, while also enabling simulation training for common
emergency and special situation handling in solo para-
chute operations. The following functions are supported:

1) Motion process simulation function.

2) Hardware-in-the-loop simulation function.

3) Posture perception and virtual reappear function.

4) Helmet stereo scene generation and display func-
tion.

5) Training management and data recording func-
tion.

6) Training assessment and evaluation function.

The parachute training Client software, located in
the integrated layer, serves as the core system for organi-
zational parachute simulation training. It is responsible

for driving the parachute simulator, VR headset, and
motion capture equipment, as shown in Fig. 5 (2), (4)-(6).
Its core lies in the design of kinematics simulation and
position modeling for parachute-airborne movement,
which enables the input and output of parachutist control
data. Trainees can flexibly manipulate the parachute
equipment based on battlefield conditions, promptly
handle enemy threats, and respond to changes in wind
direction, wind speed, and air currents.

The Perception and Reproduction, Hardware-in-the-
loop Simulation Service Package integrates training
functions such as human-parachute spatial displacement,
weightlessness simulation, motion process simulation,
and equipment operation simulation. The HIL simulation
service simulates parachute deployment postures and
trainees * movement postures including descent, lateral
movement, and landing in the air by collecting trainees’
control data. The Perception and Reproduction service
package calculates the human-parachute aerial position
and transmits the results to the body posture perception
and virtual reproduction functional modules, displaying
parachute status, movement direction, and speed in the
virtual scenario®"’.

The virtual scene generation service includes basic
3D environment simulation, complex weather condition
simulation, landing site environment simulation, aircraft
simulation, parachute simulation, and parachutist simula-
tion. It supports VR headset and screen-based parachute
aerial perspective simulation. This service utilizes multi-
resolution modeling technology to enhance trainees ’
immersion through simulating personnel height perspec-
tive. It maximizes the simulation of scene changes from
small to large, from blurry to clear, and relative distance
from small to large when observed from air to ground.
The training data recording and playback module in the
training management service encapsulates data acquisi-
tion, storage, and reading functions.

3.3 The Heart-Rate Real-Time Monitoring
Software

The heart-rate monitoring software can collect the
real heart-rate of the trainees during training and display
them synchronously on the computer screen of the
integrated guidance console. It can support the access of
several sets of supporting monitoring devices at the
same time, automatically detect the heart-rate data on
the internal network, actively find and display the heart-
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rate data reported by each monitoring device in real
time, as shown in Fig.5 (2).

The wearable heart-rate detection device and the
heart-rate real-time monitoring software need to be used
together. They are connected through a gateway, both
work in the local area network environment, and adopt a
secure and reliable wireless transmission mode. The
heart-rate real-time monitoring software can not only

receive, display and process the data sent by the wear-

able heart-rate detection devices in real time, but also
control its operation and working mode remotely.

3.4 The Flight Scene Control Software

The flight scene control software is deployed in the
integrated guidance console and has two modes: online
mode and independent mode. In the online working
mode, the software is driven by the parachute training
application software, which is consistent with the para-
chute training process. It is responsible for the whole
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process simulation, can continuously return instructions
and 3D scene of helicopter (transport aircraft). At the
same time, it responds in real time to the request for ad-
justment of speed and heading parameters in the course
of flight. In the independent working mode, the operator
sets the initial route of the helicopter (transport aircraft)
and interferes with the whole flight launch process.

This software integrates the virtual scene genera-
tion and HIL simulation function package of the service
supply layer, as shown in Fig.5 (4). It uses a third-party
point of view for 3D display, with the observer on the
ground. In order to improve the rendering speed, it
bounds the parachute and the trainee’s simulation, visu-
ally displays only the outline appearance, and places the
focus of the 3D scene on the flying aircraft.

3.5 The Server Control Software

The server control software provides a set of
simple, convinent and intuitive interfaces for system
operators, as well as a number of background service
programs, such as the communication protocol conver-
sion module that provides intermediate services, so that
softwares based on this module can be interconnected.
It intergrates two function service packages: network
management and system management, as shown in
Fig.5 (7) and (8).

Dataset of training plans
Dataset of training effects assessment

The console interface can real-time monitor the
working status of each training client software, and the
working status of hardware such as the parachute simula-
tor and the heart-rate monitoring devices, and can carry
out remote control and device management, so as to
support the "I+N+N" architecture. Each client software
and hardware are configured on demand, and automati-
cally identify, respond actively and function adaptively
after being connected to the system.

4 Workflow Design

4.1 Information Relationship

The information relationship mainly refers to the
signal incentive sequence among the parachute simula-
tor, the monitoring device of heart-rate, the parachute
training application software, The heart-rate real-time
monitoring software, the flight scene control software
and the server control software as shown in Fig. 6.

4.2 Implementation Process

The content of simulation training can not only be
the whole process of parachute training, but also focus
on manipulation training in air. Organizing a training
includes the following three steps: preparation before
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training, operation and evaluation after training.

1) Preparation phase

The parachute training application software reads
the training scheme from the database and sends it to
each training client software, heart-rate real-time moni-
toring software and flight scene control software. The
server control software receives the working status and
operation mode data transmitted by each training client
software, heart-rate real-time monitoring software and
flight scene control software then transmits them to the
parachute training application software synchronously,
so that it can perceive the number of training clients to
dynamically adapt and respond actively.

2) Implementation phase

After the start of the training, the parachute training
application software sends training plan and procedure
control instructions to each training client software,
heart-rate real-time monitoring software, flight scene
control software and server control software. It can con-
trol the preset training process, and send the guiding plot
to to adjust the current training content.

3) Assessment phase

After training, the parachute training application
software automatically reads the data stored in the data-
base, quantitatively evaluates the training effect accord-
ing to the preset evaluation method, and gives the train-
ing results.

The system implementation process is shown as
Fig.7.
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i 1 Client rr !
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Fig. 7 System implementation process chart

5 Conclusion

The system adopts a brand-new virtual military
training platform, innovates structural design, creates a
symbiotic deployment model of "1+1+1" and "1+N-+N",
and realizes the functions of mutual visualization, colli-
sion detection, virtual-reality synchronization, force

feedback simulation and real-time heart-rate monitoring
in multi-person virtual space. It can effectively support
individual basic training and comprehensive application
training, meet the training needs of trainees at different
levels, shorten the training cycle, and reduce training
consumption and security risks.

Next, the system will focus on the requirements of
parachute training in complex environment, build the
characterstic training scene model, optimize the organi-
zational process, and improve the practicality.
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