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86. Precise Direction Detection of short Ultrasonic Bursts using Adaptive Trigger Level Control  

for Reflection and Reverberation Masking                                                                           Draft V1.10 

UFO Doctor, Jan 11th, 2015 

 

1. Introduction 

Acoustic Direction Detection is an old technical dream, easy in principle but hard in practice. 

The problems are manifold, especially indoors near walls and obstacles: 

- Reflections by obstacles 

- Reverberation (collection of reflected sounds, lasting >1sec in large rooms) 

- Air turbulence (Mic should be moved slowly only) 

- Inhomogeneous temperature within the two acoustic paths 

- Doppler effect by fast displacement of source or receiver  

- Sound phase impurity (especially with omnidirectional Sound Source) 

- Ambient noise with interfering ultrasonic signals. 

 

2. General principles with elementary practical limitations 
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Method 1: FSK arrival discrimination
Time of flight Difference, no theoretical limits
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US frequency: 40kHz: 
Wavelength: 8.25mm 
Time difference: 10usec=3.3mm 
Max Distance: 29m@88msec 
repetition rate 
 
Method 1: 

Dt-Jitter > 10usec 
Important Angle jitter if s<80mm  
 
Method 2: 
max 180 Deg phase difference 
detectable, thus: 
s<10mm for angle > +/-24 Deg 
 

Fig. 1a: Principle Set-up Fig. 1b: Two Direction Sensing 
Discrimination Methods 

Fig. 1c: Theory and first 
elementary limitations in practice 
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3. Practical Experiments with Method 1  

3.1. Block Diagram 
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Fig. 2a: Block diagram FSK Method 

 

3.2. Results  

Conditions: FSK 38/41kHz, Ear distance 60mm < s < 80mm 

- Distance sensing ok for distances d < 6m (resolution +/-5mm, due to jitter of about 13usec) 

- Direction sensing only sometimes (with Jitter) ok up to distances d < 4m 

- Jitter in the acoustic paths > 10 usec, requires an ear distance s > 80mm for less angle jitter, 

  not applicable for our small Baby Ducks, sorry! 

 (See Report 37 and Video 59 on our homepage UFO-doctor.ch):  

http://www.ufo -

doctor.ch/descriptions/A_The_Duck_Project/37.%20Direction%20Finding%20in%20the%20Near%20

Zone%20with%20arbitrary%20Baby%20Head%20orientation.pdf 
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Fig. 2b: Test Set-up 
4: Omnidirectional Speaker 
9: Two mikes, distance s=60mm 
8: Servo for slow head swinging left to right 
7: Servo tester, amplitude ca. +/- 30 Deg 

Fig. 2c: Result  
Top: Good distance signal 
Middle: Signal Quality, quite good 
Bellow: Poor direction signal 
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4. Experiments with Method 2 

4.1. Block diagram 
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Fig. 3: Block diagram Phase Method 

 

4.2. Microphone design 
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Fig. 4.1 
Design of the Mic Holder 
for ear distance of 6mm 

 

4.3. Outdoor Experiments 

Conditions: Street with walls and bushes in snow, minus 2 Degree Celsius 

- PLL Lock-In distance >20m 

- Good direction sensing +/- 30 Degrees > 10m! VERY GOOD! 

- Maximum ear rotation speed: 70Deg/sec, good 

- Detection of valid data during rotation: poor, needs to be assisted by an additional method.  

 

4.4. Indoor Experiment: Speaker rotating at distance d=0.47m, r=0.26m, Mics stationary: 

Conditions: Small Laboratory 4x5m, see Setup Fig. 9a and 9b, 1sec/Div, Speaker turns clockwise 

dmax=0.73m dmin=0.21m

+33 Deg

-33 Deg

Speaker to 
the right

Speaker to 
the left0V

2V

 

Fig.4.2: 
Indoor Direction Data 
 
Top:  
Analog Direction Data 
+/- 1V@ +/-32 Deg 
Offset: 1V 
 
Below:  
Sample every 88msec 

Comment: good analog direction signal for wide angle +/- 33 Deg! 

Note the different angular velocity: low at dmax and high at dmin, well recorded.  



