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• I N CURRENT highway engineering practice much of the essential surveying required 
in the reconnaissance stages and in the preliminary survey stage of highway location 
and design is accomplished by aerial photc^rammetric methods. Wherever a high 
degree of accuracy is required from such methods, as i t is in the preliminary survey 
and design stage, accurate horizontal and vertical control is essential for scaling and 
leveling the aerial photographs in precision photogrammetric instruments before any 
measurements are made or mappii^ is done by use of the photographs. This is neces
sary whether the photographs are vertical, or are obliquely convergent in or obliquely 
transverse to the line of aircraft flight. 

By use of electronic measuring instruments and precision theodolites, basic hori
zontal and vertical control can now be established quite easily to third and second orders 
of accuracy, as required. From specific points in the system of basic control on each 
survey project, appropriately placed and spaced at a convenient interval alor^ the 
lengthwise direction of the highway route, supplemental horizontal and vertical control 
must be measured for each stereoscopic model that wi l l be required from the aerial 
photography for mapping and making other measurements needed to design the h^hway 
location and prepare highway construction plans. A large portion of the expenditures 
in all control surveying for highway surveys done photc^rammetrically is for supple
mental control. 

Historically, the subtense bar and trig-traverse method have been employed, as 
well as the usual traverse and triangulation methods, in establishing supplemental con
trol. Recently, trilateration methods of measuring the length of all three sides of 
each triangle in a network of basic control has become possible by use of electronic 
measuring instruments, separately known as the geodimeter, tellurometer, and elec-
trotape model DM 20; also these instruments are used to measure the slope distances 
in precise traverses for which precision theodolites are used to measure the horizontal 
and vertical aisles. Al l of these methods have particular applications in which they 
are advantageous and others in which they are disadvantageous. 

With the subtense bar, accuracy decreases in direct proportion to the distance the 
bar is away from the angle-measuring instrument. Also, there is need for an exact 
method of automatically making corrections should the subtense bar not be truly per
pendicular to line of sight when the angle measurements are made. A variety of random 
errors, rangii^ from small to large magnitudes, usually occur when only traverse 
methods are employed. Sufficient and consistent precision can be attained in all trian
gulation provided the topography and land use permit the attainment of appropriately 
shaped traingles and quadrilaterals. Usually in the preliminary stage of highway sur
veys, however, such shaping is difficult and often impossible to achieve. This is be
cause of the small size and numerous triangles and quadrilaterals that must be meas
ured if triangulation is relied on for establishing all the supplemental control required 
along the photographed route for which a narrow band of topography is to be mapped. 
The trig-traverse method has its physical limitations, and unless the base line is 
varied proportionately in length to the distance between it and the angle-measuring 
instrument and to the accuracy needed, accuracy wil l decrease, as with the subtense 
bar, the farther the base line is from the instrument. Electronic measuring requires 
adequate visibility along each leg of each triai^le, and is more efficiently and effec
tively accomplished on long rather than short distances. 
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To overcome some of the weaknesses and physical operational problems inherent in 
the preceding methods, the author developed the remote base line method. This method 
admits of easy variation in the length of the base line according to accuracy require
ments, sighting conditions, character of topography, and type and intensity of land use 
along the route to be surveyed. Effectiveness of the method is greatest where traffic 
and other land uses, vegetation, and topography greatly interfere with, if not prohibit, 
use of the usual traverse and electronic measuring methods, and where triangulation 
methods cannot be used efficiently. 

The remote base line method is based on the principle of mathematically passing a 
circular curve through three points—the setup point of the angle-measuring instrument 
and tack points in two stakes, each constituting an end of the remote base line. The 
fourth measurement point is a tack in a stake on the remote base line somewhere be
tween its ends. The fourth point is necessary for accomplishing two angle measurements 
required for computing the distance from the point where the angle-measuring instru
ment is set up to the remote base line. 

Electronic methods of computation make the remote base line method more effective 
and efficient than i t would have been a number of years ago when computations were 
made by use of logarithms and/or desk-type calculators. Now, all the field engineer 
has to do is accurately measure short distances and small angles, keep appropriate 
notes, and let the electronic computer test the accuracy of his measurements and deter
mine all horizontal distances, bearings and/or azimuths, plane coordinates, and eleva
tions. Then the essential supplemental control data (horizontal and vertical) are imme
diately available in usable form for photogrammetric accomplishment of the mapping 
and for making all other measurements required in performance of the highway engi
neering, as cadastral surveys, and profile and cross-sections. 

PRINCIPLES OF METHOD 
The basic traverse measured by the remote base line method is shown in the center 

of Figure 1, and supplemental control points appear on either side of this traverse. 
Although the area encompassed by such a control survey may be extensive, the only 
distance measurements required are the horizontal length of two segments of the base 
of each triangular figure. 

In Figure 2, points B, F, and D are visible from the angle-measuring instrument 
at point A. Point A may be a triangulation station or a point on a traverse, the plane 
coordinates of which are known or can be readily determined. Angles W, V i , and V2 
are measured with a precision theodolite with which angles can be read to the nearest 
second of arc. An instrument measuring aisles to a fraction of a second of arc wil l 
assure the attainment of better results in less time. Angle W establishes the direction 
of the line of sight AB, and in combination with angles Vi and V2 also establishes the 
direction of lines of sight AF and AD. The line of sight AF and the remote base line 
BFD need not be perpendicular to each other. A skew of 30° may be used without de
creasing accuracy of the distances determined from the measured angles and the meas
ured base line segments bi and b2, which are represented by lines BF and FD, respec
tively, provided bi and ba are of sufficient length to compensate for the effect of a skew 
in the remote base line. 

The greater the skew, however, the more exactly points B, F, and D must be on a 
straight line. 

