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The main objective of direction finding 

is locating the direction to the trans- 

mitter. If two or more direction finders 

are used, the objective is usually to 

locate the transmitter site. In both 

cases, accuracy is extremely important. 

This is especially true in military 

situations where the location of the 
transmitter may reveal the location of 

enemy forces. 

The main sources of inaccuracies in 
direction finding are anomalies in sig- 

nal propagation, imprecise coordinate 

location of the DF platform, and receiv- 
ing and DF processing errors. This 

article will discuss some of the causes of 

environmental errors, DF unit system 

error, and the correction table. The 

error range to use in triangulation will 
also be discussed, along with ways to 

improve the accuracy. 

DF Accuracy 

The five major causes of DF errors are: 

reflections, re-radiations, diffraction, 

refraction, and fading signals. 

Reflections and reradiations present 
similar symptoms. Reflection occurs 
when the signal bounces off a conduct- 
ing surface, taking on a new direction. 

Re-radiation happens when the signal 

causes a conducting surface to oscillate 

at the same frequency, appearing to be 
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a second transmitter of the same sig- 

nal. In either case, the DF antenna 

receives the signal from two different 

directions at the same time. The DF 

unit will try to display the two bearings 

to the best of its ability. In many DF 

units the two signals get averaged, 

causing an apparent line of bearing 
(LOB) somewhere between the two 

actual directions. This could be con- 
fusing to the operator, especially if the 
wind is blowing, causing the reflecting 

(or re-radiating) surface to move enough 

to change the direction of the reflection. 
Such movement can cause wide vari- 

ations in the apparent LOB. See Figure 
1A and B for examples of how reflection 

and re-radiation occurs. 

By definition, diffraction is the break- 

ing up of a wave, aS when a wave 

“bends” around the side of a mountain. 
An example of diffraction is depicted in 
Figure 2A. Figure 2B demonstrates 
refraction of a wave traveling from one 
medium to another. The lower fre- 

quencies are more susceptible to refrac- 
tion. In real-world situations, refraction 

could appear over a lake, where the air 
is much more humid, or over a large 

valley, where the air is much drier. 

The last of the five deterrents to accu- 

rate direction finding is signal fading. 
Signals can fade in the shadow area of — 
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Figure 1. Re-radiation and reflection. 
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(A) Signal being blocked by an object, causing diffraction. 
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(B) Signal refraction because of change of humidity over the lake. 

Figure 2. Diffraction and refraction. 

a mountain or building (see Figure 2A) 
if the transmitter is too far away to 

supply enough signal strength, or if 

there is a reflection or re-radiation at 

about 180° lagging from the main sig- 

nal, causing cancelling. Any time the 
signal fades in and out, the DF station 
is more susceptible to environmental 

noise. 

The phenomena that cause DF inaccu- 
racies are often undetectable by the 
operator, but use of correction tables 
can help to maintain accuracy. In a 
fixed-site location, the use of correction 

tables is fairly simple. A correction 
table can be constructed by transmit- 

ting and receiving transmissions from 
known locations. 

A more severe calibration problem 
occurs with mobile DF units. Because 

the errors caused by the environment 

are different for each location, to get 

absolute accuracy, a correction table 

would have to be generated at each new 

location. In most applications this will 
not be feasible. Part of the problem can 
be solved by using five or six DF units 
over a wide baseline for triangulating 
and deleting any bearings that seem 
unreasonable. If the mobile DF is a van 
unit, a correction table can be gener- 

ated for the van. This will improve 



accuracy, but will still be less accurate 

than a fixed-site system. 

The Baseline 

The “baseline” is an imaginary line 

connecting all the DF sites in the DF 

system. The length of the baseline is 
the distance between the two outermost 
DF sites, measured on the straight line 

connecting those sites. Figure 3 shows 
an example of a DF baseline. 
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Figure 3. Sample baseline. 

The optimum baseline is a circle with 
the target transmitter on the inside, 

where the length of the baseline is the 
diameter of the circle. The second-best 

case 1s where the target transmitter is 
at the intersection of two LOB’s that 
form a right angle. This situation is 

represented in Figure 4. 

DF #2 
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Figure 4. Second-best baseline. 

