D:

Transfer function between driver and
artificial ear. This is the headphone
frequency response

G:

Transfer function between driver and
feedback microphone. Also called the
feedback system ‘Plant’

H:
[ K Transfer function of external noise
— signals from feedforward microphone
{\If/) '|| ; to artificial ear. This represents the
affect of the acoustic system on noise
from the external environment. Note H
is dependent on the directionality of
the external noise and other
environmental effect.
K:
Transfer function between driver and
F F feedforward microphone.
b/
Feedforward Feedback System Design
, Feedforward:
, ) O:le"'O(FB'G) * Measure Hand D
o=i H+i/(FF-D) closed loop is therefore * calculate FF.
we want 0=0 so 0 G * Develop a filter that matches F_F as c_losely as possiblt?
9 8= ( FE. D) —=— * Ensure KxFF has a large negative gain at all frequencies
/ I i, 1+G-FB Feedback:
therefore FF filter is given by open loop is o DieEine©
FE— ﬂ OL=G-FB * Calculate a filter FB that satisfies stability criteria and provides a satisfactory level of NC
D noise reduction is
_ 1
~ 1+G-FB




Feedforward Feedback ANC Characterisation
Connection Diagram

INT, IN2, IN3, IN4:
singled ended bipolar max +/-5V

5V0:
200mMA max.

Ext Output:
Typ. 0.5V RMS 100mW max.

Ext L+
Ext R+
/ FExt L-R GND

L | To Loudspeakers

Driver L +

Driver R +
Driver L-R —\
tore / ce MR-+ @

Front Side Connection Rear Side Connection

= o

Overall Setup

When using MEMS microphones the 5V0 supply should be used
to power a voltage regulator that in tfurns provides Vcc fo the mic.

When using Electret microphones the 5VO0 supply can be used directly
as the bias supply.

FF Mic L Vee——"7 :
FF Mic L GND : : .
FF Mic L Signal -> IN3 FF Mic R Vce
Driver L + ! SR FF Mic R GND
Driver k. = FB Mic L Signal ->IN1  FB Mic R Signal -> IN2 FF Mic R Signal -> IN4
D

FB Mic L GND . FB Mic R GN Driver R +
FB Mic L Vcc FB Mic R Vcc Driver R -

Headphone / Earphone Connections —. : | . MIYSTEMS,COM




Copy test profile to SD Card

P13~ sHCE) - o x ) [ = | FFFB Acoustics 1Ch - o x 8 Acoustics1chn - Notepad = | 3| %
Bl Edt Fomat View el
Home  share  View e =x Ve Be it famat Yiew Hep
] Home e e e T i e P e
¢ ) [0 [ Sesrchsp.. o p A
€ ™ W SOHC () v[0| [searchso.. £ € © 4[| SIHC(F) » FFFBAcoustics 1Ch v » fpeacndi]
~ Stimulus = Chirp # Use  chirp test signal
Name Date modified Tyee Tine = 0.55 #0.5 seconds test signal length
. . . Start Freq = 30.5Hz # Start frequency is linited to the first FFT bin
S (R e 5 G i 2GS Stop Freq = 30000.0Hz # Stop frequency default to lyquist frequency
Voltage - .05V # 50V RHS drive level for headphone / earphone
Mute = Left # Mute the left channel ue are using only R Ch
s Output Channel = Headphone # outputs on the front socket for headphone
P 055 # Default to a small latency
- 4096 # default to 4096 FFT pts
ADC SampleRate = 62500.000000Hz # default ADC sample rate
DAC SampleRate = 125000.000000H: # default DAC sample is 2x ADC rate
Delay = 0.2000005 # Use a small delay before starting acquisition
Remap = 256pts # Default remap to 256 log space points for data storage
Acquisition = EARR / OUT_R , DFRR , HP Response # acquire D transfer function
Acquisition = II2 / OUTR , GFRR , F8 Plant # acquire G tranfer function
Acquisition = T4 / OUTR , KFRR , FF Mic Pickup  # acquire K transfer function
[External]
Link = Internal # Use 1dentical measurement setup as ‘Internal’
Voltage = 0.5V # Change output voltage to 0.5V RMS for external speaker signal
Mate = Left # Mute the left channel ue are only using R Ch
Output Channel = Speaker # Output on rear socket for external speakers
Acquisition = EAR_R / IN_4, HFRR, Housing Response  # Acquire H tranfers function
Acquisition = EAR_R, N2ER, Ear Noise Spectrum # Acquire the II2E pouer spectrun
Acquisition = I3, N2FFR, Mic Noise Spectrum # Acquire N2FF power spectrum
Acquisition = T2, N2FBR, Mic Noise Spectrum # Acquire N2FB power sectrum
s Calculation HERR / DFRR, FFIFRR, FF Ideal Filter # Compute the Ideal FF
Titem  1item selected == B Titem  1item selected 1.82KB E &

Load test profile

7A FF FB Acoustics ich @ . [}

- Mic Noise Spectrum N;‘Fz:
Main Menu

Select Profile »
31,8740 V Edit Profile »
b PassFail »
Settings » g“l'je[t?jnl-:h P:leahdphone
abled Headphone
Al Lot BT Battery Eife
ANC Manual

yA FF FB Acoustlcs 1ch A FF FB Acoustics 1ch OTC o 52 rflfisFeBSpAecc't’rl::ntlcs 1ch