It is intended, in the usual case, that tacks be placed in wooden stakes driven in the 
ground to mark the position of and to identify the end points B and D, and the inter
mediate point F on the remote base line. Aligning these points by instrument is not 
necessary. The line on which they are placed may be established by a taut tape. Ex
ception to the taut tape method of aligning the three points to form the remote base line 
need be made only when a large angle of skew is necessary between the line of sight 
and the base line. The position of each stake must be visible from the instrument. A 
line rod consecutively centered on the tack in each of the three stakes may provide the 
sight for angle measuring of long distances. A plumb bob centered and carefully sta
bilized over each tack would be better for short distances. Better results wi l l be 
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achieved more consistently under all circumstances, however, if sighting targets 
mounted on optical plumbing tripods are used and accurately centered over each of the 
three base line points. Length of base lihe segments bi and ba need not be equal. In 
the skew position, the segment with its end farther from the instrument should be longer 
(Fig. 3). 

The combined length of bi plus b2 should be increased in direct proportion to the 
distance the base line is from the angle-measuring instrument to attain uniformity in 
accuracy of distances determined from the length of each segment of the remote base 
line and the measured angles. Accuracy wil l also be improved by using a calibrated 
tape and taking into consideration the pounds of tension on the tape, using the tape In a 

A = Angle measured so distances 
computed from base lines and angles 
ttiereto will constitute o traverse 

Traverse of basic control surveys 
Remote Base Lines 

e» Basic Control 

Supplemental Control 

^=lnstajmen1 points on traverse 
computed from angles measured 
between an intemneaiate pant on 
and the ends of, successive and 
remote base lines 

iriis use of an additional 
base line checks al 
distances in traverse 

w=AzinTjth angle 

V| a vfe= Angles at instrument between 
intermediate point on base line 
and ends of that line 

X = Photographic targets and/or natural 
image points for which supplemental control 
(horizontal position and elevation) is measured 

Figure 1. Remote base l ine and angle method of basic traverse and supplemental control 
surveying. 



35 

supported position wherever possible throughout the length of each segment measured, 
and correcting each taped distance for the effects of temperature on its length, because 
each base line segment wil l be used in computing distances from instrument to the base 
line. For example, an error of 0. 01 f t in measurement of base line segments bi and 
hi when they are 50 f t long (unless correction is made for such error) wi l l automatically 
reduce the accuracy of distances computed from the measured aisles and base line 
segments to 1:5,000, and an error of 0.01 f t in a base line segment that is 100 f t long 
reduces the accuracy of distances determined therefrom to 1:10,000. Other errors in 
length of base line segments, such as those resultii^ from not reading the tape to the 
smallest possible increment in dimension, wil l affect the basic accuracy in a propor
tional manner. Al l errors in base line measurements are algebraically additive to the 
consequences of error in angle measurements. For desirable precision, therefore, 
it IS essential that the length of each base line segment be measured as accurately as 
possible and adjusted for variations in length due to temperature. This wil l require 
use of a tape with graduations of 0.01 f t and careful estimation of smaller dimensions. 

By measurement of vertical angles as well as the horizontal angles, the elevation 
of each essential point can be determined to sufficient accuracy for supplemental con
trol in mapping by photogrammetric methods. 

If the survey party stakes the three points on the remote base line where they can be 

i - ' ' 1 

BASE LINE B-D IS MEASURED TO COMPUTE DISTANCES A-B AND A-D 

FROM INSTRUMENT AT POINT A, A TRIANGULATION STATION OR A TRAVERSE 

POINT USING ANGLES V| AND MEASURED AT THAT POINT 

Figure 2. Remote base line.method for determining horizontal distances. 
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seen from the instrument without need for any clearing of lines of sight, and measures 
the length of each base line segment with a calibrated tape supported throughout its 
lei^th, only a short time would be needed by the instrumentman to turn, read, and 
record the angles measured between these points. If several taping crews are used so 

B r - - ^ - - - T 
\ 90°-V| "11-90 

I l lustrated are the required length of Separate Segments b, and b j of the Remote Base Line and 
relative size of Angles V, and Vg for achieving same accuracy as attainable if the base line were 
in posit ion B'FD' nearly perpendicular to the central line of sight A F 

Figure 3. E f fec t s of remote base l ine being skewed. 
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that one crew is always in position to give the instrumentman a reading while the other 
crews are getting into position on another base line, the control surveying work by this 
method would proceed rapidly. 

Figure 1 shows that a remote base line need be measured only at every other basic 
control point. K time is taken to measure a remote base line at each basic control 
point, however, a common side for the basic control traverse can be computed from 
both the forward and backsight measurements. This procedure provides a check on 
both the measurements and the computations. 

Equations 

The radius of the circle passing through points A, B, and D (Fig. 2) can be computed 
when desired by use of either of these equations: 

p _ (bi + bz) 
**-2s in (V1+V2 

or 
„ (bi + bz) cosec (Vi + V2) R = 2 

Point E is at the intersection of the circle and an extension of the line of sight AF. In 
these equations, bi and bz are the separate segments of the remote base line from 
points B to F and F to D, respectively, and V i and Vz are the angles measured by the 
instrument at point A between sightings on points B, F, and D. 

The distances to be computed from the measured angles and measured base line 
segments are X = AB, Y = AD, and Z = AF. Through the similarity of triangle BFE 
to triangle AFD and triangle DFE to triangle AFB, and application of the law of sines 
and cosines, equations were derived for computation of distances X, Y, and Z. For 
each distance, an alternate equation is offered. The numerator remams the same in 
the alternate equation, but the denominator changes from principal terms of bi and 
sin V i to b2 and sin Vz. 

