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ABSTRACT

The lacking simulation of diffraction is still a mngproblem of ray tracing in room and, even monegity acoustics. The
author’s approach to diffraction is an energetie based on the uncertainty relation (UR). In manmerical experi-
ments, it has been validated quite well at thelsisgreen and the slit as reference cases, compatte&vensson’s exact
wave-theoretical secondary edge source model. i an explosion of computation time, the long-tenjective is to
combine this diffraction method once with Quanti®aagamidal Beam Tracing (QPBT). For preparationas therefore
been modified to the more efficient beam tracirghiéque and with that has been tested for someiandli configura-
tions. Some improved by-pass-distance- and angleraient diffraction functions have been investigatealso fulfil
the reciprocity principle. Recent experiments dedth possible errors of unintended double diffrantialso with double
diffractin at a cascade of two edges. Some new rivateesults and comparisons with the referenceehwill be re-
ported. The further aim is to investigate the gahapplicability of the model to higher order difétion. This, unfortu-
nately, has not been reached up to the deadlingubanit this paper and therefore will be presentaty orally.

transparent dividing ‘walls’. Furthermore, RT is elerated
INTRODUCTION - THE BASIC IDEAS considerably. Fig.1 illustrates this vision.

In room and urban acoustics respectively noise Baion
prognosis, ray or beam tracing methods (RT/BT) aréape
proved. The sound particle method with its detedemh-
nique and its statistical evaluation [1] is a vensof RT [16].
BT, especially with pyramide shaped beams [17] niseti-
cient deterministic straight forward implementatioh the
mirror image source method MISM [15]. However, thes
methods naturally neglect diffraction.

The aim is an efficient handling of arbitrary d#@tion and
reflection also for higher orders, but without edgibn of the
number of rays and computation time. A diffractimodule
is desired, recursively applied, as an approximafis short,
but not very short wavelengths.

Figure 1: Multiple diffractions in a (2D) room which is sub-
divided into convex sub-rooms: ‘transparent’ dinigliwalls
are dashed; a ray is scattered/ diffracted setiemak on

The basic idea for solving the ‘explosion probleisia re- these ‘walls near edges (only one path is drawn)

unification of ‘similarly running’ rays. This is dypossible if
rays are spatially extended, i.e. rather beamsrder to ex-
ploit their overlap, to interpolate and to re-unthhem. For
this purpose, Quantized Pyramidal Beam Tracing (QPBT)

was developed in 1996 [4,7]. As a high frequency approach for ray diffractiore tHTD
exists [11] and was recently utilized by Tsingosagt within
BT [12]. Svensson developed a secondary edge somwdel
valid even for low frequencies [9] (also only folard
wedges). However, both methods work recursivelyhigher
order diffraction combined with the MISM for higherder
reflections, hence the computation time explodék tbth.

Recently a new method for the convex sub-divisiors wa
found even capable of handling ‘holes’ (buildings the
ground plan of a city), this is decribed in [3].

This chance is the reason, why now beam insteadyodlif-
fraction is preferred; the transition from RT to BY de-
scribed here. The numerical benefits are desciibft].

A pre-condition for an effective pyramidal beamcirg is a
subdivision of the room into convex sub-rooms. i€tion
events at ‘inner edges’ may be effectively deteatedthe

Basic hypotheses for an introduction of diffractame here:

« diffraction is mainly an edge effect,
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e energetic superposition, hence RT can be used.

But there another problem arises: with RT, rays neéer
edges exactly, they pass only near by.

Basic ideas for solving both problems are:

* not all combinations and paths of diffracted/ re-
flected rays or particles are important, only those
where particles pasose to edges,

e the bending effect on a sound particle — the diffra
tion probability- should be the stronger the closer
the by-pass-distance.

This idea is inspired by Heisenbergs UncertaintiatRmn
(UR): the by-pass-distance as an ‘uncertainty’. €hgr the
diffraction pattern is the spatial Fourier transfoof the
transfer function of a slit. Already in 1986, tha&ttzor made a
successful approach for a sound particle diffractiased on
the UR [5]. In 1999, Freniere et al. also used anlaRed
diffraction method in another way successfully ptical RT
[13]. In 2006 the author’'s approach has been géneda
embedded in a full 2D ray tracing program, now &iso
finite distances [14]. The results have been coetaarlier
with the Maekawa's ‘classical’ ‘detour-model’ [8ter with
Svensson’s model for the screen. (The impulse resso
were Fourier transformed and the transfer functioosve
band averaged.) Reference cases were the semiénfini
screen as a ‘must’ and the slit (two edges) as- self
consistency-test. After a long time the UR baseddqarti-
cle diffraction model has right now been publistiediepth
with all these extensions and validations in ACUSAI[E].
Also the faster beam diffraction model has beetete$or
many additional configurations.

This paper is as a continuation of last year's paje previ-
ous summary is in [14]). Some recent investigatibase
been devoted to the checking of the fulfilment oé recip-
rocity principle. Last year, some discrepanciesuo®d in
some cases. To overcome this, now some improvesionsr
of the two basic functions (described below) haweerb
tested:

« the ‘Diffraction angle probability density function
(DAPDF)

e and the ‘Edge Diffraction Strength’ (EDS).

A new DAPDF could be derived from wave theory. Some
other versions have been tested.

