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The device described was designed to perform an exact measurement of the angular position 
(azimuth only)of a light source. It was planned to determine the sun position aboard of a 
stratospheric balloon payload, flying in polar regions. The circuit avoids the use of a 
microprocessor, to increase the reliability, and outputs a digital word directly related to the light 
angle. 

The principle block diagram is shown in Fig. 1. 

Fig. 1: Sun angle detector theory of operation. The results of the trigonometric formulations appear on the nodes. H indicates 
the Heaviside function; f=0+ indicates f approaching 0 by positive values. 

We can easily understand the theory operation assuming this system as a single rotating cell. 
The angle of the light source coincides with the angle of the rotating cell when the latter exhibits 
the maximum output. A rotating cell may be simulated by a weighted sum of the outputs of four 
cells, if we change their weights in a periodic way. As illustrated in Fig. 1 the four cells are 
respectively separated by 90° angles and the signed sum of the couple of opposite cells return a 
value proportional to the sine ( or cosine) of the light angle. The angle generator produces a 
periodic sawtooth signal (which represents a virtual angle rotating from 0° to 360°) and the sine 
and cosine of this angle multiply the signal from the cells. The result of the weighted sum may be 
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described as cos (a -6) , where a represents the light angle, and b the synthetic angle produced by 
the angle generator. The function has a maximum when a=6. A peak detector connected to 
cos(a-b) could freeze the angle generator output at the right moment, producing a digitized output 
of a. Since the peak detector was less precise than a 0-cross detector, a 0-cross was used to control 
the output latch, which, in this case, is shifted systematically by 90 °. 

Fig. 2: schematic diagram of the sun angle detector. The EPLD contains the angle generator and the output 
latch. The INPUT2 line from EPLD provide a 3-state output control for bus interfacing. 
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The schematic diagram of the detector is shown in Fig. 2. The angle generator is a binary 
counter made of an EPLD that contains even the output latch. The trigonometric functions used to 
translate the counter content in the right weight are stored in the '256 EPROM, connected to four 
serial-input 16-bit DAC PCM56P. The outputs of U9..U12 represent the weight for each cell. The 
light weighting operation is performed using the linear characteristic illuminance-conductance of 
the CdS cell. Each cell is powered with a voltage proportional to the weight, and produces a current 
proportional to the product weight * illuminance. Four current-voltage converters (U13..U16) and 
a summing node (U17) build the virtual rotating cell output. The 0-cross detector (U20) latches 
the right angle inside the output latch. 

To obtain the maximum performance a diffusion filter should be placed in front of each cell and 
the current-voltage converter trimmers should be tuned to have the same behavior in the four 
electrical-optical paths. The cells should be in thermal contact to avoid errors induced by the 
temperature on the lit cell. 

A prototype of the described device has been realized and successfully tested. 
Although I wrote this note only in 1998, this is a 4 years old idea, developed for BOOMERANG 

experiment. An improved prototype, using 6 cells, has been realized in 1997 as a part of the Valerio 
Visentini's graduation thesis and extensively ground tested. 

The prototype has been tested in stratosphere using a BOOMERANG fly test during the 1997 
summer. 
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