X 

and, 

X : 

Also; 

J (bi)Mbi+bz)^ sm^ vT" 

' (bi)^ sin^ (Vi + Vz) + (bi +bz)^ sin^ V i - 2bi(bi + bz) cos Vz sin V i sin (Vi + Vz) 

(bi)' (bi +b2)' sin" Vz 

(bz)' sin' (Vi + Vz) + (bi +bz)' sin' Vz - 2b2 (bi + bz) cos Vi sin Vz sin (Vi + Vz) 

(bz)'(bx + 

(bi)' sin' (Vi + Vz) + (bi +b2)' sii 
bz)' sin' V i 

sin' V i - 2bi (bi thz) cos Vz sin V i sin (Vi + Vz) 

and. 

(b2)'(bi + 
(bz)' sin' (Vi +Vz) +(bi +b2)' sir 

bz)' sin' Vi 

sin' V2 - 2b2 (bi +b2) cos V i sin Vz sin (Vi + Vz) 

Also; 

.J (bi 

' (bi) 's in ' (Vl+V2)+(bn• 
r ( b z ) l s i l ^ ( V l + V 2 ) 

b2)' sin' V i - 2bi (bi +bz) sin V i sin (Vi + V2) cos V2 
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and, 

(bi)'(b2)'' sinMVi+Va) 
sin" (Vi +V2) +(bi +b2)'' sin" V 2 - 2b2 (bi +b2) sin V2 sin (Vi + V2) cos V i 

Separate use of each of the two equations in an electronic computer program for 
X, Y, or Z, whichever distance is required, provides a reasonable test of the consist
ency attained in measurement of the angles and the separate segments of the remote 
base line. If the distance obtained from one equation is equal or nearly so to the dis
tance obtained from the alternate equation, i t can be assumed that the ai^le measure
ments and base line segment measurements are correct, or that they are equally 
smaller or larger than their true values. Either of the latter two situations is more 
unlikely than the f i rs t . Consequently, attainment in computations from the alternate 
equations of near equality within accuracy limits, as perhaps 1:5,000 or 1:10,000, of 
the distance from instrument setup point to base line point is good assurance that angles 
V i and V2 were measured correctly and that distances bi and b2 are likewise measured 
correctly. 

Strength of Triangles 
Efficiency in making the measurements is improved when the remote base line is as 

nearly perpendicular to the line of sight from point A to point F as possible (Fig. 2). 
Also, distances bi and bz should be as nearly equal as possible. Under such circum
stances, whenever bi and b2 are measured with the same accuracy and are not equal in 
length, the accuracy of distance determinations from A to B (X) and from A to D (Y) 
wi l l not be equal, provided the error in measurement of aisles V i and V2 is equal. The 
accuracy attainable in distances X and Y is directly proportional to the magnitude of 
angles V i and V2, and to the straightness of the base line especially when i t is greatly 
skewed with respect to the line of sight AF (Z). 

A i ^ l a r Error 
Whenever the angular measurements between the separate end points and the inter

mediate point on the remote base line are larger by an amount (e), than the true values 
of V i and V2, the computed distances from points B and D on the base line to the instru
ment point A would be distances ds and de, as shown in Figure 4. Whenever the meas
urement is smaller by the same amount, the computed distances from the same points 
of the base line to the instrument would be distances da and d 4 . The distances deter
mined from correctly measured angles would be di and dz, respectively. The effect 
of errors, e, in measurement of angles is the recording and using of values that are 
larger or smaller than true values for angles V i and V2. Thus e may be plus or minus 
in quantity, resulting from such factors as errors in instrument, in sighting, in read
ing, and in atmospheric conditions. 

Distances X, Y, and Z are inversely proportional to the error ei and e2 of angles 
V i and V2, respectively. A negative e wi l l cause the computed distances to be too large. 
A positive e wi l l cause the computed distances to be too small. 

The denominator of the fraction expressing accuracy is designated "a." For ex
ample, if the accuracy achieved was 1:10,000, then a is 10,000. This denominator 
can be computed by use of equations separately containii^ the sine of the applicably 
measured angle and the sine of the same angle plus or minus the angular error e (see Fig. 
4 for visualization of the angles for which the respective sine is used in these equa
tions). 

Based on ai^le V i , 

- s i n ( V i - e ) s in(Vi+e) 
^ sin V i sin (m-e/2) , ,^ . ' ^ sin (Vi + e) - sin V i sin (m + e/ 2) 
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Based on angle V2, 
sin (V2 - e) _ sin (Vz + e) 

sin V2 sin (m + e/2) ^.^ ' sin (V2 + e) - sin V2 sin (m - e/2) 
sin m V — - / sin m 

It is readily apparent from Figure 4 that the larger incremental error (ds - di) oc
curs when -e is used rather than +e. In applying these equations, with the V-angles 
the same and the e's equal but opposite in sign, the computed +a values wi l l be smaller 
numerically than the -a's. Consequently, conservatively speaking, the+a values should 
be used in determining accuracy. 

As the angles (V ± e) decrease, when the base line segments bi and bz remain con
stant in length, the X, Y, and Z distances increase. The beneficial effect of achieving 
a decrease in error e is to admit the use of a greater distance between the angle-meas
uring instrument and base line without decreasing accuracy of the distance measure
ments. When e has been reduced as much as possible, the only other way in which 
accuracy can be increased is to increase the size of angles V i and V2 by lengthening 
the base line segments bi and b2. 

Use of Chart on Accuracy in Distance from Instrument to Remote Base Line 
The accuracy chart (Fig. 5) indicates the size of aisles required for attainment of 

various accuracies, when the error e in seconds, in measurement of the V-angles, 
can be anticipated or is known. The ordinate of the chart represents the accuracy. 
The abscissa of this chart represents the separately measured V-angles in degrees. 
If only a taut tape is used to align the three points, use of the remote base line method 
for determining horizontal distances becomes somewhat physically impractical for 
V-angles greater than 30°; therefore, larger angles are not included. Ascertaining e 
is easy. Simply, the error of closure is computed as an accuracy fraction, and this 
accuracy is used as subsequently outlined, step by step, with respect to the applications 
of Figure 5. 

