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IMPORTANT NOTICE
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are utilized to the extent deemed necessary toostifyps warranty.

AntySound Inc. assumes no liability for applica@ssistance, customer product design, software
performance, or infringement of patents or servitescribed herein. Nor does AntySound warrant
or represent any license, either express or impigedranted under any patent right, copyright, or
other intellectual property right of AntySound Incovering or relating to any combination,
machine, or process in which such Active Noise @dmroducts or services might be or are used.

AntySound Inc. accepts no liability for any loss@sated with using the product and also accepts

no liability for any loss which may be suffered &yy person who relies either wholly or in part
upon any description, figure or statement contalmeein.
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Manual TigerANC-II

1. General Description

1.1. Introduction

TigerANC-II is a signal processing product to helgtablish an active noise control
system. With 18-channel analog inputs and 16-cHamadog outputs, TigerANC-II supports
up to 16 channel centralized controlling and 9-clendecentralized (mono-channel)
controlling. Apart from TigerANC-Il, users need kast the following equipments to
establish a complete active noise control system.

(1) Sensors and sensor amplifiers

Depending on the control channel number and thér@lomechanism, one or several
sensors would be needed. For feedforward activeencontrolling, the reference signal are
usually picked up by microphones, tachometers oelacometers, and the error signal are
usually picked up by microphones. Since TigerAN®+ily accepts line analog inputs, sensor
amplifiers are needed to amplify the signals picupdy the sensors to a reasonable level.
(2) Actuators and power amplifiers

Loudspeakers are usually used as the control s®doceactive noise control systems.
The maximum number of loudspeakers is decided eyntimber of control channels of the
active noise control system. Power amplifiers ageded to drive the loudspeakers before
using the signal output from TigerANC-II.

All the signal interfaces on TigerANC-II are in BN§yle, and cables and adapter
connectors might be needed to connect TigerANGx the other equipments. Sometimes
one or several more loudspeakers are needed t@sad¢he primary noise sources in
simulations.

1.2. Anillustrating example

To demonstrate the implementation of TigerANC-Il, Z&channel centralized
feedforward active noise control system is desdriidie schematic diagram of the system is
shown in Fig. 1.1. A noise generator drives a lped&er through the power amplifier as the
primary noise source; at the same time the noigeakiis also directed to “Input 1" of
TigerANC-II as the reference signal. The signalkptt up by two error microphones are
amplified and then directed to “Input 2” and “In@it of TigerANC-II as the error signals.
The control outputs calculated by TigerANC-II aigedted from “Output 1" and “Output 2”
to the two control sources respectively through plogver amplifiers. In this illustrating
example, a 150-Hz sinusoid signal is expected tadygrolled. If the user needs to hear
about the noise attenuating process, the two nfnogs should be placed near the user's
two ears respectively.
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Fig 1.1 Schematic diagram of a 2-channel centrdliaetive noise system
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Fig 1.2 The startup screen of TigerANC-II

Power on TigerANC-II, the main interface shown iiy.FL.2 appears on the screen.
Carry out a simple active noise control experinweith the following steps.

(1) Setup the sampling rate and some controlling paensie

Click the “Parameters” button, touch the input ldx'Sample Rate”, and then choose
“16000 Hz” From the pop-up panel as depicted in Ei§. The sampling rate of TigerANC-II

is set at 16 kHz now.
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AD/DA Setting

Sample Rate [ 16000 Hz ) 64000 Hz ) [ 2000 Hz )

([ 32000 Hz ) [ 1000 Hz |

Ref. Gain | ion. Gain |

(16000 Hz ) 500 Hz

((8000Hz ) [ 250Hz |

ANC Mode |Centralized) —
4000 Hz [ 125Hz |

Control Num ) Error Num | 2

Model Taps ] Control Taps | 1024 _'

Fig 1.3 Set the sample rate

AD/DA Setting

Sample Rate [ 16000 Hz |  Anti-Alias | on |

Gain Setting
Ref. Gain | ) Err. Gain | 0dB i Con.Gain [ 0dB

ANC Setting
ANC Mode [ Mono

Control Num 2 | (Centralized) Num ( 2

Model Taps ] Control Taps | 1024 _'

Fig 1.4 Set the ANC mode

AD/DA Setting

7 8 ] ESC
Ref. Gain 0dB

ANC Mode | Centraliz-‘

Control Num | 2

Model Taps (1024

Fig 1.5 Digit input panel

Touch the “ANC Mode” input box, and choose “Cerngedl” from the pop-up panel, as
depicted in Fig. 1.4. Touching the “Control Num”tbe “Error Num” input box, a digit input
panel will appear on the screen, as depicted in Elgy Set both the “Control Num” and the
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AD/DA Setting

Sample Rate | 16000 Hzi | Anti-Alias | On

Gain Setting
Ref. Gain | Err. Gain [ 0dB

ANC Setting

ANC Mode (Centralized )
Control Num | Error Num |

Model Taps i Control Taps |

Ref.

Generator
Channel
Disable

Fig 1.7 Check the channel configuration

“Error Num” to “2” respectively.

Set the “Model Taps” and the “Control Taps” to “#02n a similar way of setting the
“Control Num”.

After setting up all the parameters, the screemrargpas shown in Fig. 1.6. Return to the
main panel by touching the bottom of the screelemicted in Fig. 1.6.

Click the “Channel” button to reassure that theuingnd output channels are set as the
2-channel centralized control configuration, asicted in Fig. 1.7. Then return to the main
panel.

