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Dear Participants,

This document describes the positioning system present in the European Hyperloop Center infras-
tructure. It can be used to determine both the absolute position as well as the relative position and
velocity of the testing vehicles.

For inquiries, please contact the technical EHW team at technical@hyperloopweek.com.

Best of regards and good luck!
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The positioning system for the European hyperloop center consists of two independent systems. For
absolute positioning of the vehicle in the tube a barcode positioning system is used. Each barcode
uniquely identifies 4mm in the infrastructure.

Below the barcode sticker a sticker suitable for an incremental encoder is placed. This system com-
prises of a black and white alternating bars with a pitch of 1 mm. Below an index track is created
with 400 mm indices that line up with the propulsion track blocks and thus effectively with the O de-

gree commutation angle. A full electrical rotation of the propulsion system coincides with 400 mm
of travel along the infrastructure.
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Figure 1: 400 mm Positioning Track Example.

To read the barcode sticker any barcode scanning equipment can be used. The BPS system from
Leuze has been validated up to 10 m/s. This system scans four barcodes at a time and gives a posi-
tion and velocity measurement.

Figure 2: Leuze BPS338i Barcode Sensor.

For higher speeds the incremental encoder track can be used. For this system a contrast sensor is
suitable to output a pulse pattern coinciding with the black and white stripes.

When the incremental track is read by two sensors one can determine whether the vehicle is moving
forward or backwards. With the addition of the third sensor also the O position relative to the magnetic
field of the linear motor can be determined. These three signals can be interfaced to a Quadrature
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Encoder Interface (QEI) found on many microcontrollers and industrial systems.

Below a cross-section of the infrastructure can be seen. This figure shows the positioning of the sep-
arate systems to correctly read out the position in the infrastructure.

This measurement track is placed on either side of the tube.

Encoder

Figure 3: Positioning of sticker tracks within the infrastructure.



Although each barcode encodes a location within 4 mm it does not directly relate to the absolute
position inside the infrastructure. This has two main reasons.

1. 1. The same stickers have been used for the left and right side of the pipe. On the left side this
means that the barcodes are increasing with the direction of travel. However, on the right side
this means that it is decreasing with the direction of travel.

2. 1. For logistical reasons it was impossible to install the 4 meter tracks in correct order, this
means that the position that the sensor reads will jump across the valid range every 4 meter.

Additionally, the infrastructure contains expansion joints where the tracks are 4.2m long on either
side to cope with the 400 mm length of the joint.

This means that the absolute position needs to be derived from the measured barcode. In Appendix
A the two tables that describe the relation between barcode and absolute position can be found.

The code in Appendix B uses these tables to determine the absolute position given a barcode mea-
surement.

This code tries to find the track in which the barcode measurement lies and to optimize the runtime
performance it only looks at the previous or next track as possible other tracks to transition to. If no
valid track is found it uses the vehicle velocity to estimate the position based on the previous position.

It also outputs a valid flag if the measurement was found inside a track range. This can be used if
multiple sensors are available to only use sensors with valid measurements.

In case the barcode sensor travels across an expansion gap it will take the velocity of the vehicle to
estimate the correct position of the vehicle. This assumes that the vehicle is not accelerating signifi-
cantly between an execution cycle.

The data from the table should be formatted as the following structure (In MATLAB):

id = 1;
start = H
end = 8

absolute_start = 9;
absolute_end = 4;
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Table 1: Lookup Table - Starboard (Left)
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Table 2: Lookup Table - Port (Right)
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4 Appendix B

function [track_id, barcode_position, valid_position] = b barcode, track_id prev,
barcode_prev, velocity, wvehicle, tracks, reset)

track_id = track_id_prev;
barcode_position = ©;

if reset
track_id_prev = -
end

2

% First find tr id
if (track_id prev == -1)
index = 1;
track = tracks(index);
in_range = check_range(barcode, track);

while(~in_range)
index = dex + 1
if (index » length(tracks))
barcode_position = -1;
track_id = -
bre

3

end
track = tracks(index);
in_range = check_range(barcode, track);

end

if (in_range)

track_id = track.id;

barcode_position = calculate position(barcode, track);
end

[track_id, barcode position] = find_position(barcode, track_id, barcode_prev, velocity, vehicle,
tracks);
end

if(track_id ==

valid_posi false;
else

valid position = check_wvalid(barcode, tracks(track_id));
end

end

12
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tion{barcode, track_id, barcode_prev, velocity, vehicle,

id_prewv
id next

elseif(trac _
k_id prewv

track id prev track id - 1;
track id next = track id + 1;
track id current = track id;

rack_id_prev);

distance_prev barcode_prev - track_prev.absolute_end);
distance_n = barcode_prev - track_next.absolute_start);

if (track_prewv.id

distance_prev

f (track_next.id
distance next

distance_next
track_prev;

._current.id;
calculate_position(barcode, track_current);

. current.id;
barcode_prev + velocity * (1 / vehicle.software.operating_freguenc)

13
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func che valid(barcode, track)
ard
if{track.start < track.end)
valid = barcode »= track.start + && barcode <= track.end -

<= track. && barcode »= track.end +
end
end

function is_in_range = check_ra arcode, track)
ard
if(track.start ¢ track.end)
is_in_range arco »= track.start + && barcode <= track.end -

is_in_range " e <= track.start - && barcode >= track.end +
end
end

psition calculate_position({barcode, track)
ard
if{track.start < track.end)
position = track.absolute_start + (barcode - track.start);

art + (track.start - barcode);
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