The line representing each angular error splits into two diverging lines. For each 
angular error the upper line represents the accuracy attainable from each V-angle when 
the m-angle is 60° (Fig. 4). This condition occurs when the base line has been rotated 
30° from a normal position around point F, and the end pomt of the segment of the base 
Ime to which the m-angle is measured is moved farther away from the point of instru
ment setup. For each possible V-angle, a skew m this direction increases the accuracy 
from that which is obtainable for the same angle when the base line is in the normal 
position. The lower line on the chart for each angular error represents the accuracy 
attainable from each angle when m is 120°, and the end point of the applicable segment 
of the base line is moved toward the instrument setup point. This skew of the base line 
causes a decrease in accuracy as compared to the same angular measurement to a base 
line in the normal position. The normal position of the base line wil l produce an ac
curacy for each respective error in measurement of the V-angles which wil l lie half
way between the accuracies attainable in the separate skewed positions of the base line. 

From Figure 3, as the 60° position of the base line produces greater accuracy and 
the 120̂  position less accuracy for the same V-aisles, it can be stated that any skewing of 
the base line results in increased accuracy on the side where m is less than 90° (mz) 
and decreased accuracy on the side where m is greater than 90° (mi) . To compensate 
for this variation in accuracy, caused by skew of the base line, V i must be larger than 
V i ' for the base line segment nearer the instrument, and V2 should be smaller than V2' 
for the base line farther from the instrument. 

To assure attainment of the required size in each angle for achievement of accuracy 
required in distance determinations, taking the expected error in angle measurements 
into consideration, the length required in each segment of the remote base line can be 
determined by use of the empirical equations in Table 1. In these equations, V is the 
number of degrees required, as ascertained from Figure 5 according to the accuracy 
required and the error expected in measurement of the angles; and Z is the number of 
100-ft stations from the angle-measuring instrument to the intermediate point on the base 
line. 
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Figure l i . E f f e c t s of errors in measurement at instrument point A of angles and Vg. 
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The exact equations for computing the required length of the separate segments bi 
and b2 of the remote base line, m terms of the sine of V i and V2, respectively, and Z 
(100-ft stations) are 

Z sin V i if bi IS the near segment, bi (100-ft stations ) 

if b2 IS the farther segment, b2 (100-ft stations) 

sin (mi - V i ) 

^ Z sin V2 
sin (m2 - V2) 

001 0 0 2 0 0 3 0 0 5 010 0 2 0 0 3 0 0 5 0 100 2 0 0 3 0 0 5 0 0 1000 3 0 0 0 

lOOM 

5 0 , 0 0 0 

2 5 , 0 0 0 

10.000 

5 . 0 0 0 

2 . 5 0 0 

5 I . 0 0 0 P 

Error in Measured Angles- Seconds 

0 0 1 0 0 2 0 0 3 0 0 5 010 0 2 0 0 3 0 0 5 0 IOO 2 0 0 3 0 0 5 0 0 1 0 0 0 

MEASURED A N G L E S - D E G R E E S 

3 0 0 0 

Figure 5 . Accuracy in distance from instrument to remote base l ine according to seconds 
of error in the angles measured in degrees. 
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TABLE 1 
EQUATIONS FC»l COMPUTING LENGTH OF REMOTE BASE UNE SEGMENTS 

Position of Base Line with Respect to Line of Sight on Intermediate Point 
Perpendicular Skewed 

Both Segments Nearer Segment Farther Segment 
No. o f f t = 1.75 V Z No. of f t = 2.0 V Z No. of f t = 2. 5 V Z 

To ascertain from the chart (Fig. 5) the angles required to achieve a desired ac
curacy, when an a i ^ l a r error is anticipated, the procedure is as follows: 

1. On the left side of the chart the line at the ordinate representing the accuracy 
required is selected. 

2. That line is horizontally followed to the right to where it intersects the line 
representing the seconds of angular error expected. 

3. From this intersection, one projects vertically to the abscissa of the chart and 
the minimum V-angle (in degrees) that must be measured is read. 

4. From Table 1 the lei^th of each segment of the base line that wi l l provide that 
angle is determined. 

As the chart of Figure 5 has a logarithmic scale in each direction, i t is necessary 
to use a scale of the proper logarithmic cycle length when interpolating. By placing 
such a scale vertically (parallel with the ordinate) on the chart, lines representing 
other a i ^ l a r errors can be interpolated as desired. V-angles, other than those for 
which lines are drawn on the chart, can be interpolated by using the same logarithmic 
scale in a horizontal (parallel to the abscissa) position. 

Knowing any two values, the third value may be ascertained from this chart. Thus 
the error in measurement of the V-angles which must not be exceeded can be found 
when the accuracy to be attained and the V-angle measured or to be measured are 
known. 

An equation has been derived for approximation of the curves on Figure 5. The 
equation ignores the deviation from a straight line for the larger values of measured 
angles, and results for V-angles greater than 15° are conservative. The equation 
provides the minimum V-angle that should be measured from the instrument setup 
position between the intermediate point F on the remote base line, and the ends, B and 
D, of that line to assure an accuracy of one part in so many thousand feet in the distance 
from the instrument to the base line, depending on the seconds of error expected in 
measurement of the aisles. 

V = aek' 
m which 

V = measured angle, in degrees; 
a = denominator of fraction expressing accuracy; 
e = seconds of error in measured angle; and 
k = the constant Veo. 
With denominators represented by the usual orders of accuracy substituted for a in 

the equation, the equation for each particular accuracy may be reduced, 
25e 

for an accuracy of 1:2, 500, to V = 
for an accuracy of 1:5,000, to V 

for an accuracy of 1:10,000, to V 

for an accuracy of 1:25,000, to V 

25e 

25e 

125e 
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Table 2 was prepared by using the preceding equations to compute the allowable e in 
measured V-angles for f i rs t , second, third, and fourth order accuracies. These values 
are independent of the distance between the instrument and the base line. 