(2) Start the modeling process
To increase the accuracy of cancellation path niogleTigerANC-II actuates only one
control source with white noise and models the elaition paths between that control source
and all the error sensors. To complete the wholalatimgy process of the 2-channel
centralized control system, two modeling processesild be carried out, and in each process
only one control source is actuated.
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Fig 1.8 Choose the modeling channel

Enter the modeling panel by touching the “Modelttbo in the main panel. To model
the cancellation paths between the first controkre® and the two error sensors, Set “1” in
the “CH.” input box by clicking the left or rightt@w below it, as depicted in Fig. 1.8. Set a
proper modeling signal level by changing the numbethe input box below the “ID SIG
Level”. This number can be changed either by dligkihe left and right arrow (increasing
and decreasing) or by typing in the input panelpgabup when touching the input box itself,
as depicted in Fig. 1.9. Note that 0 dB refers ¥pp DA output, and the relation between
the “dB” value and the actual DA output is desaddilie Section 4.3.

65> Llmimaa ) o1

Seconds ERR. 24 2B 1108 [ 4 ] u
? ERR. 2 00E @ w
ID SIG Level

-20 dB

Stepsize Value

le-6

Filters Filters Reset

Fig 1.9 Set a proper modeling signal level

To avoid too large modeling signal output, a smaliber, i.e., -20 dB is recommended
at first. Light the “Test” button by clicking it,gy attention to the number shown at the
“Noise” column in the middle of the screen, whicldicates the power level of the signal
picked up by the two microphones, as shown in Eigj0. Note that O dB corresponds to 10
Vrms AD input, and the relation between the “dBlugaand the actual AD input is described
Section 4.1. Ensure that the levels are betwethdB and- 12 dB, otherwise reassign a
more proper value to the “ID SIG Level” and reptéas step again. After that, grey out the
“Test” button by clicking it again.
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ERR.1 |-213dB -49.7dB 284 dB
Seconds

? ERR.2 -221dB -50.3dB 28.2dB (o] w
ID SIG Level
-20 dB

Stepsize Value

1e-6

Filters Filters Reset

Fig 1.10 Pay attention to the microphone signatllev

Set the step size for the model filter by chandireynumber in the input box below the
“Stepsize Value”. This number can be changed eitlyeclicking the left and right arrow
(increasing and decreasing) or by typing in theuinpanel popped up when touching the
input box itself, as depicted in Fig. 1.11.

65 i e

ERR.1 -213dB -497dB 284dB
Seconds

? ERR.2 -221dB -50.3dB 28.2dB @ w

ID SIG Level
-20dB

Stepsize Value

le-6

Filters Filters Reset

Fig 1.11 Set the step size for the model filter

After that, touching the “Model” button, the modwji process begins. Pay attention to
the varying numbers shown at the “Residual” or f@#nce” column in the middle of the
screen, as depicted Fig. 1.12, which indicatesrtbéeling error power level or the difference
between the initial noise level and the residudakedevel. If the “Residual’ level keeps
increasing (or the “Difference” level keeps decneg)s the modeling process suffers from
the divergence of the model filters. In this casech the “Model” button again to stop the
modeling process, reassign a smaller “StepsizeeVahnd touch the “Reset” button. After
that, restart the modeling process by touchingthedel” button.

On the other hand, if the “Residual” level keepshanged and cannot attenuate for a
long time, stop and reset the modeling process i increase the “Stepsize Value”. After
that, restart the modeling process by touching'khedel” button. Repeat the above process
until the “Residual” level decreases quickly toeaysmall number (or the “Difference” level
increases to a large number, e.g. a number highar20). Note that the indicate lights along
side the “Difference” levels will vary from red tgreen through a reasonable modeling
process. The successful modeling will be indicdtga very stable low “Residual” level or a
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very stable high “Difference” level. Usually the ifi2rence” level above 20 dB is expected.

Fig 1.12 Inspect the “Residual” and “Differencetéein modeling

65 ' iy
Seconds . : : u
? ERR. 2 -22.1dB -50.3dB 28.2dB @ w

ID SIG Level
-20dB

Stepsize Value

le-6

Filters Filters Reset

Fig 1.13 Switch the modeling channel

To model the cancellation paths between the secontfol source and all the error
sensors, set “2” in the “CH.” input box as depictedrig. 1.13, and then follow the same

steps described above again. Note that when thelmgdgrocess begins, the number shown

at the upper-left of the screen will count downeThodeling channel number will switch
automatically when the number reaches zero.
After all the modeling processes are completedesgfally, return to the main panel.

(3) Start the controlling process
Enter the controlling panel by touching the “Cotitlmutton in the main panel. Actuate

the noise source with a 150 Hz sinusoid signah #resure that the reference signal level and

the error signal levels are within a reasonablgeafnange betweerd0 dB and- 12 dB is
recommended), as shown in Fig. 1.14. This can Heirdd by adjusting the gain of
amplifiers of the microphones or the power amplifi¢ the noise source. Note that 0 dB
signal level corresponds to 10 Vrms AD input, anel telation between the “dB” value and
the actual AD input is described in Section 5.1.
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Fig 1.14 Check the reference and error signal power

Fig 1.15 Track the performance in controlling

Assign a proper number to the step size by chanb@gumber in the input box below
the “Stepsize Value”. Similar to that in the modglipanel, this number can be changed either
by clicking the left and right arrow (increasingdashecreasing) or by typing in the input panel
popped up when touching the input box itself. Aftieat, highlight the “ANC” button by
clicking it, and make sure that the “Update” buttdmes not grey out (if so, click it to
highlight it too). If everything goes smoothly, usevill find that the error signal levels keep
decreasing, as shown in Fig. 1.15. However, sonestiosers may find that the error signal
levels increasing even leading to howling of thetoml sources. When this happens, just
click the “ANC” button again to interrupt the cooiting process, and click the “Reset”
button to reset the control filters. Then reassagsmaller number to the “Stepsize Value”.
After that, resume the controlling process by ctio& “ANC” button again. If the error signal
levels do not attenuate for a long time, click tA&IC” button and reassign a larger number
to the “Stepsize Value”, then restart the contngliprocess. Repeat the above steps until the
error signal levels start to decrease, which indiethe convergence of the control system.

