GPS vs.Wheel Speeds

in Racing Data Analysis
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GPS Speed L

GPS Speed
Strengths - Weaknesses -
* The technology continues to improve * Relative low power signal, easily blocked
* Speed is most reliable value from GPS sensor * Electronic technology can have issues
* Priceis now lower, included with every AiM system * Antenna must have clear view of the sky
* Errors are constant, so higher speed, less error * Non Line of Sight and/or Multipath (mostly
*  Not relying on other things (tire size, etc) an urban location issue)
*  With AiM, plug & play
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Wheel Speeds L4
Strengths -

* Available from most/all ECU connections
* Often all 4 wheels e
* If not, easy to install AiM sensor

electronic control unit
-~

——— ABS wheel speed sensor

Weaknesses —
» Several sources of error; tire size, magnets, etc
« Tire spin, tire lockup (also a strength!)
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AiM Speed Sensor Setup

T ® @w

Display | SmartyCam Stream CAN Output

* ﬁ [‘@] @ E;B -:..E—.- $ All Configurations  AiM Webinar MXS v2 !. AM Diata Guy
Save | Save As | Close | Transmit
Channels | ECU Stream CAN2 Stream = CAN Expansion Math Channel Status Variables Parameters Shift Lights and Alarms  Commands Icons Manager
U ate
RPM Engine RFM RPM Sensor rpm 20 Hz max 16000 ; factor: /1;
pd FR Speed Wheel Speed Speed Sensor mph 0.1 50 Hz wheel: 65.25 ; pulses: 4 ;
pd2 D Speed2 Speed Speed Sensor mph 0.1 20Hz wheel: 40 ; pulses: 1;
pd? D Speedl G Chanm; Seui.ngs - o e “E"| % wheel: 40 ; pulses:1;
pde D Speed4 wheel: 40 ; pulses:1;
0 Channel01 MName FR Speed
0 Channeld2 Function Wheel Speed = |
: Channoii Pasition Front Right = |
0 Channel04
s < ] Channel05 Sensor Speed Sensor
3 06 Channel06 Sampling Frequency 50 Hz. =
- Channel07 Unit of Measure mph = |
08 Channel08
- Display Precision 1 decimal place = |
D InlineAcc
c2 D LateralAcc
c3 D VerticalAcc
Gy [J RolRate
Gy D PitchRate Speed Parameters
Gy D YawRate Wheel circumference [in] W
GPS PosAccuracy, Pulse per wheel revolution |4—
pd GPS Speed
aRrde Save | Cancel
0dD Odomet
Luminosity Brightness Luminosity % 0.01 1Hz
Fu D FuelUsed Fuel Level Fuel Used gal 0.01 10Hz
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Pitot Tube (4
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Strengths -
* (Can give data you can not get any other way

. » > o= Density
*  You can‘see’the airflow . Al Y —veocty
*  Price is much reduced over last few years v p= Pressure
Wea kn eSSGS - Bernoulii’s Equation: Pressure Transducer
° Insta” Wi” be uniq ue to you r Vehicle Static pressure + dynamic pressure = Total Pressure

. VZ .
* Needs clean airflow (r *P"?) = Presaure Preseure
. solvefarvelocty: Measure difference in total and static pressure
Learning curve to analyzing data, noisy data oot " 20,
* Deeper analysis may need aero knowledge ' »
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GPS Info LU

Analysis Techniques - Jérge Segers

“GPS integration has two major advantages.The
quality of track maps is much better than when only
inertial sensor signals are used to calculate the map...

AUTOMOTIVE

The second advantage of using GPS is the higher Analysis Techniques
speed accuracy, which typically is withing 0.1-0.2%. for Racecar Data
This is far better than that obtained with a magnetic ACQI.IiSitiOI'I

pickup sensor measuring wheel speed. Speed accuracy
is of vital importance to calculate the lap distance, and
improving it increases the quality of the lap segment
calculations and lap overlays.” (page 14)

“GPS does not increase only the accuracy of track
maps. Speed measurements are not influenced by
wheel spin, lockup, or changing a tire radius due to
load or wear.This means the distance function
becomes more accurate, thereby increasing the quality _ \ 4
of lap overlays. More confidence can be put in the lap Jorge Segers
time variance calculation.” (page 61)

Analysis Techniques for Racecar Data Acquisition (Second Edition) - J6érge Segers

GPS vs.Wheel Speeds
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Wheel Speed Errors 7,

Squiggly Lines — Chris Brown

Unfortunately, this speed measurement is prone to errors. While the logger
calculates a very accurate time from its internal clock, the rolling circumference is
always changing while on the race track. The tire which flattens to form the
contact patch, gets pushed and pulled in all directions; forward, backwards and
sideways. A tire’s circumference is therefore continuously changing throughout i
a lap due to the following effects: Basic Analysis

e Centripetal forces from a tire’s rotational speed of

e Static load from vehicle weight Race Car Data Acquisition

e Dynamic squish from load transfer when braking or cornering

e Temperature and pressure changes

Every tire has a different reaction to these forces based on its internal

construction. Radial tires have cords inside that restrict longitudinal strain much
more than bias ply tires which have its cords laid at an angle. The circumference of
a radial tire might vary by 1%, while bias ply tires can change up to 3%. But even
1% at 160 mph results in a 1.6 mph error. I've seen driver’s complain they are
down on engine power and request an engine change because of 1.6 mph.

written by:
Christopher Brown

T - ~——-

400 b «—
Vertical Load Braking Accelerating

Figure 2.3 Tire circumference changes whenever forces are applied to the tire.

Page 26: Making Sense of Squiggly Lines — Christopher Brown
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selecting how the two rolling wheel speeds (FL and FR) should be combined when
creating a single speed channel for analysis. Three options exist; the fastest, the
slowest or an average of both.

