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® Leaderboard Shell
DTN | Finct Race (Replay) Eco-marathon

Rank Country # Team Name Energy Left

™ 502 Schluckspecht Urban Conc... ™ 96.9% 1/6
501 DTU Roadrunners = 95.7% 1/6
505 H2politO - Molecole Urbane = 96.7% 1/6
701 SZEnergy Team == 100.0%

614 La Joliverie Polytech Nantes == 100.0%

§

Q.

éf 5 :

11 703 TIM UPS INSA == 100.0% Live on Track
Final Race (Replay)

™ 702 TUfast Eco Team == 100.0%

11 604 ENSEM Eco-Marathon = 100.0%
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= From the Drivers World Chamionship...



Speed (km/h)
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= ... to the MI
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Schmid Elektronik is Shell Eco-marathon Partner

About Shell Eco-marathon

For over 40 years, since 1985, the programme has
consistently brought to life Shell’s mission of Powering
Progress together by providing more and cleaner energy
solutions.

Watch the NEW film to learn more about Shell Eco-
marathon'

Read more =

Copyright © Schmid Elektronik AG

2026 Programme

The season opens a new chapter that reflects the
changing face of STEM and introduces a comprehensive
competition experience, leading to a truly Global
Championship.

Learn more about the 2026 Programme here

Read more =

@ Shell
Eco-marathon

Thanks to our partners

Selr scimos HAVAS

Partners

Our partners are essential to Shell Eco-marathon. Not only
do we work together, but we combine resources and share
ideas and innovations to help build a lower-carbon future.

4|
SCHMID @
Elektronik
Shell Eco-marathon Partner
Read more =

Data & Telemetry Bootcamp 2026
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Shell Eco-marathon Telemetry System
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One-Size fitsall?

'/Logistics Nightmare
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Data & Telemetry Off-Track Award.:
Developing a Strateqgy that:

#1 Accounts for the straights, slopes, crests
and corners of a track

#2 Balances maximum energy efficiency
with competitive lap times

#3 Ensures driver safety in all conditions,
including rain and wind.

Copyright © Schmid Elektronik AG



A Six™ OTA-Question /y
@ Data Strategy to Achieve the Three Goals 303 6

@ Capturing Data with a Telemetry System
€) Gaining Knowledge from Race Data

@ Data-driven Race Strategy Development
© Driver performance on Track

® Qualitative and Quantitative Results Improvement

Copyright © Schmid Elektronik AG



Publishing the OTA-Winners /VQ'I/
Data and Telemetry Award sponsored by Schmid Elektronik e 0
<6

The Data and Telemetry Award celebrates teams that harness the power of data to optimise vehicle performance and enhance overall strategy. L] H H
Judges’ Remarks: Rigorously engineered
Judges' Remarks: Rigerously engineered telemetry and simulation underpin this entry. Instead of chasing a single perfect lap, the team optimizes the entire multi- te | e m et ry a n d S i m u | a t i O n u n d e rp i n t h i S e n t ry.

lap attempt, preventing over-tuning of a single lap. A predictive throttle map and speed profile give the driver foresight, while live telemetry refines tactics in real
time— a holistic, adaptive and data-driven masterclass!

Winner: Imperial Eco-Marathen, Imperial College London, United Kingdom

Instead of chasing a single perfect lap, the team

optimizes the entire multi-lap attempt, preventing

s i 07« over-tuning of a single lap. A predictive throttle
map and speed profile give the driver foresight,

while live telemetry refines tactics in real time

- a holistic, adaptive and data-driven masterclass!

Runner-Up: PROMETHEUS ECO RACING NTUA, National Technical University of Athens, Greece
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ttps://schmid-elektronik.ch/bootcamp-sem26/

=SCHMID"

Elektronik PRODUKTE LOSUNGEN BRANCHEN UBER UNS

FROM DATA'TO"ACTION IN SHELL ECO-MARATHON

DATA AND TEEEBMETRY

BOOTCAMP TRAINTING
MATERIAL

Bootcamp Structure

YOU PROGRESS FROM LEVEL TO LEVEL, JUST
LIKE IN A GAME.

In five steps, you will learn how data turns into knowledge

and knowledge turns into action.

Level 1 ITeIemetry: How to Create relevant Race Data on
Track?

Level 2 | Data Analytics: Recognize Correlations and
Patterns

Level 3 | Live Data: Send Data from the Track to the loT
Level 4 | Modelling: Maintain Physics Based Digital Twin

Level 5 | Holistic: Advanced Data-Driven Racing

Data & Telemetry Bootcamp 2026 13



= Constrained Global Optimization Problem

Why move from intuitive
to data-driven Racing?

Copyright © Schmid Elektronik AG



= Constrained Global Optimization Problem

Environmental Influence

S INekease
Energy Efficienc)

Straights— " IMeaning
Corners — Actionable

Driver Information

from Start to

Crests — Finish Maintain
Safety ... always!

