SEMINAR SERIES

BRINGING DATA SUPPORT AND TRAINING T0 YOU

PRACTICAL DATA ACQUISITION

FOR AUTOMOTIVE RACERS & ENTHUSIASTS
PART 2 - DATA ANALYSIS

f facebook.com/aimsports

WWW. a|msports COMY g o ictel-dabmiobris 1.800.718.9090 May 2012




o ] |U'||¥

I & S G 5

)

AIM SPORTS SOLO AND SOLO DL DATA LOGGER }

[ DATA ACQUISITION TOOLS } @:
HIGH VALUE DATA LOGGER
SOLO AND SOLO DL Tm




&9 Rs24nalysis 245.02

Measures and laps

Measures |Laps | User Profiles

'Per Lap' Color

Mea:

Sort Channels ISI
Loa: :

ronz2

GPS_Speed  [mph] X
GP5_LatAcc  [g] X
GP5_LonAcc  [g] 0.10

GPS_Gyro  [deg/s] 1.2
GP5_Slope  [deg] 1.37

GPS_Nsat [#] 11

GPS_Heading [deg] -47.8

GP5_PosAccuracy  [m] 2.959
Datalogger_Tem  [°F] 35

Internal Batte  [V] 3.99

1 Battery [V] 0.0
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Test laps

AlM SPORTS SOLO DATA LOGGER SOLO DATA LOGGER
STANDALONE GPS BASED LAP TIMER / DATA LOGGER
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|distance base time 0:09.137  dist 12078 Feet]
35 — ®GPS Speed 529
90 7 ®FA_TPS 100.0
GPS_Speed  [mph] 92.9 ®
GPS_LongAcc  [g] 0.05 80
GPS_LatAcc [g] -0.02 75 4
GPS_Gyro  [deg/s] 0.3 704
GP5_Slope  [deg] 1.40
GPS_Nsat [#] 11 65 7 =
GP5_Heading [deg] 77.8 &0 4
GP5_PosAccuracy  [m] 1.24
Datalogger_Tem [°F] 97 557
Internal Batte  [V] 4.25 50
FA_WH_SPD_FL _[mph] 22,7 moh 3
FA_WH_SPD_FR__[mph] 92.3 40
FA_WH_SPD_RL [mph] 91.3 =
FA_WH_SPD_RR [mph] 915 . @FARPM 5073
FA_VEH_SPEED [mph] 92.4 om
FA_RPM [rpm] 5079 |l——" |
FA_PPS  [%] 98,8 4000
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Test laps

AlM SPORTS SOLO DATA LOGGER SOLO DL DATA LOGGER

STANDALONE GPS BASED LAP TIMER / DATA LOGGER WITH THE ABILITY TO CONNECT WITH MANY ECU'S FOR ADDITIONAL CHANNELS OF DATA
THIS EXAMPLE HAS THE SOLO DL CONNECTED TO A FIAT 500 B SPEC RACE CAR'S STOCK ECU.

DATA ACQUISITION TOOLS

HIGH VALUE DATA LOGGER
SOLO AND SOLO DL
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AIM SPORTS GPS CHANNELS AVAILABLE FROM A SOLO: SPEED, LATERAL ACCELERATION, LONGITUDINAL ACCELERATION, GYRO, SLOPE, HEADING, POSITION ACCURACY, NUMBER SATELLITES

DATA ACQUISITION TOOLS =
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HOW DOES IT WORK?

GPS SYSTEM INFORMATION:

A 31 SATS CURRENTLY ORBITING
A 6 DIFFERENT ORBITAL PLANES
A EACHORBITIS 11HRS 58MIN
A MOVING AT ABOUT 7000MPH

A DESIGNED TO HAVE 9 SATS
VISIBLE WORLDWIDE

A MIN 4 SATS NEEDED FOR 60OD 3D
LOCATION, MORE IS BETTER

A APPX 12,000 MILE ORBIT

A TRANSMITTER POWER IS LESS
THAN 50 WATTS!