HP Response
169.68dB 5PL

¥A FF FB Acoustics 1ch b YA FF FB Acoustics 1ch ¥A FF FB Acoustlcs 1ch - YA FF FB Acoustlcs 1ch
FF Ideal Filter FRIFR Housing Response FF Mic Pickup Mic Noise Spectrum

I-36.05dB ¥
=47.18dG ¥V




AL FF FB Acoustics 1ch 202005 122

DFRR | M [l =IsbHCR) - O X | [¢] || = | FFFB Acoustics 1Ch — O X
“ Home Share View (7] “ Home Share Wiew 7]
< v P S|P » SDHC (F) v O «— « » SDHC (F) » FFFB Acoustics 1Ch w | Search FF ... 0O

Mame Date modified Type

Bounds 5/2272020 3:44 PM File folder

’ Log 5/22/2020 3:44 PM File folder

Profile History 52272020 3:44 PM File folder

FF FB FF FB Leadleg A A . .

Acoustics 1Ch Acoustics 2Ch Reference 3/22/2020 3:44 PM File folder
| FF FB Accustics 1ch.ini 572272020 3:22 PM Configuration sett...

< >
Jitens  1item selected A== [= - .

Siterns 1 item selected =

Preferred data format is

Data is stored as
set through the menu

A [l =1 Leg - o X Freq, Mag, Phase
“ Home Share View 0
SelectProfile> | 00522174230 DATA —
- v « FFFB Acoustics 1Ch » Log w Search Log @ Edit Profile » 200322174230 DATA_ZU... O x
Pass Fail » le Edit Format Yiew Help
Mame Date modified &

Fi
Utiliies » # group: HP Response P
#

num_of datasets: 1

S P A -\.-\.F.|1

22/2020 4:32 PM

E| 200522163246_IMAG_ZUMIf3e61f_Mic Moise Spectrum.bmp
E| 200322163246 |MAG_ZUMIf3e61f_Ear Moise Spectrum.bmp

- i . f,ﬁ,ﬂ“ — # name: DFRR
| 200322163246 |IMAG_ZUMIf3e61f_Housing Responsebmp 5/22/2020 £:32 PM % units: Hz dB SPL/V deg
5| 200522163246_IMAG_ZUMIf3e61F_FF Mic Pickup.bmp 5/22/2020 4:32 PM 7 FP0 A coustics 1ch e # type: matrix
&| 200522163246_IMAG_ZUMIf3e61f_FB Plant.bmp 5/22/2020 4:32 PM Set ings>» # rows: 2048
&| 200522163246_IMAG_ZUMIf3e61f_HP Response.bmp 5/22/2020 4:32 PM Logging> # columns: 3
00529162045 (MAG T1IMIE 3 2| Filter hrn 5/32/3030 4:32 PM Lock 5garerm ?éaggg é?%g? - 179.546
Unwi p PrLoe . . .
? Each measurement run generates a o :;unl.?::dnean bbb pad
o - - log data file. By default the data is Block | 1n Acq 45.776 66.490 65.921
| 200522163241_DATA_ZUMIf3e61f_N.mat Disabl| Remap £1.035 78.901 .92.377

76.294 75.441 -256.537
91.553 74.268 -325.828
186.812 57.4381 -264.794

| 200522163241_INFO_ZUMIf361F_N.xt stored in MATLAB v4 format.
%] 200522163210_IMAG_ZUMIf3e61f_Mic Noise Spectrum.bmp 22/2020 4:32 PM
& 200522163210 IMAG_ZUMIf3e61f_Ear Noise Spectrum.bmp 22/2020 4:32 PM

’ ZIEEEEE tlcs 1ch " : B 2o%o0s ) _
5| 200522163210_IMAG_ZUMIf3e61f_Housing Response.bmp 5/22/2020 4:32 PM e 122.87@ €9.198 -242.668
200522163210_IMAG_ZUMIf3e61f_FF Mic Pickup.b 5/22/2020 4:32 PM 137.329 23.983  -66.777
= AR e e esene e T Log To SD Card Log To SD Card 152.588 57.543 49.909
s| 200522163210_IMAG_ZUMIf361f_FB Plant.bmp 5/22/2020 432 PM Log To Serial Log To Serial 167 847 39.182 18415
mne n B e Log Full Data Log Full Data . . .
E| 200522163210_IMAG_ZUMIf3e61f_HP Responsebmp 5/22/2020 4:32 PM Log CFFT Data Log CFFT Data 183.185 59.521 -48.578
%] 200522163210_IMAG_ZUMIf3e61f_FF Ideal Filter.bmp 5/22/2020 4:32 PM Data Log Format Data Log Format 198.364 67.206 -86.326

213.623 B5.426 -b6.753

228.882 71.886 -133.247

244,141 71.35%6 6.299

259,399 79.849 176.283

274,658 98.639 158.264

289.917 75.284 3287.876

385.176 78.187 351.573

328.435 71.436 176.878

335.693 B2.3218 88.998 W

SAAETTA SN P AT CTWIR AT A R

£ >

173 items =

P 4 T PR
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