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Multiple endurance sports & methods

1. Accurately quantify how the best are actually training

2. ldentify universalities/ commonalities across sport
disciplines

3. Use sub-elite athletes in controlled intervention studies
to test hypotheses & “scalability”

5. Analyze “free-training” data to understand response
variation & improve individual optimization
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Integrating multiple expertise domains

0 -

Engineering

Biomechanics

dynamics




The path forward
(from my perspective)

From Reductionist to Realistic
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From One-off research Projects
to a Continuous R&D Process
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Starting point
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KNOWLEDGE
OF ATHLETE

KNOWLEDGE
OF SPORT

COACHING EFFECTIVENESS

ABILITY TO GUIDE ATHLETES AND TEAMS TO
IMPROVED , AND (4C’S)

Fig 2.1., Coaching better every season, Wade Gilbert



Exploitation

short term
efficiency
discipline

clarity of direction
internal focus
productivity

Present

Fra TED @BCG London, Knut Haanaes

Work
area

Exploration

long-term
Innovation
flexible adaptation
empowerment
external focus
growth focus

Future



Professional Cycling Team Reality 2022

Riders @ Intervals.icu
SILCA
350+ :
Bikes

<

46 AEnDuURA
Vehicles
TF
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~500 Race
Days

~6000
Flights




Data Science to Support the Experts

* Applying common techniques
across industries

* Always learning

* Converting Expert ideas into
practical solutions

e User Centered Design

» Software development best
practice

* Parallels with developing

athletes !!




Uno-X Hub Ecosystem Rider stat
K eb an obile S \
e and Miobile fee /Q Intervals.icu\

Rider Race, Training

* Secured using Two-Factor Authentication
& Travel Plan

Longitudinal

Race &
* Single Source of Truth T,Z'i::ing
* Different but overlapping user Management
K views of the same world j \ J
Race /
Key Race Data Training Data
/ (VeloViewer
Waypoints)
LELLINET
(Course, Weather, Course Info
Waypoints etc.) / \
L ENDURA

Detailed
Race &
Race / Training Training
Feedback (TBD) Analysis




Race Programme Overview

* 3 Teams
« Women’s World Team B
* Men’s Pro Team
* Men’s Development Team e
: e
* Range of calendar views i
« Who and what is scheduled to
be where? |
* Riders ow—
e Staff -
* Vehicles .
. 1
* Technical Challenge
e Simple interactive calendar as a Names

starting point

* Getting the basic architecture
right to accommodate any future
requirements

ersen, Christi ~ PRT, DEVO, WTW, ALL

Teams Category

‘ Presidential Cycling Tour of Turkey ‘

‘ Presidential Cycling Tour of Turkey ‘

‘ Presidential Cycling Tour of Turkey ‘

onth 3 We:
week Da;
|Parisrllwlmix



Race Management

e Rider, staff and vehicle
selection

* Detailed day-to-day planning

e Push to individual rider and
staff calendars

* Mobile and web app

* Everyone knows who needs
to be where and when

* Technical Challenge

e Multiple feeds to multiple
calendars

e Standardising routine events

* Time zones and Daylight
Saving

Event Details

Event
Women's Tour - WWT - Save s
Details
event_id type title start end category cat country status  gender  team max_riders published
655 race  |Women'sTour-WWT |06/06/2022 | 06/11/2022 | allday 2WWT GBR  nome  womens  WTW 0
Riders - Selected Riders - Reserve staff Vehicles
I Andersen, Susanne Bjarndal, Mie Leth, Julie Lowden, Joscelin Ludwig, Hannah | | Arys, Laure Greenfield, Alexandra Jakobsen, Bjarn | MEDIUM TRUCK Skoda 27
Bus-WWT
Dashboard Activities Riders Staff Vehicles Travel Travel Summary Hotels Metrics Performance Equipment Race Info Licenses Nutrition
Selected Riders Reserve Riders From 2022-06-06 To 2022-06-11
Sports Director Nutritionist
Mental Coach Physics Doctor Commercial
Senior Mana
~
v
All Day ~
v
~
| Etinor joiningin the car (0/2)
8:30 depart hotel for start (1.15hr) 8:30 depart hotel (1hr drive) (0/0) .
8:40 depart hotel
—% |,g.,..,,.n.m.(....i....,i.,=,m | par (Somins) (6/7)
Programme
| seveProgramme | | 10:1 sign on (675) | 10-10:50 sign on (615)
P =Y P | AL S G | e |G | e e e | i | | 10:20 sign on (615)
s 8 & O 0 o s o s
G ares s v e 8 8 a a F a a A start 11 neutral start. 11:15 official start 1 1 i 1 1
R 5 5 ® 5 5 » 5 ° . (05) ©5) /)
5 8 =& o s o o B o
L] ] ] L] ] L] L] a L]
8 &5 ® Fl 8 8 F a s
5 8 =& a 8 s a B s
Vehicle Plan
[ppoFimishom
. Race meeting (bus to hotel) (6/2)
- - . e TR AR e | g
| P T | Tent | s | veeie | e =3 lprorimsheom |eporinshr)
o
: Race meeting (bus to hotel) (6/2) 4:00 Bus drive to London Heathrow
8 a o (1.20hr drive) (4/7)
[ PRI a—  #0 o
ors svivn a a L]
[ L] v
a L] L] -
L] L]
s
s o

