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1. Introduction

Draft V1.10

Acoustic Direction Detection is an old technical dream, eapyinciplebut hard inpractice
The problems are manifolespecially indoorsearwalls andobstacles:

- Reflections by obstacles

- Reverberation (collection of reflected soundissting >1sec in large roomns
- Air turbulence (Mic should be moved slowalgly)

- Inhomogeneous temperature within the two acoustic paths
- Doppler effect by fast displacement of source or receiver

- Sound phase impuritgespecially with omnidirectional Sound Source)
- Ambient noisewith interfering ultrasonic signals

2. General principlewith elementarypractical limitations
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Method 1: FSK arrival discrimination
Time of flight Difference, no theoretical limits
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Method 2: Phase Discrimination
Phase Difference, max +/- 180 Degree
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US frequency: 40kHz:
Wavelemgth: 8.25mm

Time difference: 10usec=3.3mm
Max Distance: 29m@88msec
repetition rate

Method 1:
Dt-Jitter > 10usec
Important Angle jitter if S80mm

Method 2:

max 180 Deg phase difference
detectable, thus:

s<10mm for angle #/-24 Deg

Fig.1a: Principlésetup

Fig.1b: TwoDirection Sensing
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Fig.1c: Theory andirst
elementary limitationsn practice




3. PracticaExperimentswith Method 1
3.1. Block Diagram
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Fig. & Block diagrankFSKMethod

3.2.Results
ConditionsFSK38/41kHz Ear distance 68m <s< 80mm
- Distance sensing dkr distances & 6m(resolution +/5mm, due to jitter of about 13usec
- Direction sensing only sometimes (with Jitter) ok up to distadicedm
- Jitter in the acoustic paths > 10 usec, requires an ear distan@dmm for lesanglejitter,
not applicable for ousmall Baby Ducks, sorry!
(See Report 37 and Video 59 on our homepage-tiéaior.ch):
http://www.ufo -
doctor.ch/descriptions/A_The Duck Project/37.%20Direction%20Finding%20in%20the%20Near%20
Zone%20with%20arbitrary%28By%20Head%200orientation. pdf
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Fig. 2b: Test Setp Fig. 2c: Result
4: Omnidirectional Speaker Top:Good distance signal
9: Two mikes, distance s=60mm Middle: Signal Quality, quite good
8: Servo for slow head swinging left to right | Bellow: Poor direction signal
7: Servo tester, amplitude ca.-30 Deg



http://www.ufo-doctor.ch/descriptions/A_The_Duck_Project/37.%20Direction%20Finding%20in%20the%20Near%20Zone%20with%20arbitrary%20Baby%20Head%20orientation.pdf
http://www.ufo-doctor.ch/descriptions/A_The_Duck_Project/37.%20Direction%20Finding%20in%20the%20Near%20Zone%20with%20arbitrary%20Baby%20Head%20orientation.pdf
http://www.ufo-doctor.ch/descriptions/A_The_Duck_Project/37.%20Direction%20Finding%20in%20the%20Near%20Zone%20with%20arbitrary%20Baby%20Head%20orientation.pdf

4. Exgrimentswith Method 2
4.1. Block diagram
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Fig.3: Block diagram Phadéethod

4.2. Microphone design

PVC 14x26x26 2xKobiton Mic, not fully inserted Fig .41
— 13 Design of the Mic Holder
D4, 9 Deg M3l | for ear distance of 6mm
s=6 - 6
5 L
0 — 0
Groove D12x2
for Helmholtz
Resonator
i
26 8 6 20

4.3.0utdoor Experimerst

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

- PLL Lockn distance >20m

- Good direction sensing +80 Degrees > 10m! VERY GOOD!

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

- Detection of valid data during rotation: poor, needsto be assistedoy an additional method.

44. Indoor ExperimentSpeakerotating at distance d=0.47nr=0.26m Mics stationary
Conditions:Small Laboratory 4x5nsee 8tup Fig. 9and 9k 1sec/Diy Speaker turns clockwise

dmax=0.73m  dmin=0.21m Fig.4.2
Indoor Direction Data

2V ’,O\ +33 Deg - \tSh%esgre]tr fo
’ \ \ Top:
) . > ) Analog Direction Data
\ / \ S \ +/-1V@ +£32 Deg
ov O -33Deg e \- Offset: 1V
Below

Samplesvery 88msec

r

Comment: good analodirection signafor wide angle +/33 Deg!
Note the different angular velocity: low at dmax and high at diwell recorded.



