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1. Introduction 
The Army Research Laboratory (ARL) in Adelphi, MD, and the U.S. Army 
Test Measurement and Diagnostic Equipment Activity of Fort Belvoir, VA, 
have been working to find a replacement compass for the standard-issue 
Army lensatic compass. The program involved looking into the concept of 
identifying a nondevelopmental item (NDI) (i.e., off-the-shelf) compass to 
replace the fielded lensatic compass. The lensatic compass is illuminated 
by small tritium vials that (1) deplete quickly and (2) must be disposed of 
as hazardous waste. The worn-out compasses must be returned to a cen- 
tral depot (in Ft. Belvoir), where they are disposed of as hazardous waste 
at considerable Army expense. This program is looking into the use of off- 
the-shelf, or slightly modified, commercial electronic compasses to solve 
these two critical problems. Preliminary studies on custom-fabricated elec- 
tronic compasses are also being conducted, in case none of the commercial 
compasses meets the Army's requirements. 

Since before World War II, the U.S. Army has used the same basic lensatic 
compass (see fig. 1). An advantage of this compass is its very simple con- 
struction, with very few moving parts. A major problem for the Army is 
the compass' night illumination material. The modern lensatic compass 
uses tritium to illuminate the compass. Tritium is radioactive and decays 
after about three years to the point that it does not effectively illuminate 
the compass. When the tritium decays to this point, the entire compass 
must be disposed of as low-level radioactive waste. The cost of the dis- 
posal is almost as high as the cost of the compass itself. In addition, the 
company that makes these compasses has indicated that they cannot re- 
place the depleted tritium tubes. Another major disadvantage of the 
present compass is that it cannot be interfaced with the new electronic 
mapping systems being developed for the Army under the digital battle- 
field program. 

Figure 1. Lensatic 
compass. 



There are several possible solutions to the present lensatic compass prob- 
lems, some of which include modifications to the present compass. But an- 
other solution would be to purchase an NDI compass off the shelf as a re- 
placement. If no off-the-shelf NDI compass meets all of the requirements, 
it should be possible to work with the manufacturer to create a compass 
design that will meet the Army's requirements, while still reducing the 
cost of the present compass. A final option would be to design and build a 
new hand-held compass that will meet all Department of Defense (DoD) 
specifications; but, given the large numbers of NDI electronic compasses 
available, this is clearly a last resort. 

2. Design 
All of the electronic compasses tested for this program have six major com- 
ponents. A schematic of these components is shown in figure 2. The main 
component is the flux-gate magnetometer. This sensor measures the 
earth's magnetic field using a saturable ferrite ring core. The magnetom- 
eter mechanically floats in a fluid-filled plastic housing, and is driven into 
saturation by electrical coils located outside of the plastic housing using an 
ac field. Two additional windings measure the amplitude of the pulses 
generated by the earth's magnetic flux.1"3 These data are converted to digi- 
tal form using an analog-to-digital (A/D) converter and then sent to a mi- 
croprocessor. The A/D converters used in these compasses are either 8- or 
10-bit accuracy. The data from the A/D converter are filtered and aver- 
aged in the microprocessor, and the compass bearing is calculated. The di- 
rectional'bearing value is then sent to the liquid crystal display (LCD) 
driver, which in turn drives an LCD. All of the compasses studied have 
back-lit LCDs to make night operation possible. Each compass also has a 
power module consisting of a battery supply, power conditioning, and a 
signal generator to drive the flux-gate sensor. 

Figure 2. Schematic of 
standard electronic 
compass. 
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^KVH DataScope C-100 compass engine data package. 
2Timothy j. Peters, "Automotive Navigation Using a Magnetic Flux-Gate Compass," IEEE Transactions on 
Vehicular Technology, VT-35, No. 2, pp. 41-47, May 1986. 
3Paul Horowitz and Winfield Hall, The Art of Electronics, Cambridge University Press, p. 1007,1989. 



Figure 3 is a photograph of the Casio Pathfinder compass/watch. The 
component in the middle houses the compass electronics. The LCD dis- 
play is shown at the lower left and the power module in the lower right. 
Figure 4 is a photograph of the flux-gate magnetometer at the bottom with 
the A/D converter and filtering elements located directly above the flux- 
gate sensor. The magnetometer in the DataScope is larger than the one in 
the Pathfinder, but is more accurate. Figure 5 shows the other side of the 
electronics module, with the epoxy-encased microprocessor in the middle 
and the LCD connections at both edges. In the Pathfinder, the micro- 
processor also handles the watch functions, while in the DataScope the 
microprocessor handles the range finding, unit conversions, and time 
keeping. Figure 6 is a closeup of the flux-gate magnetometer, detailing the 
windings that allow the system to sense the earth's magnetic field. The 
center section contains the ferrite ring core. 