s eyt
oz | omy
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Race Travel and Hotels

 Who's on what flight?
* Riders and staff
* Pushed to individual calendars
* Web and mobile app

 Where are we staying?
* Who's in which room?
* What’s the WiFi code? (TBD)

* Detailed “Hotel Booking” Export
e All personnel key details in one
place
* Technical Challenge
* Intuitive interface

* Quick and easy for the logistics
team

Dashboard Activities Riders, Staff Vehicles Travel Travel Summary Hotels. Metrics Performance Equipment Race Info Licenses Nutrition
Flights Summary
Dep Dep Arr Arr . . L . . . . L
. ) Flight Origin Destination Dep Date Dep Time Arr Date Arr Time Flight No. Origin Destination )
Name Role Date Time Date Time Ticket
No. Out out out Return Return Return Return Return Retumn Return
Out Out Out Out
Ahtosalo,
e rider 25-May 15:40 25-May 19:55 D8 3520 Helsinki London Gatwick LROICB
Andersen,
Susanne rider 25-May 19:30 25-May 20:35 DY 1336 Stavanger London Gatwick LQDU42
Lutro,Amalie  rider 25-May 19:30 25-May 20:35 DY 1336 Stavanger London Gatwick LQDuU42
Barnes, London
rider 25-May 19:00 25-May 20:20 VY7820 Barcelona London Gatwick ~ 30-May 06:45 30-May 09:45 FR9802 Barcelona Girona LR7IMR
Hannah Stansted
Koerner,
B rider 25-May 19:00 25-May 19:00 D& 3520 Copenhagen London Gatwick LROAGE
Bjarndal, Mie __ rider. 25-May 17:20 25-May 20:35 DY 1336 Oslo London Gatwick J69DEP -
Excel || csu | Hotel Rooms
i [ Save Rooms
Riders Staff
Booking  Rider Hotel Check In Check Out Name Room Eouk;ng Staff Hotel CheckIn Check Out Name Room
D Ref. D
51 Marriott Waltham abans
Names
deleted Names
elete:
deleted

darriott Waltham

mn Ar

\arriott Waltham Ab|
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Race Course Metrics

* Key course metrics
* Profile, Length, Type, Waypoints,
Weather (TBD)

