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ALTAIR ROMAI: 利用AI和经典系统理论生成ROM
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romAI 目的

数据

动态系统模型

数字孪生· ROM · 监测

NATIVE SUPPORTED STD

ቊ
ሶ𝑥 = 𝑓(𝑥 𝑡 , 𝑢 𝑡 , 𝜃)

𝑦 = 𝑔(𝑥 𝑡 , 𝑢 𝑡 , 𝜃)

𝑦(𝑡)𝑢(𝑡)

IoT       RT simulator     Control

Optimization
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romAI 应用

热学 电学 流体 离散元机械
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精度 / 时间—高效的仿真
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romAI 目的

数据
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romAI: 基于数据生成的动态系统模型

数据 动态系统模型
深度学习（Learning）

romAI
人工智能

少量的仿真/测试

不受时间离散化影响

集成用户的专业经验

满足模型的泛化属性
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romAI

romAI: 数据
数据 动态系统模型

Learning

仿真 测试

时间

变量 i

每个记录的数据代表一个有效的训练样本

少量的仿真/测试

不受时间离散化影响

集成用户的专业经验

满足模型的泛化属性

dt



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

romAI

romAI: 训练（学习）
数据 动态系统模型

Learning

少量的仿真/测试

不受时间离散化影响

集成用户的专业经验

满足模型的泛化属性

s1,v1 s2,v2

F1 F2
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romAI: 动态系统

romAI
数据 动态系统模型

Learning
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romAI: 动态系统

romAI
数据 动态系统模型

Learning

TRAINING

SET

TEST 1

TEST 2
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romAI: 动态系统

romAI
数据 动态系统模型

Learning

TRAINING

SET

TEST 1

TEST 2

少量的仿真/测试

不受时间离散化影响

集成用户的专业经验

满足模型的泛化属性
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romAI

COMPOSE AND ACTIVATE
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romAI tools

romAI Director romAI block

用于时域系统仿真
（使用ROM）

用于训练数据生成ROM
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romAI Director (*) romAI block (*)

Compose

Activate

romAI: Activate/Compose

(* 需要在 Activate 、Compose中安装 romAI library)



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

romAI 应用
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System Identification

Real system

Reduced-Order Model

Simulation
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系统仿真

训练数据仿真或测试

romAI

机器学习

romAI 使用流程（ROM生成及应用）
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电磁阀
（SOLENOID VALVE）
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如何在保证精度的前提下减少仿真时间？

co-simulation

+

=
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电磁阀系统分析模型
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参数输入及功能界面
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机械模型

机械模型包含

• 柱塞质量

• 弹簧



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

电磁模型

两种级别的电磁螺线管模型

• Co-simulation

• Look-up table
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液压模型 (Flow and Forces)

两种精度的液压模型

• Look-up tables

(steady state behavior)

• romAI

(transient behavior)



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

LUT Model – Flow and Force
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romAI – Best of Both Worlds

1D World

Fast

Focus on system performance

3D World

Accurate

Focus on components, subsystems

CFD PICTURE

ROMs
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romAI – Generation and Usage

𝑥(𝑡𝑖)
𝑣(𝑡𝑖)
∆𝑝 (𝑡𝑖)
𝑄 𝑡𝑖
𝐹 𝑡𝑖

romAI

Training data3D analysis

CFD ANALYSIS 

PICTURE

System simulation

Machine learning
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romAI – CFD 问题描述

OUTPUTS:

流量 𝑄
液压力 𝐹

INPUTS:

Plunger位移 𝑥
Plunger 速度 𝑣
压力差 ∆𝑝

STATE VARIABLE:

流量 𝑄∆𝑝 = 𝑝𝑖𝑛 − 𝑝𝑜𝑢𝑡

𝑄

𝑝𝑖𝑛 𝑝𝑜𝑢𝑡

𝑥, 𝑣

𝐹
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romAI –从 CFD 仿真获得数据

训练数据通过采用CFD瞬态仿真4中不同工况获得（~ 1700数据点）：

pInlet 2 bar, 4 bar

Opening time 10 ms, 100 ms

Example: results @ 2 bar inlet pressure and 100 ms opening time
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romAI – CFD 仿真结果 vs romAI

Test dataset @ 3 bar inlet pressure and 50 ms opening time.

romAI result

CFD result

romAI result

CFD result
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Solenoid force Hydraulic force Spool stroke

romAI 模型能够反映更多的系统动态行为，如力和行程结果的过冲。

Oscillation in hydraulic force is caused by missing CFD data for closed valve and simplification in transition to small 

openings.