Tables 3, 4, 5, and 6, each for a different order of accuracy, indicate the distance 
admissible from the instrument to the ends of the remote base line according to error 

TABLE 2 
ALLOWABLE e IN MEASURED ANGLES FOR FIRST, SECOND, THIRD, AND 

FOURTH ORDER ACCURACIES 

(deg) 
e (sec) 

(deg) 1:25,000 1:10,000 1:5,000 1:2, 500 
0.25 0.036 0.09 0.18 0.36 
0.50 0.072 0.18 0.36 0. 72 
0.75 0.108 0. 27 • 0.54 1.08 
1.00 0.144 0.36 0.72 1.44 
1.25 0.180 0.45 0.90 1.80 
1.50 0. 216 0. 54 1.08 2.16 
1.75 0.252 0.63 1.26 2. 52 
2 0.288 0. 72 1.44 2.88 
3 0.432 1.08 2.16 4.32 
4 0. 576 1.44 2.88 5.76 
5 0.720 1.80 3.60 7.20 
6 0. 864 2.16 4.32 8. 64 
7 1.008 2.B2 5.04 10.08 
8 1.152 2. 88 5.76 11.52 
9 1.296 3.24 6.48 12.96 
10 1.44 3.6 7.2 14.4 
15 2.16 5.4 10.8 21.6 
20 2.88 7.2 14.4 28.8 
25 3.60 9.0 18.0 36.0 
30 4.32 10.8 21.6 43.2 

TABLE 3 
MAXIMUM ALLOWABLE DISTANCE FROM INSTRUMENT TO ENDS OF REMOTE 

BASE LINE FOR VARIOUS VALUES OF e AND b FOR ACCURACY OF 1:25, 000 

Maximum Allowable Distance (ft) for Segment bi or b2 of Remote Base Line of 
3.28 Ft 5 Ft 6 Ft 25 Ft 50 Ft 75 Ft 100 Ft 125 Ft 150 Ft 200 Ft 

0.1 270 412 495 2,062 4,125 6,187 8,250 10,313 12,375 16,501 
0.2 135 206 247 1,031 2,062 3,093 4,125 5,156 6,187 8, 250 
0.3 90 137 165 687 1,375 2,062 2,750 3,437 4,125 5,500 
0.4 67 103 123 515 1,031 1,546 2, 062 2, 578 3,093 4,125 
0.5 54 82 99 412 825 1,237 1,650 2,062 2,475 3,300 
0.6 45 68 82 343 687 1,031 1,375 1,718 2,062 2, 750 
0.8 33 51 61 257 515 773 1,031 1,289 1,546 2,062 
1 27 41 49 206 412 618 825 1 1,031 1,237 1,650 
2 13 20 24 103 206 309 412 515 618 825 
3 9 13 16 68 137 206 275 343 412 550 
4 7 10 12 51 103 154 206 257 309 412 
5 5 8 9 41 82 123 165 206 247 330 
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in angular measurement, from 0.1 to 30 sec, and length of base line segments, from 
3. 28 to 200 ft. These distances are maximum for governing conditions. 

TABLE 4 
MAXIMUM ALLOWABLE DISTANCE FROM INSTRUMENT TO ENDS OF REMOTE 

BASE LINE FOR VARIOUS VALUES OF e AND b FOR ACCURACY OF 1:10, 000 

Maximum Allowable Distance (ft) for Segment bi or ba of Remote Base Line of 
e 3.28 Ft 5 Ft 6 Ft 25 Ft 50 Ft 75 Ft 100 Ft 125 Ft 150 Ft 200 Ft 

0.1 676 1,031 1,237 5,156 10,313 15,469 20,626 25, 783 30,939 41,253 
0.2 338 515 618 2, 578 5,156 7,734 10,313 12,891 15,469 20, 626 
0.3 225 343 412 1,718 3,437 5,156 6,875 8,594 10,313 13,751 
0.4 169 257 309 1,289 2,578 3,867 5,156 6,445 7,734 10,313 
0.5 135 206 247 1,031 2,062 3,093 4,125 5,156 6,187 8,250 
0.6 112 171 206 859 1,718 2,578 3,437 4,297 5,156 6,875 
0.8 84 128 154 644 1,289 1,933 2,578 3,222 3,867 5,156 
1 67 103 123 515 1,031 1,546 2,062 2,578 3,093 4,125 
2 33 51 61 257 515 773 1,031 1,289 1,546 2,062 
3 22 34 41 171 343 515 687 859 1,031 1,375 
4 16 25 30 128 257 386 515 644 773 1 1,031 
5 13 20 24 103 206 309 412 515 618 825 
6 11 17 20 85 171 257 343 429 515 687 
7 9 14 18 73 147 220 294 368 441 589 
8 8 12 15 64 128 193 257 322 386 515 
9 7 11 13 57 114 171 229 286 343 458 
10 6 10 12 51 103 154 206 257 309 412 

TABLE 5 
MAXIMUM ALLOWABLE DISTANCE FROM INSTRUMENT TO ENDS OF REMOTE 

BASE LINE FOR VARIOUS VALUES OF e AND b FOR ACCURACY OF 1:5, 000 

Maximum Allowable Distance (ft) for Segment bi or b2 of Remote Base Line of 
e 3.28 Ft 5 Ft 6 Ft 25 Ft 50 Ft 75 Ft 100 Ft 125 Ft 150 Ft 200 Ft 