TRILATERATION:

THE PROCESS OF DETERMINING
LOCATION BY THE MEASUREMENT OF
DISTANCES

A GPS RECEIVERS CONSTANTLY
RECEIVE AND ANALYZE RADIO
SIGNALS

A CALCULATE THE PRECISE
DISTANGE TO EACH SATELLITE

A1 SATELLITE DETERMINES
POSITION TO A LARGE AREA ON
EARTH

A 2 SATELLITES NARROWS THE
POSITION TO WHERE THEY
OVERLAP

A3 SATELLITES PROVIDES A FAIRLY
ACCURATE POSITION

A ASATELLITES IS BETTER AND
GIVE ELEVATION

HOW DOES IT WORK?




RACE STUDIO 2
DAIA TIP




@8 RS24Analysis 245.02 - [Gps]
l.?\ Dats  View Map Window
Eggt@ﬁr.]_]_.[:]t--m@\“w‘géib@ - F K SE Nl

Measures and laps
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THIS IS THE DEFAULT VIEW IN THE RAGE STUDIO 2 ANALYSIS SOFTWARE. THIS DATA IS A QUALIFYING SESSION WITH SAME 3 LAPS OF DATA WE HAVE LOQKED AT FOR THE LAST FEW SLIDES.

NOW LETS ZOOM IN TO SEE THE AGCURACY/REPEATABILITY OF THE GPS DRIVEN LINE.
6PS 7
RAGE STUDIO 2 VIEW v ™

|| Test laps




Ruler | 3|

Line . Pafh

Measure the distance between two points on the ground

Map Length: 0.00 Enches '>i
Ground Length: 2.97
Heading: 73.98 degrees

Mouse Navigation

THE SAME DATA IN THE SAME LOCATION, THE ENTRY TO THE CORKSCREW AT MAZDA RACEWAY LAGUNA SECA. A SLOW SPOT WHERE THE DRIVER SHOULD BE HITTING THE SAME SPOT .
THE IMAGE ON THE LEFT IS IN RACE STUDIO 2 ANALYSIS/GPS, ZOOMED IN AND WITH THE DATA RIGHT ON TOP OF THE SCALE BAR SHOWING A DIFFERENCE OF ABOUT 3"
THE IMAGE ON THE RIGHT IS FROM GOOGLE EARTH AFTER A .KML EXPORT AND USING THE “RULER” TOOL SHOWS A DIFFERENCE OF 2.96"

GPS
RELATIVE ACCURACY




A WHEN CONSIDERING GPS ACCURACY, THERE ARE 2 TYPES:

A ABSOLUTE (OR POSITIONAL) ACCURACY

A THE ACCURACY WHEN COMPARING THE POSITION OF YOUR DRIVEN LINE OR LOCATION TO
ANY OTHER DATA GATHERED AT ANY OTHER TIME.

e e S
GPS_Heading [deg] 10.7
GRS _Msat [=] 10

A THIS IS REPORTED IN YOUR DATA AS “GPS_POSACCURACY". GPs _Poshcaracy [m] | 2.29

Battery —{v]

Datalogger_Tem  [°F] a7

ARELATIVE ACCURACY @ ===
A THE ACCURACY WHEN COMPARING EACH DATA POINT AGAINST THE PREVIOUS DATA POINT

A\ THIS IS WHAT IS USED TO CALCULATE GPS_SPEED, 6PS_LATACCEL, GPS_HEADING, ETC.
A\ THE RELATIVE ACCURACY OF YOUR AIM SPORTS GPS SYSTEM IS VERY 600D

bl e | (Y

ACCURACY — RELATIVE VS ABSOLUTE T™




@ﬁ LE EARTH ACCURACY: \

USING THE TIMELINE FUNCTION, HERE
ARE 3 LAPS OF DATA POSITIONED ON
GOOGLE EARTH MAPS FROM 1998
THRU 2009

ARUGUST 1998

A NOVEMBER 2005
AMay 2007
ALY 2007

A SEPTEMBER 2009

AS YOU CAN SEE, EVEN IN JUST THIS
ONE CORNER, THE ACCURACY OF THE
IMAGERY VARIES. BUT YOU CAN STILL
GET A GOOD IDEA OF THE DRIVING
LINES TAKEN FROM LAP TO LAP.

