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Fig. 1 3D representations of a tree scanned with a laser range sensor (from left to right): Point cloud, elevation map, multi-level surface map. and
our volumetric (voxel) representation. Please note that our volumetric representation explicitly models free space but that for clarity only occupied
volumes are visualized.
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Fig. 2 Example of an octree storing free (shaded white) and occupied
{black) cells. The volumetric model is shown on the lefi and the corre-
sponding tree representation on the right.

Fig. 3 By limiting the depth of a query, multiple resolutions of the
same map can be oblained at any time. Occupied voxels are displaved
in resolutions 0.08 m, (L6d | and 1.25m.
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Fig. 4 An octree map generated from example data. Left: Point cloud recorded in a corridor with a tilting laser range finder. Center: Octree
generated from the data, showing occupied voxels only. Right: Visualization of the octree showing occupied voxels (dark) and free voxels (white).
The free areas are obtained by clearing the space on a ray from the sensor origin to each end point. Lossless pruning results in leaf nodes of
different sizes, mostly visible in the free areas on the right.
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Fig. 5 Detail of a volumetric indoor OctoMap containing color infor-
mation. The complete map covers an areaof 7.3m x 7.9m x 4.6 m at
2 ¢m resolution.

35 IR

3.5.1 A FERBERHE

A LAY F )\ SO T mORAF AR A S R 254 DA & s B s o 9, A3 n] DA A5 6 L FREE 2 (o
R BB EE . AN AR B R E ARG 2 NUERTNE. ERRE, AT R
TR AE JESR A T MR B BB . IO B TR, I HLRE S AR R UL X PR kAT
BT B R o REE T AN RIS e (CGELT (Einhorn % A, 2011; Mason %A, 2011) ) .
BT LB A S R R I A 1 A (Hoppe 25N, 1992). K5 o T —4N )\ XM K,
‘Bl A R H FHF N Microsoft Kinect & B &8 10 5 (R (5 il 2 B Y o X L6445 /£ RGBD i 51
freiburg1 360 74 A (Sturm %8\, 2012) , FF{#iH RGB-D SLAM (Endres %5 A\, 2012) X}
7o

3.5.2 )\XMEREH

BAVER 7B AR R, R T2 AOBE (Wurm S8, 2011) o b 4 p
SRR ) TR SRS, Hoh AN AR T R AETRAT R G R A oy SR BT E X
(AN 73 BORN R IK 43 B[R] 9 R I 45 58 28 T R &R o

] 6 45 T AR T AT SRR TH TS B A 1) JE IR S M B o FEIRAS L A, FRATTE Jefli T
SRR R 5, TEIX S REP I 2 B RAER B R B, FER By AN AR R T 1
R, AR R T AR T B, T T S GO R s A T S 1B

HRANE) BRI HIEALE, BATM S E R E R B2 A B, BT HUE S 45,
I HBU S5 (Bl e ] LUEN TR THE . ik, TERTDAMSIEE. g, rTeishE
TN R — AT, R T R RS . 28 =, TR 12 M AT LATE J2 IR &5 84 v g
e BN, R ERIPAXNREA LSRR, REEES), N RUFELBE) . %75



TR B R SChRE AT 7Pl . DAARHRSARI 70 A A R A B, T DA 0 M 2R S R A 5
LR o X5 T EUSR LL AN R S B 5 K B 2 N R

Fig. 6 Hierarchical octree model of a tabletop scene. Background (yel-
low), table (magenta), and objects (cyan) are represented by individual
octree maps of different resolutions.
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Fig. 7 Lefr: The first nodes of the ociree example from Fig. 2 in mem-
ory connected by pointers. Data 1s stored as one foat denoting oceu-
pancy. Right: The complete tree from Fig. 2 as compact serialized bit-
stream. All maximum-likelibood occupancy information can be stored
serially in only six bytes, using two bits for each of a node’s eight child
labels (0): unknown; 01: occupied; 10: free; 11: inner node with child
next in the stream).
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Fig. 9 The OctoMap visualizaiion application octovis
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Fig. 10 A laser scanner sweeps over a flat surface at a shallow angle by
rotating. A cell measured occupied in the first scan (top) is updated as
free in the following scan (bottom) after the sensor rotated. Occupied
cells are visualized as gray boxes, free cells are visualized in white.

T

Fig. 11 A simulated noise-free 3D laser scan (left) is integrated into
our 3D map structure. Sensor sweeps at shallow angles lead to unde-
sired discretization effects (center). By updating each volume at most
once, the map correctly represents the environment (right). For clarity,
only occupied cells are shown.
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Map dataset Accuracy  Cross-validation
FE-079 cormidor (5cm) o7 2T5% Oy (W0
Freiburg campus ( 10cm) 0T 80 05 B0
Mew College (Ep. C) (10 cm) OR.T0% 0% 46%

Table 1 Map accuracy and cross-validation as percentage of correctly
mapped cells between evaluated 3D scans and the built map. For the
accuracy, we used all scans for map construction and evaluation. For
cross-validation, we used 804 of all scans to build the map. and the
remaining (W for evaluation.
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Fig. 12 3D map of the FR-079 corridor dataset, as seen from the top. The structure of the adjacent rooms has been partially observed through the
glass doors (size of the scene: 43.7m = 18.2m = 3.3m).



Fig. 13 Resulting octree maps of two outdoor environments at (.2 m resolution. For clarity, only occupied volumes are shown with height visual-
ized by a color (gray scale) coding. Top: Freiburg campus dataset (size of the scene: 292m » 167 m x 28 m), bottom: New College datuset (size of

the scene: 250m x 161 m = 33m).

OctoMap: An Efficient Probabilistic 31 Mapping Framework Based on Octrees 13
Memory w. octree compression [MB] File size [MB]

Map dataset Mapped area [m*] Res.[em] Mem. 3D gnd [ME] None Pruned Max. likelih. Full  Lossy
FR-079 comdor 43 Tx182x33 5 78.88 73.55 41.62 2472 15.76 067
10 1001 10.87 T.22 5.02 270 14

Freiburg campus 292 x 167 % 28 10 516290  1257.57 GO0.66 50476 37970 1382
20 64852 187.93 1320.24 T74.12 49 68 200

80 10.58 4.55 4.12 309 1.53 08

New College (Ep. C) 250 = 161 = 33 10 5058.78 607.92 30542 23033 14875 G40
20 63364 91.33 50.57 3595 18.65 0.99

80 1013 234 1.79 1.6% 0.63 .05

fretburgl 360 (RGBD)  7.9x 7.3 x4.6 2 15209% 159497 45 52* 005 21.59° 052
5 16.19* 11.24% 455+ 252 2.11* 007

Table 2 Memory consumption of different octree compression types compared to full 30 occupancy maps (called 3D grid) on a 32-bit architecture.
Ckctres compression in memory is achieved by merging identical children into the parent node (called Pruned). A more efficient but more lossy
compression in memory is achieved by converting each node to its maximum-likelihood value (completely free or oocupied) followed by pruning
the complete ree. A maximum-likelihood tree contaimng only free and occupied nodes can then be serializod fe a compact binary ole format
{called Lossy file). (*): Voxels contaimn the full color information from the RGBD dataset.
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Fig. 14 Memory usage while mapping the two data sets FR-07% corri-
dor and Freiburg campus.
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Fig. 15 Effect of resolution on memory usage of the Freiburg campus
dataset. Node thai a loganthmic scaling is used.
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