0.1 1,353 2,062 2,475 10,313 20,626 30,939 41,253 51,566 61,879 82, 506 
0.2 676 1,031 1,237 5,156 10,313 15,469 20,626 25, 783 30,939 41,253 
0.3 451 687 825 3,437 6,875 10,313 13,751 17,188 20, 626 27, 501 
0.4 338 515 618 2,578 5,156 7,734 10,313 12, 891 15,469 20,626 
0.5 270 412 495 2,062 4,125 6,187 8,250 10,313 12,375 16,501 
0.6 225 343 412 1,718 3,437 5,156 6,875 8, 594 10,313 13,751 
0.8 169 257 309 1,289 2,578 3,867 5,156 6,445 7,734 10,313 
1 135 206 247 1,031 2,062 3,093 4,125 5,156 6,187 8,250 
2 67 103 123 515 1 1,031 1,546 2,062 2,578 3,093 4,125 
3 45 68 82 343 687 1,031 1,375 1,718 2,062 2,750 
4 33 51 61 257 515 773 11,031 1,289 1,546 2,062 
5 27 41 49 206 412 618 825 1,031 1,237 1,650 
6 22 34 41 171 343 515 687 859 1,031 1,375 
7 19 29 35 147 294 441 589 736 883 1,178 
8 16 25 30 128 257 386 515 644 773 1,031 
9 15 22 27 114 229 343 458 572 687 916 
10 13 20 24 103 206 309 412 515 618 825 
15 9 13 16 68 137 206 275 343 412 550 
20 6 10 12 51 103 154 206 257 309 412 
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TABLE 6 
MAXIMUM ALLOWABLE DISTANCE FROM INSTRUMENT TO ENDS OF REMOTE 

BASE LINE FOR VARIOUS VALUES OF e AND b FOR ACCURACY OF 1:2, 500 

0.1 
0.2 
0.3 
0. 
0. 
0. 
0. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
30 

Maximum Allowable Distance (ft) for Segment bi or b2 of Remote Base Line of 
3.28 Ft 5 Ft 6 Ft 25 Ft 50 Ft 75 Ft 100 Ft 125 Ft 150 Ft 200 Ft 
2,706 
1.353 

902 
676 
541 
451 
338 
270 
135 
90 
67 
54 
45 
38 
33 
30 
27 
18 
13 
9 

4,125 
2,062 
1,375 
1,031 

825 
687 
515 
412 
206 
137 
103 
82 
68 
58 
51 
45 
41 
27 
20 
13 

4,950 
2,475 
1,650 
1̂ 237 

990 
825 
618 
495 
247 
165 
123 
99 
82 
70 
61 
55 
49 
33 
24 
16 

20, 626 
10,313 
6,875 
5,156 
4,125 
3,437 
2,578 
2,062 
1̂ 031 

687 
515 
412 
343 
294 
257 
229 
206 
138 
103 
68 

41,253 
20,626 
13,750 
10,313 
8, 250 
6,875 
5,156 
4,125 
2,062 
1,375 
1,031 

825 
687 
589 
515 
458 
412 
276 
206 
137 

61,879 
30,939 
20,626 
15,469 
12,375 
10,313 
7, 734 
6,187 
3,093 
2,062 
1,546 
1,237 
1̂ 031 

883 
773 
687 
618 
414 
309 
206 

82, 506 
41,253 
27, 501 
20,626 
16,501 
13,751 
10,313 
8,250 
4,125 
2,750 
2,062 
1,650 
1,375 
1,178 
1,031 

916 
825 
550 
412 
275 

103,132 
51,566 
34,376 
25, 783 
20,626 
17,188 
12, 891 
10,313 
5,156 
3,437 
2,578 
2,062 
1,718 
1,473 
1,289 
1,145 
1.031 

691 
515 
343 

123,759 
61,879 
41,252 
30,939 
24, 751 
20, 626 
15,469 
12,375 
6,187 
4,125 
3,093 
2,475 
2,062 
1,767 
1,546 
1,375 
1.237 

829 
618 
412 

165,012 
82, 506 
55, 002 
41,253 
33,002 
27, 501 
20, 626 
16,501 
8, 250 
5,500 
4,125 
3,300 
2, 750 
2,357 
2, 062 
1,833 
1,650 
1.106 

825 
550 

TEMPERATURE E F F E C T ON LENGTH OF BASE UNE 
The effects of changes in temperature on the length of the remote base line have 

been investigated and are subsequently presented. The assumptions in this investiga
tion are that a steel tape calibrated at a temperature of 68 F is used and that the coef
ficient of expansion of that tape is 0.00000645 ft per foot for each degree of change in 
temperature. Therefore, for a 10° change in temperature a 100-ft steel tape would 
change 0.00645 ft in length. 

In Figure 6, point A represents the correct position of the angle-measuring instru
ment, and points Ai, A2, A 3 , and A 4 represent imaginary points at which the true angles 
Vi and V2 are measurable between points sighted on the remote base line. 

Points B, F , and D are points on the base line that are the actual horizontal distances 
bi and b2 from each other. Distances bi and b2 are not necessarily equal, but they are 
the exact distance between points B and F , and F and D, as if measured with a tape of 
exact length when the temperature is 68 F . 

Points Bi and Fi represent the situation when bi is numerically short because cor
rection is not made for measurement with a tape that has expanded in length; likewise, 
points F2 and D 3 when b2 is numerically short. Points B2 and F2 represent the situation 
when bi is numerically long because correction is not made for measurement with a 
tape that has contracted in length; similarly, points Fi and D 4 when b2 is numerically 
long. 

One-half the error of each segment of the remote base line when too long numerically 
is represented by +t/2 and when too short numerically by -t/2. The +t/2 on one end of 
each segment of the base line added to the other end represents the excess in length, 
+t, caused by making the measurements when temperatures are colder than 68 F . The 
two separate deficiencies in length of -1/2 amount to the total deficiency, -t, caused by 
making the measurements when temperatures are warmer than 68 F . 