* Import from ki= ®
e Exportto &EnDuRA

* Race analysis

* Integrated into other Hub
algorithms

* Individual calendars
* Equipment / Tyre Pressure
* Nutrition

* Technical Challenge
* Developing a bespoke TCX parser

. ah%ring course metrics across the
u

Key Metrics

date title  distance elevation neutral (km) sprints start_time finish_time st
04/10/2022 Day01 201.6 1994.3 5.6 87//1149 38.7//924//156.1 167 09:00 14:03 B«
04/11/2022 Day02 156.3 1575.6 2 39.3//78.1//116.2 83 10:45 14:31 Se
04/12/2022 Day03 118.9 876.9 3.8 56.6//89.8 11:50 14:33 C
04/13/2022 Day 04 1412 1855.7 4.8 37.5//69.8 124 10:50 14:32 Iz
04/14/2022 Day 05 186 808.7 5.6 68.8//133 182 10:00 14:33 M
04/15/2022 Day06 201.3 2047.9 3 15//92.2//151.9 96.5 149 // 189 // 197 09:30 14:386 Ec
a8 nanaPn? iDav N7 13172 2937 R 24 MRINAAT RIARMINT & 1177 1an 1100 14:33 Gi
n 31 I
Key Metrics 1; g
>
Fr
Save Metrics
gpm feed key_points start_time finish_time start_location end_location veloviewer =
172.6 38.7//92.4 f/ 156.1 167 09:00 14:03 Bodrum Kusadasi Poor (cracked/worn roads)
39.3//78.1 // 116.2 89 10:45 14:31 Selcuk Alacati Average (typical road mix)
6//89.8 11:50 14:33 Cezme lzmir
. - Gekmeksy
5//69.8 124 10:50 1432 lzmir Manisa wveloviewer
Aissehir-
8//133 182 10:00 1433 Manisa Ayvalik wveloviewer
- Maltepe.
5 149 // 189 J{ 197 03:30 14:36 Edremit Ecebat '
Adalar Pendik.
5 45 95 11:00 14:33 Gelibolu Tekirdag o]
6//122.2 /{131.9 | 42.3 //122.1//54.1 }/ 131.7 // 65.9 // 102.8 [/ 112.4 08:15 11:31 Istanbul Istanbul veloviewer &
< >
k| Y - -
{ Cnarci 0
—— Marmara Yalova
Vi Armutlu
orh.
sayo8pdng Eraen e
(Gellbioi Erdek
Mudanya
. Lapseki Bandirma
o | N\ Leafiet |© OpenStreethian contributors, CC-67-5A
500
400
E 300
@
-
2
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0
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Performance Plan

e Rider and Staff Roles

* What does success look like today?

* Post-Race Feedback
e DS and Riders

e Building a valuable library of
gualitative information

* How does this align with the
guantitative measures?

* Multi-Lingual Sentiment Analysis

* Crash Reports
*  What happened?
* What needs fixing (mechanics)?

* Rider follow-up — automatic emails to

key staff.

e Technical Challenge
* Multi-lingual text analytics
* Interacting with @ Intervals.icu

Day Performance Plan

Save Day Plan

Day 01

Riders

Helper

eeeeee

NNNNNN
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Dark Horse/Hell

Role Detail DS Report Rider Comments

NNNNN

Outcomes Word Cloud

~'gruppe form"'a' siste’xe e |
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Equipment

* General rider setup

* Race specific setup
* Configuration for the day
* Tyre Pressure calculator
e Pushed to mechanics’ mobile
app
* Crash Reports

* Logged via mobile app during
the race

* What needs fixing?

* Technical Challenge
* Event logging on the mobile
app

* Developing a bespoke tyre
pressure calculator

Incidents

Save In

Logged By

frederik.svendsen

frederik.svendsen

frederik.svendsen

frederik.svendsen

frederik.svendsen

frederik.svendsen

frederik.svendsen

Equipment

Save Equipment

Name Bike

Stage Rider/General

Dare VRSu
Dare VRSu
Dare VRSu

Da

Day 01

Day 01

Names
deleted

Day 03

Day 03

Day 04

Day 04

Description

BAR [ PSI
® BAR PSI

Tyre Type

GPM
Distance: 180.7km
Elevation: 2027.6m ™
Course Type: Flat 174
Surface: Average (typical road mix) 1570
1338
6.7
235

KoM 4th 0.7km @ 4.7%

KOM 4th 0.7km @ 4.7%

KOM 3rd 2.5km @ 3.3%

KOM 2nd 1.4km @ 3.9%

KOM 1st L.4km @ 5.6%

High Performance @ Medium Range

Weight Distribution
® 4852 O 50/50

Front Wheel Rear Wheel Front  RearTyre Chainring  Cassette Chainguide
Tyre Size
ARC1400DB50mm  ARC1400DBS0mm ~ 25mm  25mm  2x54/39 1130 |No
ARC1400DB50mm  ARC1400DBS0mm  25mm  25mm  2x54/39 1130 |No
ARC1400DB50mm  ARC1400DBSOmmM  25mm  25mm  2x54/39 1130 |No
F
Bike When  Incident Comment
First Puncture
First Tyre Pressure | We will try with 0.2 more on stage 2
First  Finale | Puncture hit a rider in the front of him with his front wheel. Front wheel broken
First Puncture Rear puncture
First Crash Front wheel puncture
Fist 14 Puncture Front wheel
First Shifting Failure | Broke 3 spokes in rear wheel and went to crash mode