(4) Tracing the performance of the controlling process
Although signal levels shown by TigerANC-II providesimple method to evaluate the
controlling process, users are highly recommendedide a professional measurement
instrument, e.g. PULSE from Bruel & Kjaer, to trabe performance of the whole system. In
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the scenario described above, if the controllingcpss works properly, users can hear a
significantly attenuated level of the 150 Hz sindsmise.

1.3. Software modules

As can be seen on the start screen of TigerANGHg.(1.2), the software of the
controller consists of eight buttons. Each but®relevant to a basic module of the controller,
named as “Control”, “Model”, “Channel”, “ParametérsSystem”, “Filters”, “Generator”,
and “About” respectively. The “About” module shott® system information, including the
software version, of TigerANC-II. All the functiortd the other modules will be described in
detail in the rest of this manual.
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2. System
The system module, as shown in Fig. 2.1, allowssusenfigure the system parameters,

reset the system, export the control data, andtaptie system. Users can also test all the
input and output channels in this module.

Fig 2.1 The “System” Module

2.1. System data save & load
All the system parameters, including those relevanthe modeling process and the
controlling process, together with all the modédiefi coefficients and all the control filter
coefficients, can be saved to or loaded from 1feidht files by clicking the “Data Save” or
“Data Load” button.

2.2. System initial status

Users can choose the system initial status fromdifferent options. The first option -
“Default” - denotes that the next time the systenpowered on, all the system parameters
will be restored to the default configuration a®wh in Table 2.1. The second option -
“Record” - enables users to choose the initialustdtom one of the 12 system parameters
files saved by users in different active noise mrgcenarios.

Table 2.1 The default initial status

System parameter Module Default setting
Sample Rate Parameters 16000 Hz
Anti-Alias Parameters OFF
Ref. Gain Parameters 0dB
Err. Gain Parameters 0dB
Con. Gain Parameters 0dB
ANC Mode Parameters Centralized
Control Num Parameters 2
Error Num Parameters 2
Model Taps Parameters 1024
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Control Taps Parameters 1024
ID SIG Level Model -20 dB
Stepsize Value Model 0.01
Model filter coefficients Model All setto 0
Stepsize Value Control 0.001
Control filter coefficients Control All setto 0
Generator status Channel Disabled

2.3. System reset
All the system parameters can be reset by toucttieg“System Reset” button and
holding on for 4 seconds. This means the systemnpeters are set to the default values as
shown in Table 2.1. Sometimes when users wantititiadize the whole control system
without switching off and on the hardware, thisdtion can be used.

2.4. Data export

The system parameters can be exported to the ‘ANERecord” directory on a USB
flash disk by touching the “Data Export” button aralding on for 4 seconds.

2.5. Software update
The software maintaining the touch screen userfate can be upgraded by touching
the “Software Update” button and holding on foret@nds. Be careful not to touch this
button unless the official new version of the DSBgpam is released. Store the new DSP
program in the “TigerANC\update” directory on theSB flash disk, insert the disk into
TigerANC-II, wait for at least 10 seconds, thendio@and hold on this button for 4 seconds to
update the software.

2.6. Firmware update
The DSP program can be updated by touching themiFare Update” button and
holding on for 4 seconds. Be careful not to toddh button unless the official new version
of the DSP program is released. Store the new DO88ram in the “TigerANC\update”
directory on the USB flash disk, insert the distoifligerANC-II, wait for at least 10 seconds,
then touch and hold on this button for 4 secondspttate the firmware. This function is also
useful when users order customized DSP program AwotySound Inc.

2.7. Channel test
Users can check all the input and output channethbosing three different test modes.
IN1 to OUT All. In this mode, the signal receiveg the first input channel will be

directed to all the output channels.
IN MAX to OUTL. In this mode, the maximum signateéved by all the input channels

will be directed to the first output channel.
Signal to OUT All. In this mode, a 1000-Hz sinusaidnal will be made by the
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generator within the controller and sent to all dhiégput channels.

An exterior signal generator and an oscilloscogeracommended for the channel test.
Be careful not to connect microphones and loudsggrsato the input and output channels
simultaneously when using the first and the se¢estimodes, otherwise the howling caused
by the feedback between the loudspeaker and theophione might do harm to the audio

equipments.
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3. Parameters

The “Parameters” module, as shown in Fig. 3.1, Ustxs choose the sampling rate of
the system and set up some parameters relevdm thole active noise control system.

Fig 3.1 The “Parameters” module

3.1. Sampling rate

The sampling rate of TigerANC-II can be varied fra@b Hz to 64 kHz in ten step level,
which can be chosen from the pop-up panel of tlaarij@e Rate” input box.

3.2. Anti-aliasing low pass filtering

The higher the sampling rate is, the shorter thenty of the controller. The analog
low-pass filters within the hardware can effectyvptevent aliasing for sampling rate not less
than 16 kHz. At this setup, the AD/DA time delay8isampling periods for 16 kHz sampling
rate, i.e. 187.5s.

However, for sampling rate less than 16 kHz, samesi the aliasing will degrade the
performance of the controller. By switching the tAAlias” to “ON” position, TigerANC-II
will enable pre-defined anti-aliasing low pass tibfilter in the system and prevent aliasing
for sampling rate less than 16 kHz. Nevertheldssanti-aliasing digital filters will introduce
extra 16 ms time delay into the system, which mgyhmificantly deteriorate the performance
of the controller when dealing with situations thequire a short delay!