After the measurements are made, if distances from point A to the base line are 
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Figure 6. E f f e c t s of using longer or 
shorter segments f o r remote base l i n e than 

t h e i r a c t u a l length. 

computed by use of angles Vi and V2 with
out applying the appropriate correction, 
± t, for temperature to each of the taped 
distances, bi and 1)2, the computed dis
tances would be too long or too short. The 
positive error in computed length is rep
resented by T2 for the distance from A2 to 
B2, and by T4 for the distance from A 4 to 
D 4 , when bi and b2, respectively, are 
numerically too loi^. The negative error 
in computed length is represented by Ti 
for the distance from Ai to Bi, and by T3 
for the distance from A 3 to D 3 , whenbi and 
b2, respectively, are numerically too short. 

The denominator , a, of the fraction ex
pressing accuracy that will result from the 
error, t, when the appropriate correction 
is not made to attain true distance from 
instrument to base line by use of measure
ment with the tape, of each segment of the 
base line, is equal to bi/ti and h2/t2 for 
the segments of the base line, in which ti 
is the error in length bi, and t2 the error 
in length bz. Wherever both segments of 
the base line are measured simultaneously 
with the same tape, a, the resultant denom
inator of the fraction expressing accuracy, 
will be the same for both segments. This 
is because ti will be larger or smaller 
than t2 in the same proportion bi is larger 
or smaller than bz. 

Mathematical proof of the foregoing 
statement is as follows: 

bi _ bi + ti 

also 
b2 _ b2 + t2 

Then the equations for a, the denominator of the fraction expressing accuracy, is 

+ ai = 
SB 

and 

+ ai 

'KTSi - SB 

SD 
S 7 ^ - S D 

by substitution for STBi in preceding, 

SB 
+ a 

ABgL±l) - SB 
bi 

bi + ti - bi ti 
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and 

or in the general case, 

-ai 

ai 

t2 

bi 
± ti 

Likewise, it can be similarly proven that 
b2 _ b2 

+ a2 = t2 -a2 -t2 a2 = ±t2 

The numerical consequences of disregardir^ changes in tape length caused by tem
peratures being colder or warmer than 68 F are given in Table 7. 

SAMPLE FIELD NOTES 
The sample field notes (Table 8) suggest procedure for recording the horizontally 

measured angles and the length of each segment of the remote base line, and a place 
in the notes for recording the vertical angle measured at mstrument station to a sight
ing on the remote base line station for which the particular measurements are applica
ble, the height of the instrument's axis above the station it occupies, and the reading 
on the level rod when it is on the particular point of the remote base line for which the 
vertical angle is measured. 

The headings in the sample notes are considered self-explanatory. In the note-keep
ing system suggested by this sample, each station is numbered consecutively in the 
order in which it is observed in the process of measuring the required angles. Each 
point on the remote baseline which is an instrument point in the controls survey traverse, 
as points 3, 5, and 6 in the sample, are indicated by A; likewise, point 4, which is a 
supplemental control point measured by use of a remote base line to one side of the 
traverse. Each of the supplemental points would be targeted on the ground or would be 

TABLE 7 
E F F E C T OF TEMPERATURE CHANGE ON STEEL TAPE 

Temperature 
Cf) 

True Length of 
100-Ft Tape 

(ft) 
Error 

(ft) Resultant Accuracy 

-22 
-12 
-02 
+08 
+18 
+28 
+38 
+48 
+58 
+68 
+78 
+88 
+98 
+108 
+118 
+128 
+138 

99.94195 
99. 94840 
99. 95485 
99.96130 
99. 96775 
99. 97420 
99. 98065 
99.98710 
99.99355 

100.00000 
100.00645 
100.01290 
100.01935 
100. 02580 
100.03225 
100.03870 
100.04515 

+0.05805 
+0.05160 
+0.04515 
+0.03870 
+0.03225 
+0.02580 
+0.01935 
+0.01290 
+0.00645 

0 
,00645 
.01290 
,01935 
,02580 
,03225 

-0.03870 
-0.04515 

-0. 
-0. 
-0. 
-0. 
-0. 

1,722 
1,937 
2, 214 
2, 583 
3,100 
3,875 
5,167 
7,750 
15, 503 

15,505 
7,753 
5,169 
3,877 
3,102 
2,585 
2,216 

Assuming measured distance I s 100 f t . 
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TABLE 8 
SAMPLE FIELD NOTES, L E F T PAGE 

Instrument 
Station 

Index 
Station 

Remote Base Line Station Vertical 
Data 

Instrument 
Station 

Index 
Station End B Interm F End D 

Vertical 
Data 

Inverted 
Direct 

5 

162''04'56" 
50°01'46" 

3 

350''09'58" 
193°06'48" 

51.8 
6B 

352''41'08" 
195''37'58" 

31 47.2 
6A 

354°58'14" 
197''55'04" 

12 
6D 

271°20'14" 
91°20'15" 
HI 5.06 
R 4.37 

Inverted 
Direct 

3 

177''35'24" 
ll''05'26" 

2 

345''57'35" 
179''27'37" 

57.1 
5B 

347''42'47" 
181''12'49" 

00 38. f 
5F 

348°54'34" 
182°24'36" 

i05 
5A 

267"29'30" 
87°29'31" 
HI 4.97 
R 4.97 

Inverted 
Direct 

3 

33''11'17" 
238°15'11" 

2 

116''01'27" 
32l''05'21" 

30.1 
4B 

119''06'39" 
324°10'33" 

41 25. S 
4F 

121"44'49" 
326''48'43" 

14 
4A 

267"13'13" 
87°13'14" 
HI 5.03 
R 6.21 

Inverted 
Direct 

2 

170''11'50" 
1°18'27" 

1 

353''10'54" 
184''17'32" 

41.1 
3A 

355°38'48" 
186''45'26" 

80 50.4 
3F 

358"41'32" 
189''48'10" 

70 
3D 

271"13'16" 
91''13'18" 
HI 4.81 
R 5.98 

a well-defined, pinpointing type of image of a natural object on the ground. Many of the 
instrument points on the controls survey traverse would also be targeted so as to ap
pear on the aerial photographs when taken. The other two points on each remote base 
line which are not used as an instrument point are given the same sequential number as 
the instrument station point, but are distinguished from that point by letter postscript 
in the same manner the remote base line points are designated in the sample field notes, 
as 4B, 4F, 6D, and so forth. 

