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Terrain Mapping: A History
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Ptolemy: East Caspian Sea. Cosmographia 1467
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Ptolemy: Terrain Depiction




Pictorial
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The Waldseemuller world map of 1507. “Universalis cosmographia secundum Ptholomaei traditionem
et Americi Vespucii alioru[m]que lustrationes.” Detail showing Northwest Africa. Source: Library of
Congress, Geography and Map Division.




Ortelius Atlas of 1572, detail of terrain depiction in Slovakia on the sheet for Slovenia and the Upper

Adriatic Sea.
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Figure 8. Leonardo da Vinci’s map of Tuscany, 1502—1503, at half original scale. Relief features individually
depicted and continuously related. Original in the Royal Library at Windsor.
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Figure 9. Jost Murer’s map of Ziirich Canton, 1566. Scale approximately 1:56,000. Section of the map showing
the Lagern spur of the Jura Mountains near Baden (original size).



Figure 10. A section of Hans Conrad Gyger’s map of the canton of Ziirich in 1667; 1:32,000. Shown here at half
scale. The Limmat River water gap near Baden is depicted. Top margin is east. Earliest map showing relief
features in planimetric detail and three-dimensional shading. The original in the Haus zum Rechberg in Ziirich
is a painting done in color and 1n a naturalistic style. The topography represented in figure 10 covers the same
area as that shown in the lower part of figure 9.
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Figure 11. A section of N. S. Cruquius’ map of the Merwede river bed at original size (joint estuary of the Maas
and Waal rivers). Scale 110,000. Published in Leiden in 1730. One of the carliest isobathic charts. The isobaths
were constructed from soundings taken at low tide in July 1729.



Contouring
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Figure 12. A section, at original scale, of the Atlas de la Suisse surveyed and drawn during the period 17861802
by J. H. Weiss and J. E. Muller on behalf of I. R. Meyer of Aarau. Scale 1:108.000. The Glirnisch mountain
region in the canton of Glarus. Terrain representation by irregular random hachuring.



Figure 13. “Drawing of a high and steep mountain region viewed and illuminated vertically.” Scale approximately
1:30,000. From a portfolio published in Dresden and Leipzig in 1843, map supplement to the Lehre der
Situationszeichnung (Art of Topographic Drawing) by J. G. Lehmann, Plate IV. Section of the map shown here at
original scale. Terrain representation by means of hachuring using the principle “the steeper, the darker.”
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Figure 14. Topographic Map of Switzerland. Scale 1:100,000. Known as the “Dufour Map.” First published by
the Eidgendssischen Topographischen Bureau (Swiss Topographic Bureau) during the period 1842-1864. Section
of Sheet X1V enlarged to twice the original size. Area north of Spliigen. Terrain representation by means of

hachuring with oblique illumination from the upper left (northwest).
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Civil War Battle of Cedar Creek: Hachures
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"Jungfraugruppe und
Aletschgletscher" made for the
"Schweizer Mittelschulatlas” from an
addendum to "Die Alpen", 6th
edition, by Imhof 1932.

P 4

School wall map 1:100,000 and school map
1:250,000 "Graubinden" (Canton of Grisons)
(Ticino section) by E. Imhof and H. Leuzinger 1963.



http://www.reliefshading.com/cartographers/imhof.html
http://www.reliefshading.com/cartographers/hleuzinger.html

Imhof: Everest




Colored/Shaded

"Die Welt ist bunt" (section), 1963 © Falk Verlag. 1:40 mio (original size 48 x 138 cm).
Relief shading by E. HGlzel, colors by W. Dylewski.



http://www.falk.de/
http://www.reliefshading.com/cartographers/hoelzel.html
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Time Magazine: Richard Harrison

N ORTH

S EA




Tanaka contours
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|
A DIAGRAM
of the TREANCULNTION v SURVE Yo/ the
COAST ofthe UNITED STATES
made m 1817and 1833

and the Sermasory Franglar mace in BU&EIS
i Gunatint & upow Longlotond.