I Keep to
max Laptime

Slopes —

Vehicle Characteristics

Copyright © Schmid Elektronik AG
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y |z

V/
V4
4
/o

Data Strategy
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Data Strategy

to achieve the 3 Goals:
2 A
. Account for stra‘nghts slopes, crests and corners
' y 2 Balance maX|m|U‘m energy efficiency with minimum lap times

3 Ensure driver safely in all conditions, including rain & wind

v / =

Copyright © Schmid Elektropik’AG / Data & Telemetry Bootcamp 2026 17



What is your Data Strategy + relevant Data?

Human

Machine

Micro-
Environment

Macro-
Environment

N U N N

Copyright © Schmid Elektronik AG
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Goals,
Problems or

Requirements
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What is your Data Strategy + relevant Data?

(e )

oals, Problem, Requirements

Qualitative and quantitative

4 @ analysis of energy consumption
along the entire track

Maschine;
Vehicle

Position (GPS-Coordinates) [Lon][Lat]
Cumulative Consumption [J, ml, 1]

Instantaneous Consumption [J/s, ml/s, |/s]

- /

Copyright © Schmid Elektronik AG Data & Telemetry Bootcamp 2026 19




What is your Data Strategy + relevant Data?
‘G

~

oals, Problem, Requirements

Qualitative and quantitative
— o analysis of energy consumption
along the entire track

-

Time Stamp (UTC, GPS) [s]

Maschine; Position (GPS-Coordinates) [Lon][Lat]

Vehicle

Cumulative Consumption [J, ml, 1]

Analysis of acceleration, gliding
and braking dynamics

Instantaneous Consumption [J/s, ml/s, I/s]
Speed [km/h]

Acceleration [m/s?]

" J

Copyright © Schmid Elektronik AG Data & Telemetry Bootcamp 2026 20




What is your Data Strategy + relevant Data?

-

Maschine;
Vehicle

Inst

Time Stamp (UTC, GPS) [s]

Position (GPS-Coordinates) [Lon][Lat]
Cumulative Consumption [J, ml, 1]
antaneous Consumption [J/s, ml/s, |/s]
Speed [km/h]

Acceleration [m/s?]

Copyright © Schmid Elektronik AG

¢ )

oals, Problem, Requirements

Qualitative and quantitative
0 analysis of energy consumption
along the entire track

@ Analysis of acceleration, gliding
and braking dynamics

Driving dynamics in corners

N /

Data & Telemetry Bootcamp 2026 21
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Energy Sensors
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Data & Telemetry WIKI 2026

Shell

Search
Eco-marathon Data & Telemetry Portal
You are here: Home » Student Documentation
student_documentation:home

Home
Student Documentation .
. . Student Documentation
rack Coordinates
Contact Select your category/class from the following:

Prototypes Urban Concepts

2 uc

ICE Prototype Internal Combustion Engine  Urban Concept Internal Combustion

Engine
Hyb”d Prototype Internal Combustion Hybrid ~ Urban Concept Internal Combustion
Engine Hybrid Engine
BE Prototype Battery Electric Urban Concept Battery Electric
Prototype Hydrogen without Urban Concept Hydrogen without
Supercapacitor Supercapacitor
Prototype Hydrogen with Urban Concept Hydrogen with
Supercapacitor Supercapacitor

Copyright © Schmid Elektronik AG Data & Telemetry Bootcamp 2026 24



GPS Data and it's Challenge

Copyright © Schmid Elektronik AG



Dead Reckoning through IM
RTK: Real Time Kinematics:
Accuracy down to [cm]!



Passive Helix-Antenna and GPS RTK

Maxtena

M1621HCT-P-SMA

Copyright © Schmid Elektronik AG


https://www.mouser.ch/manufacturer/maxtena/

GPS-Sensor for Position and Speed

N
s
S _
% =
£
= 30
o
D]
(D]
(=8
n 20
w
=
G
= 10
0
0 1000 2000 3000 4000
Lap Distance [m]

-8.894 Lap .
~POSEND: -1,14014 _:
$GPGSV, 3,1,12,02,06,223,20,05,62,267, - ' 20%7A ' ey

—— finish
$GPGSV, 3,2,12,09,11,099,24,13,40,285,23, 1% 2%79
$GPGSV, 3,3,12,27,02,029,17,28,27,150,38,30,75 7 a8
$GLGsv, 2,1,08,65,25,037,,66,10,216,,71,03,036,, 9278 839, J _
$GLGSv, 2,2,08,79,05,327,,80,07,347,,86,42,154,,88,35,0 J oL
$GPGGA,091807.0, -0853.69975,N,11618.37098,E,1,08,1.1,500.5,M,48.0,M,,*5D g
$GNGNS, 091807.0,-0853.69975,N,11618.37098,E,AN,08,1.1,500.5,48.0,, *66
SGPVTG,144.6,T,144.8,M,0.0,N,0.0,K,A*2D 502
$GPRMC, 091807.0,A, -0853.69975,N,11618.37098,E,0.0,144.6,110601,0.2,W,A*10
$GPGSA,A,2,02,05,07,09,13,14,28,30,,,,,1.4,1.1,0.8%39 e
$GNGSA, A,2,02,05,07,09,13,14,28,30,,,,,1.4,1.1,0.8%27
$GNGSAIAI2IIIIIIIIIIIII]-'4I1'1IO'8*2O
$ GPHWB IAS , l 3 * 3 F 116.301 116.302 116.303 116.304 116.305 116.306 116.307 116.308 116.309

