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城市空中交通（UAM） 

▪ UAM应用趋势：
– 创新的移动系统开发

– 注重安全性和可靠性

– 利用人工智能、大数据和物联网

– 研究、开发和运营中的数字化转型

城市空中交通集成了自主性和智能性，以确保安全性和可靠性，同
时保持效率
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城市空中交通：城市交通的未来
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用于城市空中交通的集成工作流程
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Decision

Control

VTOL Tiltrotor Model in Simulink

Ref. Supernal and MathWorks Joint POC Demo
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系统工程

Author, manage, and link requirements
Model system architectures and 

perform system analysis
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平台设计

高细节
无人机开发

近似
无人机应用

UAV Toolbox

Link LinkLink

Simscape Aerospace Blockset

根据您的任务选择合适的无人机建模方法

https://www.mathworks.com/help/physmod/simscape/physical-modeling.html
https://www.mathworks.com/help/uav/ref/guidancemodel.html
https://www.mathworks.com/help/aeroblks/equations-of-motion-1.html


8

VTOL
仿真旋翼机

Unreal Engine®旋翼机资产，
用于可视化

旋翼和多旋翼块

Compute the aerodynamic forces and moments generated by one or more rotors.

Aerospace Blockset / Propulsion

Example:
Mars Helicopter System-Level Design
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动力学建模仿真

根据自由度选择合适的被控对象模型
示例：仅考虑纵向 （U、W、θ） 的 3 个自由度→

𝑚𝑎 = 𝐹

I ሶ𝜔 = 𝑀

平移：

滚转：

计算由空气动力学、重力、风
力、人为力等产生的每个轴向
的力和围绕每个轴的力矩

U

W

ሶ𝜃

𝐿 =
1

2
𝜌𝑉2𝑆𝐶𝐿

𝐷 =
1

2
𝜌𝑉2𝑆𝐶𝐷

升力：

阻力：

位置、速度、欧拉角、
角速度等的输出

例
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Aerospace Blockset 建模示例

环境和机身的六自由度非线性运动模型

重力、标准大气压、磁力、风等 推力系统、空气动力学、平移和旋转运动、传感器等
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仿真实例 ➢ 无风

➢ 有风
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无人机建模示例 Quadcopter Drone Model in Simscape Link to Model

电机和电池刚体运动模型

也可以考虑故障的影响

Simscape Multibody
Simscape Electrical

https://jp.mathworks.com/matlabcentral/fileexchange/63580-quadcopter-drone-model-in-simscape
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电动飞机设计探索

情况:

挑战：确定要满足的电池和冷却系统要求，飞
行距离和有效载荷要求

解决方案：使用 Simscape 对系统进行建模，
并使用 MATLAB 对每个配置运行参数扫描

Pure

Electric

Hybrid

Electric

+ -
20 mi

20 mi 20 mi
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平台设计

通过建模和仿真进
行早期设计分析
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被控对象辨识

• 以所需的保真度构建被控对象模型

• 利用现有的 PX4 架构对控制器进行建模

• 估算被控对象参数，如惯性矩阵、推力和阻

力系数
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测试设置

Test Flight

Log Data

UVify IFO-S drone mounted on 

Eureka Dynamics FFT GYRO test platform

Step 1:收集试飞数据 Step 2:导出和处理飞行日
志数据

Step 3:验证被控对象模型并调
整控制器

DeployStep 4:
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飞行控制

基于模型设计开发符合航空行业标
准的飞控和制导逻辑
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PID控制器的自动调整

❑ 指定每个控制回路的性能要求

❑ Closed PID Autotuner block在仿真

过程中自动调整PID控制器

Link

控制

用于位置和姿态控制的自动 PID 调整

Simulink Control Design

Closed PID Autotuner在线自
动调节

https://www.mathworks.com/help/releases/R2022a/uav/ug/pid-autotuning-for-uav-quadcopter.html
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飞行控制

设计以系统级仿真为目
标的无人机模型
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飞行控制

评估特定无人机动力学的飞行控制性能

Link

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/es/2019/bilbao-control-strategy-electric-propulsion_tecnalia.pdf
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VTOL的完整示例

Flight Controller

VTOL Plant Model
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设计和调整无人机悬停控制
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在悬停和固定翼模式下自动调整倾转旋翼机
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分析跟踪和控制性能
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过渡中无人机的调谐控制设计

Tilt Rate Wind-down rate Critical Tilt Angle
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过渡中无人机的调控设计
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自主飞行 – 感知

激光雷达和雷达融合，
用于跟踪多架无人机

通过传感器融合进行定位
立体视觉 SLAM

语义分割

用于设计和评估感知算法的功能
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自主飞行 – 感知

Link

Computer vision capabilities 

for situational awareness

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/solutions/aerospace-defense/files/2017/expo-in/development-of-real-time-object-tracking-algorithm-for-uavs.pdf
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自主飞行 – 运动规划

使用航点和轨迹跟踪算法定义任务
使用先进的路径规划器和避障功能进行

运动规划
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系统级仿真

整合传感器数据反馈，实现系统级闭环仿真
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系统级仿真

结合无人机、
自主算法和环
境来模拟必要
的测试用例
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紧急着陆程序的示例
安全着陆区检测