3.3. Disable the analog low-pass filters

For some applications which are extremely sensiivéhe latency of the controller,
users can skip the analog low-pass filters on tbard Removing the top panel of
TigerANC-II, find four 8-way DIP switches (white sahes on a red base) on the main board
(as depicted in Fig. 3.2), and then Switch every Pbsition to “ON”. After that, the
anti-aliasing filters will be bypassed. At this gt the AD/DA time delay is 2 sampling
periods, i.e. 12%s for 16 kHz sampling rate.
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Fig 3.2 The positions of the switches controllimglag filters

3.4. Channel gain

The reference signals, error signals, as well asctimtrol output signals, can all be
amplified digitally by setting the amplification deors in each input box. However, it is
strongly recommended to use exterior amplifierhwariable gains to adjust the inputs and
outputs of the controller to appropriate levels.

3.5. Controlling strategy

TigerANC-Il supports three kinds of controlling atgies, i.e. centralized,
mono-channel control (decentralized), and ultra-tbelay fixed filter control, which can be
set by choosing “Centralized”, “Mono”, or “Fixedtem from the pop-up menu of the
“Mode” option.

In the centralized control, all the informationtbé control sources and the error sensors
are coupled to update the control filters. On thigeo hand, in the mono-channel control
strategy, each control filter is updated basedheniriformation of only one pair of reference
signal and error signal relevant to that contro&roiel. The input and output channel
configuration under different Controlling strateggn be seen in the “Channel” module.
Users can also find the channel configuration ipéix A.

The ultra-low delay fixed filter control mode prdeis users a very low delay control
mechanism (for 16 kHz sampling rate, the totalreyeof the system can be as short as 90

s). However, in this mode, the feedforward adaptigorithm within the controller is
disabled and users should design the control filifethemselves and load the filter into the
controller through a USB flash disk. This modeasammended for feedback active noise
control experiment, and a detail description of thiode can be found in Sec. 9.

3.6. Control channel number

The control channel number indicates the numbénetontrol sources. It can be set by
typing a number in the “Control Num” input box. Theaaximum control channel number
depends on the “controlling strategies” and “Sigyatherator” choices, as indicated in Table
3.1

Page 18 of 42



Manual TigerANC-II

Table 3.1 Maximum working channel in different dgufations

Strategies Signal generator Maximum working channetber
centralized disabled 16
centralized enabled 15

mono disabled 9

mono enabled 8

3.7. Error channel number

The error channel number refers to the number efeifnor sensors. It can be set by
typing a number in the “Error Num” input box. Udyathe control channel and the error
channel numbers are set equal to each other. Howiavine “Centralized” control strategy,
these two numbers can be set different. Note bothbers should not be set larger than that
shown in Table 3.1.

3.8. Taps of model filters

Users can type in a reasonable model filter tapsutih a pop-up input panel of the
“Model Taps” input box. To guarantee the computaloefficiency of the DSP, the length
must be set as in integer multiple of 8. The maxmiaps of the model filters are restricted
by the touch screen user interface. Users can d¢hedttetail information about the maximum
taps in Appendix B.

3.9. Taps of control filters

The taps of control filters can also be changedisipg the pop-up input panel of the
“Control Taps” input box. Like the model filter Igth, control filter length should also be set
as an integer multiple of 8. The maximum taps efdbntrol filters are restricted by the touch
screen user interface. Users can check the defailimation about the maximum taps in
Appendix B.
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4.1.

4.2.

4.3.

Model

The purpose of the “Model” module, as depicted ig. B.1, is to identify all the

cancellation paths, i.e. the acoustic transfer tians between the control sources and the
error sensors of the active noise control system.

Fig 4.1 The “Model” module

Surveillance window

In the middle of the “Model” module screen, there & columns of varying digits
which enable users to inspect the modeling procdss.“Noise” column shows the signal
level picked up by all the error sensors, the “Beai’ column shows the modeling error
signal level, and the “Difference” column shows tHiéference between the “Noise”
column and the “Residual” column. In a proper modglprocess, the smaller the
“Residual” (or the larger the “Difference”) is, thetter is the modeling result. The signal
level is shown in “dB” unit where 0 dB refers to ¥®dms AD input and the relation
between the “dB” value “X” and the actual AD ingit” in Vrms unit is described as the
following equation.

Y =10*10* /% (4.1)

Choose the modeling channel

The current modeling channel is shown on the upigét of the screen beside the
“CH.” notation. Users can change the modeling ckabg clicking the left or right arrow
below the channel number. The modeling channel eurchn also switch automatically
when the countdown number shown on the upper feti@screen reaches zero when the
modeling process begins. The start value of thentdmuwn number can be modified by
clicking the left or right arrow below it.

Users must finish modeling of all the channels efgpoing on to the control process.

Test the identification signal
TigerANC-II uses white noise as the identificatisignal. The identification signal

should be sufficient loud to achieve a reliable elod) result. Users can set the
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4.4.

identification signal level by set a number beldw tID SIG Level” notation. 0 dB “ID
SIG Level” refers to 5 Vpp DA output, and the riatbetween the “dB” value “X” and the
actual DA output “Y” in Vpp is described as theléoling equation.

Y =5*10% (4.2)

The “ID SIG Level” can be changed either by clickithe left and right arrow
(increasing and decreasing) or by typing in theuinpanel popped up when touching the
input box itself. After clicking the “Test” buttompay attention to the digits in the “Noise”
column of the surveillance window. A noise leveltieen -40 dB and-12 dB is
recommended. If the noise level is out of a redsieneange, adjust the “ID SIG Level”
correspondingly.

Start the modeling process

The stepsize for the modeling filter can be setcligking the left and right arrow
under the “Stepsize Value” notation or by typingthe input panel popped up when
touching the input box itself. After that, users ecaodel the cancellation paths between the
control sources and the error sensors by clickireg“Model” button. For “Monao” control
strategy, the modeling between a pair of contrara® and error sensor is conducted every
time. For “Centralized” control strategy, each tiafeer “Model” button is clicked, all the
cancellation paths between the actuated contrateand the error sensors are modeled at
the same time.