Longitude [deg]

Copyright © Schmid Elektronik AG Data & Telemetry Bootcamp 2026
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Joulemeter for Electrical Energy

Copyright © Schmid Elektronik AG
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EIectrlcaI Energy Sensorfusion

= SCHMID

Elektromk

Current [A]

., i Voltage [V]

Measures electrical Energy in Joules [J]
1 Joule [J] = 1 Wattsecond [Ws] = 1VAs=1Nm = 1kg m?s?

Copyright © Schmid Elektronik AG Data & Telemetry Bootcamp 2026 30




Liquids
in milli-liters [ml] =
e.g 12.5ml

Copyr{ght © Schmid Elektronik AG



Gasflow Meter for Hydrogen

FEC"H for gasflow

Hydrogen in
normalized Liters [l], e.g 0.534l

Copyright © Schmid Elektronik AG Data & Telemetr, y Bootca mp 2026 32



4 N
= A £ Y £ a £ A £ Y\ 1x ARM Cortex-A7 Cores
CAN GPS 4G/5G WIE] Digital | and 1x Cex-M4 Core

Recelver ; .
= 4 = =4
& R £ )
9% Battery
IMU Mgmt
\_ =4 \_ =4
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=.External Part: Co b eating-tosthie loT -

O
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Alternatives that | have seen in OTA-Papers

Arduino

MAWOIONE)

=
~
T
=
=]

£050000840:
\o\o Y N‘ g «’« &
Y

’)

* 0 \ Q 0

Your Phone
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Empowering you to create your own Telemetry

ot 0, e
. d e
e
o /

Joulemeter Liquid Flowmeter Gas Flowmeter

Copyright © Schmid Elektronik AG Data & Telemetry Bootcamp 2026 39



A 6 Gro fa Nna Database for
Static Data (SD-Card)

Kinetic
Service .:'

DQ) MQTT ECER =4
Broke .

Node-RED r r g _ .u::.y
.‘ “ ..‘o‘ 5

I B .
. .

Data Validation s =Ap
Boundary Check : Telemetry
Outlier Detection Monitoring

l...

Smooth GPS-Data

= =
. .
o . . . . - —— = —
O n b Oa rd C O m p u te rs ‘Q 1 11 505 H2politO - Molecole Urbane ™ B5.6% 1/6
— — ’0 2 ™ 502 Schluckspecht Urban Conc... == 90.4% 1/6 | '

’.. I Snlf 501 DTU Roadrunners. == Ba.9% 1/6

T T . :
use Publish/Subscribe

. 4_= 701 sZEnergy Team —B5.6% 1/6 |

M essa g I n g 5 ™= 702 TUfast Eco Team - 887% /6 ; A T
° ° ° o 611 703TIM UPS INSA = B7.8% 1/6 | ';'
§ ,
7 11 604 ENSEM Eco-Marathon = 909% 1/6 | Livk onTrack
Final Race (Replay)
* 11 614 La Joliverie Polytech Nantes == 95.1% 1/6 |

Live Data Visualization

Data & Telemetry Bootcamp 2026 40
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-8.894995833 ,116.30618315

Time-Based «Chunk» to distance

based Lap-to-Lap Data QO/VQ’I/
t=0 min 86

1 t=17 min



Time-Based «Chunk» to distance based Lap-to-Lap Data

fig = df.plot(x="gps_longitude’, y="gps_latitude")
for name, points in lines.items():
fig.add_trace(go.Scatter(x=points[@], y=points[1], name=name))

fig.show()
@ « = H
—e— finish =
—e— lap ——
51.353 51.353 i
N — 4
Jab]
= 51.352 O 51.352 -—_—5
= = —
R —_
EI . El start
@ 51.351 gps_longitude=—0.4679146 @  51.351 finish
o gps_latitude=51.3509 o lap
51.35 51.35
51.249 51.349

-0.47 —-0.469 —0.468 -0.47 -0.4695 -0.469 -0.4685 -0.468 -0.4675

gps_longitude

gps_longitude
lines = {
"start': ((-8.469553367, -0.4696881), (51.35183562, 51.3518535)),

