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工业机器人的发展趋势

2

Cobots Grow fastest in shipment terms
with CAGR of 20% from 2017 - 2023

Growing trend toward compact robots

Increasing share of units shipped in 2023 will be payload <10kg

40% of 
Articulated Robots

80% of 
SCARA Robots

82% of 
Cobots

Source: Interact Analysis
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自主工业机器人系统开发流程
独立运行，无需人工明确指示

Plan (Decide)

Obstacle
Avoidance

Localization

Path Planning

Sense (Observe)

Proximity Sensors

Encoder Camera

Contact 
Switches

Force/Torque 
Sensor

Connect/Deploy Code Generation ROS

Platform

Physical Model Actuation Model
Prototype HW

Environ Model
Production HW

Autonomous Algorithms

Control (Act)

Trajectory Control

Feedback Controls

Decision Logic

Gain Scheduling

S1

S2S3

Perceive (Orient)

Object
Detection/Tracking

Environment 
Understanding
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讨论的主题：

0101
自主系统发展的趋势

0202 自主系统的基
于模型的设计

用户案例
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04

案例研究：分拣机器人
的应用
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传统软件开发周期

* AspenCore - EETimes, “2019 embedded markets study,” EETimes, Tech. Rep., 2019 

仿真仅花费了6％的设计/开发时间*

a

b

c

概念设计

手工编码

嵌入式系统
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工业机器人系统开发的挑战

多领域
专业知识

算法的
复杂性

端到端
工作流程

技术深度
和系统稳定性
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内容要点

在本讲座中，您将了解

工业机器人开发参考工作流程

平台、传感、感知、规划和控制的多功能领域

MATLAB和Simulink开发新的机器人算法的能力

» 机器人的运动学和动力学模型
» 使用深度学习的感知算法设计
» 用于传感器模型和环境仿真的Gazebo联合仿真
» 避障路径规划
» 使用Stateflow / RL实现逻辑监控和控制
» C / C ++代码/ ROS节点生成
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开发强大的自主系统的关键因素

Modeling &
Simulation

Code
Generation

Test &
Verification 必须:包括建模和仿真、代码生成和测试与验证的

端到端开发解决方案。

完整的基于模型设计开发流程

Simulate First and Simulate 
Often!
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Platform

完整的基于模型的设计流程

Autonomous Algorithms 
for Manipulators

Connect / Deploy

Perceive

Sense   

Plan & 
Decide

Control

Platform

Connect
/Deploy
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机械臂的示例

分拣机械手臂

基于模型的设计

深度学习以检测物体

避免碰撞的路径规划
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机械系统建模
从CAD工具自动导入
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Simscape 
Multibody 

Model  

Simscape 
Multibody 

Model  

CAD ModelCAD Model
Platform
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Perceive

Plan & 
Decide

Control

执行机构
评估电机需求–执行机构尺寸

Platform
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Simscape

Robotics System
Toolbox



环境建模
连接到外部机器人模拟器

Robot arm simulation with Gazebo

Gazebo: Physics-based simulator with 
sensors and noise
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ROS Toolbox

Robotics System
Toolbox



Intel® RealSense™
RGB-D camera

Intel® RealSense™
RGB-D camera

Colorized point cloud Detect table

Point clouds of objects Remove noise and cluster

传感器
点云处理用于位姿估计

Perceive

Plan & 
Decide

Control
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y Sense   

Platform
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Computer Vision 
Toolbox



• 支持通用传感器

• 图像分析

• 图像增强

• 可视化点云

• 应用

Perceive

Plan & 
Decide

Control
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传感器
自主系统的通用传感器和传感功能
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Image Processing 
Toolbox

Computer Vision 
Toolbox



感知
深度学习用于目标分类

•
•
•

Object detector using Deep 
Learning (YOLO v2)

Platform

Sense   

Perceive

Plan & 
Decide

Control
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Deep Learning 
Toolbox



感知
目标分类

Camera view

Perception

Platform

Sense   

Perceive

Plan & 
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运动规划

Joint positions

Follow & track trajectory

Reach waypoints

Interact with environment

Manage gripper actions
X(t0)

X(tf)
q(t2)

q(t3)

q(t1)

q(t0)

q(tf)

Motion 
Planner

Initial Pose X(t0)
Final Pose X(tf)
Joint Limits
Obstacles

Joint Trajectories 
Q(t)

Platform

Sense   

Perceive

Plan & 
Decide

Control

C
o

n
n

ec
t 

&
 D

e
p

lo
y

22



运动规划
路径规划+轨迹生成+轨迹跟随

Platform
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Model Predictive 
Control Toolbox

Robotics System 
Toolbox



运动控制
决策逻辑

Supervisory ControlSupervisory Control

Platform
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Stateflow



高级控制:强化学习
训练机器人到达目标物体

AGENT

Reinforceme
nt Learning 
Algorithm

Policy

ENVIRONMENT

ACTION

REWARD

STATE

Policy   update
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Reinforcement 
Learning Toolbox

Simscape



Application

Sense1 Sense2 Simulator

Act1 HMI1 HMI2

Middleware

Platform

Sense   

Perceive

Plan & 
Decide

Control

连接硬件
支持代码生成
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ROS Toolbox



连接硬件
支持代码生成

Ethernet

Jetson Xavier (Ubuntu 18.04)

Simulink to ROS2 
stand-alone node 

deployment

Simulink to ROS2 
stand-alone node 

deployment

(Bouncy)

Node1
Kinova
System 
Object

Kortex API

Node2
User Application

Node3
User Application

Use publisher/subscriber 
capabilities in Simulink to 

connect to ROS topics

Use publisher/subscriber 
capabilities in Simulink to 

connect to ROS topics

Allows multi-thread, 
multi-core and 

pseudo real-time

Allows multi-thread, 
multi-core and 

pseudo real-time
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Stateflow



使用相同的参考工作流程
仓库装卸(储存架)

这个示例的工作流强调了在MATLAB中使用Robotics System Toolbox
的碰撞检测算法、非线性MPC和Stateflow状态机

这个示例的工作流强调了在MATLAB中使用Robotics System Toolbox
的碰撞检测算法、非线性MPC和Stateflow状态机
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使用相同的参考工作流程
仓库装卸(储存架)

避障 ON
(障碍物显示为蓝色)

避障 ON
(障碍物显示为蓝色)

避障 OFF
(黑色显示障碍物，以供参考) 

避障 OFF
(黑色显示障碍物，以供参考) 
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Sense   

Perceive

Plan & 
Decide

Control

Connect

Platform

使用相同的参考工作流程
Delta机械手进行自动零件分拣
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Platform

完整的基于模型的设计流程

Autonomous Algorithms

Sensor Fusion and 
Tracking Tbx

Computer Vision 
Toolbox

Model Predictive 
Control Toolbox

Reinforcement 
Learning Toolbox

Stateflow

Navigation
Toolbox

Robotics System
Toolbox

Connect / Deploy

ROS Toolbox

Perceive

Sense   

Plan & 
Decide

Control

Connect
/Deploy

Deep Learning 
Toolbox

MATLAB / SimulinkPlatform Simscape
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更多的技术资源
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结束语

工业机器人应用
发展的挑战性

开发基于模型设计
的软件

Fast Iterations

Strong Focus 
on Simulation

Complexity of 
Algorithms

Multi-domain 
Expertise

End-to-End 
workflows

端到端工作流程
用于工业机器人

应用开发

Perceive

Sense   

Plan & 
Decide

Control

Platform

Technical Depth and 
System Stability
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