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Production Mapping with
Orthophoto Digital Terrain
Models*
Digitized profile data, acquired during the production of
orthophotographs, provided a cost/effective source for
producing contours, cross sections, perspective views, etc.

(Abstract appears on following page)

INTRODUCTION

FOR THE PAST TWELVE YEARS the Riverside
County Flood Control and Water Con

seIvation District has produced digital ter
rain models for computing earth quantities
used in the design of flood control channels,
roads, borrow sites, and sanitary land fills.
For most of this period the work was done on
a Kelsh Plotter utilizing a three-axis dig
itizer.

Seven years ago the District first attempt
ed to use digital terrain information for con
tour mapping. Using IBM's Numerical Sur
face Techniques Program, a contour map
was produced that appeared to be satisfac
tory, but on dose comparison with a map
drawn by standard stereoscopic plotting pro
cedures, left much to be desired. The two
bore very little resemblance, prompting a re
turn to using the digital data to determine
volumes, to plot cross sections and profiles,
and to turning out topographic maps by con
ventional methods.

In June 1973, the District started a
county-wide mapping program which cov
ered approximately 7,000 square miles, at a
scale of 1:2400 with 4 ft contours. In the pur
suit of economy through faster production, a
Galileo Santoni 2C Orthophoto System was
purchased. In the beginning, it was intended
to produce orthophotos on the Santoni and
contours on the Kelsh Plotters. However, it
was soon evident that useful information was

* Presented at the ASP DTM Symposium, May
9-11, 1978, St. Louis, MO.
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wasted by not capturing the X, Y, and Z
movements of the Santoni as it scanned to
produce the oIthophoto.

Before going to the expense of adding a
digitizer to the Santoni and purchasing a
flatbed plotter, testing was begun with the
digital data from the Kelsh Plotters derived
from 25 ft cross sections of sanitary land fills.
For this series of trials, CalComp's General
Purpose Contouri ng Program (GPC p) was
selected to convert the data to contours
drawn on a drum plotter. Several test maps
were produced this way. When comparing
these with maps of the same terrain drawn
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ABSTRACT: Having produced topographic maps for the past twenty
years for engineering, planning, and design, the District was faced
with ever rising costs and sought means to obtain a quality product
economically. A first step in that direction was the use of or
thophotography as a base for topographic mapping. The second step
was automating the drawing ofcontours, accomplished by digitizing
the scan of the steroscopic image during production of the or
thophoto. The digital data were then converted to a finished con
tour-orthophoto map through the use of specialized computer pro
cessing and a high speed flatbed plotter. By-products of the system
we are presently producing are automatic cross sectioning from the
digital data base, volumes, flood plain limits, plan and profile
sheets, and three-dimensional perspective views. This automated
process resulted in substantial reductions in map-building time and
cost.

MANUAL CONTOURS--- DIGITAL CONTOURS --------

BB

a feeling of some excitement prevailed. A
pencil manuscript which took 16 hours to
plot by regular methods was done in ink in
only 8 hours, even though manually dig
itized on the plotter and drawn in ink on a
slow drum plotter. It was realized that the
use of automatically captured data from the
orthophoto scan, combined with plotting on
the high-speed flatbed plotter, would have
the potential for impressive time savings.

At this point in the testing there were still
major problems to solve. It was practical to
produce a single model digital terrain 01'

thophoto map that approached standard
line-mapping quality. However, not all stan
dard line-mapping techniques could be
adhered to. The orthophoto itself had draw
backs as a base for digital contours: contours
were drawn through houses and other build
ings; conventional cartographic enhance
ment of contours where they crossed roads
was not practical; and highway interchanges
with multilevel crossings, bridges, vertical
clifls, storm channels, overlapping edge
matches, spot elevations, and flow lines all
created special contouri ng problems that
had to be dealt with.

