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Concept of Active Noise Control

» Traditional passive noise control, via blocking or absorbing sound waves,
tends to become very bulky for low-frequency noise.
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= Active noise control is an alternative way by injecting an “anti-noise”:
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Ref.:Olson, H. F., & May, E. G. (1953). Electronic Sound Absorber. The Journal of the Acoustical Society of America, 25(6), 1130-1136.



Development of Active Noise Control
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= |In 1953, Olson first realized the idea of ANC in real environment.

= This pioneering work has a tremendous influence on subsequent ANC R&D in
various areas, such as automobile, aircraft, HVAC and appliances.

Ref.: Hansen, C. N. (2002). Understanding active noise cancellation: Taylor & Francis.



Concept of Electronic Sound Absorber

= Multiple Helmholtz resonators for absorbing broader low-frequency range.
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= Alternatively, the active sound absorber
provides a way to cancelthe low-
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Ref.:Olson, H. F., & May, E. G. (1953). Electronic Sound Absorber. The Journal of the Acoustical Society of America, 25(6), 1130-1136.



Theory of Active Sound Absorber
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Performance Analysis of Feedback ANC System
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= The transfer function of complete feedback loop:
E(w) 1
D(w) 1-H(w)S(w)
Here S(jw) is the transfer function contains electroacoustic response of loudspeaker,

acoustic path between loudspeaker and microphone, and the electroacoustic
response of microphone.

For Olson’s system, it was assuming S(jw) is flat, H(jw) = —A. Hence, the larger the
amplifier gain, the better the system’s performance.




Components Design of the Active Sound Absorber

Electronic microphone Loudspeaker
m 20 | 15
-2 15 /\ % PR R e
= e~~~ \ .= 10 7— \Aﬂq
z 10 N
5
3 N
é O I — é 0 \ o
20/ 40 80100 200 400 8001000 20004000 10000 20 30 40 60 80100 200 300400 %00 1000
Frequency in cycles per seconds Frequency in cycles per seconds
Also. the variation in Amplifier Size is one-half cubic foot
’ : o m 65
phase angle is less than 2 =
=T I A R I I PR A Y e
from 20 to 400 cycles. 5 60 S~ ", _ _
= d SN ~——, Reduced gain to avoid
& 55 e instability
50

20 30 40 60 80 100 200 300400 600 8001000
Frequency in cycles perseconds

Figures are adopted from Olson’s paper

= Very special precautions in the choice and design of the components

v Flat response and free of phase shift of the secondary path (from loudspeaker to error
microphone)

v" Reduced response of the amplifier to avoid positive feedback in the high frequency
range

Refs.: Olson, H. F., & May, E. G. (1953). Electronic Sound Absorber. The Journal of the Acoustical Society of America, 25(6), 1130-1136.
Olson, H. F. (1947). Mechano-Electronic Transducers. The Journal of the Acoustical Society of America, 19(2), 307-319.



Potential Applications of the Active Sound Absorber

LOUDSPEAKER
/MlcROPHONE L&J../-—mcnomout
-+—LOUDSPEAKER 3
Automotive and Machiner
aircraft cabin ili Y
facility
/ | AMPLIFIER | .
Electronic
sound
absorber
L a 3
\S J
i/
ELECTRONIC
SOUND
ABSORBER
ACOUSTICAL CIRCUIT
. P 2, Py K2 M, s \\
- . < MICROPHONE —
t L J wouosreaxer HVAC and Larg .
muffler room

AMPLIFIER

Figures are snipped from Olson’s paper

= The potential applications of the active sound absorber have been widely investigated by
subsequent researchers, especially several practical commercialization in auto industry.
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Modern Active Noise Control (ANC) System
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= The boom of electronic hardware and software in 1980s leads to rapid development of
modern ANC system (feedforward control using digital filter with adaptive filtered-x least
mean square (FXLMS) algorithm).

= The modern ANC system tends to have more robustness to time-varying environment and
dynamic disturbances.

Ref.: Elliott, S.J. (1994). Active Control Of Structure-Borne Noise. Journal of Sound and Vibration, 177(5), 651-673.



Comparison of Control Strategies
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 Simple to implement and fewer computation
* Does not require accurate model of the plant

* Guaranteed stability when actuators and
sensors are collocated

* Global method
* Requires accurate model of the plant
* Attenuate all disturbance within bandwidth

» Unnecessary precise modeling
* Large stability bounds
» More effective for narrowband disturbance

* Effective only near resonance

* Limited bandwidth
* Requires low delay for wide bandwidth
* Spillover

 Reference/error signal is required

* Local method and may amplify noise
somewhere else




ANC Applications for Vehicle Interior or Exterior Noise
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Conceptof ANC for vehicle interior noise

= Dominantlow-frequency vehicle = Traditional passive noise control
interior noise is caused by engine uses heavier/thicker materials
noise and road noises. (poor fuel efficiency).

Refs.: Elliott, S.J. (2008). A review of active noise and vibration control in road vehicles.

Li, M. D., Jie; Lim, Teik C. (2010). Active Noise Cancellation Systems for Vehicle Interior Sound Quality Refinement. Recent Patents on Mechanical
Engineering, 3(3), pp.163-173.



Commercialization Trend in Automotive Industry

Major OEMs utilize ANC for P/T noise

cancellation and/or sound enhancement
v’ 2-4 error microphones
v' Applied to sedan, crossover, SUV, minivan
and HEV
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Active Noise Control System Flow Diagram
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UC ANC Work on Vehicle Powertrain and Road Noise

Ref. sig.

| Controller

Road Noise

Several efficient algorithms have been proposed:

Engine Noise Road Noise
= Twin-FXLMS algorithm (deal with odd & even order) = Combined FF and FB system
= Virtual secondary path algorithm (equalization) = Subband algorithm (faster
= Time-frequency FXLMS algorithm for active sound  convergence for color noise)
tuning (cost efficient) = Channel equalization algorithm

(balanced performance)

Duan, J. (2011). Active Control of Vehicle Powertrain and Road Noise. (Ph.D.3475146), University of Cincinnati.
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Powertrain and Road Noises Control Results
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1.

Modified FXLMS Algorithm for Impact Acoustic Noise
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Concluding Remarks

= This presentation gives an overview on the first
experimental work by Olson (1953) to develop an electronic
sound absorber. This pioneering research work has a
tremendous influence on subsequent research and
implementation of ANC technology.

= Most of the potential applications of the electronic sound
absorber as discussed in this paper have been
implemented and extended using modern control strategy
for further commercialization of ANC system.

* The trend of ANC applications in automotive industry has
been highlighted, which can be considered as thrust
applications of the work by Olson and May.
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