To trace the performance of the modeling processrsushould pay attention to the
digits shown in the “Residual” and “Difference” aoins in the surveillance window. A
normal modeling process leads to continuous deiagad the “Residual” (increasing of
the “Difference”) until they reach a comparativediable level. If the “Residual” keeps
increasing (the “Difference” keep decreasing), sisdrould stop the modeling process by
clicking the “Model” button again (the button wijrey out) and do the following things
before resuming the modeling process.

(1) Reset the model filters by clicking the “Reset’tbat
(2) Click the “Test” button to ensure that the “Noiskgvels are in a reasonable level

(between -40 dB and -12 dB). The signal level camadijusted by using power amplifiers
and the sensor signal amplifiers, or by changieg'th SIG Level".

(3) Decrease the step size of the model filter.

On the other hand, if the “Residual” level keembk and cannot attenuate for a long

time, grey out the “Model” button and reset the wiofilters, then increase the “Stepsize
Value”. After that, restart the modeling procesgdayching the “Model” button.

Repeat the above process until the “Residual”’ lelegreases quickly to a very small

number (or the “Difference” level increases to @éanumber, e.g. a number higher than 20).
Note that the indicate lights beside the “Differehtevels will vary from red to green after a
successful modeling process. The successful madelith be indicated by a very stable low
“Residual” level or a very stable high “Differencével. Usually the “Difference” level
above 20 dB is expected. Note that sometimes ahod model filter taps might lead to an
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unsuccessful modeling process. In that case, tipdease the model filter taps within the
restrictions described in Appendix B.

Do not forget to identify every cancellation pathdrtuating every modeling channel in
the modeling process.

4.5. Stop modeling

The modeling process can be stopped any time bkirngj the “Model” button and the
button will be grayed out.

4.6. Reset model filters

The model filter coefficients can be reset by dligkthe “Reset” button.

4.7. Model filters save & load

After a successful modeling, the model filter cmaéints can be saved to or loaded from
the Flash memory of the system by clicking the S&itters” and the “Load Filters” button
respectively.
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5.

5.1.

5.2

Control

The “Control” module, as depicted in Fig. 5.1, deabusers to carry out the noise
control action and check the performance of theeobntrol process.

Fig 5.1 The “Control” module

Surveillance window

There are several bars with varying heights indigathe signal level picked up by the
reference sensors and the error sensors. The $ayahlis shown in “dB” unit and 0 dB
refers to 10 Vrms AD input. The relation betweea tiB” value “X” and the actual AD
input “Y” in Vrms unit is described as the follovgrequation.

Y =10*10*'® (4.1)

. Start the controlling process

Before the controlling process, actuate the nomece, whether by using an exterior
noise source or by the interior signal generatodescribed in Sec. 8. Make sure that the
signal level shown in the surveillance window arthin an appropriate range40 dB to- 12
dB recommended).

After setting a proper step size for the contrltéfiby adjusting the “Stepsize Value”,
light the “Control” button by clicking it to stathe controlling process. If the “Update” button
greys out, also click it to enable the filter coméint update.

Users should pay attention to the “ERR.” signaklsun the surveillance window which
should keep decreasing until reaching a compaigtstable level. If the “ERR.” signal level
keeps increasing and even some kind of harsh pnaisée heard, stop the controlling process
by clicking the “Stop” button (which makes it greyut), and reset the control filter
coefficients by clicking the “Reset” button. Theveligence might be caused by the following
reasons.

(1) Signal overflow

Adjust the sensor signal amplifier to make sure #tlathe “REF.” signal level and the

“ERR.” signal level are below -12 dB before the ttoling process. Some professional
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measurement equipment is recommended to tracembeataveform of the input signal, so
that users can make sure that the input signaliikinnthe input range (10 Vpp) of
TigerANC-II.
(2) Cancellation path modeling failure

Check whether all the cancellation paths are ifledtisuccessfully by inspecting the
plot of every model filter as described in Sec. 7.1
(3) Too large step size of control filter

In some cases, the divergence is caused by usiog arge step size of control filter.
Reduce the step size and retry the controlling ggecNote that when the noise contains
sinusoid signals, the step size should be setfiigntly smaller than that for controlling
wide band noise.
(4) Violation of the causality constraint of the comsgstem

When controlling wide band noise, it is importamicheck the system’s causality, which
is simply described as follows.

Tsec+ Tref+ TAD/DA <= Tpri, (2-1)

whereTgrepresents the time spent by the acoustic wavaveltbetween the control source
and the error sensor,srepresents the time spent by the acoustic waveteltbetween the
noise source and the reference sen3appa represents the total latency of AD/DA
(including the anti-aliasing filter and other shapifilters) of the controller hardware, amg
represents the time spent by the acoustic waveat@ltbetween the noise source and the
error sensor. For TigerANC-ITappa IS as short as 18716 at 16 kHz sampling rat€appa
can even be reduced to 1@5 when the analog low-pass filters are disabledhdisated in
Section 3.3. However, when digital anti-aliasiritefiis enabled, as described in Section 3.2,
a 16 ms extra latency of AD/DA will probably formtlareat to the causality of the whole
system. If the divergence is caused by the viatatibcausality constraint, users should either
change the physical structure of the whole strecturtry to reduce the AD/DA latency by
increasing the sampling rate, disabling the amdisalg filter and other shaping filters, or
even jumping over the analog low-pass filter hamgwas described in 3.3.

Sometimes the “ERR.” signal level indicates that dontroller converges too slowly or
does not converge for a long time. The problem trighcaused by the following reasons.
(1) Too small signal level

Adjust the sensor signal amplifier to make sure #tlathe “REF.” signal level and the
“ERR.” signal level are higher tha0 dB before controlling process.
(2) Violation of the causality constraint of the cohmsgstem

The aforementioned causality problem also mightedbe slow convergence problem.
(3) Too small step size of control filter

In most cases, increasing the step size of cofittet will increase the convergence
speed. However, be careful not to set a too laeggsze to avoid divergence of the system.
(4) Weak coherence between the reference signal aretrbresignal

Users should be aware of the coherence betweaefdrence signal and the error signal
because the noise attenuation level depends signify on this property.
(5) Too short control filter taps
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Sometimes the control performance suffers from tshontrol filter taps. Users can
increase the control filter taps within the regioics described in Appendix B.

