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Motivation

• Our mission: provide MBSE methodologies for the automotive domain
• EmbeddedMontiArc: Modeling language for automotive systems
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EmbeddedMontiArc
Deep Driving Component

DPNet

KalmanFilterBank

predictions: Q(-∞:∞)^{14}
Denormalizer

image:Z(0:255)^{3,210,280}

affordance: Affordance

AffordanceToVector

Localization

DriverController

affordanceSmoothed: Affordance

affordanceSmoothed: Affordance

numLanes: N

SteeringBuffer

speedIn: Q

brakingCmd: Q(-1:1)

steerCmd: Q(1:1)

timeRightIn: N

timeLeft: N

laneChange: LaneChange

structure for
affordance indicators

predictions: 
Q(-∞:∞)^{14}

timeLeftOut: N

timeRightOut: N

steerRecords: Q^{5}

enum for lane
change maneuvers

accelCmd: Q(-1:1)

laneChange: LaneChange
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MontiSim

• Browser based 3D visualization
- Simulator: Java
- Visualization: JavaScript / ThreeJS
- Enables CV + ML capabilities

• Environment model
- OpenStreetMap
- Probablistic models for pedestrian behavior
- Weather effects (e.g. changing the friction coefficient)

• Physics engine
- Discrete time
- Rigid body based (Euler loop)
- Collision detection

Mass points
Forces 𝐹"
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• R1 The emulator must reproduce the real logic behavior of the emulated software

• R2 Evaluate the execution time of the emulated software

• R3 Reproducibility of the simulations (independently of the platform and hardware
used)

• R4 Allow the emulation of software compiled for other platforms

• R5 Variability of the hardware models

• R6 The hardware emulator can be used to emulate any program and evaluate their
execution time

Requirements
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Abstract from 
OS-specific 
functionalities

Concept

Computer

Unicorn engine

Registers

OS
Loader
System functions
FunctionCalling

Memory
MemorySections
Stack
Heap

Time evaluation
ComputerTime
CodeDecoder
MemoryTime
Cache model

os = windows
cpu_frequency = 1500000 
memory_frequency = 150000 
cache_DL1 = 128,  1, 2 
cache_IL1 = 128,  1, 2 
cache_L2 = 1024,10,15

Hardware1
2
3
4
5
6

Emulate 
execution 
on hardware

Abstract from low-level 
C memory interface of 
the Unicorn engine

Connect to monitoring 
hooks of Unicorn 
engine and calculate 
needed time, based on 
hardware parameters

Defines parameters 
of the hardware
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UNIX vs. Windows

Portable Executable
(Windows)

Executable and Linking Format
(UNIX)
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EmbeddedMontiArc Integration

1. Discrete event simulator calls hardware 
emulator

2. Hardware emulator calculates outputs 
and time needed on real hardware 

3. Discrete event simulator delays the 
output event according to the time 
estimation of the hardware emulator
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Evaluation
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Conclusion
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