Optimisation d'admittance appliquée a la conception
d'une barriere antibruit de faible hauteur
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Low-height noise barriers can be an efficient way to create
quiet zones close to transportation routes in urban areas
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This talk introduces a gradient-based optimization method
to design the surface treatment of a low-height barrier
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A low-height noise barrier close to a tramway has been
considered

Source
Tramway noise
Line source on ground

Receivers R

Low height
barrier

1.8m

Barrier

Arbitrary fixed geometry
Holds in a 1m wide square
Arbitrary admittance Noise source

Physical conditions

Homogeneous atmosphere
Infinitely long barrier (2D approx.)
Locally reacting surface treatment
Rigid ground

Reflection on tramway side : baffle
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A T-shape geometry and two kinds of admittances have
been considered for the barrier coverage
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This goal is to minimize the noise reaching the receiver
zone by designhing the admittance distribution
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This goal is to minimize the noise reaching the receiver
zone by designhing the admittance distribution

1
Attenuationat , _ 2. |P(Riafn)|2 ° P(fn)
each frequency = | D, [P™(Ry, fu)l? Pm(fy)
e et Weighted 3, 50 A2
im_ DS A0 BN L am attenuation >0 Sn
lm{
Broadband L
insertion loss IL = —10 log €
Noise source 6.5m
- . . . e e e Panel parameters
Minimize e (maximize IL) Optimization —>

Gradient-based algorithm : SQP Width of each panel

f, : 6 frequencies per octave (100-2500 Hz)
5 random starting points

de  d4, [dP(f,)

Need the gradient — — - [

da da da
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The gradient w.r.t to the admittance parameters is calculated
efficiently using the BEM and the adjoint state approach

Admittance B
Pressure p, pP= [Z \p(Ri)\Q}

j Receivers
0
@ state: pr = pr(J)

(Primal BEM integral equation)

b=

BEM
—> P =P(5,pr)

dr @P @P d
P = P(ﬁ,pp (5)) = dﬁ 35 o dpﬁr Implicit function

Using the adjoint state™: (r

CdU; ()&pr) gg (ijr QF) —>  Explicit function

(Dual BEM integral equation)
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A very simple expression for the gradient with respect to the
admittance can then be written

1P oL
Ld—),(ﬂ 05 —(B.pr.qr) = ik prqr
]
dpP d r
Gradient with respect to a model parameter da = Re [Lk 6 / Pr C]T] P

. . . . B, : admittance on T,
Gradient with respect to a panel width

dpP

a Re (ik (B0 — B1) pr(t) gr(1) Jr(t))

Computational aspects

State and adjoint state calculation ——> 2 BEM problems ——> x2 CPU time

Gradient calculation —> Explicit integral ——> Negligible CPU time
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Results show good improvement of the barrier performance
especially in the mid-frequency range
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Results show good improvement of the barrier performance
especially in the mid-frequency range

'=. T-shape
‘\‘\/ ] ]
Low height Recelvers R A ‘ 1 R|g|d 5.6 dB(A)
barrier AR C RO -, & pooos --
D 45 S P, ; il 9..0.;& — 1 Absorbent  16.6 dB(A)
i 1mI ' I e Optimized  23.1 dB(A)
—_:/“ ° I7
3.5m ‘ & Optimization gain: 6.5 dB(A)
Noise source 6.5m
— ol —-Rigid
o v-Absorbent 5 7
—  ||-=Optimized | ~ /
= . Ry
% 20_ T %
+3 K%
3 '
© 10 1
- -
= .4
— 90 L
< || —*Rail track 4
m || ——Powered bogie '
k=) - Unpowered bogie 3
EBO -e-gufn ofgr:uidgsources y P 10
3o Frequency [HZ]
% 60
% 50 Absorbent: D&B layer — 6 = 50 kPa s/m?,d = 10 cm
® 40 1;25 2:50 560 1600 20‘00 4(;00 8600
Frequency [Hz] PENNSTATE

11 CST§ 4@



In summary, admittance optimization allows to design low-
height noise barriers surface treatment efficiently

Adjoint state

P, . oc, o . . .
d—g(ﬂ = a—ﬁ(.ﬁ-pr- qr) = ik prqr —> Sensitivity (gradient) w.r.t. admittance parameters
—> Negligible extra CPU time
Gradient-based optimization algorithm
S 1
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The gradients involved are complex functional gradients

defined on the barrier
Notation (a.b) I/def
I'

Curvel
Y
D : set of smooth complex functions defined on T
F functionalon D
Linear approximation of F about f:
/ s

(Vg€ D) F(f+g)=F(f)+Lsg)+o(llgllo)

L: linear form on D (differential)

—> Identification with a complex function Lf( ) = <(31§‘ : g> “Gradient” of F
_ dF
If F is real L¢(g) = Re<df,g>
2 *
Properties d|F| — 2 F* g and M — b= dF
df df df ~ |F| df

PENNSTATE
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The sound field resolution comes down to the
determination of the pressure on the scatterer (the state)

G: Green’s function €«— (Rigid) ground reflection + coherent line source (2D)

G(x1,x2,y1,y2) = i (HU []f\/(ﬁ_ﬂ —x1)? + (y2 — i‘-‘2)2} + Hy [A'\/('.f_ﬂ —x1)% + (y2 + ;rzm)

Given a pressure distribution p on I, define:

