3D Trajectory Viewer - Data I nput Specification

1. Introduction

The 3D Trgectory Viewer and our other analys's programs program accept mtion path data from a
gngle disk file. Thisdaa can have been supplied from any of severd sources including
smulation programs or vehicle data loggers. Provided the data is provided in the standard format
defined here the viewer will display it regardless of its source.

The gtandard format for the datainput fileisas follows. Thefileisan ASCII text file, containing
two lines of header data, followed by the vehicle motion path data.

2. FileHeader Data

The firg line in thefile contains a dngle text gring, surrounded by double quotes. Thisis a
generd description of the file contents. It should be read as a single string of text. The second line
contains information relevant to the data: contained in the file. This line contains 4 comma:delimited
items of information.

The firg vaue is aninteger indicating how many lines of vehide data are contained in the file.
Each line of datacontainsasngle record of information about the car's condition a a single point
intime. Thisis an integer vaue, so cannot go beyond 32,767 lines of information (about 21.8 hours
of information, if recorded at 25 frames per second).

The second vaue is a floating point number indicating the data rate for the following datain the
file. Thiscan beinterpreted as ether the sampling rate or the replay framerate, depending on the
specific gpplication using the file. This would typicaly be a vaue around 20 to 30 frames per
second. It is provided to one decimal place (eg. 25.5 or 31.0).

The third vaue is an integer number indicating the units being used for the file deta. A value of zero
(0) indicates metric units are being used, while avaue of one (1) indicatesimperid units. By default
Metric units are assumed.

Findly, the fourth item on the line is a file name (text sring). Thisis for a Vehice Parameter File
(VPF), which will contain dimensona and performance data for a vehicle. This is used for more
detailed andysis of the motion path data. By default it is set to “CARLVPF’, but would otherwise
be st to a particula vehicle file data set.
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3. Vehicle Data

The vehicle datais presented asa number of comma-delimited values, with one set of data (or
record) values per line in the file. Meric units are assumed to be the default case, as indicated
below. Each line contains 30 items of data, as follows,
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Frame Number

Time

X Position

Y Position

Z Position

Pitch Angle

Roall Angle

Yaw Angle

Heading

Distance Travelled
Speed

Longitudinal Acceleration
Lateral Acceleration
Engine Speed

Gear

Steering Angle

Throttle Position
Suspension Position FR
Suspension Position FL
Suspension Position RR
Suspension Position RL
Aerodynamic Balance

M echanical Balance
Front Axle Vertical Force
Rear Axle Vertical Force
Spare#1

Spare #2

Spare#3

Spare#4

Comment

time

AY
AX
AZ
Hdg
Dist
Vel
GX
GY
RPM

Sang
Throt
sFR
sFL
SRR
SRL
AeroT
MechT
FvF
FVR

(integer)
(seconds)
(metres)
(metres)
(metres)
(degr ees)
(degr ees)
(degr ees)
(degr ees)
(metres)
(kilometres per hour)
G)

G)

(rpm)
(integer)
(degr ees)
(per cent)
(millimetres)
(millimetres)
(millimetres)
(millimetres)
(per cent)
(per cent)
(units)
(units)

(string)

Most of these data values should be obvious. Four spare channelsare included to alow for the
recording of additiona, user-specific information.

The mader time base for thisdataisthe "frame’. Thisis a number sarting a 1 and incrementing
to some find integer vdue. This can be converted to time in seconds by smply dividing the frame
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number by the frame rate (defined in the file header data). That is, frame 30, with a data rate of
25 frames per second, would correspond to atime of (30/ 25) = 1.2 seconds.

A separate “time’ channel isadso provided, for the Stuation where finer, or different, time increments

may be required. In this case the “time” channd can be used as the magter time reference and the
“frame’ channd then becomes smply a data record number.

4. Data Standard

The following ligt displays the range and sense of the various data val ues.

1 Frame Number integer  alwaysa positive value

2 Time float always a positive value

3 X Position float positive to right when looking down
4 Y Postion float positive up when looking down
5  Z Postion float positive vertically up

6 Pitch Angle float positive nose up (accelerating)
7 Roall Angle float positive left sde down (right turn)
8 YawAnge float positive for left turns

9 Heading float positive for left turns

10 DistanceTravelled float always a positive value

11 Speed float always a positive value

12 Longitudinal Acceleration float positive for acceleration

13 Lateral Acceleration float positive for right turns

14 Engine Speed float always a positive value

15 Gear integer  alwaysa positive value

16 Steering Angle float positivefor aright turns

17  Throttle float number between 0 and 100

18 Suspension Position FR  float positive for upward deflections
19 Suspension Position FL float positive for upward deflections
20 Suspension Position RR  float positive for upward deflections
21 Suspension Position RL  float positive for upward deflections
22  Aerodynamic Balance float number between 0 and 100

23  Mechanical Balance float number between 0 and 100

24 Front AxleVertical Force float positive for downward load

25 Rear AxleVertical Force float positive for downward load

26 Spare#l float n/a

27 Spare#2 float n/a

28 Spare#3 float n/a

29 Spare#d float n/a

30 Comment sring n/a
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5. Parameter Description
The specific meaning of each data channel is as follows.

Channdls 1 (Frame Number) and 2 (Time) are the time reference for the vehicle data. Time can be
defined in two different ways, as the frame number or an explicit time vaue, hence the provision for
two values here,

Channels 3 (X Pogtion), 4 (Y Podtion) and 5 (Z Postion) are the location coordinates, in 3
dimengiona space, of the centre of gravity of the vehicle,

Channds 6 (Pitch Angle), 7 (Roll Angle) and 8 (Yaw Angle) are the orientations, in 3 dimensiond
gpace, of the vehicle about its centre of gravity.