"finish': ((-0.469667683, -0.460823533), (51.35@68957, 51.350861913)),
"lap": ((-©.469633117, -0.46974765), (51.35076913, 51.35@877756))

h
Copyright © Schmid Elektronik AG
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Time-Based «Chunk» to distance based Lap-to-Lap Data

for line, points in lines.items(): ¢ Eff|C|ent|y Ca|CU|ate When a Veh|C|e haS Crossed one Of
®x1 = points[@][@]
ettt the three lines entered previously: Line-segment
y2 = points[1][1] . .
x3 = df.gps_longitude InterseCtlon
y3 = df.gps_latitude
x4 = df.gps_longitude.shift({-1)
y4 =

df.gps_latitude.shift(-1)
\ GPS Trace
denom = (({x1 - x2) * (y3 - y4)) - ({yl - y2) * (x3 - =4)) Start Line

t = round({((x1 - %3} * (y3 - y4)) - ((yl - y3) * (%3 - =4))) / dencm, 1)
u=round{{{(x1 - x2) * (y1 - y3)) - ((yl - y2) * (x1 - x3))) / denom, 1)

df[f'{1ine}_cros

s t>=8) & (t <=1) & (u >=8) & (u <= 1)
df[f*{line} lap’]

= [
- A
df[f'{line} cross'].cumsum{)

']

df .drop(index=df.loc[df.start_lap < 1].index, inplace=True)
df .drop(
index=df.loc[df.finish_lap »= df.finish_lap.max()].index, . . . .
inplace=True * Data at beginning and end of logfile is dropped

Formula: WIKIPEDIA ,Line-Line-Intersection”
1 — L9 X1 — T3y

P Y —Ys Y3 —Yal (21 — 23)(ys — ys) — (y1 — y3) (w3 — 24) u = -y Tkl (@1 —@2)(y1 —y3) — (y1 — y2) (w1 — x3) ,
ey — s 3 —x4| (1 —22)(ys — ya) — (11 — 1) (23 — 4) Tl — Ty T3 — Ty (1 —22)(ys —ya) — (11 — y2) (25 — 24)
Y —Y2 Y3 —Ya

Y — Y2 Ys —Ya Data & Telemetry Bootcamp 2026 44

Tr1 — T3 XT3 — T4




Time-Based «Chunk» to distance based Lap-to-Lap Data

Lap1

[ tap3 J( Ltap4 | tap5 | Lapy |

f

Time [s, min]

Copyright © Schmid Elektronik AG
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Time-Based «Chunk» to distance based Lap-to-Lap Data

The Haversine Formula: lonl = df.gps_longitude / 180 * np.pi

- . - . latl = df.gps_latitude / 180 * np.pi
en.wikipedia.org/wiki/Haversine_formula lon2 = df.gps. longitude.shift(1) / 188 * np.pi
lat2 = df.gps_latitude.shift(1) / 186 * np.pi

r = 6371800 Earth Radius in [km]

9 — A — A
d :21"&1‘(:3111(\/51112(W‘2 2('01) Jr(:osqol'cosgfﬂz-sinz( 2 5 1)) > df['dist'] = (

2
*r
@1, ¢, are the latitude of point 1 and latitude of point 2, * np.arcsin(
A1, A5 are the longitude of point 1 and longitude of point 2. ( np.sin((lat2 - latl) / 2) **2
+ np.cos(latl) * np.cos(lat2) * np.sin((lon2 - lonl) / 2) ** 2
)
** 9.5

)

)
df[ 'dist'] = df.dist.cumsum()

Data & Telemetry Bootcamp 2026 46



Time-Based «Chunk» to distance based Lap-to-Lap Data

[ tap3 J( Ltap4 | tap5 | Lapy |

35

30
25 >
20|

Time [s, min] > Distance [m] >

GPS Speed (km/hr)

Vehicle Speed [km/hr]
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Python Code for this Transformation

OPTIONAL: DOWNLOAD PYTHON-PACKAGES
FOR THE ANACONDA-SUITE

This step is optional. The three sandboxes can be conveniently run directly in your own browser (Binder) via the three links

above. If you want to use these two packages (Jupyter Lab), download the Anaconda 2.7.0 suite here at anaconda.org.

Phoenix Bootcamp Python Code Space-Time Transformation DOWNLOAD V

Phoenix-Bootcamp Sandbox #1 Data Analysis DOWNLOAD V¥

Phoenix Bootcamp Sandbox #2 and #3 Knowledge Graph and Al DOWNLOAD

Copyright © Schmid Elektronik AG Data & Telemetry Bootcamp 2026 48
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Data -
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Correlation : on/h]

Lap Distance [m]
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]

c0 Cumulative

Energy Consumption
. [ml]

Cumulative Fuel Use [mL,
N
o

0 1000 2000 3000 4000

Lap Distance [m]
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Driving Consistency!

