Getting from Map to Ground
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Transferring the designed centerline of a highway
location from photogrammetrically compiled topo-
graphic maps to the ground can be accurately and
efficiently accomplished when a system of plane
coordinates is used for control of the mapping and
for preparation of a mathematical description of
the centerline. Accurate surveys on the ground,
and/or accurate photogrammetric triangulation,
through man made or natural objects or features
which appear as small and easily identifiable
images on the mapping photography, provide the
horizontal control and checks on vertical control
for compilation of the topographic maps. The
ground position and plane coordinates of each of
the surveyed images, and the computed plane
coordinates of points of changes in curvature on
the designed centerline, are the basic data from
which distances and bearings are computed for
measurement on the ground, Such data are the
essentials for beginning centerline staking and
serve as intermediate ties for checking position
during the process of transfer of the centerline
from maps to ground when the designed location
is staked in readiness for construction of the high-
way.

This paper describes the techniques involved
in the foregoing procedures and gives illustrations
of their applications in specific cases.

@SUCCESS, or lack of it, in getting from maps to the ground is the yardstick by whic!
the quality of maps, especially those compiled by photogrammetric methods, and the
accuracy are judged. The manner in which the maps are used and the way in which
transfer of position from maps to the ground is accomplished are seldom, and in so1
cases never, considered to be the cause of engineers' difficulties.

This paper gives some facts regarding common difficulties which are encountered
in getting from map to ground, and methods of eliminating these difficulties. Unless
these difficulties are removed, their multiplicity arising from improper use of maps
will continue.

The procedures and techniques were developed through the employment of varia-
tions in and adaptations from work accomplished on numerous highway surveys. The
may be new to many users of photogrammetry and aerial surveys for highways. It
is hoped that they will give stimulus for further research and development to devise
new and improve old methods and procedures of using photogrammetry and aerial
surveys.

OLD METHODS

In the past, essential topographic data for highway location and design were ob-
tained by surveys on the ground and plotted in map form at a scale of 40, 50, or 100
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=11in, These maps were generally accompanied with a profile of the P-line (pre-

n inary traverse) which constituted the base line of the survey. Using such data (often
n ited in detail, scope, and accuracy) the location engineer established the centerline

' the proposed highway. Because the topographic data were usually restricted to a
latively narrow band centered approximately by the P-line, the position-projected
nterline for the highway could not be very far from it. Large displacements from

e P-line could be made only when the field survey crew anticipated the probable de-
rability of a substantial line shift and secured more than the usual band-width of field-
rveyed data, or returned to the field to obtain such data.

While making a field reconnaissance, the location for the P-line was flagged on the
ound. Then stakes were set at each 100-ft station, at the intermediate major breaks
-ground slope, and at the instrument points where angles in this traverse were mea-
ired with a transit. A profile of the traverse was measured by spirit levels, and
'oss-sections were measured for a distance of approximately 100 ft from and as nearly
rmal to it as could be readily determined by the cross-sectioning party. After the
ound profile of the P-line had been plotted, a tentative grade line (including vertical
rves) was established for subsequent use in designing the highway. Following all
sirable adjustments in tentative locations for the centerline of the highway—as pro-
 ted on the map-so that the entire highway was fitted to the topography horizontally,
rtically, and cross-sectionally, the location centerline (called the L-line) was staked
| the ground.

Because the L-line had been designed in relation to the P-line, which existed on
' ground, and because some segments of the L-line and P-line were coincident, and
1ere not coincident their points of intersection and points of maximum separation were
own, staking of the L-line in its designed position was never considered to be a par-
ularly difficult problem. Without the P-line to ""hold on to," however, the same
gineers, who successfully staked many miles of L-line from P-line data, seemingly
came frustrated and "lost" in transferring to and staking on the ground an L-line de-
gned and delineated on photogrammetrically compiled topographic maps. They miss-
the "holding, guiding hand" of the P-line. Actually though, with a fair understanding
procedures used to compile maps by photogrammetric methods, it is easy to rec-
nize, in essence, that a P-line-like base line does exist, both on the ground and on
e maps, and that the designed L-line may be mathematically tied to and staked from
s "'base line" to accurately position it on the ground,

METHODS WHEN AERIAL SURVEYS ARE USED

With the advent of using aerial surveys and photogrammetry in the engineering of
ghways, a significant change in location and design procedures evolved. Through
2 use of stereoscopic pairs of aerial photographs, the location engineer accomplishes
1 ajor portion of his reconnaissance surveys and route determinations in the office.
s theater of operations need no longer be confined to what he can see on the ground
he trudges from one visibility vantage point to another, but includes all of the broad
ea for which he has aerial photographic coverage. A number of route alternatives

y be determined and compared, and the best one selected for preliminary survey.
 longer is such reconnaissance a one-man operation. Now the talents of specialists
y be quickly used and the accomplishments of each one of them easily presented for
view and correlation with the work of all others concerned.