Mapping terrain
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WW1




Photogrammetry and stereo




Terrain models

Maximilian I. (1459 — 1540) induced the manufacturing of
four primitive terrain models of the eastern Alps during
1500 — 1540 by P. Dax

Pope Clemens VIl used a cork model of Florence
created by Benvenuto di Lorenzo della Volpaia and
Niccolo Tribolo to plan his siege of 1529/30

Nearly 200 models were created to depict the
possessions of the Venetian Doges in the Levant.

In Germany, duke Albert V of Bavaria produced four
reliefs of towns by Jakob Sandtner between 1568 and
1574.



Early models

T 3T e AN

N ,,%» # @ Model of Munich

. S - (Germany) 1:616, 186 x
200 cm, painted linden
wood, Jakob Sandtner,
1572

Relief of the Bernese
Oberland
(Switzerland)
1:25,000, 76 x 100
cm, Xaver Imfeld,
1908




Cas Madell eines urspringlich geplanten Bunkers soh Aufziige fir die stertkioren Rake-
ten vor, Bei anderen Bunkern sollfen sie sinfach qus der Deckung ins Freie gerollt werdan

Peenemunde,
Operation Crossbow




Plaster model of the Grosse Windgalle, 3187 m (Switzerland) 1:2,000,

163 x 307 cm, Eduard Imhof, 1938




3D modeling methods
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Plaster models
Pantograph
Wenschow
Vacuum forming
Terrain embossing
Computer based



Methods
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Cartographer Karl Mayek at work,

"Schweiz" 1:350,000



Perspective-Realistic
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Hillshading and Grids
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Software views from maps




Colored/Shaded




- Landserf

Jo Wood




Global Mapper/MicroDEM







NPS: Photoshop




AcmeMapper




Rendered perspective




Satellite Image drape
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IDAR
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True 3D models




Terrain “skeleton” Warntz network

Surface network
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FEMA: D-FIRMs

) Intranetix Viewer [06083C1354F. png] - Mozilla Firefox

File Edit Wiew History Bookmarks Tools  Help 6::?
@ - _ X @ %] ﬁ |m http:,l'll'mapl.msc.Fema.gc-vll'idmsll'lntra\-'iew.cgi?ROT=EI&O_X=?93?&0_‘."=5504&O_ZM=D.D??294&O_SX=8?|'| P'l |'|Goc-gle |k~-¢;J

Google || MGS Online Review Sy.. || COX.net for Santa Ba... | | ISI%Web of Knowledge... [ | Login m@ MPR : Mational Public ...

[ FEMA Map Service Center - FEMA Tssu... | 1 [ Intranetix Viewer [06063C1354F... j | -

Zoom In (Zoom Out

| Make a FIRMette

Done




3D Models LIDAR

Height..
~ 20.5




Terrestrial Scanning LIDAR
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Projection systems . wiasova)




Movement depth: VRML
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UCSB'’s Allosphere




Virtual terrain
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3D Printing




Virtual terrain

&J IE‘\ufirtualTerrain Project | + [ |

(— vterrain.org P EH- ¥+ #
& Most Visited B Google m CMM.com - Breaking ... ﬂ Google Calendar mm NPR: Mational Public ... i Web of Science [v.513... || eGrades
V’ P welcome to the
Virtual Terrain Project
FAQ The goal of VTP is to foster the creation of tools for easily constructing any part of the real world in interactive, 3D digital form. |
MI This goal will require a synergetic convergence of the fields of CAD, GIS, visual simulation, surveying and remote sensing. VTP gathers information and tracks progress in
areas such as procedural scene construction, feature extraction, and realtime rendering algorithms. VTP writes and supports a set of software tools, including an
Site Search: interactive runtime environment (VTP Enviro). The tools and their source code are freely shared to help accelerate the adoption and development of the necessary

technologies.

3 oI To learn more about VTP and the field of virtual terrain, use the subject headings below. You can also download the full VTP 3D software, or if you only need
=upport the VIE geoprocessing, download the VTBuilder tool.