3s
30
25
t
2 2o
&
Z
2
=
=z 5
z
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o
o 100 200
7
2
2]
=
8
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300

Speed

400

Energy Use

400

500

Lap Distance [m]

S00

Lap Distance [m]

600

600

Lap

Vehicle Speed [km/hr]

Cumulative Energy Consumption (joules]

3

o

200

Speed
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From Pattern to Meaning

Speed
Pattern and Meaning
45km/h e
_____ @
= 30km/h
17km/h
45km/h

Energy Use 17km/h
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Quantitative Analysis: Cumulative Consumption

lap Ifm

0 50 100 150 200

lap_time
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lap_Ifm

Copyright

Quantitative Analysis: Cumulative Consumption

| e
: /

0 200 400 600 800 1000 1200 1400

lap_dist
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Quantitative Analysis: Instantaneous Consumption

0 lap_lap
—5
—_— 6
2 L'lfl W
O
Yy
49
= 5
(V)
]
7))
=
|
E { ‘
0
0 200 400 600 800 1000 1200 1400

lap_dist
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Qualitative Analysis: Burn & Coast Heatmap

lap_lap=5 lap_lap=6

51.354 eees0se Ifm_instantflow

51.353 ( 7 <

51.352 .|.> oioo-o

51.351 '

51.35
e estccsnng, ) eosse, ...,\.

gps_latitude

51.349

—-0.47 —0.469 —0.468 —-0.47 —0.469 —0.468

gps_longitude gps_longitude
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Race Lines in Corners

8894

—8.896!

8898

Latitude [deg]
,

-8.902

-8.904

116.301 116.302

—8.8964

-8.8966

—8.8968

-8.897

Latitude [deg]

-8.8972
-8.8974
—-8.8976

-8.8978

116.3076

Copyright © Schmid Elektronik AG

116.3078

116.303

116.304

116.305 116.306 116.307

Longitude [deg]

116.308

116.300

Driver #2

116.3082

Longitude [deg]

116.3084

116.3086

116.3088

Latitude [deg]

—8.8964-

—8.8966

—8.8968

—8.897

Latitude [deg]

—8.8972

—8.8974

—8.8976

—8.8978

—8.8964

—8.8966

—8.8968

—8.897

—8.8972

—8.8974

—8.8976

—8.8978

116.3076

116.3076

116.3078

116.3078

Driver #1

116.308

116.3082
Longitude [deg]

116.3084

Driver #3

116.308

116.3082
Longitude [deg]

116.3084

116.3086 116.3088

116.3086 116.3088
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Data as a storyteller

Label Unit Description
acceleration m/s* How much the speed changes per second

consumption W/s How much energy is used per second

40 consumptio

30 . %% 0.1

e s "
O "% o
0 l-‘
a 20 oS 8 .
L -
wn - - & 0.05
il - -
5 O
10 * o . -
; - . o v
. [
I:l--‘-------“---‘--- LR 8 % N N B B N _§ &R _§ B N B § § D

—4 -2 2

acceleration
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Data as a storyteller

40 consumption

30 o’g‘ \

0.1
o @
0 e,
o o
A 20 L
o . ’a.?. | 0.05
e0 B 00 o & Rt _ : '
o ° o0 0
" ® o0 * % - a d
® 0 0 °
@ s ®
g ® 0..0 °p o ¥ ¥en “o0
-4 -3 -2 -1 0 1 2 3

acceleration
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Data as a storyteller: e.g. Coastdown-Testing
-0.9 m/s?

consumption
1

0.5

aps_speed

-0.5

acceleration
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Python Sandbox #1 to understand Race Data

Programming Sandbox #1
JUPYTER NOTEBOOK UND PYTHONCODE FOR
LEVEL-3

Start Jupyter Notebook in your browser (Binder, ~1-2 min.)
and play with Python. Start with real race data (speed, GPS)
and calculate accelerations and energy consumption. Save
the source code locally, because when you close the

browser, the environment will be gone.

START SANDBOX #1 IN YOUR BROWSER D

ﬁlpandas
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What are Conflicting Goals?

Copyright © Schmid Elektronik AG Data & Telemetry Bootcamp 2026 64



Conflicting Goals in Industrial Projects
The Magic Project Triangle:

Fast
(Delivery)
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= Constrained Global Optimization Problem

S INekease
Energy Efficienc)

Meaning

Actionable
Speed Profile
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max Laptime
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energy Example: Lap-Time vs. Energy Use

v A

Solution Space
«Cost» = Energy + Time  CON
= all possible solutions

Energy Use — Competitive RESULT

SPEED
Minimization
/ leads to...
Pareto-Front
= the «End-States»
>Time

Lap Time [min] — VALID RUN



cnergy 100% Weight on short Lap-Times

COMBI

ECO SPEED

Energy Use — Competitive RESULT
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Energy

Energy Use — Competitive RESULTS
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A F'ea | Pa rEtO = F Yo nt Focus: Short Laptime
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A real Pareto-Front
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Scaling the Data Strateqy

| —
Human -~
# Goals,
Machine -
[ ) Problems or
[ _ ero- | - Requirements
nvironment J
Macro- W .
[ Environment J \
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All Areas

Live Telemetry Data

Driver

Weight [kg]

-

Maschine
Vehicle

Vehicle Weight [kg]

Wheel Diameter [m]
Driving Resistance [N]
Rolling Resistance [N]
Acceleration Resistance [N]
Slope Resistance [N]
Corner Resistance [N]
Wind Resistance [N]

Micro
Environment
Race Track

Center Line of Track [Lon, Lat] ()
Track Width [m] ()

Track Sections [m] ()

Distance [m] ()

Gradients [%]
Curvatures/Bends [1/m] ()

Vinin / Vimax [km/h] O

Armin / may [M/52] ()

Goal: a global Optimum

N (1) Maintain a physical
Digital TWIN

Take into account all on-track

@) driving scenarios: straights,
slopes, crests and corners.