To obtain the most accurate LOB, all 

direction finding should be performed 

over level ground, where there are no 

hills, valleys, trees, or buildings to inter- 

fere with the signal. Only rarely can 
the optimum conditions be met, but the 

4 

problems can be minimized if care is 

taken. Figure 5 shows the basic rule of 
thumb used in determining the size of 

the baseline to maintain the high 

degree of accuracy needed for trans- 

mitter location. The length of the base 

line should be as long as the field is 
deep for accurate direction finding. This 

will insure that at least two of the DF 
units establish a wide-angle cut on the 

transmitter. 
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Figure 5. Baseline consideration. 

Correction Tables 

Direction finding is a beneficial supple 

ment of communications surveillance 

systems, but it does not give exact 
locations. As described earlier in this 

article, there are many variables that 

can cause inaccurate DF bearings. The 
information gained from a DF unit is 

meant only to supplement other infor- 

mation for locating a transmitter, but 

with the use of the correction table, the 

accuracy increases. 

Correction tables can come in many 
different forms. The style of the correc- 

tion table depends on the accuracy 
required, the frequency range covered, 

and the capabilities of the people operat- 

ing the DF unit. It is not the intent of 



this article to describe how to generate 

a correction table; that information will 

appear in a later article. 

Figure 6 and Tables 1 and 2 show 

different examples of correction 

methods. Figure 6 is an example of a 
correction plot, which gives the user a 

good “feel” for the expected errors for 
any possible LOB. Table 1 is a correc- 

tion table that could be used if high 
accuracy is needed. The data for this 

table was taken in 10-degree incre- 
ments and the results passed through a 

curve-fitting algorithm to create a 1- 
degree increment table. The major draw- 
back of this type of table is the time 
required to get a correction value from 

it, especially if the DF unit operator is 
doing any kind of frequency scanning. 

The most common type of correction 
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table is shown in Table 2. The problem 

with this type of table is the inaccuracy 

introduced because of the fewer number 

of data points taken, and the linear 

interpolation usually used to find correc- 
tions between the 10-degree increments 

and the chosen frequencies. 

The correction table may be lengthy 

due to the inclusion of all the frequency 
steps needed to cover a wide frequency 
band. If the number of frequencies can 
be optimized, the correction table will 
be made shorter. To optimize for a 
particular application, such as when 
the frequency band of interest is 
relatively narrow, say about 50 MHz, a 

correction table with small frequency 
steps can cover the band of frequencies. 
This method also helps to increase 

accuracy because the errors caused by 
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Figure 6. Correction plot. 
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Table 2. Sample correction table. 

small frequency steps become smaller. 

If there are only very few specific fre- 

quencies that are of any interest, those 

frequencies can be the only ones that 

appear in the table. But, if the full 

frequency coverage is needed and high 
accuracy is also required, then either 
one person must constantly flip 

through a lot of correction table pages, 

or some mechanical assistance will be 

required. 

The mechanical assistance can take 

many forms. It can be a plastic chart 
with a window, azimuth scale and 

frequency scale, an electronic memory 

bank that outputs a corrected LOB by 
decoding the frequency and azimuth, 
or it could be a full-fledged micro- 
processor system that will not only 
resolve any error, but can indicate a 
higher accuracy potential by directing 

the DF unit to use a different antenna 

bay or indicate the RMS value for a 
given frequency to show the amount of 

accuracy that can be expected. Which- 

ever method is chosen, the tradeoffs are 

accuracy, cost, time, and power con- 

sumption. 

An important aspect to keep in mind 
when choosing the correction method 
is the style of DF operations being 

performed. If it is a fixed site or man- 
transported unit, where the antenna 

can be set with zero degrees pointing 
north all the time, the correction 

methods described will work well. 

When the antenna is hard-mounted to 

a van, the operator of the DF unit 
cannot always be assured of getting the 

antenna pointed north every time. So, 

if determining map locations are 

critical, a north variance offset will 

have to be included (in addition to the 

difference between north and magnetic 

north). The correction for north 

variance cannot be added until the 

correction for the environment has 

been completed. Figure 7 is a flow chart 

showing a proper order of events for 
correcting DF errors. 

Triangulation 

If multiple DF sites are netted together 

to do triangulation, the responsibility 
of doing error correction rests with each 

site. The error correction is performed 
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Figure 7. LOB correction flow chart. 

exactly as described earlier, but uncer- 

tainty also occurs in transmitter loca- 

tion because of statistical error. Figure 

8 shows the results of using two DF 

sites in a net, assuming each site has a 
+3-degree error range. 