4.5. Indoor Experiment.: Mics rotating360 Degree
Conditions:Speaker stationary at distance 2.5m, Mics slowly rotating

Fig.4.3: Test Setup for rotating Mics

1. Modified Servo to a gear motor

2: Spooled Mi cables

3: Mics with spacing s=6mm

4: Omnidirectional speaker with good
phase purity
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Fig. 4.4: Signals wiglowly (80 Deg/ sec) clockwiserotating Mics Time scale 1sec/DiVop: Sampled
Direction Signal +5V, Middle: Peak amplitude (Trigger levebl¥M; C: Sample clocks

Comment:Good +£26 Deg signahut we need grocess to accept the valid direction data

5. Technical detailsn order to achieve treseresults:

5.1. Omidirectional Speaker with high phaparity, see

http://www.ufo -doctor.ch/descriptions/A_The Duck Project/58.%20Speaker%20Characteristics. pdf
5.2. Bandwidthreductionof the BandPass Filter of the BPSK Printo 20 kHz<f<110kHz, see:
http://www.ufo -doctor.ch/descriptions/A_The Duck Project/84.%20US
Direction%20Sensing%20with%20high%200%20Band%20Pass%20Amplifier%20V1.1.pdf
5.3. Adaptive trigger leveb catch the first burst.

5.4. Masking the reflection just after the first burst.

5.5.Maskinglow reverbegtion nearthe end ofthe 88mseaepetition frame.

5.6. LRFilter 2nd ordeT=1msedo accumulatethe analogdirectionsignalafter the LockIn signal
5.7. Sampling the analog signal afte®fsec (note: the Sampldold ICLF39&t+/- 5V supplyaccept
input signals +/2.5Vonly, specified by data sheet is-#.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

6. Timingin Theory

Sent Fig.5. Timing Diagram
Burst ] | 1 Sent Burst: 40kHz during 1msec

First Burst ;
Unlimited " Ruerﬁections The follows the variable
Received ~_ Reverbation incoming for amplitudes
BP-(Right) Ref Trigger Level
Peak Signal >0.3V.

Comp SigSound signals above Ref

Direction: Stable valid datanly after
Comp Sig [ LT [ L 0.9msec

Direcii PLELocklIn: Startof dataacquisition
rection W\/M\f/w Window: Accumulation of the direction
Pltockn [ | [ ] signalwithin 09 msec

Window [ [ MF nQ1: Masking Timeit prevents

MF nQ1 [ Reset Sample Timer [] sampling folBOmsec

Sample I . Sampé: Stores stable direction signal for
0 80 88msec uCdata treatment.

7. Timingin Practice
Indoors, d=2.5m in laboratoryfull USPower, Time scal&éOmsec/Diytriggered by Sample pulse

- Fig6: TimingResultsn Practice
- Lockin, retarded calmsec

W + g = with toggling at the end.
- BROut first stage Amp. 30mV

- o _E (will be amplified by the second
: BPstageto about 2V
e rr———— -Masking 1 to 80msec
AT e e o - Window 0.9msedor data
accumulation
- Raw direction Data
- Samplefor Hold

sample

- ChannelA: Received acoustic sigr@irst BRstage, not limited)
- First peak atl to Omsec: direct sound signahis is the good one!

- Severapealsat 3 to 4msec: reflectiosby indoor objects

- Heavyreverberation a2 to 20mse¢ weakreverberationup to 6msec
- ChannelC:Raw analog direction signalatavalid only within window
- Channel D: Clear Sample pulse at Onss&tagain at 8msec




8. Details about Signal Acquisition
8.1. Overview 500usec/Div
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— T~ S
Sample 0.2msec ]

Fig. & Close View to Signals before Sampling, Time Scale 500usec/Div
Top A: BROut First stage, +200mV AC; Middle B: Digital Out;20V
Middle C: Raw Analog Direction Signal5¥/Below: Sample, +20V

Commens:
- The LocKn appears with a delay of 1.4msec

- The analog direction Signal becomes stabfinkec before Samiplg

- 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, saRieoScope setting as in Fig. 7a
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Flg 7bSpeaker to the nghfSB Deg

TopA: BP Out first stage

Middle B: Digital Out, almost 90 % Duty Cycle
Middle C Analog Out, about 2V

Below D: Sample Pulse

Fig. 7cSpeaker to the [efi33 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 Pulsaut