GPS

GOOGLE EARTH IMAGE ACCURACY




ATRACK MAPS
A STANDARD TRACK MAP

A GENERATED BY ROLL OUT DISTANCE AND
LATERAL ACCELERATION

A USED IN THE SPLIT REPORT AND TRACK REPORT
A JUST FOR TRACK LOCATION, NOT DRIVEN LINE
A GPS TRACK MAP

A GENERATED BY THE GPS SENSOR

A ACTUAL DRIVEN LINE
A CAN BE COLORIZED BASED ON A CHANNEL

MAPPING =
[ GPS VS TRACK MAPS } @L T
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Test laps

LET'S LOOK AT SEVERAL DETAILED RAGE STUDIO 2 ANALYSIS EXAMPLES.

HOW TO USE DATA ACQUISITION
DETAILED RACE STUDIO 2 ANALYSIS
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Test laps

e e e

MULTIPLE SPEED TRACES (SOLQ DATA) CAN BE USED TO POINT OUT INCONSISTENCY AND POINT TO AREAS FOR IMPROVEMENT. IN THIS SAMPLE, TWO AREAS STAND OUT.
IN AREA #1, THE INCONSISTENCY BEGINS ON CORNER ENTRY AND CLEARLY AFFECTS EXIT SPEED UNTIL THE NEXT BRAKING ZONE.
IN AREA #2, THE INCONSISTENCY IS UNDER THE 157 BRAKING ZONE AND GETS WORSE AND CONTINUES TO THE LAST EXIT.

HOW TO USE DATA ACQUISITION
SPEED TRACES - CONSISTENCY
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A GPS_Neat [#] 11 v / \ l
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1] GPS_Heading _[deq] -107.9 X /
A GPS_Gyro_[deg/s 4.1 50
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1| GPS_LongAcc _[d] 0.26 = A
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A Battery [V] 14.56 40
ri Datalogger_Tem  [°F] 97 0 1000 T =TT p 5000 c000 030 om0 o0
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q 35
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SPEED TRACES CAN BE USED TO POINT OUT AREAS FOR IMPROVEMENT IN BRAKING. IN THIS SAMPLE, LETS LOOK AT EVERY BRAKING ZONE.
IN ZONE #1, SOFT ON THE BRAKES EARLY, THEN SOFT AGAIN AT ABOUT 2/3RDS OF THE BRAKING ZONE. ZONE.
ALL LINES ARE AT THE SAME ANGLE, SOME BRAKING ZONES ARE CONSISTENT BUT THE 2 LONGEST ZONES ARE NOT. (1 AND 7)

HOW TO USE DATA ACQUISITION
SPEED TRACES - BRAKING
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Test laps

[MPROVEMENT IN BRAKING. NOW LETS ADD SOME MORE CHANNELS TO THE “MONEY” CHANNEL OF SPEED. BY ADDING BRAKE PRESSURE, STEERING, AND GPS_SLOPE, WE HAVE MORE INFO.
#1THE ENTRY LOOKS FLAT AND THERE IS LOW TRAIL BRAKING. #2 THE TRACK IS FALLING OFF AND THERE IS TRAIL BRAKING, THE DECELERATION SLOPE IS WHAT WE SHOULD EXPECT.
#3 MORE BRAKE PRESSURE WAS ADDED ABOUT HALFWAY INTO THE ZONE AND THE DECELERATION INCREASED AND TRAIL BRAKING AT THE END. #4 HEAVY TRAIL BRAKING

HOW TO USE DATA ACQUISITION
SPEED TRACES - BRAKING
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THE TIME COMPARE FUNCTION IS A TOOL THAT MAKES IT EASY TO COMPARE LAPS AND PINPOINT AREAS WHERE ONE LAP IS FASTER THAN ANOTHER. THE FASTEST LAP IS THE REFERENCE
LINE AND THE SLOWER LAP IS COMPARED AGAINST IT. IN THIS CASE THE RED LAP WAS THE FASTEST OF THE 2 ACTIVE LAPS. WHERE THE BLUE LINE IS BELOW THE RED LINE, THE BLUE LAP
WAS ACTUALLY FASTER THAN THE RED LAP. AREAS OF QUICK CHANGES ARE AREAS YOU SHOULD FOCUS ON.