Chain

Waxed
Waxed
Waxed
Waxed
Waxed
Waxed

Bottle  Tyre pressure Front

Cages
carbon
carbon
carbon
Carbon
Carbon

Carbon

5.60
5.70

5.80
5.80
5.60

Tyre Pressure
Rear

5.80

5.80

6.00

5.90
5.20

Uno



Nutrition

* Rider Preferences
e Starting bottles

* Expected kJ Burn
* Forecast based on course
profile, rider weight, W/kg
e Technical Challenge

* Developing a bespoke KJ
predictor

* Can we improve the
algorithm? Rider specific?

* Can we break this down
into course phases?

* Integrating with @ Intervals.icu

 Comparing prediction vs
actual

Day:

Distance: 191.5km

Elevation: 2301.6m

Course Type:

Surface: Average (typical road mix)
Elevation / Distance: 12.02m/km
Estimated Speed: 37Tkm/h
Estimated Time: 5.18hrs

Day 01 -

Name Nutrition Bottlel Bottle2 Weight W/kg kJ
320 160 68.00 3.49 | 4421.00
320 160 64.20 3.49 | 4174.00
Names deleted
160 160 17.00| 3.49|5006.00

160 160 68.50 3.49 | 4453.00

Actual Power (W/kg)

2.96

2.58

5000

4000

3000

2000

1000

B Estimated kI
W Actual kg

Names Deleted

Rider

2.89
31

Actual kJ

3389.79

3689.14
2939.72
3771.39




Rider Management

Dashboard
Individual Calendar 1 o

Wellness

Weight etc.) e

e Qualitative (e.g. Sleep, Stress, |
Soreness etc.) EE i i (i emmee—

Travel
Race Reports : = - i

::x Lying Stress
. . —e— Sp02 (Morning) 25
Integration wit 2 S rom i)
Weight (KG - Morning) 2
weight (KG - Post Training)
1.5
1

Technical Challenge T =
* Synchronizing with €@ Intervals.icu ) o L 1|
* MacBook behaviour )

aaaaaaaaaaaaaaa




@D intervals.icu Integration

Race Plans
e Detailed race info
* Rider role

Travel

Training Plans
e Training Phases (TBD)

Wellness data
* Injury & lliness reports

Import into &EnDuRA
e Detailed Race and
Training Analysis
Technical Challenge

* Understanding the
Open API (art of the
possible)

* Synchronization

20 Jun  Week
26Jun 25+ B38 139 148 9 3

Load Fitness Fatigue Form Ramp  kcal Up
15002 6054m

o Losdgas | ramng 71 2 z3 24 25 26 277 SS
@ 358% Pyramidal 6:34:13 5:04:30 1:40:38 1:11:53 52:55 25:57 4:09 59:15
D 7h2mB102 047 W41 @79 84ms

D 8h20m 8402 V44 75kg P 7h39m 80 Q2 42 T5kg 75kg W40 P Bh6mB4Q2 41 75kg P 8h35m 8801 41 75kg P 8himB601 Q44 T5kg
W40 @87 123ms w40 @84 112ms 2h38m 79 38 @87 103ms 37 @80 115ms 39 @80 94ms
& 4hom 135k 134bpm 332w 3 1h53m 58km o 1h39m 57km o 4hom 171km
130bpm 267w 117bpm 243w Load 187 113bpm 233w 125bpm 263w 158bpm 333w
Load 16 Load 158 QFTP 398w Load 66 Load 74 Load 284
Innendarssykling Sola Sykling B Sola Landeveissykling B Sola Sykling Levanger Sykling Levanger Landeveissykling
& 1h10m @151% @ 143% FLIGHT Wa5N8W &
131bpm 265w o 4hOm ) ; FLIGHT WB5N8W 16:25-17:35 NM Elite Men
Load 53 Load 104 di Im ' m ﬁ"””h FLIGHT W85N8W 20:50-00:10