There are several advantages to using an all-electronic digital compass in- 
stead of the present lensatic compass. The electronic compass could be eas- 
ily integrated into the digital battlefield. Through the use of the micro- 
processor, data points can be entered into the compass for future reference. 
This technique can also be used to store several points for triangulation 
and other orienteering tasks. Since the compass need only use a fraction of 
the microprocessor's capabilities, future upgrades will be easily accommo- 
dated. These upgrades could include built-in Global Positioning System 
(GPS) equipment, map generation, map measuring, or other types of sys- 
tems. The electronic compass will also solve the hazardous waste disposal 
problem presented by the lensatic compass. 

Figure 3. Cutaway of 
compass watch. 



Figure 4. Closeup of 
electronic module. 
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Figure 5. Back side of 
electronics module. 



Figure 6. Closeup of 
flux-gate 
magnetometer. 
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The electronic compass does have some problems in comparison with the 
lensatic compass. The electronic compasses evaluated generally weigh 
more and are bigger than the lensatic compass.4 The battery requirements 
of the electronic compass could cause potential supply problems. In addi- 
tion, the failure modes for NDI electronic compasses have not been stud- 
ied and since the electronic compasses are more complex, they might have 
a higher rate of failure than the lensatic compass. Finally, the higher sensi- 
tivity of the electronic compass can cause problems for soldiers using the 
compass while moving, since the compass must be kept still while being 
read. 

3.  Compasses Studied 
For this study, we tested three different electronic compasses. The first is 
the KVH DataScope (see fig. 7). This compass consists of a 5 x 30 monocu- 
lar used for sighting, a flux-gate sensor, and associated electronics. This 
compass differs from the present lensatic compass in the way that it ob- 
tains sights. The lensatic compass uses a thin-line sight to target an object. 
The compass coordinate is then read using a magnifying eyepiece. The co- 
ordinates can be obtained in degrees or mils, depending on need. To ob- 
tain a reading with the DataScope, the unit is first turned on and, if neces- 
sary, calibrated. This calibration is normally only required after battery re- 
placement. The user sights through the 5 x 30 monocular, and the bearing 
is displayed in the monocular using an LCD display. This compass does 
allow for both mils and degree readings, and can store up to 10 different 

4Final Report of the Hand Held Digital Compass Demonstration and Evaluation, Couniersurveillance, Deception, 
and Topographic Division, Combat Engineering Directorate, U.S. Army Belvoir Research, Development and 
Engineering Center, May 1992. 



Figure 7. KVH 
DataScope. 

bearings. It also has the ability to store chronometer readings with the 
bearings, thus allowing speed calculations to be performed. One other fea- 
ture of this compass is the built-in rangefinder that uses known heights 
and relative size to find the range of an object. 

The second compass studied was the KVH C-100 (see fig. 8) compass en- 
gine. This compass uses most of the electronics package employed in the 
KVH DataScope. The system is plugged into a personal computer and the 
data are read from the computer screen. There are two different versions of 
this compass system available. The first uses the DataScope's flux-gate sen- 
sor, which allows 16 degrees of tilt, while the other has a gimbaled flux- 
gate sensor, which allows 45 degrees of tilt. All of the KVH compasses are 
accurate to 0.5 degrees, with a repeatability of ±0.2 degrees. Since the KVH 
C-100's electronics are identical to the DataScope's, all testing was done 
with the DataScope. The last compass considered for this program was a 
compass built into a watch sold by Casio. This compass did not meet the 
Army's requirements, since it was only accurate to ±25 degrees, and so it 
was not tested. 

4.  Experimental Results 
Several experiments were run on the KVH DataScope to study its opera- 
tional range. The first study, documented in table 1, shows the repeatabil- 
ity of the compass readings. Table 2 shows how nearby metal objects influ- 
enced the DataScope and the lensatic compass. Table 3 is a comparison of 
the DataScope with the lensatic when the two compasses are tilted at vary- 
ing angles from the horizontal. 

The data in table 1 were obtained by mounting the compass on a tripod 
and sighting on different objects at various points on the compass. Each 



Figure 8. KVH C-100 
compass engine. 