In using aerial survey methods, the route is located on the small-scale photographs
they are examined stereoscopically while making the reconnaissance survey. Then
> route is photographed and topographically mapped by photogrammetric methods.
is mapping is accomplished as a preliminary survey in ample detail and at large
ugh scale(100ft = 1 in. or larger) as necessary to design on the topographic maps
use of a spline line and/or appropriate curve templates the best location for the
thway on the ground. Thus, by use of the aerial photographs and maps, the L-line
ation is fully established so that the highway fits the topography and land use, both
ysically and aesthetically. Consequently the location engineer may move directly
)m the photographs and maps to the ground without the intermediate step of P-line
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staking. Only after mutual agreement on the design of the highway need the location
survey staking of the L-line on the ground, in readiness for construction, be under-
taken.

Survey Control

Horizontal and vertical control based on accurate surveys made on the ground and
an accurate system of plane coordinates mathematically related to that control are of
utmost importance in compiling maps photogrammetrically. Without accurate groun
control to insure proper orientation of each stereoscopic model in the photogrammet:
instruments, it is impossible to secure maps which meet the necessary accuracy re-
quirements for location and design of highways. For plotting the surveyed control
points and establishing the points of change in curvature on the designed centerline,
use of the system of plane coordinates assures positioning precision and eliminates
cumulative errors in using the maps and in doing all subsequent centerline and other
staking. Having the system of plane coordinates based on a statewide network of
basic horizontal control that is part of the national network, as established by the U.
Coast and Geodetic Survey, is highly advantageous.

Both horizontal and vertical control points that will be used to control the mapping
by photogrammetric methods are called supplemental control, and must be within the
route band of topography to be photographed and mapped. Before the mapping photo-
graphy is taken, a suitable photographic target must have been placed on the ground
centered over each point to be used for supplemental horizontal control or such point:
must be natural objects or features appearing as small and easily identifiable images
on the mapping photography which can be easily and accurately tied to basic control
points in the project ground control surveys. Each basic control point is preserved
in its position as a permanent station marker, which is usually a metal pin or con-
crete monument centered by a metal tablet appropriately marked to identify it.

The spacing infeet of points at which photographic targets are placed for constituti
the principal supplemental horizontal control along the lengthwise direction of the rou
zone of photography should be not more than approximately two times the mapping pho
raphy scale expressed in feet to one inch. They should also be alternately on one si
and then the other of the approximate center of the route, laterally separated in feet
not less or more, respectively, than one or five times the photography scale in feet
one inch. Ocecasional additional targeted points to serve as basic project control poir
should be on or near the center of the route at a /%~ or 1-mi interval, centered by a
permanent station marker. All other targeted points should be centered by a semi-
permanent station marker, which may be a tack in a wooden stake driven into the
ground to where its top is flush with the ground surface.

Bench mark levels measured through the horizontal control points may provide a
necessary portion of the vertical control near the center of each stereoscopic model.
In addition to vertical control thus obtained, the elevation of pass points—photographi
image points easily identified on smooth, preferably level, ground near the corners
each stereoscopic model—are also required.

Use of the Surveyed Control

With the plane coordinate grid system constructed on each map manuscript and
each ground survey control point plotted thereon in its exact coordinate position, the
stereoscopic model from which each segment of the maps is to be compiled is orient
to the control. If pre-set targets are not available and survey station markers do no
appear as photographic images on the mapping photography, it is necessary to tie,
on the ground, the objects or features which appear as small and easily identifiable
images on the photography to the basic, permanent, station markers set and surveye
in the project control surveys. These images—for which coordinates have been com-
puted from the control surveys data—are the control points plotted on the map manu-
scripts to control the mapping. In addition, the position of each permanent station
marker is plotted accurately and symbolized on the applicable map, and its plane
coordinates are also noted thereon for subsequent use.




59

With a plane coordinate grid system existing on the maps, the position of each con-
ol point accurately designated thereby, and each point on the designed centerline
athematically computed thereto, cumulative error is eliminated. Also, scaling
ility is improved. This is achieved by interpolation between the plane coordinate
'id lines, and, when done, the effects of changes in map scale are eliminated. The
1 thematically ascertained position of each surveyed control point is known. An er-
neously scaled position of the highway alignment, as an L-line, is not used. General-
, the spacing interval of plane coordinate grid lines is 5 in. By converting this
acing to its ground distance equivalent, the effects of any change in map scale are
plied immediately to points in the designed alignment, and to any other points, as
sired, during engineering use of the maps. Consequently, the desiged and computed
sition of the L-line is exact.

