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Introduction Methods

Background: Materials:
e Multi-robot system: e 2 ROSBots

collaboration algorithms to e ROS2: nodes, topics, messages
complete tasks e AprilTags: position and orientation

o More effective than singular data
robots [1 i g
. [ ] . _F'g° 1. ROSBot: two wheeled, Fig. 2. Flow of ROS2 data between different nodes  Fig. 3. AprilTag, family 36h11, id=0
® Mapp"‘g: creati ng a ma p Libre computer board, webcam and topics [4]

Vision-based coordination:
e AprilTag detection => calculate translational and angular error => Proportional Derivative (PD) controller

/msbo&OZSmotor_commD
< Jros_bridge

e Multi-robot mapping often use

communication of positions [2]
m Synchronization issues, Jrosbot2025 image.raw

. . /rosbot2025/camera0 motZOZSa D /rosbot2025/apriltag_detections @o&OZSemD /rosbot2025/robot_twist
communication delay [3] - I: pitag pitag

. . /rosbot2025/camera_info
m Decentralized solution:
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Fig. 4. rqt_graph depicts flow of program for vision-based controller

coordinate with each other Simultaneous Mapping:
instead of central robot [3] ® Both spin in circle => adjacent tag transform => apply affine transformations to create map
Goal: e Merge both maps together: take average coordinate value of each vertex

1. Implement vision-based
COO rd | natiOn patte rn Fig. 6. Affine transformation to find global position of a point

between both robots P
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coordination to JE—

® Single robot map vs double robot map RMS error = R? . ?
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Fig. 7. Robots in AprilTag environment for mapping

Fig. 5. rqt_graph depicts flow of program for mapping algorithm

Results

Vision-based PD Controller Performance: Mapping Performance:

—— /rosbot2025/robot_twist/linear/x
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Map Details:

® Xx-axis and y-axes are coordinate
olane for environment

® Robot is located at (0,0)

e Red dots are location of tags
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Fig. 10. Robot 1’s independent map  Fig. 11. Robot 2’s independent map  Fig. 12. Merged independent maps

20 | | _ | |
2 1lﬁ ll8 \\/ 2I0 212 214 2I6 WithOUt With
Fig. 8. Plot depicts the vision-based PD controller. x-axis is time, y-axis is control signal. 5 o 3 coordination | coordination
d l | il
_ e X . Robot 1 2.55m 2.96m
y(t) =K, -e(t) + Ky - Ee(t) | ; o l |
Fig. 9. Equation for PD controller output 0- .- . 0; . i o o . Robot 2 2.92m 1.31m
Graph Details: Ao - 1 5 Merged | 2.69m 2.05m
® Error quickly converges near 0 ’

5 5 % & & 5 = 4 @ i ; X & 4 3 : ; Table 1. Root mean square error of mapping
Fig. 13. Robot 1’s coordinated map Fig. 14. Robot 2’s coordinated map Fig. 15. Merged coordinated maps with and without coordination

e Oscillations from delay between error calculation
and motor output
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o Possible Improvements: recalibrate camera, use GTSAM [5], adjust adjacent transform calculations
e Partially Successful: coordinated map has less error but appearance looks less accurate
o Possible Reasons: flawed merging algorithm, flawed error calculation, inaccurate data from cameras
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