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Laser Terrain Profiler

Tests indicate that the system is acceptable for the
acquisition of vertical control for photo mapping.

INTRODUCTION

T HE. task of the cartographer is to portray
objects on the earth's surface on a map in

true positions relative to each other. To a
cartographer there are three qualifying condi
tions for each position, a Northing, an East
ing, and an Elevation. These three conditions
are unique for they describe one, and only
one, point on the earth's surface.

At one time topographic maps were com
piled on site and, depending upon the indi
vidual topographer, were relatively accurate
in horizontal and vertical positioning. How-

* Presented at the Semi-Annual Convention of
the American Society of Photogrammetry St.
Louis, Missouri, October 1967. '

eve,-, mapping by this method was localized to
small areas. Along came photogrammetry and
the compilation was taken from the field to
the office.

I n the early days of photogrammetry, the
geodetic con trol for each model was estab
lished in the field. Two points for horizontal
positioning and four points for the vertical
were required for each model.

Since 1948 the Army Map Service has used
aerial triangulation to bridge models between
bands of geodetic control.

In 1949 the Canadians began the practical
application of HORAN to extend ground con
trol from geodetic stations. HIRAN succeeded
SHORAN as a greatly im proved distance mea
suring system. The U. S. Air Force has since
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de"eloped SIlIRAI', and preliminary tests by
the Army l\'1 ap Sen'ice indicate an increased
accuracy for this system.

In 1943 Canada began de,'elopmen t of the
Airborne Profile Recorder, (APR) and by 1952
had obtained ,'ertical accuraci2s o"er land
surfaces of 50 feet oyer long flight lines. The
.'\rmy l\lap Sen'ice conducted aerial triangu
lation tests in 1958 with imprO\'ed APR equip
ment. Results showed that ,'ertical accuracies
of 10 feet in flat terrain, and 20 feet in moun
Lainou terrain could be obtained with this
equipment.

In 1963 Aero Sen'ice CorporaLion began
investigating the use of a LASEll beam instead
of the Radar. Through the joint eHort of Aero
Sen'ice and Spectra- Physics Incorporated the
LASER Proliler Systelll was developed. In
March 1965 the Army l\lap Sen'ice uecame

tions are Lhcn used as corrections for the
LASER measurement's. 1\ tail drogue is used to
collect air samples and the de,'iation is mea
sured by a Roselllont Static Pressure Port
Calibrator. Corrections are continuously
made to the LASER measurements, using
electronic analog recording .

THE DISTA~CE ~IEASURIl\'(; S\'STE~I

The LASER unit is the heart of the measur
ing system. It was designed and de,'eloped by
Spectra-Physics Inco The de"ice uses energy
of wa,'c length 6328 angstroms; its source of
power is a 70 milliwatt:. continuous-wave,
heliulll-neon gas laser. The beam is narro'"
width, 3/4-inch at the sourcc and co\'ers a few
sq uare inches Oil the ground. There arc three
Ic\'Cls of sellsi ti \'i tics which can operate
simultaneously, or in any combination to f,it

!\nSTRACT:.1 descriptiol/ of tile o!Jerutiol/rt!test, col/dl/eled by tile ./rmy .Ilap
Service, of CLn airbome system 10 determil/e its wpabilities for eSlrtblisilil/g l'er
liwl control for pilotogrammetr'ic mappil/g, Tile basic subsystems Me,' (a) n 70
mw I'elium-I/eol/ COl/tillllOUS-WrL1'e L I SI"R distal/ce measuring il/strumellt,'
(b) a sel/sitil'e barometric altimeter system,' (c) a projile recordil/g system,' CLI/d
(d) a photogmphic system for path rU01'ery, Tilis paper rel,iews tile plnl/nil/g.
the a'irborlle operatiol/nl procedures, tile data reductiol/ tecill/igues, al/d tilejil/lil
CLI/alysis of the results obtail/ed from this test.

----~,----

interested in t he possibility of this System as
a method of procuring yertical control for
photogrammetric mapping. Through the co
operation of the ,S, Army Engineer Topo
graphic I.a bora tories, a con tract was nego
tiated to acquire dat'a for this test.

This paper was prepared to: (a) discuss the
planning and objectiye; (b) describe the air
borne operational procedures; (c) e~plain the
data reducLion t'echnique; and, (d) present an
analysis of t,he results obtained from the test.