Input: Point Cloud Map Output: Labelled Landing Zone Points

Point Type Dangerous Unsuitable Risky Suitable

Color

Link to the example :

Determine Safe Landing Area for Aerial Vehicles Example

https://in.mathworks.com/help/lidar/ug/determine-safe-landing-zone-in-aerial-point-cloud.html
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紧急着陆程序的示例
识别危险区域

Non-ground 

points

Ground 

points
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确定合适的着陆点
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最佳登陆区域位置工作流

0.7 0.8 UAV 0.4

0.6 0.6 0.3

0.7 0.1 0.2

UAV

0.3

0.1 0.2

UAV

0.1

Filter 

points 

with high 

weighted 

average

Safest 

and 

Closest 

point 

from UAV 

Location

Color Point Type

Current UAV 

Location

Dangerous

Unsuitable

Risky

Suitable

Best Landing Zone 

Location

飞机当前位置

最佳着陆区位置
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结果
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使用 HIL 仿真部署算法

Flight Controller Plant Model
Inputs

Host

PC
Host

PC

Hardware-in-the-Loop

Scenario Simulation
Host

PC

Deploy on Hardware

Onboard Autonomy

Deploy on Hardware

Ground Control Station

Host

PC

NVIDIA® Jetson
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控制器部署

3

8
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NASA Langley Develops a Process to Quickly Deploy 

Custom Control Laws to Multirotor Aircraft

Project Goal 

Develop a process to quickly deploy custom control laws to a multirotor aircraft, then publish the 

methodology to accelerate innovation in the advanced air mobility market.

Components

Simulink for developing custom control laws, with UAV Toolbox, Embedded Coder, PX4 Hardware 

Support Package for automatically generating deployable code for the custom control laws.

Solution

Modeled the plant in MATLAB/Simulink and ran hardware-in-the-loop simulations on a test bench. 

Deployed a custom flight controller to Cube Orange and Cube Blue flight computers running PX4 

firmware. Investigated implementation of geofencing and return-to-launch behaviors along with a 

custom mixer to support the development of a subscale eVTOL aircraft. Injected programmed test 

inputs into the motor commands to help collect data for plant model identification. Tested and refined 

multiple control architectures at indoor and outdoor NASA flight-test facilities.

Time savings

New methodology reduced the time it 

takes to integrate and flight-test a new 

controller from weeks to minutes.

Testing completeness

Tested a multirotor aircraft in free flight 

with multiple control architectures and 

programmed test input injection.

Market accelerator

Plans to publish methods used and 

provide publicly available data to 

accelerate the emerging advanced air 

mobility market.

Learn more about NASA’s VTOL Aircraft Testing Framework

“This solution made it easy to take a simulation-developed control 

law and implement it onto a flight vehicle. In the past, hardware 

integration was notoriously difficult. Now we can deploy and test a 

new flight controller in minutes.”

G. D. Asper, B. M. Simmons, R. M. Axten, and K. A. Ackerman 

NASA Langley Research Center

Credit: NASA Langley Research Center

https://www.mathworks.com/company/newsletters/articles/aiming-parker-solar-probe-at-the-sun-with-simulink-gnc-software.html
https://ntrs.nasa.gov/api/citations/20220011570/downloads/NASA-TM-20220011570.pdf
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NASA 使用 Simulink 部署的控制器进行试飞
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具有实时HIL仿真的设计自主算法

Flight Controller Plant Model
Inputs

Host

PC
Host

PC

Hardware-in-the-Loop

Scenario Simulation
Host

PC

Deploy on Hardware

Onboard Autonomy

Deploy on Hardware

Ground Control Station

Host

PC

NVIDIA® Jetson

Deploy on Hardware

TCP/IP or UDP
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传感器故障
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飞行数据分析

飞行日志分析工具，
用于评估无人机飞行
性能，并通过详细分
析识别潜在差异
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飞行数据分析

用于特定无人机应用（例
如测量、测绘等）的传感
器有效载荷数据后处理
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适航认证的支持

具有广泛验证工具的成熟认证标准
开发工作流程

Link 1, Link 2

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/solutions/aerospace-defense/do-178/mathworks_do178c_autocoding_workflow_poster_jan18.pdf
https://www.mathworks.com/content/dam/mathworks/signage-or-poster/poster-mathWorks-do254-qualified-workflow.pdf
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适航认证的支持

Link to user story

在硬件测试之前利用
自动验证功能评估无

人机设计

http://www.mathworks.com/company/user_stories/korean-air-speeds-uav-flight-control-software-development-and-verification-with-model-based-design.html?by=company
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运营管理

连接到地面控制软件以
定义任务并监控飞行
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运营管理

Multi-UAV 

simulations with 

parallel computing 

technologies

Link

https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/jp/2020/drone-operation-and-traffic-management-simulation.pdf
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Customer

Service

Traffic

Control

Operations

System

UAM Vehicles

Digital

Core

Innovative Urban Air Mobility 

with MATLAB/Simulink:

• Develop UAM systems

• Incorporate autonomy

• Leverage big data

• Design AI algorithms

• Deploy applications

…

使用 MATLAB 和 Simulink 进行 UAM 开发

Infrastructure

Maintenance
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© 2024 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. 

See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be 

trademarks or registered trademarks of their respective holders.
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