What's New: 13.05.06 added INPE TopoData Access to Brazil
13.04.21 added OS Terrain 50 to UK
13.04.01 added osgOcean to Water
13.03.23 added Cube Cities to Commercial Building Data

Community:

older news...
P — About Virtual Terrain Culture
WORLD Uses and Hype Roads / Rail and Fences / Power
Tourism, Planning Buildings and Cities:
Small Terrain Areas / DTM Procedural Buildings / Roofs
S‘l'a-S‘hge@ Long-term Goals of the VTP Research and Projects
Community, Media Commercial Services
Data Openness Commercial Building Data
c - Culture Classification
¢ OSGeo | Eievation Vehicles and Traffic
Overview / DEM, DTED Geocoding
R Global Datasets: SRTM Elight-Sims
)))gﬂsu‘“‘“‘g Bathymetry, Artificial Terrain
Caves, Contour Data Plants
oy ET Repository ) e e e e e T v I
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Virtual Mars




Structure from Motion
Photogrammetry




Agisoft Photoscan

Tools Photo  Help

| Chunk1 (35 cameras, 1 markers, 51653 points) [R]
p \__| Merged Chunk 1+2 (123 cameras, 20 markers, 11774:
D Chunk 4 (80 cameras, 93552 points) [R]
Merged Chunk 1+2+4 {203 cameras, 20 markers,
| Turtle Beach M (72 cameras, 17 marke 91 poin
| NE Point (48 cameras, 41 markers, 93476 points) [R]
[7] ALL FROM NE POINT (187 cameras, 8 markers, 2343
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Centimeter resolution: Gigabyte files, need GPS tie points




Video Overlay

Tethered Helium
balloon

Aerostat-based
video capture

Smartphone
GPS and video
capture

Native video
texturing in X3D




Platforms Tested To Date

(EH Room 1720 Only)
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-
£ Logitech QuickCam Deluxe
' (0.3 MP)

Microsoft LifeCam Studio
(2.1 MP)

Nikon D3100
(14.2 MP)

- =@ Sony DSC-TX10
(16.2 MP)

Panasonic DMC-FZ28 /=" Riegl LMS-Z420i Laser
(10.1 MP) Scanner
* (Baseline Measurements)




Riegl LMS-Z420i Laser Scanner




Lidar Point Cloud Data
EH East Stairwell, 15t/2"9 Floors




Interior scans
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Coordinate systems

Millimeter based

Uses 3 tie points

False origins with offsets
Can float with object
Implemented forward
and inverse transforms




Point Cloud

Vowel Size: 10 cm x 10 cm x 10 cm Vioxel Size: 25 cm x 25 cm x 25 cm

= A
Voxels = e
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.. » Computer » KeithClarke3 (k) » Data » DroneEH1612 » images »

Go-

Organize = Include in library = Share with = Slice show Burn New folder

W Favorites
M Desktop
& Downloads

=il Recent Places

&% Dropbox
£ Google Drive
EH_00169 EH_00193 EH_00217
4 Libraries
=] Documents
J‘ Music
|| Pictures

E Videos

18 Computer
&, Local Disk (C)
s STORAGE (D)
cu KeithClarke2TB (G:)
| KeithClarke3 ()
¥ faculty-shared (\\12)

Item type: JPEG image
Rating: Unrated
Dimensions: 3840 x 2160
Size: 1.81 MB

Qj Metwork

186 items



Point Cloud




This is not a photograph




A 3D model from scratch

File Edit Tools Display Plugins 3DViews Help

+ - n SR aF i ; 4 - SE «# » Removefiter »

DB Tree

4 ¥ & geog_storagelas (L/Data/Dronek...
J| O geog_storage - Cloud

values were the same (1)! We ignored them...
astion' values were the same (0)! We ignored them.
ile 'E\Data\DroneEH161 2\ geog_storage.las’ loaded successfully

] VBO(s) (rejinitialized for cloud 'gecg_storage - Cloud' (17,83 Mb = 100.00% of points could be loaded)




Summary

Long tradition of terrain mapping, moving
from pictoral to shading to contours

2.5D methods: Perspective views first
artistic then computer produced

Many new options expanding 3D mapping

Virtual and Augmented Reality now
commonplace

3D printing, projection, etc
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