One observable fact to remember is the radius differences between the
inside and outside tires during a corner. When the car is turning, the inside tire
must rotate slower as it is forced to cover a smaller distance. The outside tire spins
faster as it follows a larger arc. So the inner tire

reports a speed that is slower than the true

speed of the car, while the outer tire

L . reports a speed that is faster. The true
’ § speed of the car is an average of the
: two tires. This effect gets larger the

v/ tighter the corner. In Turn 11, also

S LS known as the hairpin of the Long

Long Beach Turn 11: 211t 231t g, Grand Prix circuit, speed

Figure 2.5 Length difference differences between the inner and
I between the inner and outer lines outer lines will reach 10%.

‘ 90-\Wheel Speed FL (mph] ~ 61.8

Vheel Speed FR [mph] 64.3
ao_
| 704
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50
407 N

Right Hand

0 Corners ———» Long Beach
204
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Figure 2.6 Wheel speeds vary based on the inside and outside radii when
a car travels around a corner.

Page 28: Making Sense of Squiggly Lines — Christopher Brown
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Road Race Motorcycle @@
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Tire Spin /7
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Drag Racing /Z
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LearnFast"E-Training Videos @@

Currently 258 Videos and Growing °Y0uTube www.youtube.com/aimdata

GPS vs.Wheel Speeds @
5 » Software Updates with Race Studio 3

in Racing Data Analysis
* Pre-Calculated Gear Position Function
» Configuring WiFi Communication
* Customizing AiM Device Logos
* Race Studio 3 Basic Configuration - Part 1

@ e All New 2020 - 24 Live Webinar Videos

K O REAT b % D wieec CRegeOstunsRiige sie! 8 iomon T B m
WCsne BLBORET STE  coanteor * sate = e cerugon * lagn]

* Race Studio 3 Basic Configuration - Part 2
* *IHave Downloaded my Data, Now What - Part 1
* *IHave Downloaded my Data, Now What - Part 2

Moot * GPS Lap Insert * Selection Criteria
ost:
Roger Caddell » Data Views * Sensor Calibration
AIM Sports - National Training Manager
0000 U — * Measure Units * Conditional Alarms
* Sort Channels * Gear Position
* Test Properties * Firmware Update
. * Per Lap Color * Solo Configuration
Scatter Plots and Log Sheets éj[/]) )
-5 * ExportTests * Transmit Tracks
1 Webinar Series * Channel Reports * Gps Manager Overview
Bringing Data Support and Training to You o Settmg T|me o NeW GPS Track
Data Download»Options . .
- * Track Mapping * Webinars

QO @O wmmrncom  Tumday Septamber 10%, 3624 LearsFast 1,800,718.9090

¥ Most Popular and Recommended

Additional Materials
o o o aimaporta.com LearnFast™ E-Training Videos LearnFast



AiM Sports Technical Support Staff Regularly
Attend Races and Other Events

Look For Us At An Event Near You
Or Call Us At 800.718.9090

Customer Support
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SCCA Runoffs Customer Support @i@

AiM Sports Technical Support Staff |
. '24 Runoffs AiM Tech Number @ @ www.aimsports.com
will be at the 2024 SCCA Runoffs! 03202 AT =
AiM Sports Users and the 2024 SCCA Runoffs ‘Alternative Start/Finish Line’
SCCA Runoffs AiM Tech Number St L ffct g o il e e fr 1S
Test Days (Sept 28-30) and Qualifying (Oct 1-3) located in the

Ca | I D i re Ct: 804.566.3 2 82 ( DATA) middle of the ‘Kettle Bottoms’ section. Then for the Hagerty

Race Days (Oct 4 thru 6) the conventional Start/Finish timing DFFS
loop located on the front straightaway of the track will be used R//
for official timing. See the track map image on this page. \ pannllw

02
///1,:4\\\_ oy
6074 ANAILERSA

. From a pure data focused perspective, AiM Sports data users
Sat Se pt 2 8t h t h r u F r I O Ct 4t h can simply ignore the SCCA’s use of an alternative S/F line and

/ ! create lap times and data analysis from the standard 5/F line on
the front straight of the track. This will however create a
situation where your lap times will NOT match the official SCCA
lap times (and possibly teammates) and you will not realize the
real benefits of practicing and qualifying while using the
alternative S/F line.

There are several things an AiM Sport User can do to prepare for
this event and then do during the event that will make this
alternate S/F line a non-issue.

This document gives you information, some best practices, and

specific solutions. Here is a hyperlinked Table of Contents to
help you find the specific topic you need.

$CCA 2024 Runoffs - Road America Track Map

Table of Contents

Pre-Event Preparation 2

Updating Your Race Studio 3 Software

Updating Race Studio 3 Track Database

Track Map Information

s W

Removing Tracks from Your Hardware

Adding Tracks to Your Hardware
Track Maps in Race Studio 3 Analysis

Changing the Track Map Assigned to Existing Data File

N oo

Loading Track Maps on Older AiM Hardware

GPS Manager Track Loading Tips

©

Track Maps in Race Studio 2 Analysis 10

Revised: August 30, 2024 Page 1

AiM Sports/SCCA Runoffs ‘Alternate Start/Finish Line’ Document

Customer Support
o o ‘ o aimeporia.com 2024 SCCA Runoffs AiM Support LearnFast


https://cdn.connectsites.net/user_files/scca/downloads/000/073/059/AiM_Sports_Alt_SF_Line_Info_24_SCCA_Runoffs.pdf

Next AiM Sports Webinar @]

Tuesday, October 8%, 2024 - 6pm Pac / 9pm East

Accelerometer Data - When, Why, How?
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