DESCRI PTI01\' OF THE SYSTEM

The LASEr< Profiler System is composed of
four major subsystems: (1) l3arometric refer
ence system, (2) Distance measuring system.
(3) Recording system, (4) Photographic sys
te m,

TH E nA RO~I ETRIC REFER E:\CE SYSTE~I

The datum, ,,'hich the heighting diHerences
of the tcrrain are referenced. is a pre-selected
isobaric surface. This is a pressure surface.
and aircraft utilize this surface as a reference
to maintain their altitude. De,'iations from
this reference-in-the-sky must be accurately
and instantaneously measured, These de\'ia-

the requirements. The inten'als correspond
ing to these sensiti\'ities are 20 feet, 100 feeL
and .'i00 feet..-\n analog ouLput signal trans
fers the measurement to the recording system.

THE RECORDI:-i(; S\'STE~I

This systenl is designed around a 1\1 inne
apolis-Honeywcll \'issicorder, a light beam
type with a frequency response of se\'eral
hundred cycles per second. Dala is recorded
Oil a chart which tllust be pertllatized in a
manner similar to photographic f,lm. Si~

channels of data can be recorded simulta
neously.

THE PHOT()(;[{AI'HIC SVSTE~I

:\ 3,'i-tllm strip camera records the photo
graphic paLh of the LASEH beam, The camera,
attached to the LASER unit by a lixed mount.
is boresighted with the beam, and Lhis align
ment can easily be checked during flight.
Correia tion bet,,'een the fi 1m and the c harts is
achien:d by synchronized liducialmarks,

THE TEST

Preliminary studies of the profile data indi
cated that the system was capable of excep-
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FIG. I. The general flight plan for each L.\SAR profile over the test area in the vicinity of Phoenix,
,\rizona. The flying time for each mission \\'as about 2.5 hours and thc distance f10\,",! about 375 miles.

tional resolution and rclati\'c hcighting ac
curacy. l3efore acceptance as a tool for map
ping, there were three qualit'ies to be deter
mincd: (1) the capability of the systcm to
provide vertical control over long flight lines;
(2) the limit of the operational ceiling; and,
(3) the erfects of the airborne datum, and the
deviations therefrom, on LASER-determined
ground elevations, using long lines of aerial
photography and long profile lincs flown in
dependently at various altitudes.

Prior to proceeding to the Phoenix (Ari
zona) Tcst 1-\ rea, cxtcnsive testing of all the
major componcnts was performed by Aero
Service Corp. at the :\forth Philadelphia Air
port. This included ground and airborne cali
bration tcsts. 1-\ rmy l\I ap Sen'ice personnel
were on hand to assist in formulating the
monitoring and inspection procedures to be
used.

Thc mapping photography of thc test area
used for the photogrammetric c\'aluation was
obtained with the 6-inch focal length KC--l
camera at an altitude of 23,500 feet abo\'e
mean terrain. Four lines of photography
arou nd the peri meter of the test area \\'ere
used.

Flight lines for the profiles were located on
the photography and used by the pilot for

flying each mission. The flying altitude was
constan t over the four lines of photography
for each L:\SCR mission. Thus profiles over
165 miles oi geodetic can trolled area were
a\'ailable for e\'aluation.

Figure 1 shows the general flight pattern
followed for each profile. The base of opera
tion was at l\[arana Air Park approximately
30 miles north of Tucson.

Thc airbornc datum for each mission was
established at Marana and maintained
throughout the entire mission. Flying time for
each mission averaged 2.5 haUl'S for approxi
mately 375 miles.

Elevations were established on the edge of a
taxiway from a U. S. Coast & Geodetic Survey
bench mark. The pilot was instructed to gain
the desired altitude by circling and then pass
O\'er the sun'eyed line thereby establishing
the airborne datum. Eds Field, an abandoned
airstrip, was panelled and an elevation estab
lished for emergency use. On the return Hight
the two datu illS were crossed in a like manner
to com plete a clo ure.

...\ Paulin ]\Iicrobarograph recorded the
change of pressure on the ground at l\Iarana
during all Hights. Eleven missions were Hown
and the obsen'ed pressure changes ranged
from 0 to 70 feet for the 2.5-hour periods.
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FIG_ 2_ Example of the recorded chart and Lhe 35-mm path phOLO~raph_ The nighL
alt-itllde was -WOO feet and the chart speed was I inch per second_

Applying these obsen-ed changes as correc
tions, the closures for the 11 missions ranged
from 1 to 14 feeL

Figure 2 is an example of the recorded chart
and the 35-mm path film_ Six channels of data
can be recorded simultaneously_ Four chan
nels were used for this test_ The record at the
top is the corrected ground profile at the 100
foot vertical scale, \\-ith the smallest incre
ment being 2 feet. The record at the bottom is
the raw ground profile at the 500-foot vertical
scale, with the smallest increment being 20
feet_

The barometric profile, at 100-foot scale, is
the raw record of the de\-iations from the
selected barometric datum_ This signal is
mixed, as a correction to the 100-foot ground
profile which is thereby recorded as a true
ground profde_ Roll information was pro
vided by a vertical gyro and is recorded for
use as a factor in data reduction, in that dur
ing periods of roll, usually of short duration,
terrain elevations were not used_