Note that when the active noise control is ongdthg “ANC” button is lighting green),
users can only check the parameters and statuthém modules, and all the operations in
other modules are disabled.

5.3. Stop controlling

The controlling process can be stopped any timenvthe “Control” button is clicked
and greys out.

5.4. Filter coefficients freeze & resume

When the “Update” button is grayed out, the confiltdr stops updating and noise
attenuation level will be kept comparatively staflae control filter will continue updating
after the “Update” button is lighted up.

5.5. Reset control filters

The control filter coefficients can be reset bgkiing the “Reset” button.
5.6. Control filters save & load

The control filter coefficients can be saved tdaaded from the Flash memory of the
system by clicking the “Save Filters” and the “Ldzitlers” button respectively.
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6. Channel

The “Channel” module, as depicted in Fig. 6.1, destates all the input and output
channel configurations. Users can set the 16thubwipannel as the signal generator output
channel in this module.

Fig 6.1 The “Channel” module

Fig 6.2 Enable the signal generator

6.1. Channel configuration

The schematic of the “Channel” module screen @lliothe same with the back panel
of TigerANC-II case. The green “Ref.” channel regmets the reference signal input, the
yellow “Err.” Channel represents the error signgbut, and the orange “Con.” Channel
represents control signal output. The detail infation of the channel configuration can
also be found in Appendix A.

6.2. Enable the signal generator

The internal signal generator of TigerANC-II can di@abled or disabled by clicking
the “Generator Channel Enable (Disable)” buttomgside the 16th output channel. When
the signal generator is enabled, the 16th outpahmél will be set as the signal generator
output with icon being blue, as shown in Fig. 6.2.

Page 26 of 42



Manual TigerANC-II

6.3. Set the generator signal as the reference signal

As can be seen in Fig. 6.2, when the signal gemeigatenabled, the “Set as Ref.”
button is also lighted up in green color. When thugton is clicked, the signal made by the
generator will be set as the reference signal®fithole active noise control system. All the
original reference signal channels will grey outddre disabled, and the 16th output
channel icon will be half blue and half green, epidted in Fig. 6.3.

Fig 6.3 Set the generator signal as the referagoals
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7. Filters

7.1.

7.2

7.3.

In the “Filters” module, as depicted in Fig. 7.%ets can plot one of the model filter or
the control filter on the screen. The filter can dfeecked both in time domain and
frequency domain.

Fig 7.1 The “Filters” module

Plot one of the model filters

If users need to have a look at one specific ctato@ path model filter, choose
“Model” in the “Type” input box. For the “Mono” cdrol strategy, type the control channel
number in the “CTL. Ch.” input box, and click thelbt” button. For the “Centralized”
control strategy, type the control channel numhehe “CTL. Ch.” input box and the error
channel number in the “ERR. Ch.” input box. Thea figure of the interested filter will be
shown.

Plot one of the control filters

Choose “Control” in the “Type” input box, and typlee control channel number in the
“CTL. Ch.” input box, then click the “Plot” buttor.he figure of the selected control filter
will be shown on the screen.

Show the filter in frequency domain

The filter can be shown in frequency domain wheersigouch the “Frequency
Domain” tab on the screen, as depicted in Fig. 7.2.
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Fig 7.2 Show the filter in frequency domain
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8. Generator

The generator module, as shown in Fig. 8.1, enaldess to generate signal within the
controller through output channel 16. The signal ba configured to be the summation of
one wide-band signal and as many as six sinusajdal. To start the generator
configuration, users must enable the generatoessrithed in Section 6.2 and Section 6.3.

Fig 8.1 The “Generator’” module

Fig 8.2 Set the frequency and amplitude of thessiitusignal

8.1. Sinusoid wave generator

Users can generate signal up to 6 sinusoid sigraid, the frequencies and the
amplitudes of all these sinusoid signals can betstte left part of the screen, as depicted
in Fig. 8.2.

8.2. White noise generator

Users can also add a wide-band noise into the Isigpnyping the amplitude through
the pop-up input panel of the corresponding inmxt dn the upper-right part of the screen,
as depicted in Fig. 8.3.
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Fig 8.3 Set the amplitude of the wide-band signal

Fig 8.4 Click the figure to load shaping filter

8.3. Shaping filter for the white noise

The default wide-band noise (white noise) can l@pet by an extra filter. Users can
load one of 10 predefined shaping filters by chogsine of the filter files on the pop-up
panel when touching the figure in the right sidetaf screen, as depicted in Fig. 8.4. The
characteristics of the predefined filters are sunimed in Table 8.1.

Users can also import a self-designed digitalrfitéh as many as 800 taps from a file

in the following way.

(1) Design the float-point filter of 800 taps using srmmathematical tools such as
MATLAB.

(2) Save the filter coefficients in the “TigerANC\Fittedirectory of a USB flash disk.
Note that the file should be a text file named f&d flt”, “f02.flt", “f03.flt", “fO4.flt”
and “f05.flt” and all the filter coefficients aréosed in a column format.

(3) Users can also add two lines of comments at thenbieg of the “.flt” file with the
initial character “%”, such as “% Low pass filter”.
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(4) Insert the USB flash disk into TigerANC-Il, and alli the “Load” button in the
“Generator” module, and the file names will be shawthe pop-up panel.
Users can also check the amplitude frequency respai the adopted filter by
clicking on the “Frequency Domain” tab above thlgife, as depicted in Fig. 8.5.