The contouring program did an excellent
job of developing contours (Figure 2), but
was not specifically designed for topo
graphic mapping. To differentiate index con
tours from intermediate contours, it drew
two lines close together instead of a heavier
line weight. The labels appeared in reverse
order on alternate index contours. There was
no provision for spot elevations. The blank
ing routine used to eliminate intermediate
contours in steep terrain was unsatisfactOIY.
These limitations made the original version
of the GPCP program unacceptable so far as
standard mapping procedures were con
cerned.
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by conventional methods, it was observed
that in most cases the digital contours were
as accurate as those drawn on a stereo plotter
(Figure 1).

The savings in time looked promising and

FIG. 1. Typical difference between manual con
tours and digital terrain contours.
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FIG. 2. Contours developed by GPCP from 01'

thophoto digital terrain model before modifica
tion.

Most of the problems have been overcome
by drastic modification of the CalComp
program. Entirely new computer programs
were developed to handle field survey in
fOl1l1ation, to analyze the massive amounts of
digitized data, to weigh spot elevations in
relation to vertical scan data, and to plot ti
tles and grids on map sheets. With this head
stalt, and resulting confidence, it was de
cided that the high speed flatbed plotter
should be purchased and that the Santoni be
fitted with digitizing equipment.

EQUIPMENT

The system is built around several pieces
of equipment: A Galileo Santoni IIC 01'
thophoto Plotter equipped with an Altek
AC-74 Digitizer, a Hewlett Packard 3000
Series II Computer, a CalComp 748 High
Speed Flatbed Plotter, and assorted photo
lab equipment.

The Santoni IIC Orthophoto Plotter pro
duces orthophotos by direct vertical profile
scanning (Figure 3). It has three fixed scan
ning speeds and slot lengths. Using the
smallest slot length (2.7 mm) and the slowest
scanning speed (2.48 mm/sec), it requires

about four and one-half hours to produce a
single model orthophoto. By using the
largest slot length (6.6 mm) and the fastest
speed (4.38 mm/sec), an olthophoto can be
produced in one hour.

The digitizing system was designed by
Altek Corp. and Galileo Corp. of America. It
records on magnetic tape using a dual buf
fered system. An Altek AC-74 Digitizer was
selected to record the movements of the 01'
thophoto plotter. This unit, when coupled
with a Digi-Data 1300 tape drive, allows for
the continuous recording of three 6 digit
counters plus one 4 digit event counter plus
15 digits of thumbwheel selectable fixed
data input at a rate of up to 1000 readings per
minute. The unit recording rate is normally
set to 300-350 readings per minute to record
the orthophoto scans. The digitizer is run in
single point mode for recording control
points and spot elevations.

The digitizer is connected to optical shaft
angle encoders (DRC Model 77) which were
mounted on the Santoni Olthophoto system
by the Galileo Company. The digitizing sys
tem has a resolution of 0.001 millimetres.

When scanning a single olthophoto model
at the slowest speed and the smallest slot
length, between 36,000 and 43,000 points
are recorded per model. Using medium
speed and slot length, 29,000 points are re
corded. The slowest speed and smallest slot
length yield the most accurate and aestheti
cally pleasing map.

A Hewlet Packard 3000 Series II Comput
er System utilized in the project has 320,000
bytes of main memory, over 100 megabytes
of disk storage, two 800 bpi magnetic tapes,
and a line printer. Access to the computer
system is by CRTS for both program de
velopment and program execution. All pro
grams for this project were written in the
FORTRAN programming language.

If computer selection were to be a part of
the development of the automated 01'

thophoto mapping program one should seek
a system with a large main memory, suffi
cient disk storage, and a flexible file struc
ture. The complexity of the computer pro
cessing involved in developing a contour
map cannot be overstressed. For example,
the computer time required for one contour
map ranges between two and six hours de
pending upon the number of contours,
whereas a multi-junction traverse triangula
tion network with a hundred stations will
take 5 to 10 minutes to calculate. It is for this
reason that contour map computation is
scheduled during off-peak hours insofar as
possible. The key to hardware selection was
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FIG. 3. Scanning procedure of orthophoto system.

compatibility between all devices and this
was achieved by keeping the digitizing sys
tem and the plotter "omine" from the com
puter. The common element between all
units is the 800 bpi-9 track magnetic tape.