The 35-mm camera was boresighted with
the LASER beam and the path of the bea m is
represented on the film by the line in the
center. The synchronized fiducial marks pro
vide easy correlation wi th the chart_ The fi 1m
shows the beam crossing the taxi\\-ay \\-here
the true ground ele\-ation is 18i7 feet ms!.
(mean sea level)_

Figure 3 is part of the mission shown in
Figure 2, and represents data collected about
one hour from the start of the mission_ The
fiducials are set at a 10-second inten-al, and
the ground distance between fiducials is ap-

proximately 0_7 of a mile_ The path of the
beam crosses a built-up area and correlat-ion
between the path film and the prolile is quite
simple. At the 100-foot scale, the shape and
size of the buildings are clearly outlined_ The
500-foot scale profile is compressed into five
major divisions at the bottom of the chart_
\,) ate that the last two digi ts of t he datum line
at the bottom arc the same as in Figure 2_ The
ele\-ation of this line changes by 100-foot in
cremen ts or steps_

Figure 4 is an example of the step changes of
both profiles O\-er rapidly changing terrain_
The steps arc not synchronized bet\\-een the
two profiles; therefore the processing of the
data is done independently_ From the 100
foot scale grou nd profi Ie, the ele\-a tion of the
peak is determined by adding 104 feet to the
2898-foot datum for the ele\-ation of 3002 feet
illS!. The ele\-ation of the same poin t on the
500-foot profile is determined from the datum
shown on the bottom line as 2427 feet plus the
500-foot step making the raw ,-eading of 2927
feet_ The barometric profde at this point is 85
feet \\-hich is added a a correction to the raw
ground ele\-ation making the elc\-ation of the
peak 3012 feet ms!. In the 10-second inten-al
between Ilducials there arc 17 one-hundrecl
foot step changes_

The Fran tis piece is represcntati \-e of the
profile crossing a \-ariety of \-egetation_ On the
right is a cultivated field, with a crop height of
4 to 6 feet. Crossing the citrus gro\-es, the
narrow beam penetrates the space between
the trees to the lowest poi n t_ The trees on the
right a\-erage 10 feet and those on the left
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f"le. 3. A part of the mission shown in Fig,tre 2 showing data collected
about one hour after the start of the mission.

average 14 feet. Examining the path film it is
obvious that the gro\'es on the left are the
older trees. At the extreme left. a step change
for the lOO-foot scale appears.

Figure 5 is representative of the planned
procedures for the photogrammetric evalua
tion. This is it part of a triangulation work
sheet and shows the density of points to which
measurements were made. The triangles rep
resen t the geodetic con trol spaced at one
mile inten'als, and the circles are the LASER

established can trol pain ts. The instru men t
measurements were adjusted to \'arious pat
terns of ground control using hoth the st-rip
adjustment method and the single model
method.

PHOTOGRAM~'!ETRICPROCEDURES

DATA PREPARATION

Transferring of the selected \'ertical con
trol points from the path film to the mapping
photography was a simple procedure. The
path of the beam is easily followed on the
mapping photography, and the continuous
proftie provides innumerable points from
II' hich photog ram metrically acceptable posi
tions can be selected. Two or three points
were selected for each model from each profile
for this test.

INSTRUMENTATION

The four strips of photography were

\
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FIG. 4. An example of the step changes of both pror,les over rapidly changing terrain.
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FIG,S, Part of a triangulation work shcct showing thc density
of mcasurcd points, Thc gencral grid spacing is onc mile,

ANALYSIS

photo identification of control
always been a major problem for

bridged on a Zeiss C-S Stereoplanigraph using
the standard Army l\lap Sen'ice undisturbed
model method, The positions of the geodetic
con 1'1'01 was determi ned by thc ins trumcn I'
opera t'or fl'om field skctches.

AOJUSHIE:-<T

The instrument coordinates were adjusted
to geodetic coordinates and to thc LASEll
established elevations using the standard
Army Map Service routines for the Honey
well-SOO computer.

The first step in this phase of the opcration
was to e\'aluate thc geodetic contro!' This
control network was established by resurvcy
during the period 1960-62, Physical changes
during the years since have made numerous
poi n ts photogrammetrically u naccepta blc.
The horizon tal tolcrancc of 5 mcters was
used for each point with a known horizontal
position. The vertical tolerance was not
rigidly set, for it was decided that com para
ti\'e results would be more significant,

The strips were adjusted vcrtically using
the least squares method employing a 3rd
degree .I··tilt and a linear y-tilt equation.
Single models wcre adjusted to a least-square
fit to control, which is thc standard procedure
for a Camera Sen'icc Tcst.