Restrictive Laptimes.
6 8% improvement on
current performance

Maximum energy efficiency.
@ Use of free energy. Improvement
of 17% compared to now.

100% safety throughout the
entire attempt at all times.

/




m Heartbeat
Fithess = Eye movement

m Cognitive Load

® Throttle
Behavior = Brake
m Steering Wheel



= Vehicle: Taking the straights...
- “ y Newtons Laws of Motion

Cross-Section ® ==
Aerodynamics & | &5
Frictionsm ~

Traction Force S * R it By

E fen, U L8 = B8 B8 = 4.4
m |nertia Force ke E:EE!.-.“;»'I = B ‘
m Rolling Resistance Force

m Gravity Force
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F
F
F
F

inertial
roll
slope

wind

1{’('
) =5 (m +m f-) a5 ds
= 4

(VEV +vw)”

3.6

1 - . 1~
= 3600 mg(fcose + sing) + E(p(v_\»A

Mechanical energy required at the wheels to drive a distance ds [KWh]
Total vehicle mass [kg]

Fictive mass of rolling inertia [kg]

Gravitational acceleration [m/s?]

Vehicle coefficient of rolling resistance [-]

Road gradient angle [°]

Air density [kg/m3]

Drag coefficient of the vehicle [-]

Vehicle equivalent cross section [m?]

Vehicle speed between the point i and the point j [km/h]

Wind speed projected to the opposing direction of the driving direction [km/h]

Distance driven from point i to point j [km]



V1, V2, V3: Cornering Speed

m Normal Force

m |Lateral Force
m Coefficient of Friction

ner length
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Vehicle Model Foory = F +F

vold_mps = vold/3.6 \\¥
v_mps = v/3.6

+F

rol accel

slope

time = 2 % section_length / (v_mps + vold_mps)

gradient_angle = math.tanh( (config.loc[x, "m above sea"]-config.loc[x-1, "m above sea"] ) / section_length)
f_roll_res = car_mass * g * math.cos(gradient_angle) * coeff_roll_res

f_slope = car_mass * g * math.sin(gradient_angle)

f_accel = ((v_mps-vold_mps) / time) * car_mass

f_total
E_total

f_accel + f_slope + f_roll_res
f_total * section_length

Copyrigh#€ Schmid Elektrona
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Power calculation for a series wound motor

Total Power P = F,_, " v
Rotation speed w = v * gear_ratio / radius
Torquet =P/ w

radius
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Modelling the Track

https.//student.sem-app.com/wiki/doku.php

Shell

Eco-marathon Data & Telemetry Portal

You are here: Home » Student Documentation

Home
Student Documentation
Track Coordinates

Contact

Student Documentation

Select your category/class from the following:

ICE
BE

Prototypes

Prototype Internal Combustion Engine

Prototype Internal Combustion Hybrid
Engine

Prototype Battery Electric
Prototype Hydrogen without
Supercapacitor

Prototype Hydrogen with
Supercapacitor

Search

student_documentation:home

Urban Concepts

ucC

Urban Concept Internal Combustion
Engine

Urban Concept Internal Combustion
Hybrid Engine

Urban Concept Battery Electric

Urban Concept Hydrogen without
Supercapacitor

Urban Concept Hydrogen with
Supercapacitor
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Including the Weather

(a) radial velocity along transect (m s™') 10 June 2016 16:30
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><Motorsport = solving complex
physical Problems
S S
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Python Sandbox #2 Using Knowledge Graphs

nodelist = nx.dijkstra_path(G, "x©_ke",f"x{x_end}_k{k_end}")
outputlist = []
for i in range(len(config.index)):
outputlist.append(G.nodes[nodelist[i]]["v"])
SR S T A Ve W YV s ST 0 S R 0 g i Y s g s W Programming Sandbox #2

"""""""""""""""" JUPYTER NOTEBOOK AND PYTHONCODE FOR
1 LEVEL-5 (PHYSICAL MODELL)

Start up the Jupyter notebook in your browser (Binder, ~1-2
min.) and play with Python. Learn how to formulate the
multigoal problem of data-driven racing with python and
how to use a knowledge graph. Save the source code locally,

because when you close the browser, the environment will

> be gone.
° i ® .. g
' Y
P tI 1O Jupyter ~
\ p START SANDBOX #2 IN YOUR BROWSER D
) —
EE

output = pd.DataFrame(outputlist)
output.rename(columns={0@:"Speed optimal"”}, inplace = True)
output| 'distance’] = output.index * section_length
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Promising and well established Approaches:

Dynamic Programming Genetic Programming

@Ej‘ @ cos
™ ©

(22 -(%} )+(?*cﬂs{"|"})