8.3.Evaluation of the maximurpermissible angular velocity Mics rotation
Direction Signal 0 to 3Vlime scale 1sec/Div

Maximum permissible
Valid Direction Valid Direction Angular Velocity
3sec/360 Degr

120 Deg/sec

Comment:
Quite good direction signal
More orless symmetrical

Fig.7d Counter clockwise Fig.#. Aockwise

- Exaggerated
Valid Direction Valid Direction Angular Velocity
[ ] 2sec/360 Degr
180 Deg/sec
Comment:
Poor direction signal
— Loss in amplitude
Pl
Fig.7. Counter clockwise Fig.q. dockwise
Comment:

The ears should ndie turned faster than/0 Ded sec. A cat moves the ear within 0.1 sec, but waits
for about 0.5sec for the acoustic directiorth$crimination
- Proposal: Slow rotation of the Mics or stepwise rotation witarded listening (like a cat!)



9. Simulationsof the Adaptive Trigger Level Control
9.1. Simulation othe Analog Directiobataaccumulatiorwith sample clock

S i) | & Adaptive Leve Cont o=

1, Adaptive Level Contra 12 =

Adaptive Trigger Level, UFO Doctor Jan 6th 2015

Trigger Level active for 0.3 < Vin < 3V 5 +—Masking
Primary Masking nQ1
SINED 3 40k 0 0 9) 0.9 to 80mses after Window
PULSE(5 0 1m 1u 1u 80m 88m) 10k Start Accumulation
A1

Jran 0 2m 0 1u
Eﬂm

Fig.8a:

Accumulation of valid
direction signal within
the 0.9mseavindow

.model MYSW SW(Ron=50 RofF=1Meg Vi=2.5 Vh=10.5

Time scale 2msec
Input: 40kHZAYV Sinus

Top
- AnalogAccumulated
Direction Signal

PULSE(D 5 82m 2m 100u 2m 23m 0] - Sampl&lock
Note1: +/- 5V Supply for U1 and U2!
Note2: 510 Supply for U3, driving Digital Logict
Ri3  RU
Below:

50%0C nalogOut Sample
15k | ¢ 150K v
c
va J;nn j;m

PULSE(0 2.5 0 0 0 12.5u 25u 40) PULSE(0 1.5 0.9m 1n 1n 0.1m $8m 1)

-V(sig) and V(ref)

T
0.8ms 1.2ms 1.6ms 2.0ms]

15 0.4ms

Important Note:
This circuit from Tietze Schenk gives the peak value of NEGATVE input signals. Precautions are
neededto eliminate POSITIVE inputs by clamping with diode D4!

9.2. Results about Reflection and Reverberation MasKiime scale 100msec
Top:V(out)and Maskingdl to 80mse¢ Below V(sig) and Véf)

LE: Adaptive Level Cantro 12

(=== =5 =R

i:: Adaptive Level Contro 12 i:: Adaptive Level Contro 12

V{out]

=0 R 5

Oms 20ms 40ms 60ms 80ms 100ms|

30ms

60ms 90ms

Fig.8b: Vin=0.2V
- First Burst received, ok

Fig.8c: Vin=0.3V
- First Burst received, ok

Fig.8d: Vin=3V
- First Burst received, ok

- Reflection masked, ok

- Late Reverber. NOT MASKE

- Reflection masked, ok

- Late Reverberation masked,d

- Reflection masked, ok
- Late Reverberation masked,

TheAdaptive Trigget.evelworksverygoodover a large range éfput voltages0.3 V to 3V.



10. Indoor Experimens2
10.1. Test Setup
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Fig.9a: Schematic Test Setup
d=0.47m, r=0.26m; max angle3 Deg

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

10.2. Overview withfast rotating transmitter peaker, 180g Deg/ sec

Fig.9c: d= 0.47m, r=0.26m, = -83.2 DegTime:lsec/Div
Top A: B®ut first staget/-1V;Middle B:Peak Amptude +/-2V;
Middle C: Analo@irection +/5V; Below D: Sample -0V

Comment:

- Middle B: Peak Amplitude B perhaps useful for later data acquisition
maximum amplitude at dmin, minimum amplitude at dmak

- Middle C:Analog Direction Sigh 0 to 2V@ +83.2Deg good!

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