ADVANCED ANALYSIS TOOLS

TIME COMPARE
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HERE, YOU CAN EASILY SEE THE CONNECTION BETWEEN THE THROTTLE POSITION AND BRAKE PRESSURE. IN SAMPLE # 1, THE DRIVER BLIPS THE THROTTLE AND HAS A RELEASE OF BRAKE
PRESSURE. THIS RESULTS IN A REDUCTION OF DECELERATION. IN SAMPLE #2, THE DOES WELL ON THE BLIP OF THE THROTTLE. BUT THEN REDUCES THE BRAKE PRESSURE AND THE DECELERATION
DOES NOT DECREASE. THE VEHICLE WAS SLOWING DOWN MORE ON BASED ON ENGINE BRAKING AND NOT NORMAL BRAKING. NOT GOOD FOR MAXIMUM GRIP AND ALSO HARD ON PARTS.

DRIVER IMPROVEMENT
BRAKE PRESSURE
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THE DELTA FUNCTION MAKE MEASURES DIFFERENCES VERY EASY. AFTER SELECTING A STARTING AND ENDING POINTS, EACH ENDING POINT VALUE IS REPORTED ALONG WITH THE
DIFFERENCE BETWEEN THE 2 POINTS.

ADVANCED ANALYSIS TOOLS
DELTA FUNCTION
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EXAMPLE OF THROTTLE POSITION RELEASE DURING A SHIFT. USE THIS TO DETERMINE THE SPEED OF THE SHIFT. LETS ZOOM IN TO MEASURE IT.

DRIVER IMPROVEMENT
SHIFT SPEED
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Test laps

EXAMPLE OF TPS RELEASE DURING A SHIFT. USE THIS TO DETERMINE THE SPEED OF THE SHIFT. USING THE DELTA FUNCTION, WE SEE THAT THE SHIFT WAS FULLY COMPLETED IN 0.216 SECS.

DRIVER IMPROVEMENT
SHIFT SPEED
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THE PER LAP COLOR OPTION QUICKLY CHANGES ALL OF THE COLORS AND TRACES FOR EACH LAP TO A SINGLE COLOR. THIS IS ESPECIALLY HELPFUL WHEN YOU HAVE MORE THAN ONE LAP
ACTIVE WITH MORE THAN ONE CHANNEL SELECTED.

Test laps

ADVANCED ANALYSIS TOOLS
PER LAP COLOR
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THE PER LAP COLOR OPTION QUICKLY CHANGES ALL OF THE COLORS AND TRACES FOR EACH LAP TO A SINGLE COLOR. THIS IS ESPECIALLY HELPFUL WHEN YOU HAVE MORE THAN ONE LAP
ACTIVE WITH MORE THAN ONE CHANNEL SELECTED. NOW THE LAP COLOR = TIME COMPARE COLOR = LAMBDA COLOR = SPEED COLOR. MUCH EASIER TO UNDERSTAND WHAT YOU ARE

LOOKING AT.

ADVANCED ANALYSIS TOOLS
PER LAP COLOR
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YOU CAN EASILY SORT CHANNELS IN THE MEASURE AND LAPS TOOLBAR BY CLICKING ON THE SORT CHANNELS BUTTON. THE RESULTING DIALOG BOX ALLOWS YOU TO HIGHLIGHT A CHANNEL
AND THEN MOVE IT UP OR DOWN. WHEN YOU GET THE ORDER THE WAY YOU WANT IT (TYPICALLY THE MOST USED CHANNELS AT THE TOP) JUST PRESS THE APPLY AND EXIT BUTTON AND THE
CHANNELS WILL BE SORTED..

ADVANCED ANALYSIS TOOLS
SORT CHANNELS
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AUTOCROSS AND RALLY DATA CAN START AND FINISH AT DIFFERENT LOCATIONS. THE SOLO IS BECOMING A POPULAR TOOL IN AUTOCROSS.
HOWEVER THIS DATA IS FROM THE DAKAR RALLY. 192 MILES AND 5 1/2HRS ON THIS ONE STAGE ALONE!
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NEEEE

VEHICLE IMPROVEMENT
POINT TO POINT DATA

) TTM




DAKAR RALLY KML FILE 192 MILES AND 5 1/2HRS ON THIS ONE STAGE ALONE!