The coordinate positions determined for horizontal control points on the ground,
1ich appear as photographic images on the mapping photography, constitute a base
1e—a traverse similar to that used in P-line surveys on the ground. This base line
ists on the ground and on the maps. The designed alignment is easily tied to the
ntrol points on this "traverse" for transfer to the ground. The distance and bearing
>m a control point to the nearest point on the centerline are computed by use of their

ne coordinates. Then each centerline point is staked on the ground—points of change

curvature and other points on the centerline, as the nearest P.O.T. and P.O.C. on
ests and other essential visibility points (Figs. 1 and 2). This procedure is applied
ccessively for all centerline points to be staked, which separately lie in reasonable

'oximity to a control point, particularly one of the basic control points. In this way,

ch basic centerline point for instrument occupancy is staked in its proper position

an accuracy possibility as good as the ground survey control on which the plane
ordinates, mapping, alignment design and computations, and centerline staking are
sed. From such centerline instrument points, each 100-ft station and the essential in-
' mediate plus pointsareline inand measured in their proper position. Itisnotnecessary
actually stake and occupy each P.I. of the highway tangents. Moreover, this method
using computed data for numerous centerline points and staking them from nearby
oject survey control points, rather than only from preceding points on the L-line,
minates the possibilities of cumulative error in taped distances or measured angles.
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rure 1. Section of designed and computed highway alignment showing survey ties com-
puted from the permanent station markers for its staking on ground.
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Figure 2. Computation of plane coordinates.

Subsequently, accuracy in transfer of the designed and computed highway alignmer
from the maps to its proper position on the ground depends on the initial accuracy of
the project ground control surveys, the proximity and accessibility of the targeted
station markers of the control surveys to the intended ground position of the L-line,
the accuracy with which the L-line, during design, was projected on the maps, and
the working accuracy of the field survey party in staking it on the ground. Thus, the
positioning and staking of the L-line on the ground are governed by, and related in a:
curacy to, the basic control established for and used to control the mapping. Accort
ingly, all field work is readily accomplished in a methodical, efficient, and effective
manner. Should errors in closure occur, their position, cause, and magnitude are
easily determined. Therefore, they can be corrected with certainty. By such use o
a system of plane coordinates, accuracy requirements are met in each step of the w
The L-line is actually staked on the ground where position-designed on the maps.

Use of Planimetric Features as Position Control

Attempts have been made by some engineers to transfer a designed L-line from th
maps to the ground by relating the position of the line to planimetric features which
were plotted on the maps photogrammetrically. Most specifications indicate that 90
percent of all planimetric features, which were well defined on the aerial photograph
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all be Plotted so that their position on the finished maps will be accurate to within
least /10 in. of their true coordinate position, and that none of the features tested
all be misplaced on the finished maps by more than %o in. from their true coordinate
sition, It is evident from these specifications that the probability is remote indeed
't a planimetric feature will be plotted precisely in its correct coordinate position.
 reover, when the L-line is transferred from the maps to the ground by relating it
such features, even if they were precisely in their true coordinate position, there is
' possibility that the offset measurement from the feature to the nearest line point

y be in error as much as 2 ft when the map scale is 100 ft = 1 in. This is because
ility to measure with greater accuracy on a map at this scale is limited.

Worse still is the fact that any misplacement of features used as origin for offset
- asurement are likely to be additive to the inaccuracy in measurements made on the
aps. At the scale of 100 ft = 1 in., the on-the-ground magnitude of errors resulting
om the allowed misplacement of 7o in. on the map represents 2’% ft and Yo in. repre-
nts 5 ft. Such displacements enter directly into the displacement of any designed line
at is staked on the ground by use of offsets measured from planimetric features equal-
displaced (Fig. 3). The solid line in Figure 3 is the centerline in its designed and
mputed position. The distances of 80, 104, 84, and 58 ft, respectively, were mea-
red on the map to the designed line from planimetric features. The respective dis-
ces were then measured on the ground from the objects, for which the true ground
sition of each of the features is as shown by their dotted representations, to establish
sitioning points for staking the map-projected alignment on the ground. Inasmuch as
> map position of the features used were in error, the distances therefrom placed

e alignment, as shown in the dashed position, where it is displaced horizontally from
signed position, and the central angle at the intersection of the tangents and length
the semitangents are larger than computed.