4 
 

4.5. Indoor Experiment 1: Mics rotating 360 Degree 

Conditions: Speaker stationary at distance 2.5m, Mics slowly rotating 

1 2 3 4

 

Fig. 4.3: Test Setup for rotating Mics 
 
1. Modified Servo to a gear motor 
2: Spooled Mic cables 
3: Mics with spacing s=6mm 
4: Omnidirectional speaker with good 
     phase purity 
 

 

Valid Direction DataDirection

Peak Amplitude

Samples

+26  0 -26 -360 Deg
Speaker
to the right

Speaker
to the left

No speaker signal,
only noise!

not valid sample clocks

 
Fig. 4.4: Signals with slowly (80 Deg/sec) clockwise rotating Mics, Time scale 1sec/Div. Top: Sampled 
Direction Signal +/-5V, Middle: Peak amplitude (Trigger level) +/-1V; C: Sample clocks  

Comment: Good +/-26 Deg signal, but we need a process to accept the valid direction data! 

 

5. Technical details in order to achieve these results: 

5.1. Omnidirectional Speaker with high phase purity, see:  

http://www.ufo -doctor.ch/descriptions/A_The_Duck_Project/58.%20Speaker%20Characteristics.pdf 

5.2. Bandwidth reduction of the Band-Pass Filter of the BP-FSK Print to 20 kHz <f< 110kHz, see: 

http://www.ufo -doctor.ch/descriptions/A_The_Duck_Project/84.%20US-

Direction%20Sensing%20with%20high%20Q%20Band%20Pass%20Amplifier%20V1.1.pdf 

5.3. Adaptive trigger level to catch the first burst. 

5.4. Masking the reflection just after the first burst. 

5.5. Masking low reverberation near the end of the 88msec repetition frame. 

5.6. LP-Filter 2nd order T=1msec to accumulate the analog direction signal after the Lock-In signal 

5.7. Sampling the analog signal after 0.9msec (note: the Sample Hold IC LF398 at+/- 5V supply accept 

input signals +/- 2.5V only, specified by data sheet is +/- 1.5V) 

 

http://www.ufo-doctor.ch/descriptions/A_The_Duck_Project/58.%20Speaker%20Characteristics.pdf
http://www.ufo-doctor.ch/descriptions/A_The_Duck_Project/84.%20US-Direction%20Sensing%20with%20high%20Q%20Band%20Pass%20Amplifier%20V1.1.pdf
http://www.ufo-doctor.ch/descriptions/A_The_Duck_Project/84.%20US-Direction%20Sensing%20with%20high%20Q%20Band%20Pass%20Amplifier%20V1.1.pdf
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6. Timing in Theory 

Unlimited
Received
BP-(Right)
Peak Signal 

Ref Trigger Level

 Reset Sample Timer

Reverbation
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Fig. 5. Timing Diagram 
Sent Burst: 40kHz during 1msec 
The Ref Trigger Level follows the variable 
incoming acoustic signal for amplitudes 
>0.3V. 
Comp Sig: Sound signals above Ref.  
Direction: Stable valid data only after 
0.9msec. 
PLL-Lock-In: Start of data acquisition. 
Window: Accumulation of the direction 
signal within 0.9 msec 
MF nQ1: Masking Timer, it prevents 
sampling for 80msec. 
Sample: Stores stable direction signal for 
uC data treatment. 

 

7. Timing in Practice 

Indoors, d=2.5m in laboratory, full US-Power, Time scale 10msec/Div, triggered by Sample pulse 

Lock-in

BP-Out1

Mask 80ms

Window 0.9ms

Raw Direction Data

Sample

Valid Not valid arbitrary Data

Toggeling!

 

Fig.6: Timing Results in Practice.  
- Lock-in, retarded ca. 1msec 
  with toggling at the end. 
- BP-Out first stage, Amp. 30mV 
  (will be amplified by the second 
  BP stage to about 2V) 
- Masking 1 to 80msec 
- Window 0.9msec for data  
   accumulation 
- Raw direction Data 
- Sample for Hold 

- Channel A: Received acoustic signal (first BP-stage, not limited): 

- First peak at -1 to 0msec: direct sound signal, this is the good one! 

