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Figure 1.  Vertical position of the tip of one propeller blade tracked
via pictures taken at 8x the rate of rotation. 

Figure 2.  If the images are taken at the same rate as the propeller 
makes a rotation, the propeller would appear stationary. 
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(real speed — capture speed)

(real speed — capture speed) 
( ). 

Figure 4 - If images are taken at a slower rate than the propeller spins,
the images display a rotation that is slower than, but in the same direction 
of, the propeller's spin. 

Figure 5.  To down-convert a received signal to a 
slower frequency, the Radio Frequency (RF) and 
Local Oscillator (LO) frequencies are mixed,
resulting in a new Intermittent Frequency (IF) 

Figure 3.  If the images are taken at a faster rate than the propeller spins, 
the images display a rotation that is slower than, but in the opposite 
direction of, the propeller's spin. 
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Figure 7.  Both the RF and Image frequencies will 
be down-converted to 10kHz. A method is needed to 
tell the difference between the positive and negative 
f i

Figure 6.  The real (desired) and image frequencies create the same 
plot on the graph when tracking the vertical position. We have no way 
to tell the difference with just the vertical position of the blade tip. 
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Figure 8.  With a rotation rate (RF) 
slower than the capture rate (LO), 
the resulting apparent frequency 
(IF=RF-LO) is negative, resulting in 
a counter-clockwise (CCW) 
rotation. This is the undesired Image 
signal 

Figure 9.  With a rotation rate (RF)
faster than the capture rate (LO), the 
resulting apparent frequency 
(IF=RF-LO) is positive, resulting in a 
clockwise (CW) rotation. This is the 
desired RF signal. 
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Figure 10.  As time goes on, a positive (CW) frequency will reach the upmost, 
rightmost, downmost, and leftmost positions in that order. 
A negative frequency will cycle through the rightmost, upmost, leftmost, and 
downmost positions in that order. This allows us to identify whether the 
quadrature signals represent a positive or negative frequency. 

Figure 11.  The In-Phase, Negative Quadrature, and Positive Quadrature
signals superimposed to show the phase difference between them. Both 
quadrature signals are measured relative to the constant In-Phase signal. 
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Figure 12 - The propeller appears stationary at 
, , and  

Figure 13 - The apparent rate of the propeller can match 
 or . This will be true for any

value of . 
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Figure 14 - Weighting function used by Design 3. Figure 15 - Weighting function used by Designs 1 and 2. Design 
4 is nearly identical, but the positive pulses are slightly taller 
than the negative ones. 
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Figure 16. Square wave visual representation of how the 
counting sequence differs between the two types of local 
oscillator configurations. 
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Figure 17 - Comparison between amplifiers used in Designs 1 and 2. 
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Figure 18. Amplifier used in Design 4 which follows Guido’s uSDX 
design. 

Design 4: Amplifier  
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Design 1: 2nd Order LPF  
                     - no gain 
                     - 100kHz cutoff frequency 
  

Design 2: 2nd Order Butterworth LPF  
                     - 10 V/V gain 
                     - 100kHz cutoff frequency 
  

Figure 19 - Comparison of   2nd order filters used in Designs 1 and 2. 
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Table 1. Quantitative Design Comparison performance summary. 
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Figure 20.  Example Block Diagram 
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Table 2. Comparison of component package types. 
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Table 3. Different bandpass filter complexity selections and suggested application for selection each type.

type 
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Table 4. Comparison between the different types of bandpass filter topologies and their advantages and disadvantages ix. 
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Table 5. A comparison of different local oscillator configurations and important characteristics. 
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Figure 22 - Tayloe Mixer Schematic with CLK 1 and CLK 2 as select line inputs to 4:1
multiplexer and sampling capacitors, C, on the 00, 11, 01, and 10 outputs of the 
multiplexer. The RF signal comes directly from the antenna to 1Y and 2Y.  xi 

Figure 21 - Etherkit Schematic of the Si5351a with level shifter.  
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Figure 26.  Settings for the PULSE wave 0-degree voltage control 
Figure 23.  Output of the Tayloe Mixer Simulation with 
no load attached.  

Figure 23.  Bandpass Filter Simulation Results Figure24.  LTspice Bandpass Filter Simulation 
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Tdelay[s]

Figure 29.  Settings for 90-degree SINE wave voltage output. 

Figure 28.  Tayloe Mixer LTspice simulation utilizing voltage controlled switches with SINE wave control 

Figure 27.  Tayloe mixer LTspice simulation utilizing voltage controlled switches with a PULSE wave control. 
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Figure 31.  Softrock amplifier LTspice simulation topology Figure 30. Instrumentation amplifier LTspice simulation 
topology 
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Figure 32. Arduino simple test program code to experiment with the local oscillator 
and bandpass filters. The local oscillator is set for 9MHz and multiplexer select lines 
to 01.  
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