d upstream downstream disturbance speaker detection controlspeaker error m microphone u e microphone

C m (s) C e (s) Contro ller

(a) m P md (s) d

C m (s) P mu (s) P ed (s) u P eu (s) e

C e (s)

(b)

Figure 1. (a) Schematic and (b) Block diagram for

the proposed active noise control system in a duct

Experimental

Identified

Experimental

Identified

200 400 600 800 1000 1200 1400 1600 1800 2000 -20

-10

0

10

20

30

Magnitude (dB)

200 400 600 800 1000 1200 1400 1600 1800 2000

-200

-100

0

100

200

300

Phase (deg.)

Frequency (Hz.)

Figure 2. Frequency response for

the experimental and identified transfer function P eu (s) y 2 =m P md (s) w 1 =d

w 2 D 2

C m (s) P mu (s) z 2 P ed (s) D 1 W 2

W 3 z 3 D 3

w 3 1 0 0005

1 0 0005

-

+

.

.

s

s u P eu (s) y 1 =e W 1 z 1

C e (s)

(a)

D

w z

P G u y

C

(b)

Figure 3. (a) Block diagram (b) LFT for the H ¥ problem

(P G is the generalized plant)

-700 -600 -500 -400 -300 -200 -100 0

-40

-30

-20

-10

0

10

20

30

X: Phase (degrees) Y: Magnitude (dB)

216 1050

311

Figure 4. QFT Loopshaping environment and

the performance bounds for feedforward loop design

-700 -600 -500 -400 -300 -200 -100 0

-30

-20

-10

0

10

20

X: Phase (degrees) Y: Magnitude (dB)

10

10

216

311

1050

Figure 5. QFT Loopshaping environment and

the performance bounds for feedback loop design

100 150 200 250 300 350 400 450 500 550 600 -50

-45

-40

-35

-30

-25

-20

-15

-10

Frequency (Hz)

Magnitude (dB)

Controller off

Controller on

Figure 6. Simulated performance - Magnitude of open-loop v/s the closed-loop

frequency response with experimental data and the H ¥ / QFT synthesized controller disturbance

speaker detection control error

microphone speaker microphone

Amplifier/ Power Amplifier/

Conditioning Amplifier Conditioning

ADC DAC ADC

TMS320C30

DSP Hardware System

Compiling & Linking

using TI´s C toolkit

Discretization&

second order sections

H ¥ /QFT Design

in MATLAB

Software

Figure 7. The hardware/software configuration for ANC system in duct

1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0

-4 0

-3 5

-3 0

-2 5

-2 0

-1 5

-1 0

-5

0

f re q u e n c y (H z )

M a g n it u d e (d B )

C on trolle r o ff

C on trolle r o n

Figure 8. Experimental performance - Magnitude of open-loop v/s the closed-loop

frequency response for the implemented real-time controller