Channd 9 (Heading) isthe direction the vehicle istraveling (the direction of the velocity vector). The
difference between this and the Yaw Angle isthe Slip Angle.

Channd 10 (Digtance Traveled) is a vaue indicating the distance travelled by the vehicle, generdly
used as areference vaue for display only.

Channd 11 (Speed) isthe velocity of the vehicle dong the motion path.

Channels 12 (Longitudinal Accderation) and 13 (Laerd Acceeration) are the acceerations
applying to the vehide in the X-Y plane.

Channd 14 (Engine Speed) is the rotationa speed of the engine, generally used as a reference vaue
for digplay only.

Channd 15 (Gear) isthe number of the transmission gear currently being used. Thisisgeneraly used
as areference vaue for display only.

Channd 16 (Steering Angle) is the average angle of the front wheds with respect to the “sraight
ahead” postion.

Channd 17 (Throttle) is the engine throttle postion, defined as a percentage, where 100% is fully
open and 0% is fully closed.

Channels 18 (Suspension Postion FR), 19 (Suspension Postion FL), 20 (Suspension Position RR)
and 21 (Suspension Position RL) are the suspension displacements, with respect to some arbitrary
reference zero pogtion.

Channds 22 (Aerodynamic Baance) and 23 (Mechanica Baance) are balance locations residing
somewhere between the front and rear vehicle axle lines. These are specific pogtions somewhere
aong the vehidle longitudina centrdine.
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Channels 24 (Front Axle Verticd Force) and 25 (Rear Axle Vertical Force) are the specific loads
acting on the front and rear whedls.

6. Data Storage

In order to be ableto predict how much data can be placed in computer memory we will make
an edimate here of the dorage requirement for a single line (record) of vehicle data. When the
data is loaded into aprogram it will be stored in memory in abinary format. Typicaly an integer
will occupy 2 bytes of storage and afloating point number 4 bytes.

The fird line in the file is a variable length text string. The second line contains 2 integer vaues, a
floating point number and a string. Each integer vaue would occupy 2 bytes of memory, for atota
of 4 bytes, plus 4 bytes for the real number and typicaly 12 bytes for the VPF file name. This gives
atotal of 20 bytes.

For each line of vehicle data there are 30 items. Of these 27 arereal numbers, two are integers and
oneisasdring. A red number occupies 4 bytes of storage, an integer 2 bytes, and the string might
typicaly be 8 bytes, so the numeric items would occupy, in totd, 120 bytes.

This information can be used to roughly estimate memory requirements. For example, how
much data could we fit into 10 megabytes of syssem memory? In bytes, 10 megabytesis

1024 x 1024 x 10 = 10,485,760

Allowing, consarvaively, for 200 bytesin thefirgt lineof thefile,

10,485,760 - 200 = 10,485,560 bytes
Now, alowing for 120 bytes of data per record,
10,485,560/ 120 = 87,379 records
Findly, assuming adata rate of 25 frames per second,
87,379/ 25 = 3,495 seconds
= 58 minutes

So 10 megabytes of computer memory could store just under an hour of data, stored in computer
memory and available for red-time replay.
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7. Example

The following isashort section of atypicd data file. Thisshould help to illudtrate alittle better the
format described here. Thisfile contains 2140 data records, in metric units and at a sample rate of
20 samples (frames) per second.

"MTC File DATEMP\WMOTEC\CONV\LAP3-20.CSV"

2140, 20.0, 0, " Car L.VPF"
1,0,0,0,0,0,0,2.1,0,0,194.2,.1,.09,6318,4,-.4,103.9,.8,2.6,6.5,2.5,0,0,0,0,0,0,0,0," "
2,.0488,0,0,0,0,0,1.4,0,0,194.1,.09,.09,6300,4,0,103.9,8.3,8.2,9.2,6.5,0,0,0,0,0,0,0,0," "
3,.0977,0,0,0,0,0,2.2,0,0,193.9,.09,.09,6300,4,0,103.9,6.9,10.5,13,11.4,0,0,0,0,0,0,0,0," "
4,.1465,0,0,0,0,0,2.8,0,0,194.4,.09,.1,6348,4,-.4,103.9,9.2,11.3,12.7,11.7,0,0,0,0,0,0,0,0," "
5,.1953,0,0,0,0,0,2.9,0,0,195.1,.09,.1,6348,4,-.4,103.9,5.8,8.1,13.7,12.3,0,0,0,0,0,0,0,0," "

2137,104.2969,0,0,0,0,0,1.7,0,0,193.8,.09,-.05,6276,4,-.4,103.9,2.8,4.2,5.5,3.5,0,0,0,0,0,0,0,0," "
2138,104.3457,0,0,0,0,0,2.7,0,0,193.9,.09,-.01,6342,4,-.4,103.9,2.7,3.7,7.3,6.2,0,0,0,0,0,0,0,0," "
2139,104.3945,0,0,0,0,0,2.8,0,0,193.8,.09,-.01,6342,4,-.4,103.9,.7,2.3,6,4.3,0,0,0,0,0,0,0,0," "
2140,104.4434,0,0,0,0,0,2.7,0,0,194.1,.09,0,6330,4,-.4,103.9,.6,.7,5.8,4.1,0,0,0,0,0,0,0,0," "
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