- Several peaks at 3 to 4msec: reflections by indoor objects  

- Heavy reverberation at 2 to 20msec, weak reverberation up to 60msec 

- Channel C: Raw analog direction signal, data valid only within window 

- Channel D: Clear Sample pulse at 0msec and again at 88msec 
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8. Details about Signal Acquisition 

8.1. Overview 500usec/Div 

Lock-In 1.4msec

Window 0.8msec

Sample 0.2msec

Valid Data

 

Fig.7a: Close View to Signals before Sampling, Time Scale 500usec/Div 
Top A: BP-Out First stage, +/-200mV AC; Middle B: Digital Out, +/-20V 
Middle C: Raw Analog Direction Signal, +/-5V, Below: Sample, +/-20V  

Comments:  

- The Lock-In appears with a delay of 1.4msec 

- The analog direction Signal becomes stable 1.5msec before Sampling  

- The Burst should not be shorter than 2.4msec 

- The required minimum Sample pulse is 10usec for a 10nF hold capacitor, here very long 

- Window should be shortened to 0.5msec, sample pulse to 20usec 

 

8.2. Close up view 100usec/Div, same PicoScope setting as in Fig. 7a 

  
Fig. 7b: Speaker to the right +33 Deg 
Top A: BP Out first stage 
Middle B: Digital Out, almost 90 % Duty Cycle 
Middle C: Analog Out, about 2V 
Below D: Sample Pulse 

Fig. 7c: Speaker to the left -33 Deg 
Top A: BP Out first stage 
Middle B: Digital Out, almost 10 % Duty Cycle 
Middle C: Analog Out, about 0.3V 
Below D: Sample Pulse Out 
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8.3. Evaluation of the maximum permissible angular velocity of Mics rotation 

Direction Signal 0 to 3V, Time scale 1sec/Div 

Valid Direction

 

Valid Direction

 

Maximum permissible  
Angular Velocity: 
3sec/360 Deg or 
120 Deg/sec 
 
Comment: 
Quite good direction signal 
More or less symmetrical 

Fig.7d. Counter clockwise Fig.7e. Clockwise  

Valid Direction

 

Valid Direction

 

Exaggerated  
Angular Velocity 

2sec/360 Deg or 
180 Deg/sec 
 
Comment: 
Poor direction signal 
Loss in amplitude 

Fig.7f. Counter clockwise Fig.7g. Clockwise  

 

Comment: 

The ears should not be turned faster than 70 Deg/sec. A cat moves the ear within 0.1 sec, but waits 

for about 0.5sec for the acoustic directional discrimination. 

- Proposal: Slow rotation of the Mics or stepwise rotation with retarded listening (like a cat!) 
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9. Simulations of the Adaptive Trigger Level Control 

9.1. Simulation of the Analog Direction Data accumulation with sample clock 

 

Fig. 8a:  
Accumulation of valid 
direction signal within 
the 0.9msec window 
 
Time scale 2msec 
Input: 40kHz 3V Sinus 
 
Top:  
- Analog Accumulated 
  Direction Signal  
- Sample Clock 
 
Below: 
- V(sig) and V(ref) 

Important Note: 

This circuit from Tietze Schenk gives the peak value of NEGATVE input signals. Precautions are 

needed to eliminate POSITIVE inputs by clamping with diode D4! 

 

9.2. Results about Reflection and Reverberation Masking, Time scale 100msec 

Top: V(out) and Masking 1 to 80msec, Below: V(sig) and V(ref) 

   
Fig.8b: Vin=0.2V 
- First Burst received, ok 
- Reflection masked, ok 
- Late Reverber. NOT MASKED!  

Fig.8c: Vin=0.3V 
- First Burst received, ok 
- Reflection masked, ok 
- Late Reverberation masked,ok 

Fig.8d: Vin=3V 
- First Burst received, ok 
- Reflection masked, ok 
- Late Reverberation masked,ok 

 

The Adaptive Trigger Level works very good over a large range of input voltages, 0.3 V to 3V. 
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10. Indoor Experiments2 

10. 1. Test Setup 
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Fig. 9a: Schematic Test Setup  
d=0.47m, r=0.26m; max angle 33.2 Deg 

Fig. 9b: Test Setup in practice . 1: Scope, 
2: Towel, 3: Mics, 4: Omnidirectional Speaker 

 

10.2. Overview with fast rotating transmitter speaker, 180g Deg/sec 

 
Fig. 9c: d= 0.47m, r=0.26m, = +/-33.2 Deg, Time: 1sec/Div 
Top A: BP Out first stage +/-1V; Middle B: Peak Amplitude +/-2V;  
Middle C: Analog Direction +/-5V; Below D: Sample +/-20V 

 

Comment:  

- Middle B: Peak Amplitude B perhaps useful for later data acquisition: 

  maximum amplitude at dmin, minimum amplitude at dmax, ok 

- Middle C: Analog Direction Signal, 0 to 2V@ +/-33.2Deg, good! 

- Note the high angular velocity when speaker is close to the receiver! 

 

 

 

 

 


