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36. Preliminary Summary Ultrasonic Distance and Direction Measuring System 
UFO Doctor, March 2nd, 2012                                                                  DRAFT 1.0 
 
 
1. Introduction 
 
The Duck project deals about a novel acoustic distance and direction finding method. 
 
Miru (USA) and UFO Doctor (CH) are exploring an acoustic method based on FSK 
(Frequency Shift Keying) and PLL (Phase Locked Loop) to measure the distance and 
the orientation of an object within a 10 meter range of a base unit. 
 
A first application of this method is the acoustic control of four Model Baby Ducks by 
a Model Mama Duck, swimming on a lake. 
 
Four Baby Ducks are freely swimming with last RC-setting of Papa Duck 
 
Mama Duck is permanently RC controlled 
 
Papa Duck at the border of the lake may send following RC commands, received by 
Mama Duck and all Baby Ducks: 
 
 - FREE, HOMA and HOMS 
 
Mama Duck emits omnidirectional an acoustic FSK signal 38/40 kHz, received by all 
Baby Ducks with 2 directional Mics left and right at each baby head 
 
The Baby Ducks should react as follows: 
 
 - FREE: Babies free swimming (or controlled by Papa Duck) 
 
 - HOMA: All Babies rotate in a small circle, attempting to catch the 
            acoustic signal. If they understand the call they swim in direction to the 
            Mama, but stop within a 2 meter radius to Mama Duck. The will continue to 
            swim freely with the last RC setting, but will not swim beyond this limit. 
 

- HOMS: All Babies rotate in a small circle, attempting to catch the 
            acoustic signal. If they understand the call they swim towards Mama and  
            align behind her in distances of 0.5, 1, 1.5 and 2 meters, following  
            Mama Duck cruising on the lake 
 
Miru is a well known expert in software, UFO Doctor is known in sensor technology. 
We both were present in the Rcgroups writing proposals for better controlling the 
Parrot ARDrone 
 
Please feel free to join our fascinating project! 
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2. Block Diagram 

 
Fig. 1. Concept by Miru: The time reference is the “Aile” signal (Synch: D13)  
 
3. BP-PLL circuit (M1-l and M1-r) 

 
Fig. 2. BP PLL circuit FSK006 
The momentary opamp is now MCP6022 (and not AD8034 as before, C14 is an 
option for AD8034, but not needed here)  
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4. Investigation of the Band Pass 
 
4.1. Band Pass Frequency Response 
 

 
Fig. 3. Two PCB samples with MCP6022, the performance is identical. 
The calculated gain is 10, the actual gain shown here is 7.5, but this is ok 
 
Noise at BP Out: Mic removed: about 25 mVpp, with 2 BP cascading about 35mVpp 
 
4.2. Simulation Data 
FSK with f1=38 to f2=40 kHz, delayed FSK start 0.5 msec, f2 active during 1 msec 
 

 
Fig. 4. Simulation data with AD8034 
The delay for reaching the 3dB amplitude is about 0.2msec.  
The designed gain is 12.5 , the simulation data shows a gain of 8, but this is ok 
 
Comparison of the two opamps: 
Parameter AD8034 MCP6022 
Bandwidth 80 MHz 10 MHz 
Noise 11nV/ √ Hz at 100kHz 8.7nV/ √ Hz at 10kHz 
 
(AD8034 was very noisy in practice!) 
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4.3. Band Pass Transient Response (Indoor) 
 
Method: Kobitone-Mic connected to both BP, faced to 4-Qudrant UST Speaker  
Indoor in a small laboratory, distance 1.7 m 
 

 

Fig. 5a. Time Scale 0.1 msec/Div. 
 
General settings: 
 
Top: Synch D13,  
Trigger: neg. slope at 5 msec 
 
Middle:  BP left, 100mV/Div 
Bottom: BP right, 100mV/Div 

Note the slow increase of the amplitude 
of about 0.4msec! 
This is due the characteristics of the 
ultrasonic transducers, the BP shows a 
delay of 0.2 msec only.  

 

  
Fig. 5b. Time Scale 1 msec/Div 
Note the reverberation at about 8 msec 

Fig. 5c. Time Scale 10 msec/Div 
Note the reverberation up to 60 msec 

 
Note: 
Due to the strong (indoor) reverberation the FSK time frame was set to 176 msec in 
the following experiments. 
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5. PLL Details  
 
Here we fed the PLL input directly with a 100 mV FSK signal (no Band Pass!). 
We look at closer the following PLL signals: 
- LDO, Pin 11 (Loop Detect Output) 
- Comp1, Pin 8 (FSK Comparator Input) which is our Analog Output 
 
IMPORTANT: 
The FSK switching f1/f2 is in phase, this means that the f1 period is completed before 
starting a new period with f2. For this purpose the uC delays the RC-Trigger up to 25 
usec. This means that the distance measurement may jitter up to 8 mm, but with no 
effect on direction detection. 
 

 

Fig. 6a. Time scale 0.2 msec/Div 
(Measured with 10 Meg probes) 
 
Top:  
Synch D13, pos. slope 
 
Middle:  
LDO Pin 11, 2V/Div 
 
Bottom: 
PLL Pin 8 Analog out right, 1V/Div 
(0V: bottom of the scope) 

  

 

Fig. 6b. Time scale 0.05 msec/Div 
(Measured with 10 Meg probes) 
 
Top:  
Synch D13, pos. slope 
 
Middle:  
LDO Pin 11, 2V/Div 
 
Bottom: 
PLL Pin 8 Analog out right, 1V/Div 
(0V: bottom of the scope) 

 
Comment:  
 
Fig. 6b shows the LDO (Loop Detect Output) and the analog output.  
Sorry for the bad picture quality, but our storage scope is at its limit! 
 
But we can see about 8 LDO pulses within the first 0.1 msec with continuous 
reduction of the mean value. 
  
The analog output follows this mean value, filtered by C12 of 68 pF, reaching the 
threshold at about 0.15 msec. 
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6. Indoor Experiment with Duc030, FSK 38.095 and 40.000 kHz  
 
Method: Kobitone-Mic connected to BP, faced to 4-Qudrant UST Speaker 
Indoor in a small laboratory, distance 1.7 m 

 

Fig. 7a. Time Scale 0.1 msec/Div. 
 
General settings: 
 
FSK period 88msec 
Top: Synch D13,  
Trigger: neg. slope at 5 msec 
 
Middle:  BP right, 200mV/Div 
 
Bottom: PLL Pin 8 Analog right, 2V/Div 
 

  

  
Fig. 7b. Time Scale 1 msec/Div. Fig. 7c. Time Scale 10 msec/Div. 
 
7. State of the art and conclusion: 
 
- Outdoor experiments Report 35: 
http://ufo-
doctor.ch/descriptions/A_The%20Duck%20Project/35.%20Fast%20Long%20Range
%20Run%20Outdoors%20with%20Duc042.pdf 
 Distance recording ok up to 9 meters 
 Direction recording ok up to about 7 meters 
 (Conditions: Speaker at 20Vpp, Mics directed to speaker) 
 
- BP, PLL and indoor experiments Report 29: 
http://ufo-
doctor.ch/descriptions/A_The%20Duck%20Project/29.%20Investigations%20on%20s
ynchronous%20runs%20of%20two%20ultrasonic%20receiver%20circuits%20and%2
0first%20results%20on%20direction%20detection..pdf 

The total system reacts with a delay of about 200 usec, jitter about 20 usec 
 
- An increase of the operating distance should be possible by: 
 Low-Noise Mic Preamplifier 
 Increase of the Speaker Supply Voltage 