Thus, wherever the position of an L-line point is established on the ground from an
ect symbolized as a planimetric feature, which contains error in position on the

1p, it is evident that, regardless of the accuracy with which a mathematical descrip-
n of the designed L-line has been computed, it will be impossible by this method to
ke it on the ground in its designed position. By relating numerous points on the

N1 362,500
N1,363,000

_E 695000 ; i
No 15 N 1,362,47090 2 No 16 N 1,365,078 04
E 69591460 P E 69585012
N 1°25'W 260794 to No 16 & N {7°26'E 259143 to No 17
<~
e <
—_—]
E 695,500 =L, A
; = PLANIMETRIC FEATURES
/7 ~ y‘p‘/\.\ ?\ 3 Map posttion
K )/ \'\-':Su’" £ 2 True ground posihon
ﬁ-———ﬁ{_
g L No 16
No I5 . A=51°00'R
Niovod e A= 46°00' D
E 696,000 Z Dox2°30° S =
7 Te-972 82" ./ 7S 02
3 - . v, ¥ S
\ L+ 184000 o / 3 / 3¢
\ L R = 2291831 LLP q
) ) ¢ 307 /
\ e d =075ft seo 90 =
e ’, Op« #r
Bs ‘.LQO ) "'//93 AN
ve \@d . s 99
e e L % s P8y,
E 696,500 5 b0 gsl J %0y,
s 500 LEGEND s
“Fre
o (s
Staked by use of computed description and plane coordinates
of station markers in the basic control surveys
— — Stoked by use of offsets measured from planimetric features
on the map
E 697,000 , Q ‘
81
I gl
"
z

Figure 3.

N1,363,500

N1,364,500
N1,365,000

Comparison of staked positions of designed centerline.



62

designed L-line to nearby planimetric features, it will be possible to achieve only an
average positioning related statistically to the average error in position of features
used as points of position origin, but the pre-computed curve data, bearings, and
distances could not be used. Consequently, the actual positioning of the L-line on th
ground would be in variance with the topographic data used, as compiled on the maps.

On the other hand, with the designed L-line tied to control points of known plane
coordinates and ground positions, the pre-computed curve data, bearings, and dis-
tances are used without alteration, and any error in field survey work while staking
the line is quickly determined and corrected by checking into succeeding control poin
At the same time, frustrations and delays in survey party work, and engineering de-
ficiencies which would otherwise occur, are prevented by eliminating cumulative err«
Distances on the ground from an L-line staked in that manner to objects represented
by planimetric features on the maps will seldom be the same as distances determine
from the map. Differences between such separately determined distances represent
the actual error in plotting these features on the maps. I the maps fulfill their ac~
curacy requirements, however, 90 percent of such differences will not exceed the
ground distance represented by Yeo in. at map scale, and the remaining 10 percent no
more than the distance represented by Yo in.

Use of Maps Without Plane Coordinates

Attempts to project alignment designed on a map not containing plane coordinates
have proven hazardous. Generally, in such attempts a protractor or tangent offset
method is used to determine the angles and an engineer's scale to measure the tange
distances. On any map at a scale of 100 ft = 1 in., accuracy in measuring and plotti
to the equivalent of 1 ft on the ground is difficult to achieve. And it is virutally im-
possible to determine an angle to an accuracy better than several minutes of arc by
such methods, and bearings cannot be established for checking by polaris or solar
observation. In addition, it is apparent that regardless of the accuracy achieved in
the initial plotting, large cumulative errors will result from changes in map scale,
due to shrinkage or expansion of the material on which the maps are compiled, the
finished maps drafted, and, finally, map copies produced for engineering use.

Without plane coordinate grid lines having been placed on the map manuscripts
and accurately transferred to the finished maps at an interval equivalent to a pre-
determined ground distance, it is impossible, from map data only, to become aware
specifically of, and to determine the direction and magnitude of errors resulting fro
any changes in the map scale caused by the shrinkage and/or expansion of the materi
al on which map details exist. Moreover, it is unlikely that any errors may be isola
ted, or even discovered, until an attempt is made to stake the L-line on the ground.
Then frustrations and blaming of the maps begin. Seldom is the real cause—imprope:
use of the maps—identified.

CONCLUSION

The procedures and techniques advocated in this paper for transferring a designec
L-line from a photogrammetrically compiled map to the ground have been used succe
fully for many years on thousands of miles of highway location. Nevertheless, achie
results, as for any similar survey, are dependent on the accuracy with which the de-
signed alignment is projected and its plane coordinate positions are computed on the
maps, and the accuracy of the field survey party in staking the L-line on the ground.
In no way are inaccuracies in basic control eliminated, but they are easily localized
and corrected where they occurred because the effects of cumulative error have bee
eliminated.






