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Robotic Outdoor Navigation







GPS Coordinate Formats

Here are examples of formats of GPS latitude & longitude:

® Degrees, minutes, and seconds (DMS): 41°24'12.2"N 2°10'26.5"E.
® Degrees and decimal minutes (DMM): 41 24.2028, 2 10.4418.

® Decimal degrees (DD): 41.40338, 2.17403.



GPS Coordinate System
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GPS Precision

Degree precision versus length

decimal decimal . . . N/S or E/W E/W at E/W at E/W at

S i DMS qualitative scale that can be identified e ator 23N/S 45N/S 67N/S
0 1.0 1°00’ 0" country or large region 111.32 km | 102.47 km | 78.71 km |43.496 km
1 0.1 0° 06’ 0” large city or district 11.132 km | 10.247 km | 7.871 km |4.3496 km
2 0.01 0° 00’ 36" town or village 1.1132km | 1.0247 km |787.1 m [434.96 m
3 0.001 0° 00’ 3.6” neighborhood, street 111.32 m 10247 m |78.71m [43.496 m
4 0.0001 0° 00’ 0.36” individual street, land parcel 11.132 m 10247 m |7.871m [4.3496 m
5 0.00001 0° 00’ 0.036" individual trees, door entrance 1.1132 m 1.0247 m | 787.1 mm | 434.96 mm
6 0.000001 0° 00’ 0.0036" individual humans 111.32 mm | 102.47 mm | 78.71 mm | 43.496 mm
7 0.0000001 | 0° 00’ 0.00036” | practical limit of commercial surveying 11.132 mm | 10.247 mm | 7.871 mm | 4.3496 mm
8 0.00000001 | 0° 00’ 0.000036" | specialized surveying (e.g. tectonic plate mapping) | 1.1132 mm | 1.0247 mm | 787.1 um | 434.96 ym




Real-time Kinematic

Real-time kinematic (RTK) positioning is a satellite navigation technique used to enhance the
precision of position data derived from satellite-based positioning systems (global navigation
satellite systems, GNSS) such as GPS, GLONASS, Galileo, and BeiDou. It uses measurements
of the phase of the signal's carrier wave in addition to the information content of the signal and
relies on a single reference station or interpolated virtual station to provide real-time corrections,
providing up to centimeter-level accuracy.
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iRobot® Create® 2 Open Interface (OI)
Specification based on the iRobot® Roomba® 600
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MapNav Unity Plugin

IGATION + ONLINE MAPS

Geolocation Toolkit
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Det¢ Latitude: 32.9412618 cIMU Heading: 0.00° Crawl factor: _ B MU Head

Dec Longitude: -96.9058258 RTK Heading: 127.51 B RTK Heading
Altitude: 0 m Calc Heading: 123.62 - Z

GNSS. fixs Speed: 4.7 ¥ m/s Close enodlgh: - Calc Heading

Carrier fix: UBX Rate: 0.000 Max throttie: _ Fence min:
M Req RTK F& Accuracy: 30 m

RTK Port: COMSB v H Accuracy: Angle: - IMU. Calibration: 0,00

Status: Waypoint reached. Distance to waypoint:
ERR28488—"r o | N %

Slow down:

emo [Iime!



Solving Problems

Pi to PC bidirectional communication

Wi-fi connectivity outside and changing SSIDs
Wi-fi indirect manual steering lag

GPS coordinate collection timing

Telemetry Recording

Heading accuracy

Debugging and iterating






- : ey
it



4:1 silver gearboxes added to slow down the
robot: GPS RTK required a slower robot
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@ OpenSCAD File Edit Design View Help

o RT-K2.scad
o Editor

»

*

RT-K2 Body Shell CAD
Copyright Ross Melbourne 2019

*/
$fn=100; // facets per layer

//Debugging and printing
=1
10 | var_debug = false ;

Ooo~NOUVT A WNBRE

12 | var_just_show_shell = false ;
14 | var_split_into_parts = false ;

16 | //
17 | //
18 | //
19 | //
20 | //
21 | //

= Left side front,
= Right side front,
= Left side back

= Right side back
= top front

= top back

22 | // 7 = post front

23 | // 8 = post back

24 | // 9 = Camera Bay cover
25 | // 10 = wheel arch left
26 | // 11 = wheel arch right
27 | var_part_number = 8 ;

coNOYUTHAWN PR

29 | var_render = 1 ; // unused
30 -}

31 // variables defined here
32 [F{

33 | // Define wheels

34 | var_wheel_width = 150 ;

35 | var_wheel_radius = 150 / 2 ;
36 | var_wheel_depth = 105 ;

38 | var_width_between_wheels = 160 ;

39 | var_wheel_offset_width_from_center = ( P
var_width_between_wheels / 2) + P
var_wheel_depth ;

40 | var_inner_wheel_diameter = 80 ;

41
42 | var_distance_between_axles = 290 ;
43
44 | // Define Body shell

45 | var_shell_radius = 280 ;

46 var_ she11 w1dth 270 ; // was 254

Vlewport translate =[ -4 02 43 22 88. 38 1, rotate [ 55 00 0.00 25.00 ], distance = 1698 40 (1006x796) OpenSCAD 2019.05