The automated OIthophoto mapping sys
tem required the development of a series of
computer programs to convert the raw digital
data from the orthophoto plotter to an en
gineering quality topographic map. The
prime component of this program set is Cal
Comp's General Purpose Contouring Pro
gram (cpcp). This program, as the title im
plies, is a general purpose program and was
readily adaptable to the project needs. A dis
cussion of each of the software elements
follows:

Survey Control Data Base. The actual data
base is a disk file storage system of sUlvey
information. The computer programs that
support the data base allow slIlvey control
data to be entered and modified from a CRT.

Each control point is assigned a unique
identifier (up to ten characters) within a
specific township and range. It is through
this identifier that the ground coordinates

along with the description associated with a
palticular point can be recalled. The SUlvey
Control Data Base is accessed by the other
programs in the automated mapping system.

Digital Terrain Modeling. A series of
computer programs provide for the transla
tion of the movements of the orthophoto
plotter, as recorded by the digitizer in mil
limetres, to ground coordinates. Scaling and
rotational parameters are first computed by
comparing the digitized coordinates of the
horizontal and vertical control points with
their respective ground positions. The data
points that comprise each scan line are then
converted to X,Y ground coordinates plus an
elevation value. Spot elevations are con
verted in a similar manner and all data per
taining to the model are stored in a disk file.

The next step in the creation of a Digital
Terrain Model is the construction of the or
thogonal grid. This is accomplished through
the use of straightline interpolation of scan
data to grid cells. In addition, the grid is ad
justed to compensate for spot elevations
since they are considered to have greater ac
curacy than the scan data. The resulting grid
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is stored in a disk file to later be combined
with neighboring grids to produce a contour
map.

Contouring Program. The basic CalComp
General Purpose Contouring Program is
utilized to generate contours from the com
bined grids of several stereo models. The
program provides for the specification of plot
boundaries, scale, contour levels, index con
tour levels, blanking of intermediate con
tours (based on ground slope), and labeling
of index contours.

Extensive modifications were made to the
CalComp program to accommodate the grid
storage files, expand the size of grid that
could be processed, provide "right reading"
labels, and to insure that the labels are
placed on tangent portions of the contours.
In addition, the contour blanking algorithm
was improved. The success of the project can
be accredited to the way in which the
technologies of photogrammetry and data
processing were combined with reliable
hardware into an integrated system.

The most hlscinating part of the process

begins when everything comes together on
CalComp's 748 Flatbed Plotter. The 748
Flatbed Plotter has four inking heads all
under variable regulated pressure to assure
constant ink flow. It has been our experience
that we can ink at the manufacturer's
suggested speeds of30 in.!sec (76 cm/sec) on
axis and 42 in.!sec (107 em/sec) diagonally at
an acceleration of one "G" with excellent
results.

The photo lab is equipped with a Process
Camera, 4 by 8 foot enlarging back, auto
matic processor, and other assorted aerial
photographic print equipment.

PROCEDURE

The system that has evolved over the past
two-and-one-half years starts with the intro
duction of all the field survey information
into the computer to form a survey control
data base. This information includes survey
monuments set for mapping, section corners,
quarter corners, U.S. Government bench
marks and triangulation stations, as well as
location and description of County Sur-
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FIG.4. Listing of survey points that fall within limits of map sheet automat
ically extracted from control data base.
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GENERAL PLANNING DIGITAL TERRAIN ORTHOPHOTO MAPPING
TERRAIN DATA FROM 1"=1000' PHOTOGRAPHY
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FIG. 5. Typical orthophoto digital terrain map for general
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COUNTY OF RIVERSIDE

SURVEY ~~l~~'DI~C?tRo.g~PARTMENT
• OOIIGtAJ _Ill. touotn SII....UOlI .ND lOAD CO""'UUIOHII

TlO:1.~o:.o.Plln"T"M"'*"'I.... 'o«vot.cln....._

SECTION 33
l.4S., R. 5E.