Table 1. KVH repeatability data." 
Standard 

Runl Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8 Average deviation Maximum Minimum 
(deg) (deg) (deg) (deg) (deg) (deg) (deg) (deg) (deg) (deg) (deg) (deg) 

158.3 158.6 158.6 158.7 158.8 158.4 158.0 158.2 158.45 0.27 158.8 158.0 

216.9 217.2 217.1 217.0 216.8 217.6 217.5 217.6 217.21 0.32 217.6 216.8 

273.0 273.0 273.7 273.1 273.5 274.2 274.2 274.1 273.60 0.53 274.2 273.0 

329.1 329.2 330.0 329.2 330.0 330.2 330.1 330.4 329.78 0.52 330.4 329.1 

5.2 5.2 5.0 4.3 5.0 4.9 5.0 5.0 4.95 0.28 5.2 4.3 

50.5 50.3 50.2 49.8 49.7 49.6 49.4 49.5 49.88 0.41 40.5 49.4 

97.9 98.1 97.8 98.5 96.5 96.4 96.5 96.7 97.30 0.86 98.5 96.4 

145.6 145.7 145.8 145.5 145.0 145.2 145.0 145.2 145.38 0.32 145.8 145.0 

*Calib ration 7 

2. Influence Table 
data. 

Distance 
from fence 

(ft) 

KVH 
DataScope 

(deg) 

Standard 
lensatic 

(deg) 

15.0 153.7 153.6 

10.0 153.7 153.6 

5.0 154.7 153.6 

3.0 159.7 156.9 

0.5 186.7 177.2 

Standard deviation 14.20 10.29 

object bearing was measured eight times by orientating from object to ob- 
ject. This test was done in an area where the compass could be easily cali- 
brated to remove any external influences on the data. The DataScope can 
be recalibrated at any time by putting the compass into its calibration 
mode. In this mode, the DataScope asks the user to aim the scope at eight 
different points. At each point the compass must be held steady for 15 s. 
Once all eight points have been sighted, the compass indicates the accu- 
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Table 3. Tilt data. 
Lensatic DataScope 

x-z 

(deg) 
bearing 

(deg) 

y-2 

bearing 
(deg) 

x-z 

(deg) 
bearing 

(deg) 
bearing 

(deg) 

0.0 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 

155.8 

155.8 

155.8 

69.8 

69.8 
68.6 

Mechanical limit 
reached 

0.0 

5.0 
10.0 
15.0 
20.0 
25.0 
30.0 

158.4 

158.3 

158.3 
157.6 
157.8 
157.6 
150.6 

244.8 

244.7 

243.9 

243.9 

242.2 

242.2 

234.3 

Standard 
deviation 

0.00 0.65 Standard 
deviation 

0.37 1.16 

racy of the calibration by displaying a number between 1 and 10. Any cali- 
bration greater than 6 is considered a good calibration by the compass. As 
the calibration confidence number increases, so does the accuracy. The 
whole process takes approximately two minutes. For the data contained in 
table 1, the calibration confidence number was 7 out of 10. The data in 
table 1 indicate that for most of the bearings, the DataScope was accurate 
to within 1 degree or less. Some of the error in these values is caused by the 
distance from the object to the compass or the size of the object. Very thin 
objects or very distant objects made it difficult to keep the compass cross- 
hair accurately aligned to the object. 

The data in table 2 show how the electronic compass compares to the 
standard-issue compass when both compasses are brought into close prox- 
imity with metal objects. A standard chain link fence served as the metal 
object. A reference point was chosen on which to sight both compasses. 
Bearing measurements from both compasses were taken as the compasses 
were moved closer to the metal fence. These data demonstrated that the 
standard compass is less affected by nearby metallic objects. The electronic 
compass was affected up to 5 ft from the metallic object, while the lensatic 
compass was not affected until 3.5 ft. It is possible to recalibrate the 
DataScope to work in areas where there are large concentrations of metal 
objects, but this calibration must be redone if the compass is moved from 
the area. 

After all of the experiments were run, we compared the DataScope and the 
lensatic (see table 3). The DataScope is much more accurate in taking a 
bearing than the lensatic compass. The lensatic compass is only accurate to 
1.0 degrees, while the DataScope is accurate to 0.5 degrees with 0.1 readout 
accuracy. The DataScope is also more accurate when tilted. The lensatic 
compass could not be tilted more then 10 degrees because the compass 
wheel would contact the top glass and would not rotate. The DataScope 
could be tilted to 25 degrees before the readings were thrown off by more 
then 1 degree. The DataScope's reading made it very clear when it had 
been tilted past 25 degrees or when the bearing changed by more then 10 
degrees. However, the lensatic compass performed much better than the 

12 



DataScope when brought into close proximity with metal without 
recalibration. The DataScope was affected at distances less than 5 ft, while 
the Lensatic was not affected until it was less than 3.5 ft from the object. 