Breaking Complex Problems Al technique inspired by
down into simpler subproblems natural evolution that evolves
computer programs to solve
complex problems
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Overview How to Solve Complex Problems

v

Global
Approach

Method (PRM)

I Probabilistic Roadmap

Trajectory optimization

]

:"""""""'""""": Visibility Graph E
e : Spatial Partitioning .  FTTTTommommmmmmmmomens !
' : ' Graphs Approach . \Voronoi Graph Lo ;
' . i p PP o Cell D » 1
: - o ! : : = ell Decomposition :
..................... : nvironmen RN : = :
: Modeling : : Grid-based Graph | | :
------------------ i | gt e | Remtomons |
' | Sampling-Based Methods |, Free space Sampling : ]
Optimization Criteria | b : ]
:
i
:
:

Graph-Based Search

Algorithms

Artificial Neural
Networks (ANNs)

Path Search

Bio-inspired and Meta-
Heuristic Optimization Method

Local
Approach

Intelligence |

Simulated Ant Colony Optimization

Anneling

Genetic Particle Swarm
Algorithm Optimization
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Artificial Potential Field (APF)
Behavior Decomposition Method

Case-Based Learning Method

Reactive Planning
Technigues




Time Define the Nodes (Vehicle States)
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The Graphs Edges

Heavy Braking —

Brake —
amin< o

\_ Coast _
4 /
~ O

amaé Burn —

!

\ _O

Acceleration ®
too high 2 3
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Each State Change is a Decision with a Cost




Each State Change is a Decision with a Cost

Cedge = ctime* Wiime T Cenergy N Wenergy -~ MIN!
Node 2
«C» : Cost O }
«w» . Weight
Av
Node 1@ '
As

Copyright © Schmid ElektronikAG L Data & Telemetry Bootcamp 2026 95



/ AAROK Y (‘AA' \ YA
RO LSRN

olisiS Zli WS

A A A I SN 7 N SN — .
N ORI 170 A Meaning
) sl Wsaests s 6ol
St Ve e Yol Ve |

WOVAAL NANNX . .
NS XX WA s The perfect speed profile, balancing
WOCKIINACNIDSE] /X T ALK ’
@":’/ffé%%::{& | 4,;;/,‘@,%“\\ - speed, energy efficiency,
\ \, o/ \o A ),:‘ (‘ ( H 1 1
>“§ii;‘}§é§f§'¢.‘3’/ / ,,//{'/g'ggs safety, vehicle characteristics
///"07"{‘}:3'«07'33&\ Zi WY and external influences

NIRI «Rain»
270\ 4
1] PX XN — —

17 AN /N %
T JEX
“«Wind 10 m/s from ahead»

y «Vehicle on downhill slope — picking up speed»
«Tight corner coming up»!

«Take it with max15 km/h»!

Data & Telemetry Bootcamp 2026 96



Knowledge Graph from Start to Finish
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Transform a Graph into Meaning

Path

Transformer

~ e.g. Shortest Path
' (Dijkstra’s)

“ Meaning
ransformer

e.g. PageRank
Algorithm

Graph |

Transformers

Community
Transformer

e.g. Strongly
Connected
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9° Multigoal: Focus on Laptime
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Multigoal: Focus on Laptime + Energy Economy
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Collecting Knowledge in the Nodes and Edges
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Include and adjust with  Dynamically Changed Include dynamic
Telemetry Data Driving Patterns Wheather Data

COMBI COMBI (a) o~ radial velocity along transect (m s™!) 10 June 2016 16:30

SPORT

-500 0 500 1000 1500 2000 2500
distance along transect (m)

'GPS-RTK
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Then move to Neural
Networks with DL/ML

4894595833, 116
£.£94995833, 11

0,501_202307_0§,
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Python Sandbox #3 Use Al with real Race Data

Programming Sandbox #3

JUPYTER NOTEBOOK AND PYTHONCODE FOR
LEVEL-5 (AI-APPROACH WITH NN, DL UND
ML)

Start Jupyter Notebook in your browser (Binder, ~1-2 min.)
and play with Python. There is some real race data waiting

for you and you experiment with a neural network, deep

learning and machine learning. Save the source code locally,

because when you close the browser, the environment will

be gone.

START SANDBOX #3 IN YOUR BROWSER D
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Drlver Support and Qualitative
4
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Examples of Driver Performance

GHOST MODE 04:40.56

\ N\ /
‘\' / - »
\ '/ |
\‘ ! ! v
' u'r I
M ' }
'\ & ' ’ i ; /
| 3 ' .' ) . .
\
N A L
\ d ) \¥ » .
- "; 3 »
E \ ) ’
! 4 ) 5 | ~ » }
LOAD CSV ) RESET
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Results Improvement

Continuously (live data)

Lap by Lap (close to real-time)

Attempt by Attempt

Season by Season

Efficiency Gain (%)

Speed (xmuh)

Table 8.1 Si Pitung Results after 9 different ru

1s with 3 different strategies at Jakarta International E-prix Circuit.