VEHICLE IMPROVEMENT

POINT TO POINT DATA




Measure the distance between two points on the ground

Map Length: 100.05

Ground Length: 100.07
Heading: 127.36 degrees

DAKAR RALLY KML FILE 192 MILES AND 5 1/2HRS ON THIS ONE STAGE ALONE!

VEHICLE IMPROVEMENT

POINT TO POINT DATA




VEHICLE IMPROVEMENT
POINT TO POINT DATA
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DAKAR RALLY KMLFILE 192 MILES AND 5 1/2HRS ON THIS ONE STAGE ALONE!
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ENGINE ANALYSIS THE ENGINE ANALYSIS FUNCTION CALCULATES HORSEPQWER AND TORQUE FROM DATA GATHERED ON THE TRACK. THE DATA USED FOR CALCULATIONS IS THE DATA VIEWED IN
THE MEASURES GRAPH.

VEHICLE IMPROVEMENT
ENGINE ANALYSIS
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ENGINE ANALYSIS THE ENGINE ANALYSIS FUNCTION CALCULATES HORSEPQWER AND TORQUE FROM DATA GATHERED ON THE TRACK. HERE IS THE “SETTINGS™ DIALOG BOX.

VEHICLE IMPROVEMENT
ENGINE ANALYSIS SETUP
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DASHBOARD SIMULATION. HERE WE CAN VIEW THE NORMAL TRACES OF DATA BUT ALSQ A GRAPHICAL REPRESENTATION OF THE DASHBOARD. AS IN EVERY OTHER FUNCTION IN RACE STUDIO2, THE
DATA IS DYNAMICALLY LINKED. WHERE YOU PLACE THE CURSER IN THE MEASURES GRAPH, THE GPS MAP AND THE DASHBOARD REFLECT THE INFORMATION AT EXACTLY THE SAME POSITION.

VEHICLE IMPROVEMENT
DASHBOARD SIMULATION
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ADVANCED ANALYSIS TOOLS
TRACK MAP GENERATION




@8 RS2Analysis 2.44.04 - [Measures Graph] =B8] X
|#] File Data View Map Modify Options GPS RaceStudio2 Window ? HER
B2 LR AsEEEERNR LS & A S s~ E GPTD
M d || = —
easures and laps * |1 -Porsche aT3 cup B HESRNERE r&'g] Q = [g
Meastres |Laps | user Profils | [ Modity track ma [ x | tme 2.05.607 _ dist 163411 fiest]
Cre g cor [ swiiamss X | : = :
i Corners '\
X 1 [ Cosed |
602.24.310 1 Two wheels (speed \\
1 areEed] Figure-8 \
IZ 1 GPS_Speed [mph] 1374 |~ / \
i 1 Steer [deq] -473.4 Four wheels (speed Open shaped /
i Battery [V] 13.9 and lateral accel
R GPS_LonAcc [g] 0,03 1 requested) ’\ﬂ/}f /
| 1 Datalogger_Tem  [°F] a0 q 0227232 \ //—’
L EELEE B 8 3-02.26.651
3 GPS_LatAcc [g] 0.19 4-02.25.485
R GPS_Heading _[deg] 89.3 mg 5-02.25.414
| Brake Pressure  [psi 13 251 —. .3
M1 LatG 0.14 "
[+ 2 BOSCH_RPM  [rpm] 5403 |= /] /1 /‘]
| BOSCH_SPEED1 [m 137.3 751 Track shape / \ / | /l| / ]
N BOSCH_SPEED2 [m 135.7 70l — |
:1 BOSCH_FUEL PRE [psi 0 i fa | f g U,/ j \
| i BOSCH_ATM_PRES  [mbar 995 63 I_' Channels threshald " u
B BOSCH_TRANS TE [F] 203 500 == =
i BOSCH_OIL_TEMP _[F] 01 sl c — | ‘ \ \ /
B BOSCH_ENGINE_T  [*F] 172 =y
: 1 BOSCH_AIR_TEMP [F] 93 500 : {a} | \"‘j \ f \\o/
LR BOSCH_THROTT_A _[%] 0.0 " L
B BOSCH_IGNIT_AN [de 40 |- bicta Rotat U
L[ BOSCH_AIR_CHAR [%] 2 m| stance otation f
| BOSCH_INJEC_TI  [ms] 1.35 35( feet 0 [ Move to ] [ Mirror ] : U
1 BOSCH_LAMBDAL [] 1.020 14000 15000 16000 17000 18000
i BOSCH_LAMEDA2 0.917 Madify parts Fil
[ Divide ] [ Remove ] [ Remave All ] [ Corner 1 ] Sebring
*| 1-Porsche GT3 Cup |
Ao L
2 '3 14 5
al-
&
WWWMWWW b ANy %}f MMWW