V\'ith thc samc set of instrument coor
dinates (:1', y, and z) adjustments were madc
to various patterns of contro!. Geodctic
points were used as check points for com para
ti\'e results. Table 1 is a typical example of
both the procedure and results. This is a com
posite of the four strips showing the distribu
tion of errors, by class, as dctermined from

two independen I' adj ustmen ts, (1) Each
photogrammetric extension was adjusted to a
line of geodetic points at the edge of the
strips. Differences between the photogram
mctrically detel'mined elevation and thc
geodetic elevations at check poi n ts were
noted. These differencc are shown in the
chart on the left. (2) Two lines of LASER
cstablished control points wcre substituted
for the geodetic con 1'1'01, and the cxtensions
were again adjusted, Differences noted at the
same check points arc shown in the chart on
the ri~ht,

With the limited time available for this
presen tation, the clescri ption and resu 1ts of
this test are necessarily general. This was the
first tcst of the LASER Profilcr Systcm as it
would be employed for a mapping project, In
Table 1 the comparison is made to the most
rigid geodetic con trol req uiremen ts, These
accuracy figures, although not conclusive, are
nc\'ertheless quite promising.

All airborne profders depend on the use of
isobaric surfaces as a le\'el rcference, These
surfaces are not stable and a corrcction for
this datum must be included, Although our
information was limited, it seems that
ground-based barometers can rccord the
changes a I' thcse lower al ti tudes wi th su ffi
cient accuracy for a correction to this surface.
A continuing study must be made of these
surfaces if we are to lise them as a vertical
reference.

Positive
points has
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TABLE 1. FREQUENCY DISTRIBUTIO:-l OF ERRORS

Geodetic Control Laser Control

RG11ge oj Error (It)
Strip Strip Strip Strip Percent oj Strip Strip Strip Strip Percent oj

J 2 3 4 Total J 2 3 .J Total

0- 4 47 .H 46 49 47.2'1; 66 69 45 46 60.6%
5- 9 47 48 29 19 38.3% 43 32 30 23 34.3'10

10-14 20 18 7 4 13.1<;; 5 3 8 3 5.1%
15-19 4 1 1.4'1<.-

Total Check Points 11-1, 10-1, 83 72 100.0% 11-1, 10-1, 83 72 100.0%

Each strip was adjusted by holding a line No. oj Control Poil1ts field
of control on each edge, and the residual errors ,
observed at the same check points. Strip Geodetic Laser M~odels

LASER control used "'ere obtained from 1 64 47 14
profiles flown at 3000 flo and 6000 ft. altitudes. 2 47 48 10

3 51 50 14
4 48 37 10

the compiler. The most outstanding quality
of this system is the simplicity of selecting
acceptable control points. The 35-mm path
film precisely records the path of the beam.
The high resol u tion of the recorded LASER
profile provides additional verification for
selecting acceptable control points. Thus, the
selection of photogram metrically acceptable
points on the mapping photography can be
done with confldence. Perhaps we can assume
the comparative results shown in Table 1
verify this quality.

Examination of the profiles show a consis
tant degradation with increasing altitude.
Our evaluation indicates that the accuracy is
stable up to 10,000 feet above mean terrain.
At 15,000 feet the recorded profi Ie seems to be
useable for some mapping. At the 17,000-foot
altitude the record was not useable.

DISC SSJON

Today we ha\'e two airborne systems for
acq uiri ng \'ertical con trol for photogram
metric mapping: (1) the Radar TPR for high
altitudes and simultaneous operation with
mapping photography; (2) the LASER TPR
which is limited to lower altitudes and is an
independent operation. Both systems depend
on an isobaric surface as a datu m reference.
Operational requirements would dictate
which system should be used.

The Radar TPR requires a large body of
water or level land surface to establish its ref
erence datum. The LASER system needs only
a profile of a few hundred feet to accomplish
the same. In addition, the data reduction

techniques for the Radar TPR involves con
siderable ti me and effort si nce photogram
metric triangulation and adjustment must be
made in order to transfer ele\'ations to posi
tions required by the compiler.

It is at this stage of mapping procedures
that the LASER Profile shows tremendous
possibilities. Profiles flown through the side
lap area of the mapping photography could
provide to the compiler those four vertical
points required for each model simply by
locating the profile line on the photo side lap
area.

This was the first comprehensive test of the
complete system. So that this test would more
closely approximate true conditions during an
actual mapping operation, it was conducted
as such because we were seeking factual in
formation and not merely theoretical ac
curacies. The mission was completed and the
LASER TPR is acceptable for acquisition of
vertical control for photogrammetric map
ping.
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