Innenderssykliing

i
4t mega-rolig langtur
13Jun  Week Load Fitness Fatigue Form Ramp  kcal Up & 24h22m 881km  Training Z1 Z2 Z3 74 Z6 Z6 77 sS
19Jun 24w 1273 142 170 28 77 22525 12793m °° Load 1273 Pyramidal 10:20:01 5:52:09 3:56:39 2:25014 1.05:14 32:29 11:03 2:51:45

P 9h22m93Q1 P46 75.1ka D 8h42m 920145 75.1kg D 8h41m8601 Q48 75kg D 8h33m 8402 Q47 75kg P 9hImBIQ1 D45 T5kg P 7h53m8202 D45 75kg P 7h31m 8302 053 75kg
®43 @85 81 ms w41 ®81 92ms ®43 @80 73ms w44 @83 73ms w42 @90 82ms w41 @81 95ms 50 @64 52ms

r 1h57m 58km & 4hsm 140km & 1h24m 40km S 4h29m 179km S 41m 23km &5 6h7m 199km &5 4h31m 197km

134bpm 259w 160bpm 299w 124bpm 268w 139bpm 264w 120bpm 266w 149bpm 301w 139bpm 284w
Load 84 Load 237 Load 65 Load 200 Load 31 Load 356 Load 234
Carpentras Sykling Vaison-la-Romaine Landeveissykling Capvern Sykling Séméac Landeveissykling Belmont-sur-Rance Landeveissykling Sigean Sykling Les Angles Landeveissykling

o o) 1h2m 41km db )
La Route d'Occitanie - La Dépéche du 144bpm 314w La Route d'Occitanie - La Dépéche du La Route d'Occitanie - La Dépéche du
Midi - Helper Load 66 Midi - Helper/Break away Midi - Helper
Belmont-sur-Rance Landeveissykling
&
La Route d'Occitanie - La Dépéche du
Midi - Helper/Brud
06 Jun Week Load Fitness Fatigue Form Ramp  kcal up d{o 16"5:3: :;:km Training Fal 72 Z3 Z4 Z5 Fii) zZ7 88
12Jun 23+ 895 134 123 11 -1.4 15681 6087m ©169% Pyramidal 7:43:42 4:46:18 1:54:06 1:04:30 55:51 20:45 10:45 47:14

) 8h56m 8601 D46 W43 @B7 87 ms D 3n44m 4404 049 W45 @63 62ms
P 7h52m86 Q145 75.1kg

w42 @87 95ms

D 7h35m83Q2 P51 75.1kg
W46 @67 66 Ms

D 6h22m74Q2 046 75.1kg
w42 @77 80ms

P 7h32mB83Q2 Q42 75.1kg
W39 @86 109 ms

D 8h46mB88Q1 45 75.1kg
w41 @80 100ms

&6 4h53m 208km & 2hom 62km & 2h38m 81km & 6hom 170km o 1h23m 50km
143bpm 298w 119bpm 242w 131bpm 255w 139bpm 294w 148bpm 333w
Load 278 Load 75 Load 110 Load 333 Load 99
Hasselt Landeveissykling Sola Sykling Eigersund Sykling Eigersund Landeveissykling Kristiansand Landeveissykling
& ©133% @118% @ 114% @112%

Ronde van Limburg - offensiv

dH_ ﬂiiLl\l_A .H-I.ll—-uﬂ- 0 O
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20Jun  Week Load Fitness Fatigue Form Ramp  kcal Up e e Training Z1 72 73 74 75 76 Z7 S§S