The length of each segment of the remote base line is recorded between the point 
designations on the left page of the notes (Table 8). Anticipating that direct and indirect 
readings in a clockwise direction would be made of the horizontal angles in order to 
compensate for likely errors of adjustment in the instrument, the sample notes contain 
index readings of the instrument, as sighted on the indexing station (backsight station), 
and angle readings for both direct and inverted sightii^s on each of the three points on 
the remote base line. 

The vertical angle is also measured and recorded from a direct and an inverted 
position of the telescope of the instrument. For European-made theodolites a vertical 
angle reading of 90̂^ means the telescope is level in the direct sighting position and a 
reading of 270° that it is level in the inverted position. For American-made transits 
the vertical angle of zero means the telescope is level. In the vertical data column the 
height of instrument (HI) and rod reading (R) at time the vertical angles were measured 
are recorded on the notation line of each instrument station. 

On the right-hand page of the field notes, (not shown) the survey project traverse 
and the supplemental points measured are diagramed. This diagraming is advisable 
to aid users of the notes in ascertaining their general and physical relationships. When
ever there is a change in temperature, the actual temperature should be noted for ap
propriate adjustment to actual length of the recorded length of each segment of each 
remote base line. The type of angle-measuring instrument and calibration lei^th of 
the tape used should also be recorded in the notes. 
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Discussion 

R . T . HOWE. —Have any field tests been made? Should a 1-min or a 1-sec instrument 
be used? 
W. T. Pryor. —The Aerial Surveys Branch has used the method for surveying supple
mental control, and it has been similarly used in Region 9 of Public Roads. An instru
ment readily to 1 sec is used and the ai^le measurement estimated to a fraction of a 
second. It is difficult to get sufficient precision with a 1-min instrument and achieve 
an angle measurement to an accuracy of 1 sec or a few seconds of arc unless many 
measurements are made cumulatively and then averaged. Consequently, if such an 
instrument were used, the base line would have to be quite long to maintain an accuracy 
of 1:5,000 and exceptionally lon^ to get an accuracy of 1:10, 000. For efficiency and 
attaining consistent effectiveness a T-2 or T-3 type theodolite is needed. 

D. E . Winsor. —With increased length of base, the accuracy is increased proportionally. 
We had chained a highway survey traverse 20 miles in length and with Mr. Pryor's 
method we took only one day to find errors causing the initially measured traverse to 
not close properly on the basic control. 
E . S. Preston. —Methods are clearly explained in this paper. In it, errors are more 
completely dealt with than in any publication that comes to mind. The method is made 
possible by the measurement of angles directly to 1 sec of arc or smaller increment of 
angle measurement, and is made practicable by electronic computation of the resection. 

Before the advent of electronic computers and of electronic devices for measuring 
distances the Ohio Department of Highways was partial to a method wherein the bases 
were established from subtense measurements. The ratio between distance measured 
and the angle measurement base was kept to about 20:1, except in the use of the sub
tense bar as base. By this practice the angle measurement base, using it like a sub
tense bar base, was increased from the usual 2 to as near 140 ft as possible. Pointing 
errors were thereby decreased. The distance between measurement stations was thus 
around V2 mi, which is about the average distance between hilltops in Ohio. The angle 
measurement base of about 140 ft used in this method of control surveying was meas
ured by use of the subtense bar rather than the usual tape. This procedure permitted 
use of a smaller survey party than would otherwise be required; also, temperature, 
slope, and tape tension corrections were not necessary and computations were reduced 
to a minimum. 

Such methods as those suggested in the paper should be widely practiced where 
electronic distance-measuring equipment is not available or applicable. 
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WILLIAM T. PRYOR, Closure—Mr. Preston has strengthened the meaning of the con
cepts and application principles stated in the paper. In so doing, he presented facts 
regarding special use of the subtense bar in Ohio. The subtense bar and the remote 
base line methods are somewhat similar. Their main difference is that one of the lines 
of sight in the subtense bar procedure must be perpendicular to the base. This is not 
a requirement in the remote base line method. 

In effect, Ohio lengthens the measurement base from a bar of only 2 m to about 140 
ft to increase accuracy and the distance that can be measured. The subtended angle 
between ends of the subtense-bar-measured base is measured from a distance of ap
proximately mi. This procedure requires instrumentation at the base to insure its 
perpendicularity to one of the lines of sight, as well as to measure its length. The 
need for perpendicularity and for unobstructed lines of sight can cause difficulties in 
positioning the 140-ft base, wherever interferences occur due to vegetation, man-made 
structures, and/or irregularities in the topography. 

As seen in Table 5, the 140-ft base line used in Ohio, at a distance of about Vz mi 
from the angle measuring instrument, admits the achievement of a measurement ac
curacy of 1:5,000 when the measured ar^le does not have an error of more than 2 sec, 
assuming the base line itself, as measured by use of the subtense bar, is exact. If 
the 140-ft base line measurement is in error 0.028 ft, however, and the measured 
angle contains no error, the accuracy of measurement will still be only 1:5,000. These 
facts indicate strongly the importance of the remote base line being measured accurately, 
whether utilized by the procedures outlined in the paper or by subtense bar base in the 
manner explained by Mr. Preston. When precision is achieved in measurement of the 
remote base line and in measurement of subtended angles results will be satisfactory. 

Advantages of the remote base line method over the subtense bar procedure are as 
follows: 

1. Freedom for establishing the remote base where it can be measured with ease, 
with little or no interference from topography, man-made objects, or vegetation. 

2. No need for instrumentation on the base. 
3. Flexibility in positioning points on the remote base where they can be seen from 

the angle measuring instrument. 