两种模型系统仿真结果对比
LUT vs. romAI

Lowest fidelity model     Highest fidelity model
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在瞬态和稳态状态下都保持较好的精度
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look-up table

romAI

co-simulation

Transient TransientSteady state Steady state

valve opening

LuT

LuT
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valve opening

高效的兼容实时运行（Real-time）的降阶模型
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look-up table

romAI

co-simulation

<1s

<1s

~18h ：6进程标准工作站（3核）

仿真时间
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轮式装载机
( WHEEL LOADER )
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系统集成

• 控制系统

• 液压执行机构

• 包含柔性组件的多体

• 散装物料
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是否希望在保持精度的前提下减少仿真时间？
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Wheel loader: 保持精度的前提下减少仿真时间

30 min

8h

15min

数据生成

ROM 生成 & 验证

结果评估
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训练数据生成（.csv文件）



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

数据训练（生成ROM）
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[N] [N] [N] [N] [N]

1st Simulation 2nd Simulation 3rd Simulation 4th Simulation 5th Simulation
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Results: hydraulic forces

Difference on 

max force

<1.4%



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Results: joint forces

Difference on 

max force

<7.4%

曲柄铲斗
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Results: 关键部位的 VonMises 应力

Difference on 

max stress

<1.3%
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Results: run time

20s 

Motion - romAI

Vs

680s 

Motion - EDEM
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BATTERY CELL MODEL
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Battery Cell: dynamical system

机器学习

系统仿真

romAI

训练数据

实验数据

𝑖(𝑡𝑖)

V(𝑡𝑖)

SOC(𝑡𝑖)

Input: 𝒖𝒌 Output: 𝒚𝒌

𝑉, 𝑆𝑂𝐶𝑖

𝒙: 𝑠𝑡𝑎𝑡𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠
𝑆𝑂𝐶

romAI
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Results: dynamic and quasi-static tests

Dynamic Quasi-Static

Difference mostly less than 2.5%

Test

romAI

Test

romAI
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T = +25 degC T = -25 degC

Very good modeling of the hysteretic behavior

Results: Hysteresis

test
romAI

test
romAI
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Results: romAI vs ESC battery model

romAI performs better than ESC battery model

T = +25 degC

romAI

romAI
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BALL AND BALANCING TABLE
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BBT: 利用人工智能设计控制器
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Control of the Ball Balancing Table (BBT) from Acrome

110s

4.5h

15min

数据生成

系统辨识 & 控制设计

测试
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数据生成（.csv文件）

Randomly playing for 110s

Yes, only 110s!
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System Identification: romAI generation
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Linearization: automatic A,B,C,D matrices generation
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Optimal Control design: automatic gain matrix generation

使用Activate® 控制库中内嵌的 lqr 函数



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Test 1: 8-shaped reference
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Test 2: Step-wise reference 1
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Test 3: Step-wise reference 2

[m
m

]

[m
m

]

[mm]



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

总结
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数据

动态系统模型

数字孪生 · ROM · 监测
IoT       RT simulator     Control

Optimization

romAI 

人工智能

少量的仿真/测试

不受时间离散化影响

集成用户的专业经验

满足模型的泛化属性
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System Identification

Real system

Reduced-Order Model

Simulation

18h => 1s with romAI 680s => 20s with romAI Advanced control design: 

• No measurements

• No Math calculations

Few simulations/tests needed

Higher accuracy than

std ESC battery model
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