& load B3 und 1:40:38 1:11:53 52:55 25:57 4:09 59:15
unday
y  FLIGHT W85N8W 20:50-00:10 26 Jun B L B S
D 8hém 8402 41 7Skg ) Bh3sm 8801 41 TSkg D 8himB86 0144 75kg
Flight Number: SK383 W37 @80 115ms W39 @80 94 ms
1h39m 57km o 4hOm 171km
From: TRD
Wellness Thu9Jun2022 (D 125bpm 263w 158bpm 333w
To: SVG ———— Load 74 Load 284
Weight(lb) Resting HR Levanger Sykling Levanger Landeveissykling
Dep: 20:50 173 kCal Consu.. 47
A Ff'[Il[Il'1 0 o Semp s - NM Elite M
rr. - 7h57m 6.3 Avg Sleepin... & Men
Tickﬂt: WSENEW HRV (FMSSD) HRY (SDNN) FLIGHT WB5N&W 20:50-00:10
spo2 30 69
Readiness
71
1
1 ]m MARK DONE Diastolic
Hydration (L)
D 9h22m9301 46 75 1kg ) 8h42m 9201 Q45 75 1kg ) X I
P43 @85 81 ms W41 @81 92ms V0?2 Max E—
r 1h57m 58km & 4h8m 140km Elfstedenronde Brugge - Helper/Train E 12 Jun
134bpm 259w 160bpm 299w Sleep Qualiy
Load 84 Load 237 Soreness Role: Helper/Train
Carpentras Sykling Vaison-la-Romaine Landeveissykling Pre training R
Fatigue Distance: 195.6km
Frevening Elevation: 301.7m
Stress
Description: Udgangspunkt er en massesprint med Doffen som vinder. Plan-B sprint for
Meod . Hjeelper og ferste mand i toget og kerer os i ferste position og kerer
Motivation til venstre svinget med cirka 2,1km til mal. [} Hjeelper og kerer laget i position 5-3km
Injury inden toget tager fat ved 3km-H]a=.Iper og karer fra cirka 1,7km til 400m fra mal.
) : Leadout 400 fra mal sidende leadout til 175m fra mal og sla ud til den side vi veelger.
Hydration - ] . ) )
(vigtigt at vi beslutter side) -: Hjeelper og kerer toget fra venstre svinget 2,1km fra
06Jun Week Load Fitness Fatigue Form Ramp  kcal Up 16h55m 572km mal og til cirka 1,1km fra mal (der er 3 sving sa der bliver mulighed for lidt luft) Erlend: Dark
12Jun 23w+ 895 134 123 11 -1.4 15681 6087m %o g?&f horse skal sidde bag-og klar til at bidrage med hjeelp hvis-pludseligt kommer

ud af position. Ellers holde andre W—.ek- Kontrollerer laget og kere de sidste 175m og
Mon 06 Jun Tue 07 Jun ) 8h56m 86 vinde rittet

D 8h46m 880145 75.1kg ) 6h22m74Q2 Q46 75.1kg FIELDS ~ Objective: Vinde med Doffen
@41 @80 100ms ®42 ®77 80ms Detail{__: Hjeelper og kerer fra cirka 1,7km til 400m fra mal.
& 4h53m 208km &5 2hOm 62km
143bpm 298w 119bpm 242w
Load 278 Load 75 O Load 110 lm MARK DONE EDIT CLOSE
Hasselt Landeveissykling Sola Sykling Eigersund Sykling

@ 118%

& @ 133%

Ronde van Limburg - offensiv
-H_



Coach Riders
Save Riders
Aareskjold, Espen - BLIKRA, Erlend J. BLUME, William DVERSNES, Fredrik GUDMESTAD, Tord HALVORSEN, Kristoffer HINDSGAUL M., Jacob KULSET, Kristian
KULSET, Sindre LARSEM, Niklas NORMAN HANSEN, Lasse LBLAND, Sakarias MYRESTBL JOHANSSOM, Oskar
CO a C h es CO I n e l e L =
Settings

CP(W) W Prime (K1) MMP (W) Max HR

e Collated view of “My Riders”
in a single location

Power and HR Zones

* Define individual parameters e S
P s

Name
. . 1]
. Sy n C W I t h @ Interva IS. Icu Name Zone0 Zonel Zone2 Zg;‘e Zone3b Zone4 ZoneS5 Zone6 Name ZoneQ Zonel Zone2 Zg:E Zone 3b

* Snapshot of recent progress

* What’s planned for the
future?

Names Names
deleted Deleted

Power and HR Zonesnto

* Technical Challenge

* Informative summary info in
one place

sy, cthe end you thould have  feslingtht you could have
centinued.

* Avoid information overload




Where Next?

Rider Health
e Daily rider monitoring
* Auto alerts triggered when something “goes wrong”

Nutrition planning
* Helping riders make the right meal choices

Automated feedback between EnDuRA and the Hub
* “Single-Click” race analysis
* Constant feedback on rider performance and status

Improve on everything we’ve already done
* The next level of detail
* Unique Research database