SSD & M

RIGHT SIDE

planning. Terrain data from 1:12000 scale photography.



ESIGN DIGITAL TERRAIN ORTHOPHOTO MAPPING
TERRAIN DATA FROM 1 "=250' PHOTOGRAPHY
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FIG. 7. Three-dimensional perspective ofPalm Canyon, Palm Springs, California, Modell,
2,3, - X-Y rotation +135°, Horizon = 20.7°, View elevation = 3000 ft, Distance from view
point to focal point = 6000 ft.

veyor's monuments (Figure 4). If horizontal
position is not available on a particular
monument, the position is determined by
the photogrammetric process and added to
the survey control data base.

The ability to retrieve any survey point au
tomatically within an area has proven to be a
great asset. The Santoni lIe Orthophoto
Plotter is set up either in the normal fashion

or by using the rotational elements £i'om an
analytical bridge. The procedure starts ,vith
the recording of all horizontal and vertical
control points by the digitizer. The stereo
model is then scanned for the production of
the orthophoto in a series of vertical profiles.
As mentioned earlier, relative coordinates
and elevations of more than 40,000 points for
a single model are recorded in terms ofX,Y,

AUTOMATED DIGITAL TERRAIN MAP

NEEDLES RivERVIEW LEVEE BEFORE CONSTRUCTION
ORIGINAL MAP SCALE I tZOO-CONTOUR INTERVAL 2'
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FIG. 8. Digital terrain data converted into two different types of mapping.
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FIG. 9. Perspective view showing design data inserted into digital data base.

and Z. When the scanning is complete, spot street intersections, stream beds, and, most
elevations are read and recorded at normal impOitantly, where scanning of the vertical
locations: the hilltops, saddles, culverts, profile might have lost contact with the.

(pass SECTION: PAL~CYN.PUB.SECTI0NS DEC 5. 1971 PAGE
PROJfCT: A-B-39~ P4LM CA~YON LEIJ[F
ST6TION 0+00.00 THRU lOQ+hS.40 ENGINEER
OAff FILE CRfATfD 11/21/77 nATE LA5T ~OI)IFIrl) 11/21/17

(ST A) n1ST ELEV nlST ELEV OYc:;T ELEV 01ST ELEV

ST6 0+00.00 PlS= .c. 5 -'0.00 "10.07 -,5.00 "10.15 -50.00 "10.32
-45.00 810.'7 -40.00 "10,79 -35.00 RI0.68 -30.00 RI0.'5
-25.00 810.64 -20.00 BIO.71 -15.00 "11.72 -10.00 R12.16
-5.00 "13.16 .00 R14.13 5.00 814.15 10.00 813.95
15.00 B14.12 20.00 -'n4.43 75.00 A}4 .. 84 30.00 B15.41
35.00 B15.92 40.00 Blh.19 4'.00 A 16 .. 81 50.00 811.33
55.00 BI7. BO M.OO 818.8'

ST' 0+50.00 PTS= 25 -bO.Of) Al 3.75 -".00 A14.99 -50.00 R16.33
-45.00 816.42 -40.00 fll6.ftb -35.00 Rl1.21 -30.00 811.11
-25.00 817.92 -20.00 eIA.OS -15.00 ~ 17 'Obit -10.00 R16.53
-5.00 815.04 .00 R13.51 5.00 R13.26 10.00 814.20
15.00 815.10 20.00 ~14 .95 ~~.OO A15. 0 1 30.00 ~1'.. b9
35.00 814.41 40.00 A13.69 4C;.OO fl12.9S 50.00 All.36
55.00 AI0.20 folo.on A09.6S