The error range, in triangulation, can 
be one of two numbers, depending on 
the required accuracy. As an average, 
the error range could be the manu- 
facturers’ RMS specification. A more 

accurate measure of the error range is 
the standard deviation of the correc- 
tions at the desired frequency. This 

value is listed on the correction table of 
Table 2 under RMS values. (The 

standard deviation can be considered 
the RMS value about the average offset. 
Whenever Watkins-Johnson specifies 

an RMS value for its UHF/VHF DF 

units, it can be treated as the standard 

deviation.) This error range does not 
guarantee that the true LOB is within 

the +RMS range, but that the RMS 
range is where the transmitter is most 

likely to be. Also, remember the error 
range is plus or minus the RMS value. 

Notice the shaded rhombus in Figure 8. 

The two DF sites have made a fix on 
the transmitter, but because of the 
uncertainty in the exact LOB, the trans- 
mitter could be anywhere in the shaded 

area. Figure 9 shows the effect of add- 

ing a third DF site for a triangulation, 

or a “fix” on the transmitter. There are 

now three intersections where the trans- 
mitter could be. There is a high prob- 

ability that the transmitter is some 

where in the triangle formed by the 
three intersections. But, there is a 

DF #2 

Figure 8. Two DF sites with +3° error. 

DF #3 

Figure 9. Three DF sites with +3° error. 



significant probability that the trans- 

mitter is outside the triangle, but within 

the pentangle-shaped shaded area. By 

adding the third DF site, the probable 
area for the transmitter has been 
reduced. 

By adding more and more DF sites the 

total area for the probable transmitter 
location decreases and that probable 
region can be broken up into varying 
degrees of probabilities where more 
and more lines intersect. 

One of the most common mistakes in 
netting is taking for granted that all 
the DF reports are correct. Figure 10 

shows what happens when a DF unit 
is affected by environmental condi- 
tions. If all four DF bearings were 

believed, the probable area for the trans- 
mitter becomes very large. If DF site 

number 4 were ignored, the same condi- 

tion as described in Figure 9 exists with 
a much more acceptable probable area. 

If the bearing from DF site number 1 is 
considered the affected LOB, then 

another acceptable probable area for a 
transmitter is formed. The decision as 

to which LOB to consider as being the 
affected unit should be based on the 

terrain and other information known 

about the location of the transmitter. 

When doing triangulation, it is wise to 
be suspicious of information received 
by a DF unit if there is sufficient 
evidence to the contrary. 

Summary 

This article has tried to give the reader 
a general feel for what causes errors in 

direction finding, and how to work 

around some of the problems. The prob- 
lems presented are common to all direc- 
tion finders. There are some problems 
that may be peculiar to a particular 
model of direction finder that are not 
covered here and can be determined 
only by extensive tests of that unit. 

The use of correction tables will greatly 

improve the system accuracy of any 

DF unit. In fixed-site applications, a 

correction table can also be used to 

correct for near-field re-radiations, 

which can help accuracy. 

When using multiple DF units in a 
netted DF system, the easiest method 

to increase accuracy is to use more DF 

units, and to take any other informa- 

tion into account (such as terrain and 

last known position). 



Glossary of Terms 

. Correction Table 

A convenient and systematic dis- 

play of correction values. 

. Curve Fitting 

The process of manipulating the 

linear interpolated data to form a 

smooth curve. 

. Data Values 

The value taken during DF tests to 

be used as correction values; the 

true LOB minus the DF reading. 

DE 
Direction finding. The process of 

finding the angle of arrival of an 
RF field or wave front. 

. DF Unit 
The direction finder. The device 

used to do direction finding. 

Usually consists of a super- 

heterodyne receiver with a direc- 
tion finder assembly attached. 

6. Interpolation 

10. 

The process of calculating approxi- 

mate values between two known 

values. 

. LOB 
Line of Bearing. The bearing dis- 

played or calculated from the dis- 
play of a direction finder. 

. Netted DF Systems 

The combination of two or more 

DF units to locate a transmitter. 

. RMS 
Root Mean Square. A value 
indicating the average amount of 

deviation in the data values. 

SD 

Standard Deviation. A statistical 

measure of the deviation of data 

values around the average of the 
data. 
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