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Fig. 3.
Figs. 7, 8, 9.

scan-matching failure using the metric u. described in Sec. II-A.
These two failures are further analyzed in terms of the overlap
metrics in the next sub-section.

B. Evaluation of Various Scan Metrics

Figs. 7, 8, 9 show the various scan-wise and pair-wise metrics:

o Fig. 7 confirms that most of the points in the samples are
located on planar patches.

o Fig. 8 shows the spatial surface area overlap metric ps which
was described in Sec. ITI-A for A; = 50mm and ds = 250mm
computed using the ground-truth registration. It shows that the
pair 5-6 has the minimum value of us and thus foretells the
matching-failure of this pair. However, for the pair 0 — 1, p,
is low, though not unusually so.

o Fig. 9 shows the normalized metric u, in log scale. It was
described in Sec. III-B and has been computed for J,, = 8
and Ay = 0.25° and Ng = 577841. This metric shows a
clear global minimum at 0— 1 and hence foretells its matching
failure. Other pairs having low values of this metric, however,
successfully match.

We can thus conclude that the overlap metrics pus and w, are
helpful in predicting scan-matching failure of MUMC. Their low
values imply unreliability of the matching result.

V. CONCLUSION

The MUMC is algorithm is made more robust by adding an
overlap test based on unmatched planes. The absolute accuracy
of the algorithm is obtained for the first time by comparing its
results to the given ground-truth in a relatively large outdoor urban
scenario. The few matching failures were explained in terms of
two independent overlap metrics which need to be used together
to make effective predictions regarding MUMC’s matching success
for the scans involved.
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The scans as range-images with gray-scale based on distance. The first (Oth) scan is shown in Fig. 2. The distribution of points is analyzed in

s

(a) Scans 1 to 5.
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(b) Scans 6 to 12. Note the relatively large scale of the map.

Fig. 5. The plane-matching sequences. Planar-patches whose correspon-
dences have been determined using MUMC are shown in same translucent
color. Unmatched planes are translucently grayed out. Note the selectivity
of the MUMC algorithm in choosing the correspondences which minimize
the uncertainty volume.



TABLE I
COMPARISON OF PLANE-MATCHING RESULTS. [i,,=0.23

Pair Overlap Rotation [deg.] Translation [mm.] ng | nr | ne | Time [s] | Succ.

roll pitch yaw te ty t,
0—1 - - - - - - - - - - X
Ground-truth 0.32 0.77 | -157.20 -1513 41223 | -189
1—2 #,=0.31 0.46 1.08 43.03 | -23700 | -23916 721 | 47 | 49 | 15 54.527 v
+lo 0.002 | 0.003 0.002 11 14 75
Ground-truth -0.08 | -0.03 4348 | -23452 | -24141 | -640
2 -3 1, =0.4 0.95 | -0.51 -24.48 -9703 | -36018 261 | 49 | 45 | 18 49.631 v
+lo 0.002 | 0.002 0.001 20 9 79
Ground-truth 0.07 0.08 -24.79 -9972 | -36047 | -322
3—4 1y, =024 3.20 1.09 158.52 36604 914 508 | 45 | 55 | 13 74.596 IV
+lo 0.001 | 0.002 0.001 5 4 10
Ground-truth 1.13 1.11 158.48 36575 917 | 1063
4—-5 1y, =024 0.32 0.73 72.70 | -22163 124 151 | 55 | 54 | 13 125.891 v
+lo 0.003 | 0.007 0.007 3 1 30
Ground-truth 0.40 0.67 72.72 | -22198 123 142
5—6 — — — — — — — — — — X
Ground-truth -1.36 0.55 | -132.30 | -21377 5685 -98
6—7 1,=0.35 1.46 0.59 -78.79 5315 | -20390 | -164 | 60 | 54 | 19 145.546 IV
+lo 0.001 | 0.001 0.001 9 10 12
Ground-truth 0.59 1.11 -78.76 5327 | -20383 | -189
7—8 1y,=027 | -0.80 1.31 -51.62 25266 -8089 | -550 | 54 | 52 | 14 | 124979 v
+lo 0.001 | 0.001 0.007 6 7 15
Ground-truth 0.30 1.69 -51.52 25295 -8059 | -447
8—9 1, =0.27 2.15 | -2.28 | -124.57 -8501 26675 | -889 | 52 | 55 | 15 96.916 v
+lo 0.003 | 0.003 0.002 25 11 15
Ground-truth 223 | -2.36 | -124.58 -8528 26661 | -932
9 — 10 14,=0.39 4.29 | -0.31 153.52 | -11942 | -22764 769 | 55 | 52 | 20 92.937 v
+lo 0.003 | 0.002 0.001 5 4 54
Ground-truth 3.78 | -0.21 153.52 | -11964 | -22750 753
10 — 11 wy,=042 | -0.09 | -1.80 -78.98 | -12220 20743 | -796 | 52 | 52 | 22 80.312 v
+lo 0.004 | 0.004 0.003 17 27 16
Ground-truth 0.86 | -1.02 -79.05 | -12226 20764 | -663
11— 12 1y,=0.39 | -0.73 0.16 | -140.58 4920 | -37675 159 | 52 | 51 | 20 70.546 IV
+lo 0.002 | 0.002 0.001 8 7 10
Ground-truth 0.15 | -0.13 | -140.58 4922 | -37676 689

j.

5%

(a) The plausible-looking wrong registration. Compare with the  (b) The ground-truth of scan-pair 0-1. The wrongly found patch-
ground-truth below. It is due to very less range-image overlap  correspondences are shown in the same color.
along with the recurrence of similar geometry.

Fig. 6. The wrong registration of scan-pair 0-1.
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Fig. 7. Fractions of various kinds of points in the range-image. pe is the

fraction of empty or maximum-range beams, i, is the fraction of points

lying on planar-patches, and p,, is the fraction of the remaining points.
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Fig. 8. Showing the absolute pairwise overlap ps of scans. The overlap is
computed by finding corresponding voxel in scan 1 for all voxels in scan
2. Certain points in scan 2 may have the same corresponding point in scan
1, as is the case in pair 9-10. The chart clearly shows that scan-pair 5 — 6

is the worst according to this metric.
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