STA 1+00.00 PTS= 2~ -liO.OO 814.09 -55.00 RI4.31l. -50.00 814.66
-45.00 814.B9 -40.00 R14.9a -35.00 815012 -30.00 815.41
-25.00 815.5A -20.0n 814. A9 -10:,.00 814.22 -10.00 R12.A9
-5.00 811.53 .00 Flll.57 0:;;.00 All.82 10.00 A12.20
15.00 B12.60 20.00 A12.6R 75.00 R12.59 30.00 A12012
35.00 B11. 30 40.00 RI0.26 4C;.OO R08.17 50.00 801.29
55.00 806.24 f)0. on B05.29

STA 1+50.00 PTS= 25 -60.00 Al 0.03 -5C;.00 "10.26 -50.00 RI0.26
-45.00 Al 0.31 -40.00 R10.03 -15.00 BOq.7B -30.00 809.A8
-25.00 809.41 -20.00 80Q.31 -15.00 "08.Q3 -10.00 R09.26
-5.00 Bl 0.01 .00 RIO.26 5.00 Fl09 .6~ 10.00 B09.04
15.00 808 •• 3 20.00 801. 6 1 25.00 BO'.50 30.00 805.39
35.00 803.45 40.00 RO 1. 53 45.00 800. A4 50.00 AOO.36
55.00 BOO.22 60.00 800.50

ST. 2+00.00 PTS= 25 -l'O.O.OO A06.33 -55.00 806.~8 -50.00 RO,.11
-45.00 801.04 -40.00 ~0~.98 -]5.00 806.4-5 -30.00 ~06.06

-75.00 806.15 -20.00 Fl06.20 -15.00 806.23 -10.00 "0,.21
-5.00 806.13 .00 805.1H 0:;;.00 804.87 10.00 803.88
15.00 802.26 20.00 1lI00.48 2C;.00 19B.19 30.00 796.98
35.00 195.53 40.00 794.67 45.00 794.44 50.00 794.79
55.00 195.29 60.0n 19'.00

STA ?+50.00 PT5= 25 -'0.00 R02.27 -55.00 B02.33 -50.00 802.36
-45.00 802.53 -40.00 R02.12 -35.00 B02.89 -30.00 803.01
-25.00 803.24 -20.00 R03.33 -15.00 R02.34 -10.00 800.91
-5.00 199.49 .00 791.44 5.00 795.61 10.00 794.48
15.00 193.51 20.00 193.4Q 25.00 1Q).43 30.00 1q3.53
35.00 793.54 40.00 793.52 4c;,.00 193.58 50.00 793.55
55.00 193.33 60.00 193.21

FIG. 10. Automatically extracted cross-sectioning from digital data base.
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PROFILE GRADE

STaP= .+"0.00
t"4PUT QUA

QV[RL US =

CARD
3

•
5
6

STAT ION
0+00.00
2+00.00
4+35.00
4+40.00

CL
.00
.00
.00
.00

hEMPLATE 5[(110"'5 I
CARD STATION NPT CPL CSL FSL CSR FSR CPR T F FR F'L

1 0+00.00 5 .00 .00 1.50 .00-50.00 .00 0 0

-1.50 .00 .00 .00 1.50 .00 23.50 -8.00
83.50 -11.00

CARD SUTION NPT CPL CSL FSL CSR FSR CPR T F FR fL
9 .+35.62 5 .00 .00 1.50 .00-50.00 .00 0 0

-7.50 .00 .00 .00 1. SO .00 23.50 -B.OO

PROJECT 8-8-398-10 RUN: SlN TIN EARTH DIVERSION DIKE

IAREA I VOLUll4E CO"lPUTATIONS/

SUllON LEFT RIGHT CUl FILL TOUL TOT "L MASS
C P C P AREA A~EA VOL CUT VOL fILL ORDINATE

INITIAL CONOI TIONS 100.0 SHRINKAGE 100.0 SlIIELL O. o. u.