Fig 8.5 Check the amplitude frequency responshkefilter

Table 8.1 Characteristics of 10 predefined shapliegs

Label Filter type Cut-off frequency (digitally)
Filter 01 Low pass 1/2
Filter 02 Low pass 1/4
Filter 03 Low pass 1/8
Filter 04 Low pass 1/16
Filter 05 Low pass 1/32
Filter 06 Band pass 1/4, 1/2
Filter 07 Band pass 1/8, 1/4
Filter 08 Band pass 1/16, 1/8
Filter 09 Band pass 1/32, 1/16
Filter 10 All pass

8.4.

8.5.

Start and pause of the generator

Signal generator output can be started or pausetirae when the loudspeaker icon at

the bottom-right corner of the panel is clicked.

Attenuate the overall amplitude

The overall amplitude of the generated signal canatienuated up to 40 dB by
clicking and dragging the slider bar on the righdef the screen, as depicted in Fig. 8.6.
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Fig 8.6 Operate the slider bar to attenuate theasig
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9. Digital feedback control using ultra-low delay fixed control mode

TigerANC-II provides users an ultra-low delay fixedntrol mode, which is very
useful in digital feedback control. The followingopedure can be followed to carry out a
feedback control experiment.

(1) Choosing “Fixed” mode from the “Parameters” modas,indicated in Sec. 3.5. Since
ordinarily only one sensor is needed in a feedbamktrol system, the “Parameters”
module, as shown in Fig. 9.1, will appear differéoim that in a feedforward control
system. Note that the control filter taps is 800.

Fig. 9.1 The “Parameters” module in “Fixed” mode

(2) When the “Fixed” mode is enabled, only two pairsrgfut and output can be used, all
the other channels will be disabled and grey otlhén“Channel” module, as indicated in

Fig. 9.2.

Fig. 9.2 Channels configurations in “Fixed” mode

(3) Users can load a self designed 800-tap filter FigerANC-II as the control filter by
clicking the “Load” button in the “Filters” modul@s indicated in Fig. 9.3. The filter file
should be saved in a USB flash disc, and the filen&t is totally the same as that

described in Sec. 8.3.
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Fig. 9.3 The “Filters” module in “Fixed” mode

(4) For a digital feedback controller, usually the heaide latency should be included in the
open-loop transfer function. Thus to measure thendpop transfer function, users
should load a standard impulse function (the fitameter is set to 1, and all the other
parameters are set to 0) as the control filterdmaace. After getting the open-loop
transfer function, users can follow some commonhoes, e.g.,H,/ H, method, to
design the feedback control filter; then load tlesigned filter to TigerANC-II to testify
the performance of the whole digital feedback adrdystem.
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Appendix

A. Channel description under different conditions

Every channel has its specific definitions undeffedént configurations. The channels
definitions under different conditions are desdditss follows. Users can also find the channel

configurations by clicking the “Channel” button thre main panel.

(1) Controlling strategy: mono; Signal generator: disalted
Definition of input channels

ChNum | 1 |2 | 3| 4|5 |6 ]| 7]|38 1011 |12 | 13| 14| 15| 16| 17 | 18
Definition |R1| E1 |R2 | E2 |R3| E3|R4 | E4| RS | E5 [ R6| E6 | R7| E7 | R8 | E8 | R9 | E9
Definition of output channels

ChNum | 1 | 2|3 4|5 |6|7]|38

Definition | C1 | C2 | C3 | C4 [ C5|C6| C7 | C8| C9

(2) Controlling strategy: mono; Signal generator: enabéd

Definition of input channels

ChNum | 1 |2 | 3| 4|5 |6]| 7|8 1011 |12 | 13| 14| 15| 16| 17| 18
Definition |R1| E1 [R2 | E2 | R3| E3|R4| E4 [R5 | E5|R6| E6 | R7 | E7 | R8 | E8 | R9| E9
Definition of output channels

ChNum | 1 | 2|34 |5|6|7]|38 10111|12| 13| 14| 15| 16
Definition | C1 | C2 | C3 | C4 [ C5|C6| C7 | C8| C9

(3) Controlling strategy: mono; Signal generator: enabéd & set as reference

Definition of input channels

ChNum |1| 2 (3|4 |5|6|7|8|9|10(11|12|13|14|15|16|17| 18
Definition El E2 E3 E4 E5 E6 E7 E8 E9
Definition of output channels

ChNum | 1 |2 |3 4|5 |6|7]|38 10| 11}12|13|14| 15 16
Definition |C1| C2 | C3| C4 | C5|C6 | C7 | C8 | C9 R1-R9
(4) Controlling strategy: centralized; Signal generator disabled

Definition of input channels

ChNum |1|2 |3 |4 |5 |6 |7 |8|9|10| 11| 12| 13| 14 | 15| 16 | 17
Definition |R| E1 | E2 | E3 | E4 | E5 | E6 | E7 | E8 | E9 | E10| E11| E12 | E13| E14 | E15| E16
Definition of output channels

ChNum | 1 | 2|3 4|5|6|7]|38 10 | 11 | 12 | 13 | 14 | 15 | 16
Definition | C1 | C2| C3|C4|(C5|C6|C7|C8| C9| Cl10| C11| C12| C13| C14| C15| C16

(5) Controlling strategy: centralized; Signal generator enabled
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Definition of input channels

ChNum | 1|2 |3 |4 |5 |6 |7 |8|9|10| 11| 12| 13| 14| 15| 16

Definition |R| E1 | E2 | E3 | E4 | E5 | E6 | E7 | E8 | E9 | E10| E11| E12| E13| E14 | E15

Definition of output channels

ChNum | 12|34 |5|6|7|8|9|10| 11| 12| 13| 14| 15 |16
Definition | C1 | C2| C3|C4 | C5|C6|C7|C8|C9| Cl10| C11| C12| C13| C14| C15

(6) Controlling strategy: centralized; Signal generator enabled & set as reference
Definition of input channels

ChNum 1|2 |3 (4|56 |7 |8]9 10| 11| 12| 13| 14| 15| 16

Definition E1|E2|E3|E4|E5|E6|E7|E8| E9| E10| E11| E12| E13| E14| E15

Definition of output channels

ChNum| 1 |2|3|4,5|6 |7 ,|8|9] 10|11 12| 13| 14| 15 16
Definition | C1 | C2 | C3|C4|C5|C6|C7|C8| C9| Cl1l0|C11| C12| C13| C14| C15 R

Note that in all the above tables, R representiereace signal’, E represents “error signal”’, C
represents “control output signal”, and G represégé¢nerator signal”.