Attempt Km/L JM(J) Lap-time

Improvement Driver Feedback

Srraregv 1 (S1/No Al)

1 549.15 3.4 25:43:003 -1.05% Unstable and based on manual strategy.
2 527.05 3.5 25:15:434 -5.85%  No clue of where the improvements or
3 554.76 1.5 25:00:911 -0.04% changes should be placed.
Strategy 2 (S2 / Al = Heuristic Dataset)

4 867.1 1.2 25:12:453 +56.23% More stable information given by the
5 912.2 1.6 25:04:628 +64.36% Al Helps on determining pull-point,
6 887.4 1.3 25:00:455 +59.89% but not always right or accurate.
Strategy 3 (S3 / Al — OBC'’s Dataset)

7 667.32 2.0 25:12:113 +20.24% More unstable information in every
8 546.45 2.5 25:23:147 -1.54% attempt compared to S2
9 647.14 2.3 25:07:235 +16.60%

628 — 431

= x 100 =~ 45.7%

431

Speed vs cumulative fuel spent, par bum (steeper « more krvh gained per gram}

o
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v
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— 63138 GNE1O Nt}
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— 1614 GN=10->00 G 2000 RPN
e L6-54.5) WoN= 10230 g3 2250 RPN
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lterative Learning based on MVP Philosophy

Pivot or
\ Continue?

/—8.894
esoe [ M
~8.898

-89 j
8.90.

y v;;f/'
Sy
/ ;#
y
f-—‘" r
—8.904 /
-8.90
116.3 116.302 116.304 116.306 116.308
[Strategy 1
—
il
{
4

\\’/u

Strategy 3

Best Strategy: 3 /

Telemetry Data Race Strategy
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Energy Use

Learn: Quantitative Analysis of Energy Use
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Gy \
* Ag i S R
S Wi : y | — il
— X il B* ¢ [ '{ ’ . 1/
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Learn: Qualitative Analysis of Driving Patterns

From Quantitative Analysis, we know:

Strategy 1 Strategy 3 (better!)

—8.894

—-8.896

—8.898

-8.9

—-8.902

—8.904

—8.906

116.302 116.304 116.306 116.308

But Why?
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The Sky is the Limit... Train L1 Ms &

Vehicle Health Race Agents
Monitoring  Efficiency  CollisionWarning
ADAS Prediction Use
Driver Training Oponents
(Simulator)

Environment

Gameification - Wind
- Rain etc, etc, etc
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Sharing the Data on Github

Race-GPT

& cornellev/Race-GPT ' Public L Notific 1 # python write_telemetry.py blot.csv
Race-GPT is a FastAPI service that receives live telemetry from RED (Race Engineer Dashboard), compares itto a 2 # pllama create cev-efficiency-engineer -f Modelfile
baseli file, det inisti hecks, and ret ingl t dict.
<> code @ |Ssues I‘l Pu” requests @ Actions E Projec‘ts @ Security £ml aseline profle, runs deterministic precnecks, and returns a single sentence verdi 3
Architecture 4 import argparse
5 import json
¥ master ~ r O Go to file <> Code ~ ~ B L
o O [ from pathlib import Path
7
- Race Engineer Dashboard
ry1 AjayParthibha single process arch 2e10079 - 3 months ago <Y RED 8 from telemetry import build summary, load telemetry_path
9
0 .gitignore Local Changes 3 months ago JSON or CSV telemetry 16
11 ~ def main():
[ LICENSE Add MIT License to the project 3 months ago
Race-GPT API baseli . 12 parser = argparse.ArgumentParser()
aseline_telemetry.json
/ws/analyze or /analyze P
Y Modelfile merge 3 months ago 13 parser.add_argument
14 "imput"™,
Y oldfile Significant model refinements: ... 4 months ago 15 nargs="3",
YT ¢ SOMERE & 16 default="mock_baseline.csv",
[ README.md More diagram updates 3 months ago precheck .
17 help="Telemetry CSV or 150N (default: mock_baseline.csv)",
3 bad.csv Initial Commit w/ recent telem 5 months ago [ehmyrm— 13 J
19 parser.add_argument(”™--out”, default="baseline_telemetry.json™)
‘ Ollama model 28 args = parser.parse_args()
No issue
cev-efficiency-engineer 21
22 df = load_telemetry_path(Path{args.input))
@ 23 summary = build_summary(df)
Single sentence verdict 24
< 3
= 25 with open(args.out, ™w") as +:
26 json.dump(summary, ¥, indent=2)
27
28 print(f"Baseline written to {args.out}")
29
38
31 if __mame__ == "_ main__":
32 main()
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~Shell Eco-marathon
.Data & Telemetry
Community
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https://schmid-elektronik.ch/sandbox2_en/
https://schmid-elektronik.ch/sandbox2_en/
https://schmid-elektronik.ch/sandbox2_en/

Thank You

g0 > and Good Luck

A1 . - .
-~ .0On the Tracjg,
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