0+00.00 -8.6. F 83.50 851.41 1.31 O. O. O.
0.50.00 -55 •• 7 F 118.59 .00 Z677.J4 788. Z.80. -1692.
1.00.00 -fl.13 F 146.08 .00 • 627.55 788 • 92.4. -8456.
1·50.00 -71.09 F 183.6. .00 • 889.23 788. 18056 • -17268.
2·00.00 -61.35 F 178.71 .00 3746.32 788. 26052. -25263.
2·50.00 -.2.83 F 235.5. .00 3752.81 788. 32995. -32207.
3·00.00 -25.35 F 330.33 .00 • 224.85 788 • 40382. -3959••
h50.00 -.1.50 F 201.16 .00 19.8.89 788. • 6099. -45310 •
.·00.00 -30.39 F 125.5' .00 979.83 788. .8810. -.8022.
4·.0.00 -7.50 C 129.09 331.71 531.63 103•• 49930. -.8896.

PROJECT 8-8-398-70 RUNt SAN TI/o4 EARTH DIvERSION DIKE

t SLOPESTU:E LOCATION I
STATION LEFT GROUND INTERCEPT HI GHT GROUND INTERCEPT

D15T ELEY CUT/FILL SLOPE DIST ELEV CUT/FILl SLoPE
0·00.00 -8.6. 1810.18 F .1' 1.50 83.50 1799.9. C .00
0.50.00 -55 •• 7 1779011 F 31.98 ).50 118.59 1800.79 C .10 50.01
hOO.OO -14013 1766.82 F • ••• 2 1.50 146.08 1801.49 C 1.25 50.00
1·50.00 -Tl.09 I1b9.00 F 42.39 ) .50 183.b4 1802.39 C 2.00 50.00
2.00.00 -61.35 1175.64 F 35.90 1.50 178.11 1802.44 C 1.90 50. 00
2·50.00 -42.83 1788.12 F 23.55 1.50 235.54 1803.71 C 3.04 50. 00
3.00.00 -25.35 1799.90 F 11.90 1.50 330.33 1805.14 C •• 94 50. 00
3·50.00 -41.50 1789.26 F :n.66 1.50 201.16 1803.28 C 2.35 50.00
4.00.00 -30.39 1796.80 F 15.26 1.50 125.5. 1801.90 C ... 50.00
••40.00 -7.50 1815.00 C 2.85 .00 129.09 1802.06 C .91 50.00

FIG. 12. Earth volumes from digital terrain model - double end area
method.

ground. These spot elevations replace data
obtained from the vertical profile scan.
When the digitizing is completed, the data
tape is fed into the computer where the scan
data are rotated and translated into a uniform
elevation grid based on the State Plane
Coordinate System. Several models are pro
cessed and held in the computer's disk stor
age until an area larger than the defined
limits of the desired map sheet is processed.
Contour mapping begins by defining the
limits for each map sheet in terms of the
California Coordinate System. The comput
er extracts all survey data and elevation grid
values fall ing within these limits. Overlap
ping grid values for common points hom var
ious stereo models are converted to single

values. In addition, an extra one-inch strip of
vertical data is extracted for the area im
mediately outside the limits to insure proper
edge matching of adjoining models.

The uniform elevation grid data are pro
cessed by the 10dified CalComp General
Purpose Contouring Program. The magnetic
tape output generated by this program is
used later to draw and label the contours on
the flatbed plotter. At the same time another
tape is prepared to plot the survey data, State
Plane Grid, spot elevations, and title infor
mation. Meanwhile, the orthophoto con
forming to the previously defined map limits
is enlarged, screened, and photographically
printed on a title block.

