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�
Introduction





A compass provides a mechanism for determining absolute direction, as opposed to a device such as a shaft encoder, which affords only relative direction information. A global orientation sensor could optimize autonomous robot performance in many areas. In particular, robotic mapping would benefit greatly from such a sensor. Unfortunately, such sensors are generally expensive and inaccurate. 





My goal was to construct a low-cost, electronic compass that could be read by the Motorola 68HC11 board to provide an absolute directional reference. As an additional goal, I tried to minimize the cost and complexity of the system; therefore, I did not use Hall-effect or fluxgate sensors. Instead, I employed three simple infrared emitter-detector pairs and a simple encoder disc to supplement a magnetic compass.





Construction





First, I constructed the magnetic compass. I centered a � EMBED Equation  ��� inch diameter magnet in the lid of a cylindrical black film canister, also � EMBED Equation  ��� inch diameter. Then, with the lid attached firmly to the canister, I placed it upside down into a water-filled mouthwash cap. The weight of the magnet lowered the center of gravity below the water level, providing stability. The mouthwash cap proved to be a good choice because, since its bottom diameter (about � EMBED Equation  ��� inches) is only slightly larger than that of the canister, it minimizes lateral drift. However, the buoyancy of the canister only narrowly balanced its weight, so I added salt to the water to increase its flotation. (See figure 1.)
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Next, I designed an encoder disc (figure 2). I wanted absolute information about direction so that I would not have to rely on counting pulses and possibly accumulate error. Therefore, I designed a disc with eight sectors, each sector either clear or black, in such a way that three infrared detectors reading adjacent sectors would return a unique code for each sector. In other words, reading the digital outputs of the three detectors as a single 


� EMBED PBrush  ���


binary number, each of the eight cardinal directions would have unique number associated with it. My pattern, taking a blackened sector to be a 1 and a clear sector to be a 0, is 11100010. Table 1 shows the eight distinct binary codes with arbitrary directional reference. I used overhead transparency material for the disc, so that the detectors would





Direction�
N�
NE�
E�
SE�
S�
SW�
W�
NW�
�
Code�
111�
110�
100�
000�
001�
010�
101�
011�
�
Table 1: Encoder disc codes





not read an obstruction for the clear sectors. (Note that a black magic marker did not provide enough interference to make the digital detector go high. Instead, I photocopied the pattern onto the transparency.) I used a pin as an axis passing through the center of the disc and the film canister to keep them centered with each other.





Next, I placed the magnetic compass in a larger, plastic container, and mounted three infra-red emitter-detector pairs on the edge of the larger container. (See figure 3.) I had 
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previously removed the emitter-detectors from unknown circuit boards and reassembled them in more compact form with female connectors for this application. (See figures 4 and 5.) I adjusted the height of the disc on the pin so that, with the film canister floating, the disc was suspended between the emitters and detectors.
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Results





Unfortunately, the compass does not work as well in practice as in theory. The magnetic force that causes the disc to orient itself is not as strong as I anticipated. Thus, friction plays a major role in the less than satisfactory performance of the compass. One source of friction stems from contact between the film canister and the mouthwash cap, causing lags in the compass’ response to a change in direction. More severely detrimental is the friction between the disc and the outer container, and between the disc and the emitter-detectors. The disc does not lie in a single plane: it deforms. This problem is not too severe (although it contributes to the overall error), but resists such fixes as reinforcement with additional discs. The main problem is that the disc is not parallel to the ground. This results in the compass reading accurately for a few sectors, before the tilt of the disc causes it to come into contact with the emitter-detectors and cease to turn. Results such as those shown in table 2 are typical.


Trial�
1�
2�
3�
4�
5�
6�
7�
8�
9�
�
Actual Position�
SE�
S�
SW�
W�
NW�
N�
NW�
W�
SW�
�
Reported Position�
SE�
S�
S�
S�
NW�
N�
N�
N�
N�
�
Table 2


In the case of table 2, the disc was tilted so that North was above the required plane and south was below it. In both cases the disc “stuck” at those spots. To combat the tilt problem, I doubled a rubber band around the film canister, lowering it slightly at the point where the canister dips down. The rubber band floated somewhat more on the side with the dip, which did help somewhat, but was ultimately too brittle.





Possibly this implementation of a compass is too brittle overall and should be scrapped in favor of Hall-effect or fluxgate sensors or some other idea. The seemingly simple, elegant idea clearly illustrates the gap between inspiration and implementation, the perils of over-engineering, and the brittleness of designs necessitating high precision.
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Figure 1: Magnetic Compass
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Figure 3: Compass System
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Figure 5: Emitter-detector





Figure 4: Circuit diagram of emitter-detector











