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1. Absolute trajectory error

« SLAM with fiducial markers—square-shaped planar artificial landmarks with a

black-and-white grld pattern—has advantages such as: SLAM [m] SLAM with a Prior Map [m] Localization [m]
. . : : dop [m] dp [m]

Better accuracy over canonical approaches using visual feature sequence 0.00 0.0 020 030 040 050 | 000 0.10 020 030 040 0.50
. . . I 0.07 0.05 005 007 008 008 008 | 006 023 022 044 118 121
- Less computational cost compared to hybrid approaches using both feature > 008 | 007 007 008 004 010 0.10 | 008 025 031 060 158 1.6
: : L 3 0.08 0.08 008 010 0.10 0.09 0.10 | 0.10 021 028 045 128 134
?nd marker detection W'thouj( compromising accuracy 4 0.14 | 014 014 015 015 014 0.14 | 015 045 043 058 096 235
» This work presents a comparative study of three modes of fiducial marker-based 5 0.13 013 013 013 011 013 0.3 | 0.14 040 052 044 128 243
, , , o 6 0.10 0.08 009 010 0.10 0.10 0.10 | 0.13 039 042 144 204 250
SLAM, in terms of absolute trajectory error and runtime for the optimization 7 0.12 0.12 0.1 012 012 011 011 | 0.11 049 042 061 178 154
average 0.10 0.10 0.10 0.11 0.10 0.11 0.11 | 0.11 035 037 0.65 144 1.87

process per frame:

« Without perturbation (i.e.., §p = 0.00), all three modes yield results showing
differences within a few centimeters

« With perturbation, the SLAM with a prior map mode maintains results within a few
centimeters, while the localization mode increases to tens of centimeters even
with the smallest perturbation (i.e., 6p = 0.10)

« SLAM: Estimate both pose and map from scratch
- SLAM with a prior map: Estimate pose and map given a prior map
 Localization with a prior map: Estimate pose only given a prior map
* The quality of the prior map is critical for the last two modes;
we investigate each method's tolerance to variations in prior map quality

2. Runtime for the optimization process per frame

SLAM [ms] SLAM with a Prior Map [ms] Localization [ms]
5p [m] 5p [m]

o : sequence 0.00 010 020 030 040 050 | 0.00 0.10 020 030 040 0.50
We teSted three mOdeS over / .Sequences' 30 Seconds eaC.h' Wlth 1280)(720 1 5.07 526 5779 500 575 623 642 | 305 353 390 456 533 6.06
camera images at 30Hz, and Vicon MoCap ground truth within <10m trajectory g ;t'g% Zfé g;? ggg ggg Z;g gi? 123 igg 309 333 g;g 839

« Where does the prior map come from? The SLAM mode was employed on a 4 5.73 605 591 677 635 663 666 | 480 449 7.66 499 629 7.60

. . 5 6.23 6.19 734 627 742 702 681 | 5.81 633 683 806 861 9.76
preliminary sequence to create a prior map 6 6.08 656 4.64 669 661 746 630 | 478 744 615 743 992 975

o : : : : : 7 7.95 8380 923 745 806 911 794 | 522 6.66 8.13 919 847 8.99

How are the SLAM with a prior map and localization modes evaluated with e <o S P

respect to prior map quality? We perturbed fiducial marker position in a prior map
(6p) and assessed mode tolerance to prior map quality
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runtime compared to the SLAM mode in response to perturbation

« The SLAM with a prior map mode shows a consistent and slightly longer (~20%)

« The localization mode shows shorter runtime (~20%) than the SLAM mode, while
showing a rise in runtime along with the increase in perturbation
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An example trajectory for experiments in
simulation (sequence 4)

The data collection environment featuring five
36h11 AprilTags, each having side lengths of 0.2m
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