THE MODIFY TRACK MAP DIALOG BOX WILL APPEAR. TYPICALLY IT WILL DISPLAY YOUR BEST LAPTIME. HOWEVER YOU CAN SELECT ANY OF YOUR LAPS. YOU HAVE OPTIONS TO MODIFY THE
DEFAULT SETTINGS; TRACK SHAPE, CHANNELS THRESHOLD, CORNERS IDENTIFY, AND ROTATION. WHEN YOU HAVE THE MAP THE WAY YOU WANT IT, INPUT A FILE NAME AND CLICK ON THE 0K

ADVANCED ANALYSIS TOOLS
TRACK MAP GENERATION
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IN THIS EXAMPLE, WE ARE LOOKING AT WATER TEMPERATURES QUT OF THE ENGINE AND THEN GOING BACK INTO THE ENGINE. THIS IS TO CHECK RADIATOR COOLING EFFICIENCY. IN THIS
CASE THERE IS 15 DEGREES OF COOLING BY THIS KART RADIATOR ON THE 2\ LAP OF THIS QUALIFYING SESSION.

HOW TO USE DATA ACQUISITION
VEHICLE DEVELOPMENT — WATER COOLING
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HERE IS A TEST WITH SPEED, LATERAL G°S, AND THROTTLE POSITION OPEN. THIS WAS THE FIRST PRACTICE SESSION ON A NEW TRACK AND WE ARE COMPARING AN EARLY LAP AGAINST A

LATER LAP, WHAT HAS THE DRIVER LEARNED IN THE SESSION?

THE TIME COMPARE BAR POINTS QUT AN AREA WHERE THE BLUE LAP LOST A LOT OF TIME. LETS CLOSE THE TEST LAPS AND MEASURES TOOLBARS AND ZOOM IN STUDY THIS AREA.

WHY USE DATA ACQUISITION?
COMPARING LAPS
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WHAT DO YOU SEE?
#1— RED LAP SETUP EARLIER AND THEN TRANSITIONED FROM RIGHT TO LEFT EARLIER AND HARDER. #2 — BRAKING AND CORNER ENTRY SPEED WAS NOT MUCH HIGHER AS A RESULT BUT...
#3— .MID CORNER AND EXIT SPEED WAS A LOT HIGHER

WHY USE DATA ACQUISITION?
COMPARING LAPS — ZOOMED IN




lap 3 74 .9 psi
lap 10 67 5 psi
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THIS IS THE SAME SECTION OF TRACK WITH THE 2 LAPS AS SHOWN IN THE RAGE STUDIO 2 GPS FUNCTION. THE DRIVER WAS LEARNING DIFFERENT LINES LOOKING FOR THE BEST WAY TO
DRIVE THIS SERIES OF CORNERS AND THE PLACEMENT OF THE CONFIRMS WHAT WE READ FROM THE DATA TRACES.

WHY USE DATA ACQUISITION?

COMPARING LAPS — ZOOMED IN




THIS IS THE SAME AREA OF THE TRACK WITH ALL OF THE LAPS FROM THIS SESSION PROJECTED ONTQ A GOOGLE EARTH MAP WITH THE RACE STUDIO 2 .KML EXPORT FUNCTION.

WHY USE DATA ACQUISITION?
COMPARING LAPS — Z0OMED IN
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