Next, we tested how these compasses performed when operated near a 
running vehicle. The vehicle used to perform this test was a late-model 
truck that uses extensive computer control to manage the fuel system. This 
type of computer-control system is becoming more common as mileage, 
emission, and power requirements increase. These computer systems and 
high-energy ignition systems create electrical and magnetic fields that can 
affect the accuracy of a compass. To compare the two compasses, a tripod 
was set up 25 ft in front of the vehicle. Each compass was mounted on the 
tripod and a bearing was taken. The vehicle was then started and the same 
object was used to take a second bearing. This routine was repeated at dis- 
tances of 5 ft from the vehicle and with the tripod mounted in the bed of 
the vehicle. Table 4 shows the results from this test. At both 25 and 5 ft, the 
bearings did not change when the vehicle was started. The bearings did 
change when the tripod was mounted in the bed of the vehicle, which 
could be caused by the metal content of the vehicle. When the measure- 
ments were taken from the bed, the values did not change when the ve- 
hicle was started. To make sure that the DataScope was giving accurate 
data, it was recalibrated while in the bed and new readings were taken. 
These readings did not differ from the previous readings. It was noted that 
while the vehicle was running, the DataScope's readout did bounce over a 
1 degrees range. This could have been caused by the vibrations of the run- 
ning vehicle or it could have been caused by electromagnetic interference. 
When data were taken from inside the passenger compartment (see table 
5), the values changed from the baseline value. When the vehicle was 
started the values changed by more then 10 degrees, causing inaccurate 
readings. It is possible to recalibrate the DataScope so that it reads cor- 
rectly when the engine is running, but it would have to be recalibrated if 
measurements were made with the engine off. 

Table 4. Vehicle 
data. 

Lensatic 1 Datascope 

25 ft 
(deg) 

5 ft 
(deg) 

In vehicle 
(deg) 

25 ft 
(deg) 

5 ft 
(deg) 

n vehicle 
(deg) 

Baseline 

Vehicle running 

Recalibration 

87.2 

87.2 

90.0 

90.1 

69.8 

69.8 

85.2 

85.2 

89.6 

90.7 

70.8 

71.3 

69.8 

Standard deviation 0.00 0.07 0.00 0.00 0.78 0.76 

Table 5. Vehicle data 
inside passenger 
compartment. 

Lensatic 
(deg) 

Standard deviation 5.69 

Datascope 
(deg) 

Baseline 340.3 339.4 
Vehicle running 349.9 350.6 
Vehicle running 350.4 350.9 

6.55 

13 



5. Conclusion 
The data obtained from these experiments showed that the electronic com- 
pass was more accurate in some circumstances and less accurate in others. 
The DataScope was within 1 degree of heading repeatability over eight dif- 
ferent values taken at eight different times. Since the lensatic's face is only 
marked off in increments of 5 degree, its accuracy is good only to about 2 
degrees. The area where the lensatic performs well is near metal objects. 
The DataScope had a higher deviation when tilted than the lensatic did, 
but this can be attributed to the DataScope's more accurate readout. The 
DataScope did allow higher levels of tilt before deviating by more than 1 
degrees out of specifications. Studies done around electromagnetic fields 
indicate that both compasses are equally affected. The big problem with 
the DataScope and other electronic compasses is their output sensitivity. 
Most of the electronic compasses investigated had displays that would 
read out at 0.1 degrees. This caused the readout to jump around consider- 
ably, making it difficult to obtain a reading, especially inside a moving 
vehicle or where there was a lot of interference. Several of the manufactur- 
ers indicated that the readouts can be made less sensitive. 

There are other areas that need to be addressed before the lensatic can be 
replaced by an electronic compass. More work will have to be done to 
make sure that the electronic compass is not adversely affected by ionizing 
and electromagnetic radiation generated by other systems. These com- 
passes will also need to be tested for susceptibility to chemical and biologi- 
cal warfare agents and for ease of decontamination. The DataScope ap- 
peared to have some features that could make decontamination a problem: 
the buttons that might absorb the agent, or areas around the buttons 
maybe hard to clean. Other areas that will require further testing are the 
electromagnetic pulse and radiation hardness of these devices. Finally, the 
ability of these compasses to survive the hard use that the average soldier 
will put them through must be thoroughly studied. 

In conclusion, the preliminary studies done on these electronic compasses 
indicate that they generally meet or exceed the lensatic in both functional- 
ity and accuracy. They fall short of the lensatic in ease of use, and they 
might not be as rugged as the lensatic compass. However, the Army has 
tested several electronic compasses in the field4 and found most of them to 
be as rugged as the lensatic. Most importantly, use of back-lit LCDs elimi- 
nates the need to use tritium to allow nighttime operation. The resulting 
savings in disposal costs should more than compensate for any develop- 
mental costs to field an electronic compass for the Army. 

4¥inal Report of the Hand Held Digital Compass Demonstration and Evaluation, Countersurveillance, Deception, 
and Topographic Division, Combat Engineering Directorate, U.S. Army Belvoir Research, Development and 
Engineering Center, May 1992. 
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