B. Maximum filter taps at different configurations

The model filter length and the control filter lehgre restricted by both the computational
capacity and the maximum on-chip RAM of the hardwafor different Controlling strategies,
users should be aware of the maximum filter lerigtbase that the active noise control will fall
because of overflow of the computation or storagedén. The maximum filter length in some
commonly used configurations is summarized as\iclo

For “Mono” Controlling strategy, the maximum filteaps is shown in Table B.1.

Table B.1 Maximum filter taps in “Mono” Controllingtrategy

Working channel number (Control | Filter length of both the
Sampling | channel number equal to Error model filter and the control
Rate (kHz) | channel number) filter
64 1 720
32 1 1952
16 1 4096
2 2048
8 1 4096
2 2048
3 1360
4 1024
4 1 4096
2 2048
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3 1360
4 1024
5 816
6 680
7 584
8 512
9 448
10 408
11 368
12 336
13 312
14 288
15 272
16 256
2 1 4096
2 2048
3 1360
4 1024
5 816
6 680
7 584
8 512
9 448
10 408
11 368
12 336
13 312
14 288
15 272
16 256
<=1 1 4096
2 2048
3 1360
4 1024
5 816
6 680
7 584
8 512
9 448
10 408
11 368
12 336
13 312
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14 288
15 272
16 256

For “Centralized” Controlling strategy, the maximfitter length is shown Table B.2.

Table B.2 Maximum filter taps in “Centralized” Coolling strategy

Working channel number (Control | Filter length of both the
Sampling | channel number equal to Error model filter and the control
Rate (kHz) | channel number) filter

16 4096
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4096
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4096
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816

568

416

320
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4 1024
5 816
6 568
7 416
8 320
9 248
10 200
11 168
12 136
13 120
14 104
15 88

16 80

C. TigerANC-II specifications

System Description

TigerANC Il is a new generation standalone actiwatwller without the need of a host PC. All
the controlling parameters can be set through dmedded touch screen where the control status
also can be viewed. The hardware mainly includewgla-end float-point DSP, which is in charge
of the core control algorithms, and an ARM chip,ickhis in charge of the human-machine
interface. The controller also benefits from th&adlow latency of AD/DA conversion, which
makes it possible to realize a compact ANC systanmfany latency critical applications.

Number of Channels
18 analog input channels (reference + error)
16 analog output channels
Up to 9 reference signals (from software generaigaials or from analog input channels)
Up to 16 control signals

Adaptive Algorithms
Gradient descent feed-forward control using the M&Lalgorithm

Control Filter Types
FIR

Maximum Tap Length for Control Filters
Depends on the number of channels used

Adjustable Algorithm Parameters

Cancellation path number
Cancellation path transfer function taps
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Cancellation path identification stepsize
Control filter number

Control filter taps

Control filter stepsize

Cancellation Path System Identification
Adaptive FIR model with random noise as the excitasignal

Sampling Rates
There are 10 choices of sampling rates varying ft@% Hz to 64 kHz, with optional anti-aliasing
low-pass filter

Input and Output Filtering
The white noise generated by the internal signadegsor can be high-pass, low-pass and
band-pass filtered with 10 pre-defined differeitefs. Users can load their own filter parameters
through a USB flash disk.

Analog Inputs
Signal maximum is 10Vpp
AC coupled inputs

Analog Outputs
Signal maximum is 5Vpp
AC coupled outputs

Signal Generator
6 sine wave generators
1 white noise generator
Frequency range 0 Hz to 32 kHz
Generator signal can be set as the sum of the whise and different sine waves

Saving Data
System data can be saved to a USB flash disk or ea&l

Signal Display

Software display
Identification signal level
Modeling error level
Reference signal level
Error signal level
Cancellation path filters
Control filters
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Hardware

Digital Signal Processor
Main processor, Texas Instruments (Tl) 300MHz TMEB3&747 float-point
ARM, Samsung S3C2440

Analog Inputs
18 analog inputs sampled simultaneously, using BsAAD7656.
10 Vpp input range
16 bit precision
High input impedance
Selectable analog low-pass filter for each port
BNC front-panel connectors

Analog Outputs
16 analog outputs sampled simultaneously, usintsZDA8568
5 Vpp output range
16 bit precision
Low output impedance for driving power amplifiers
Selectable analog low-pass filter for each port
BNC front-panel connectors

Sampling Rate
There are 10 choices of sampling rates varying fidi#6 Hz to 64 kHz, with optional
down-sampling low-pass filter

Group Delay

Minimum 187.5ns with analog low-pass filter @ 16 kHz sampling rfaben AD input to DA
output.

Minimum 125ns without analog low-pass filter @ 16 kHz sampliagerfrom AD input to
DA output.

Minimum 90ns in “Fixed” mode @ 16 kHz sampling rate from AD unmpo DA output.

Host Communication
A touch screen within the controller is in chardelbthe control operations.

Power Supply
Accepts 100V to 240V AC at 50 Hz or 60 Hz
Less than 60 Watts power consumption
IEC power cord connector
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