After the orthophoto is printed on stable
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SYCAMORE DAM

GRID VOLUME PROCESS Thu. Aug. 3. 1978 8:40 AM
DESCRIPTION ... SYCAMORE DAM BORDER June 1978
JOBID ... SYCAMORE DAM ORIGINAL GROUND Aug. 1962
EXISTING GROUND FILE ... SYCD0678.MAPS June 1968
JOBIO SYCAMORE DAM COMPOSITE GRID 10 FOOT
JOBID SYCAMORE DAM RESULTANT GRID FROM VOLUMES
VOLUME CALCULATIONS IN CUBIC YARDS

NORTH
GRID

VOLU.< F~Q f,QIO
CUl FILL

~CCU~ULATIVE VOLUM~ BL~NK

CUT FILL GRI05

651,9bO
651,970
651,980
651,990
652,000
652,010
65~,020

652,0)0
652,040
632.050
652,01,0
652,070
652,080
652,090
652,100
652dlO
652,120
b52 .. 1)O
652,140
b52.150
652.160
6S2.170
652.180
b~2·190

""52.200
1:152.210
b52.2~()

10.0
5.5
4.3

11.0
13.7
17.3
20.7
21.1
23.3
19.2
32.1
03.7
1~0.2

42.3
5.2
2.3
2.3

.0
1.9
3.3

12.8
26.8
2.b

• C
.0
.0
.0

276.1
254 .. 4
220.0
21 4 .. 7
369.5
4?5 .. 7
487.4
'529.8
478 .. 6
. 43 .. 7
404.Q
458.6
530.7
051.0
726.4
070.7
751.7
657.4
415.6
309.2
280.1
251. I
c06.1
141.1
1 I l. 0
66.1

.0

3267.3
3272.9
3277.2
3286 .. 9
330?~

3319."
3340.5
3361.6
338 .... 9
3404.1
343fi.?
3499.9
360b.l
3648.4
3653.h
3b55.9
3658.1
3658. 1
3660. I
1663.4
3676.2
3702.9
3705.5
3705.5
370".5
3705.5
)105.'>

57020.6
5727,.0
51495.0
57709.7
5~07q.2

58504.8
5A992.2
'>9522.0
bOOOO.6
1)0 .... 44.3
60R49.2
"'1307.8
61AJFJ.6
62490.2
63Z16.6
63887.3
64h39.0
6<;296.3
65711.9
56021.1
6630 1.1
66552.2
f,67~~.3

h~R9q.4

67010.5
6707~.6

67076.6

GRID TO GRID VJOOLLUU~MES~I_~~JW'

,c8 VOLUME AREA

AREA

SYCAMORE DAM
SILTATION REMOVAL
67077 CUBIC YARDS

FIG. 13. Earth volumes by subtracting one digital tetTain model
from another.

base material suitable for processing on a
Diazo White Printer, the finished orthophoto
transparency is placed on the CalComp 748
Flatbed Plotter and registered to the ground
control, then all the data stored on the plot
tapes are plotted directly on the OIthophoto
in ink (Figures 5 and 6). Currently, inking
and labeling of the contours is done on the
reverse Side, while control points, grid, bor
ders, title, spot elevations, and control de
scriptions are drawn on the right side. This
technique permits correction to be made to
contours without disturbing grid values or
control point information and vice versa.

To finalize a map a draftsperson letters
street names and performs minor corrections
to such items as spot elevation locations,

eradicates contours through large buildings,
and adjusts contour blanking. The drafting
time ranges from 30 minutes to an hour for
each map.

To date, the most time consuming and
complicated map drawn on the 748 Flatbed
Plotter required only one-and-one-halfhours
to plot. The map was of the scale 1:2400 with
4 ft contours and covered one square mile
with a vertical range of 1300 feet.

