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Navigation possibilities
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Automatykab2b.pl, Slideshare.net/AtubaNetworks, Jungheinrich.com, sick.com, aamgroup.com, extremetech.com

• Line following:
• Magnetic (Hall effect, contractron, 

magneto-resistive)
• Colour (optical)
• Metal (inductive)

• Beacon/anchor localistaion:
• Mirrors and rotating laser,
• Passive or active RFID tags,
• DMX (readers) or symbols (computer

vision)
• BLE or UWB tags
• GPS

• Natural navigation
• Signal strength(Wi-Fi)
• Environment mapping (2D/3D scanners, 

lidars, radars, 3D or stereocameras)



Natural navigation
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Encoders

2D lidars 2D map

Localistaion

Environment mapping

Odometry

Reference 
points

Possibilities to enhance the localisation:
1. Using inertial measurement units

(IMU): gyroscope and 
accelerometer

2. Using received signal strength (RSSI) 
for reflectivity indication and using
objects as positioning mirrors
(anchors)

3. Reinitialisation of position through
automatic coordinate refreshing
(global points used as position
reference)

4. Using Simultaneous Localisation and 
Mapping approach (SLAM) for 
dynamic environments



Natural navigation commissioning
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Gathering of measurement
data in teaching mode

Construction of a reference
map using dedicated

software

Determination of 
trajectories and navigation

points

Initialisation of robot’s
position

Calculation of position and 
using odometry for 

determination of shifting
within map coordinate

system

Navigation through
following of virtual lines



LIDAR 2D

Scanning angle 270 °

Distance resolution 1 mm

Detection range 0 ... 50 m

Measuring accuracy ± 20 mm

Angular resolution 0.1 °

Scans per second 25/s

Leuze scanner model RSL420-M/CU416-10



Protective fields



Data frames



Scanner signals



Measurment data



Polar to cartesian coordinates



Signal strength



Sample algorithms

• Station detection
• Localization
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Station detection

• Decoding frames
• X,Y map transformation
• Connected components 

labeling 
• Filtration
• Calculating centroids
• Triangulation
• Station detction
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Binery map operations
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Selcting criteria:

• Number of picxels

• Bourder ratio Xr/Yr



Calculating centroids
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Delaunay Triangulation

• No point is inside the 

circumcircle of any triangle

• Maximize the minimum angle 

of all the angles of the triangles 

in the triangulation

• Tend to avoid sliver triangles

• For a set of points on the same 

line there is no Delaunay 

triangulation
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Detecting markers
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• Selecting triangle with 

calculated edge lenght with 

selected accuary

• Calculeting station position

𝑥0 + 𝑥1 + 𝑥2
3

,
𝑦0 + 𝑦1 + 𝑦2
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Final result
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Rigid transformation
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AGV data



AGV Data

Operational Mode Indicators

Data Field Description

Manual Mode Active Indicates operator control

Automatic Mode Active Machine runs autonomously

Docking Mode Active System in docking procedure

PLC Fault Active Fault detected in PLC

PLC Warning Active Warning present but operation continues

Safety Circuit Closed Safety circuit intact and closed

LED and Visual Indicators

Data Field Description

LED Active Master indicator light

LED RGB Strip left/right (red, green, blue) RGB values for each LED strip

LED status – active mode Which LED pattern corresponds to current mode



Motion & Performance Data

Data Field Description

ActualSpeed_L / ActualSpeed_R Speed of left/right motor wheels

Momentary current consumption (mA) Real-time current draw

Battery cell voltage Current voltage per cell

Momentary energy consumption (mWh) Energy usage snapshot

Total energy consumption (µWh) Cumulative energy use

State Of Charge Battery charge percentage



Navigation and Route Data

Data Field Description

On route status Whether the vehicle is following a route

X-coordinate / Y-coordinate Position on map or workspace

Heading Orientation (in degrees/radians)

Position confidence Reliability of localization

Speed Linear speed of the vehicle

Going to ID Identifier of current target destination

Target reached Flag indicating arrival

Current segment Path segment being traveled
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