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A "Cost” Map for Robotic Path Planning
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Compilation Scale

Caris Base Editor, Viewed at Chart Scale “Navigation” Scale



Compilation Scale

Caris Base Editor, Viewed at Scale “Navigation” Scale



Compilation Scale

Caris Base Editor, Viewed at Scale 0.5 mm grid plus 0.5 mm buffering



Completeness

0.5 mm grid plus 0.5 mm buffering




and Display
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Feature Posti

Raster Chart and Satellite Image ENC with Bathymetric Survey Data



Real-time Object Avoidance




Fast Retrieval of Data by Spatial Search

What
Where

* aftip
Layer ID Layer name A&  Number of features Geometry type ( w“g[
1 ACHARE 2 Polygon AR 7
2 BCMLAT 9 Point S
3 BCNSPP & Point
7 BOYISD 1 Point IHO TRANSFER STANDARD
8 BOYLAT 5] Point DIGITAL nvonlg'ammlc DATA \_\
9 BOYSAW 3 Point Editon 3.1 - November 2000 )
10 BOYSPP 10 Point ©
4 BRIDGE 1 LineString N\
4 BRIDGE 29 Polygon I
& BUAARE 7 Point
& BUAARE B Polygon
5 BUISGL 928 Point e e
5 BUISGL 253 Polygon
g2 C_AGGR 2 None
C_ASSO 5 None
1 CBLARE 10 Polygon KA
12 CBLOHD 8 LineString O
14 CGUSTA 1 Point &
15 COALNE 308 LineString < .
13 CTNARE 1 Point o =
13 CTNARE 5 Polygon X - 3 ; S
16 DAYMAR 14 Point > 3
17 DEPARE 922 Polygon
18 DEPCNT 963 LineString
21 DMPGRD 1 Polygon
19 DRGARE 9 Polygon
20 DRYDOC 4 Polygon
v] DSID v] None
22 DYKCOMN 1 LineString ’

S-57 Layers




Fast Retrieval of Data by Spatial Search

Where

fl

What
v

Layer ID Layer name A Number of features Geometry type ( L\'}
1 ACHARE 2 Polygon SAT
2 BCMLAT 9 Point S
3 BCNSPP B Point
7 BOYISD 1 Point 1HO TRANSFER STANDARD
8 BOYLAT 5] Point DIGITAL HYDROGRAPHIC DATA
9 BOYSAW 3 Point Editon 3.1 - November 2000
10 BOYSPP 10 Point
4 BRIDGE 1 LineString
4 BRIDGE 29 Polygon T
& BUAARE 7 Point
& BUAARE 8 Polygon
5 BUISGL 928 Point e
5 BUISGL 253 Polygon
B2 C_AGGR 2 None
63 C_ASSO 5 None
1 CBLARE 10 Polygon
12 CBLOHD 8 LineString
14 CGUSTA 1 Point
15 COALNE 308 LineString
13 CTNARE 1 Point
13 CTNARE 5 Polygon
16 DAYMAR 14 Point
17 DEPARE 922 Polygon
18 DEPCNT 963 LineString
21 DMPGRD 1 Polygon
19 DRGARE 9 Polygon
20 DRYDOC 4 Polygon
v] DSID v] None
22 DYKCOMN 1 LineString

S-57 Layers



Fast Retrieval of Data by Spatial Search

Where
|

What
v

Layer ID Layer name A Mumber of feature
1 ACHARE 2
2 BCNLAT 9
3 BCNSPP B
7 BOYISD 1
B BOYLAT 56
9 BOYSAW 3
10 BOYSPP 10
4 BRIDGE 1
4 BRIDGE 29
B BUAARE 7
B BUAARE B
5 BUISGL 928
5 BUISGL 253
B2 C_AGGR 2
B3 C_ASS0 5
11 CBLARE 10
12 CBLOHD B
14 CGUSTA 1
15 COALNE 308
13 CTNARE 1
13 CTNARE 5
16 DAYMAR 14
17 DEPARE 922
18 DEPCNT 963
21 DMPGRD 1
19 DRGARE 9
20 DRYDOC 4 Polygon
o DsID o None
22 DYKCON 1 LineString

S-57 Layers



Spatial Indexing

“C-Squares” Indexing “R-Tree” Indexing

eg.:
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Figure 6. R-tree index of ENC objects.

Proposal to Include a Grid Referencing System in S-100, HSSC, Y. Yu, H. Zhu, L. Yang, and C. Wang, “Spatial Indexing for
Singapore, October 2009 Effective Visualization of Vector-Based Electronic Nautical

Chart,” (ICIICIl), 2016, pp. 323—-326.



* Organize for fast spatial search.
* (Spatial Indexing)

KeyS to * Produce cost maps at 0.5 mm at compilation scale.
* (Produce higher scale charts, fit for purpose. Variable

A U tO NOMOuUS Resolution?)

- . e Buffer point and line features.
N avi gat 10N ON * (Represent points and lines as polygons — nothing < 2D!)

E N CS * Be wary of cartographic license.
Notes for the Cartographer * (Encode both physical and display location.)
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