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Review: From Time Series to Distance Based Data
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Lap-by-Lap Analytics by Detecting Line Crossings
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Finding the best Driving Patterns
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Combine Race Data with 3D-Track Data
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❶ On-Track Use Cases

❷ Tackling Opposing Goals

❸ Connect the Dots!

❹ Graphs with Nodes and Edges

❺ Define a Race Graph

❻ Graph Transformers
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Use Case ❶ driving the Straigths

F = m   a
Newtons Laws of Motion

*
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Use Case ❷ Moving up and down Slopes

10
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Use Case ❸ Cutting the Corners
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❶ On-Track Use Cases

❷ Tackling Opposing Goals

❸ Connect the Dots!

❹ Graphs with Nodes and Edges

❺ Define a Race Graph

❻ Graph Transformers



Optimize Lap-Time and Energy Use
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Minimization leads to…
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0.5 Weight on both worldsEnergy
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A real, typical Pareto-Front

Focus: Low Energy

Focus: Short Laptime

11 Laps
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A real, typical Pareto-Front
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Energy
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MVP-Philosophy: Move from Point 1 to 2

5ml6ml
8ml

12ml

500s250s 330s 420s
E2

T1 T2

E1

Point 1

Point 2

IDEA
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Check your Hypotheses

Lap Time [s]

Using Minimum Viable Products (MVPs)

Energy Used / Lap [ml]

Was the lap Safe?

MVP #1

Laptime : 0%

Energy : 0% 

250s

12ml

OKV

MVP #2

Laptime : +32%

Energy : -34%

330s

8ml

OK

MVP#3

Laptime : +68%

Energy : -50%

420s

6ml

OK
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❶ On-Track Use Cases

❷ Tackling Opposing Goals

❸ Connect the Dots!

❹ Graphs with Nodes and Edges

❺ Define a Race Graph

❻ Graph Transformers



Let us start with a Data Strategy

Energy Efficiency

►MAX !

Weather

Data

◼ Wind Speed & Direction

◼ Rain, Humidity

◼ Temperature

Track

Data

◼ 3D Trajectories (Slopes, Straights)

◼ Trackwidth/-length

◼ Start-/Stopline

22

Vehicle

Design
Chassis/Body

Steering/Axle

Weight, Center of Gravity ■

Frictions, Forces ■

Drag Coeff, Cross Section ■

ICE specific parameters ■

BE specific parameters ■

H2 specific parameters ■

Power-

Train

Tele-

metry

Data

Energy Usage ■

Lap Time ■

Race Line (GPS) ■

Time Efficiency

►MAX !

Safety

►MAX !

Data

Strategy
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1. Include Straights, Slopes, and Corners

2. Optimize Energy Usage

3. Optimize Laptime

4. Maintain high Safety

Dilemma: bringing EVERYTHING together

connect the dots

and solve 

physical problems 

the data science 

way: Framework
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❶ On-Track Use Cases

❷ Tackling Opposing Goals

❸ Connect the Dots!

❹ Graphs with Nodes and Edges

❺ Define a Race Graph

❻ Graph Transformers



Graph Theory started around 1750

Understanding the

Nature of Things

and

Their Relationships

such as the 

7 Bridges of Königsbert

Leonard Euler

1707-1783
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Knowledge Graph: a language for «Things»

Thing

A

Thing

B

Node

Edge

Node

A Common „Currency“, e.g. Weight, Cost, Energy, etc

Well defined Semantics

CONTAINS (space)

is_part_of- includes-

belongs_to

generalizes

incorporates

unites

FOLLOWS (time)

precedes

uses

depends_on

derived_from

happened_after

happened_before

contributes_to

caused_by

EXPRESSES (information)

shares_with

represents

promises

name

near

like

similar_to

approximates

connects_to

seen_together_with
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Understanding the «Essence of Things»

Name: «Elias»

Born: May 29, 1970

Twitter: «@elias»

Person

Name: «Nala»

Born: Dec 5, 1975

Person

Brand: «Tesla»

Model: «Model 3»Car

Since:

Jan 10, 2021

[loves]

[loves]

[lives with]

A Knowledge Graph has Nodes and Edges
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Networks and Graphs can Scale…
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Copyright of Shell International B.V.

Complex, Large

Scale Networks



Pathfinder

e.g. Shortest 

Path 

(Dijkstra’s)

Community

Algorithms
e.g. Strongly 

Connected 

Centrality

Algorithms

e.g. PageRank 

Algorithm

Graph
Transformers

Transformers translate Graphs into Meaning
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Transformers translate Graphs into Meaning

PageRank 

Algorithm
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❶ On-Track Use Cases

❷ Tackling Opposing Goals

❸ Connect the Dots!

❹ Graphs with Nodes and Edges

❺ Define a Race Graph

❻ Graph Transformers
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Defining the State Space Nodes
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Start Line Finish Line

Time
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The States are in the Nodes

The Physics is in the Edges

Defining the State Space Nodes



V1
P1 P2 P3 P4

V2

V3

V4

V5

V6

V7

V8

V9
Acceleration

too high

Heavy Braking

Burn

Coast

Brake

The Graphs Edges

amax

amin
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Each State Change is a Decision with a Cost

∆v

∆s
Node 1

Node 2

Cedge = Ctime* wtime + Cenergy * wenergy→ MIN!