Adjoint properties
€T f G(x,¥)p
(Sp,q) = (Sq.p)
: (E'—>/ ) *
5’”2 (Dp. q) = (D*q.p)
D*p :1:!—>[ (y) .
@m (Np,q) = (Ng,p)
v / on 6’712 y)dI'(y)
Incident and scattered field Scattering problem
__ ain SC V24 ) p*© =0 inQ°
— pin L — .
p- ! ! o o B5) on T with KPE) = — 20| i
pln(X) — G(S, X) on 1 \A - T\ T, - PPr

4+ radiation condition

(Ri.y) +ik3(y) G(Roy) ) pr(y) dy  vowsme
(Kirchhoff-Helmhotz integral theorem) 87
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The objective function depends on the admittance and the
shape both explicitly and implicitly

Integral representation (BEM)

P=[>Ip(R:)P] :

P (R;) 4 p™ (1)

Admittance 8

curve I / Receivers  p(R;)

O

PR = [ (G y) + ih3(y) Gy ) pry) dy

— [P = P(5,pr)

State p, —> State equation: primal BEM problem (MICADO*)
Npr + D*(ikBpr) + ik Dpr + ik[5 S(ikBpr) = 1 (5)

——> State p, is an implicit function of admittance

d_P_6P+6POdpr
ds 9p  dpr df

P=P(B,pr(8) =

Implicit function

PENNSTATE

* Source: P. Jean, "A variational approach for the study of outdoor sound propagation and application to railway noise," E @
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The adjoint state is introduced to avoid dealing with the
implicit dependence of the state on the parameters

Define the Lagrangian L’(,:i??. pr.qr) = P(,:i%. pr) + Q(:.:%. pr.qr)

Q(5.pr.dr) = Re (Npr + D*(ikf3pr) + ik Dpr + ik3 S(ikBpr) — k" (3). 4r)

oL
Opr

Ngr + D*(ikBqr) + ik3 Dqr + ik S(ikBqr) = hy (B, pr)

Adjoint state equation (5,pr qr) =0 =—> dual BEM problem

(8. pr) Zp (S ) = B G, )

oL
a3

Total gradient (6, pr) =

dﬁ

(5apF QF) —>  Explicit function

PENNSTATE
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The adjoint state is in fact the “state” of a dual scattering
problem and can be solved by the BEM as well

Receivers Sources
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1
—(V*+k)p* =0 i@ (VP +k)gc=0 inQ°
()[) )pl“ in def ; in ()(] .,p dqm -1 A in ‘lt'f in
o =————ikBp = hi"(3) onT o = -5 —ikBq hy'(B) on I’
—+ 1ddl‘d-ti()1l C()Ilditl()ll +r 1(11 1t1011 (,Olldl‘[lon
Npr + D*(ikpr) + k8 Dpr + ik S(ikBpr) = hi%(3) Ngr +ikB3 Dqr + D*(ikBqr) + iks S(ikBqr) = hi (3, pr)

—> 2 classical BEM integral equations: same operator, different RHS
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Results show good improvement of the barrier performance
especially in the mid-frequency range

Thin wall

Low height Receivers R

barrier

Rigid 3.7 dB(A)
Absorbent 14.3 dB(A)
Optimized 17.8 dB(A)
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Results show good improvement of the barrier performance
especially in the mid-frequency range
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Both surface treatments enhance attenuation in different
frequency bands
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One can also assess the accuracy of the approximations used

in the optimization model

Absorbing ground ?
Vertical baffle

@ e Realistic tram cross section ?

Benefit of the optimized
admittance ?

PENNSTATE
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Different cases involving more realistic situations have been

considered for comparison

ase a) aseb)

Optimized
admittance Q

Optimized

admittance
%)

Casec) Cased)

Optimized
admittance Y

Uniformly
porous

Absorbing ground : Delany & Bazley layer — 0 = 50 kPa s/m?,d =10 cm
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The benefit of the barrier is decreased when more realistic
conditions are considered, but still significant

Thin wall a) Vertical baffle, rigid ground, opt. B IL, =17.8 dB(A)

b) Realistic tram, rigid ground, opt. B IL, =15.8 dB(A)

Y P c) Realistic tram, absorbing ground, opt. B IL, =12.1 dB(A)

4 d) Realistic tram, absorbing ground, uniform absorbing L, =9.0 dB(A)
A Optimization gain : 3+ dB(A)
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The benefit of the barrier is decreased when more realistic
conditions are considered, but still significant

Square a) Vertical baffle, rigid ground, opt. IL, = 21.6 dB(A)
_ b) Realistic tram, rigid ground, opt. B IL, =19.3 dB(A)
- A L —————— c) Realistic tram, absorbing ground, opt. 8 IL, =15.6 dB(A)
~ d) Realistic tram, absorbing ground, uniform absorbing p  IL, = 10.9 dB(A)
A
o Optimization gain : 4.5+ dB(A)
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The benefit of the barrier is decreased when more realistic
conditions are considered, but still significant

T-shape a) Vertical baffle, rigid ground, opt. B IL, = 23.1 dB(A)
_ b) Realistic tram, rigid ground, opt. B IL, =22.2 dB(A)
Y —— 1| ¢©) Realistic tram, absorbing ground, opt. B IL, = 17.9 dB(A)
e d) Realistic tram, absorbing ground, uniform absorbing 8 L, =12.4 dB(A)
A
-y Optimization gain : 5.5+ dB(A)
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