CONCLUSION

The potential benefits £i'om digital terrain
orthophoto mapping are exciting to con
template. Significant time savings have al
ready been realized. It now takes an average
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of 8 to 12 hours from start to finish through
the entire procedure to produce one 34 by
34 inch map of two stereo models covering
an area of one square mile. The result is
a finished, inked, and labeled OIthophoto con
tour map. This compares with 40 to 80 hours
using the previous conventional line
mapping procedure, depending upon the
amount of detail required. Field map
checking of the contours on the Digital Ter
rain Orthophoto maps has yielded a calcu
lated C-factor behveen 1800 and 2900. This
is the same range formerly obtained in the
standard topographic mapping program.

An attractive by-product of the digital ter
rain procedure is the ability to construct
three-dimensional perspective drawings
from the X, Y, and Z scan data (Figures 7
and 8). The plot program allows one to view
(plot) the topographic map in perspective
from any direction, distance, or elevation.
For the layman a topographic map is much
easier to understand when viewed in
perspective. The engineer can design a proj
ect, integrate the design data with the digi
tal terrain data, and view the completed proj
ect and its relationship to the surrounding
terrain (Figure 9). Errors in design also be
come most apparent prior to actual construc
tion. Other applications include automatic
extraction of cross sections from any defined
centerline (Figure 10); flood plain limits
(Figure 11); reservoir capacities; volumes
from double end area calculations or from
substracting one grid surface from another
(Figures 12 and 13); individual plan and
profile sheets showing contours and profile
grades at any interval or scale (Figure 14);

160so
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FIG. 15. Profile plot of original ground and de
sign template automatically extracted from earth
volumes.
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FIG. 16. Cost/effectiveness of automated orthophoto mapping.
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resultant contouring showing volumes as
cut/fill contours, allowing one to see where
material is removed or deposited; automatic
plotting of profiles at any scale (Figure 15);
and digitizing of contours to convert existing
mapping to a digital data base for use in any
of the above options.

Estimating the expense and time for a
proposed project becomes greatly simplified
as digital terrain orthophoto mappin~;

techniques are not appreciably affected by
extremes in terrain or density of population
in the proposed mapping area. Thus, the
cost and time factors for mapping become
more nearly unifoml hom project to project.

Figure 16 demonstrates the cost effective
ness of automated orthophoto mapping by
conwaring different types of aerial mapping.
Fewer people and less time are needed to
produce the maps. As more organizations
become experienced with the digital terrain
orthophoto mapping techniques, many new
applications wi II be developed to utilize the
fundamental X, Y, and Z data base, which is
ideal for easy and economical manipulation.
With the digital terrain orthophoto map,
time and money are saved and the topo
graphic map will acquire new features en
hancing its value.

Short Course
Introduction to Renewable Resource Inventory Methods

March 5-9, 1979
University of California, Berkeley

This five-day intensive course is jointly sponsored by three of the university's units
the Remote Sensing Research Program of the Space Sciences Laboratory, the Department
of Forestry and Resources Management, and University Extension-in cooperation with the
EROS Data Center, U. S. Geological Survey, Depaltment of the Interior, Sioux Falls,
South Dakota.

Intended for personnel involved in planning and executing wildland resource inven
tories, the course focuses on the inventory design process, emphasizing sampling and
measurement systems and the integration of aerial photography, satellite spectral data,
and conventional ground data into such systems. Forest and rangeland inventory problems
will be used to illustrate the principles and techniques discussed in lecture and workshop
sessions. Workshop exercises will cover sampling skills, aerial photography and satellite
imagery for stratification, and measurement techniques applicable to large- and medium
scale photography.

The course faculty will include Robert N. Colwell, Randy W. Thomas, and Lee C.
Wensel, all from UC Berkeley, and Wayne G. Rohde, from the EROS Data Center.
Enrollment is limited, and pmticipants will be selected on the basis of their field of
inventory interest and their job responsibilities. For a detailed course description and
application fonTI, write to

Division of Letters and Sciences
University of Califomia Extension
2223 Fulton Street
Berkeley, CA 94720
Telephone (415) 642-1061