«C» : Cost

«w» : Weight
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Cedge=

Ctime = f(∆t) = f(∆s/Øv)

Ctime = Cost = {0…1}

wtime = Weight = {0…1}

Ctime*wtime

Cost of required for time travelled
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Cenergy=f(∆e)=f(Ftotal )

Cenergy = {0…1}

wenergy = {0…1}

+ Cenergy*wenergy

Cost of required for energy used



α

m

m*g

Cenergy=f(∆e)=f(Ftotal )



α

m

m*g

Ftotal = Froll + Fslope + Faccel + Fwind

Included in the model



Torque = Ftotal radius / gear_ratio

Rotation speed = v / radius gear_ratio

Ftotal

radius

*
*

Power calculation for a series wound motor



 
 

 
 

 
 

 
 

  

  

   

  

τ = IA * KT - τLoss

IA = (τ + τLoss) / KT

Torque τ depends on the current IA

Power calculation for a series wound motor

Motor specific parameters:

τLoss : Loss torque

KT : Torque constant



 
 

 
 

 
 

 
 

  

  

   

  

n = (U – RA * IA) * Kv

U = n / Kv + RA * IA

Rotation speed n depends on the voltage U

Power calculation for a series wound motor

Motor specific parameters:

RA : Anchor resistance

KV : Motor velocity constant



grey = expensive edges

red = cheap edges
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❶ On-Track Use Cases

❷ Tackling Opposing Goals

❸ Connect the Dots!

❹ Graphs with Nodes and Edges

❺ Define a Race Graph

❻ Graph Transformers



Executable by Dijkstra or A* Algorithm
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A real Speed Profile
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A real Speed Profile
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Include and adjust with

Telemetry Data
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Dynamically Changed

Driving Patterns

Include dynamic

Wheather Data



Information
D

a
ta

 a
n

d
 M

e
a
n

in
g

DynamicSimple

Complicated Complex

Time
VariableStatic

Space/Structure

Tackling Complex Problems with Information
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❶ On-Track Use Cases

❷ Tackling Opposing Goals

❸ Connect the Dots!

❹ Graphs with Nodes and Edges

❺ Define a Race Graph

❻ Graph Transformers
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Quiz
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Q&A

Developing Holistic Race Strategies

based on Knowledge Graphs
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Download Whitepaper 

and Handout
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Bootcamp with two Parts and Ontrack Activity

Part #1
45min: Urban Concept only

Part #2
45min: Urban Concept only

On Track

1. Recap of the most relevant 

race data in the Dashboard

2. Recap of the MVP Strategy

3. Plan your first attempts

based on that Strategy

1. Develop several race strategies

2. Create driving patterns

3. Apply them on track, where 

data is created through 

telemetry

1. Do quantitative Analysis first

2. Then go into qualitative Analysis

3. Learn about the effects of 

driving patterns.

4. Iterate your Race Strategy from 

attempt to attempt
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Thank You!
We‘re close the 3 webinars

Let’s apply this knowledge on track

see you at the bootcamp!
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Schmid Elektronik is a family-run, Swiss technology SME for 

embedded systems and industrial electronics. Customers are supplied 

with feasibility studies, prototypes, pilot series, minimum viable 

products (MVP), batch size 1 as well as small and medium series. 

Market services include hardware and software engineering, products 

for LabVIEW on customer-specific hardware and production services 

(EMS). One of Schmid Elektronik's specialties is Internet-of-Things 

things. 

The ZBrain product family from Schmid Elektronik consists of 

hardware platforms for embedded systems that are 

graphically programmable with NI LabVIEW (RT, FPGA). With 

this Schmid Elektronik completes the NI platform (sbRIO, cRIO, 

PXI, SLSC) and enables its customers to run LabVIEW on their 

own hardware. Be it in prototypes, MVPs or products. 

Since 2007, Schmid Elektronik has been one of the NI 

Partners, specialized for LabVIEW on Embedded-

Hardwae. Thus, the focus is on embedded sbRIO, 

customized cRIO modules, specific FlexRIO and SLSC 

boards.

Schmid Elektronik is an official partner of the Shell Eco-

marathon and part of its Data & Technology Team. 

Schmid Elektronik has been providing development and 

production services as well as products and on-site 

services for the telemetry system since 2015. 

Services include webinars, jury in the Data & Telemetry 

Off-Track-Award, Bootcamps and Technical Vehicle 

Inspection. The Swiss family-owned SME thus joined

the ranks of global players, which are also partners 

in the program. 

marco.schmid@schmid-elektronik.ch

Phone direct  +41 (0) 71 969 35 90

Phone Info +41 (0) 71 969 35 80

info@schmid-elektronik.ch

schmid-elektronik.ch

Schmid Elektronik AG

Marco Schmid

Mezikonerstrasse 13

CH-9542 Münchwilen

Switzerland

Contact

Copyright of Schmid Elektronik AG, 2024

About us

mailto:marco.schmid@schmid-elektronik.ch
mailto:info@schmid-elektronik.ch
http://www.schmid-elektronik.ch/
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