Further more, the applicability of the model to dieudiffrac-
tion has been investigated numerically,

* at a slit, but now with finite source and receiver
distances,

« unintended double diffraction at two edges respec-
tively the attached ‘transparent walls’ (as infig.

e attwo edges in cascade, forming a ‘thick’ obstacle

THE SOUND PARTICLE DIFFRACTION MODEL

There are two basic concepts of implementation:Diferac-
tion angle probability density function’ (DAPDF) drthe
‘Edge Diffraction strength’ (EDS). Here, only a yaiough
outline is given (full description in [6]).
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The idea of that DAPDF (with non-split-up partigles
emerges from the UR. But it is more efficient (anggitally
equivalent) to split up the rays into new ones wyptrtial
energies according to the DAPDF (fig. 2).

DAPDF=averaaed slit functic

P(e)

D (g)

counting windows

screel

Figure 2: The sound particle diffraction model: Each mo-
ment a particle passes an edge of a screen dbacha

(below), it ‘sees’ a slit (above with the DAPDF e right
hand side). According to the uncertainty relaticsesain
EDS causes the particle to be diffracted accortirtpe
DAPDF= D(g). Below on the right some angle windows

used to count the diffracted particles and to gutheir en-

ergies to the transmission degrees (acc. eq.5)hAlshifted

DAPDFs of the different rays add up to the screandmis-
sion function (as e.g. in fig. 6).

The DAPDF

The DAPDF (see fig.2) is derived from the Fraunhafi-
fraction at a slit

Osinfu/u?, where u=rnlblsine (0),
here approximated byl . v=r7lblg , valid for parallel
incident and diffracted rays. The DAPDF, averagedrm
wide frequency band (similar as for ‘white light§ roughly
approximated by

D(v) = D, /(1+2v?) with v=2[ble @)
whereb is the apparent slit width in wavelength§, is the
deflection angle anB, is anormalization factor such that the
integral over all deflection angles is 1. Thgfactor must be
computed for each edge by-pass since its valuendspan b
and the angle limits of the wedge. In the followialyy dis-
tances are expressed in units of wavelengths

The EDS

To develop a modular model which is applicable atseev-
eral edges that are passed near-by simultanedhslyfEdge
Diffraction Strength’ (EDS{)) is introduced such that the
EDS of several edges may be added up to a totaSTED

TEDS:ZEDS (2)
To be used as input for the DAPDF, an ‘effectivie width’
is then

b, =1/TEDS. ®3)
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By self-consistency-considerations (the RT experin@na
slit should re-produce the energy distributiontsélf) it turns
out that

EDYa)=1/(61a) 4)

So, with only one edge, a by-passing particle wosés’ a
relative slit-width ofb.=6a.

Method of evaluation

For a systematic analysis, 2D -RT and -BT was atatiifor
sources S and receivers R at finite distances ds rarof
1,3,10,30,100 wavelengtiband 15 angle@, (and later

also¢s) -84...484° in steps of 12° in total 5*5*15=375

combinations at the screen (fig.3) as well ashat 4dlit of
width b between two edges at —b/2 and +b/2 on thgiy
All distances are measured in units of wavengths.

'R R

: inﬁ%wedge

Figure 3: Geometrical definitions at the screen; dotted: the
‘transparent wall’ (aperture) at which the particlare dif-
fracted

For all these parameters, the transmission degremslde-
termined. T is defined as the intensity with thiraction of
an obstacle relative to the intensity in free fialdere ‘inten-
sity’ in 2D is ‘sound power/width’ instead of ‘powesur-
face’. But the proportion of T is the same in 3Dr e slit,
T equals directly the DAP, the energy portion foceatain
angle rang@Srelative to the energy incident only onto the
slit. The results were compared with the knowrenexfice

functions, evaluating the mean, max, min and tlaadsrd
deviations over all. Curves as in fig. 6 are plbtte

With RT, many — typically 10...100 — particles are tsho
closely over the edge, i.e. within the by-passadist¢ range

of 0...7A (this means that some thousands primary particles

per full range of Z1 have to be emitted). In the first approach
[5], their energies were counted in ‘angle windowsinfin-

ity on the other side to compute from that the Thaf semi-
infinite screen. Now, in order to simulate alsatérreceiver
distances, the particles are detected utilizingia of quad-
ratic particle detectors [1,7]. For sound partidles immis-
sion formula [1] is valid

2r[R o
TBTSPZW%;WM,n [Dl( M,n) (5)

where theQ< D'( " n)<1 are the energy fractions of dif-

fracted rays (integrals over the DAPDF) in the angl
rangeAS of the Mth incident ray and for each of the nth
diffracted and received ray ‘within an imagined t&aR is
the direct distance source-receivey tt® detector surface for
sound particles and yy are the inner crossing distances of
particles in detectors.
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RESULTS OF RAY DIFFRACTION
EXPERIMENTS

Figure 4: First order diffraction on a single screen. The ye
low sound particles emitted from the source arfatifed to
secondary, green, sound particles. The detecteraligned
in four radii which fifteen receivers each.

At the first go (without any parameter fitting) gthgreements
with the reference function (Maekawa) were agairy good
for almost all cases, now also for finite distan¢stmndard
deviation in most cases <1 dB, curves similar dgi6). In
1986, this happened even for many cases of theNitv,
also the comparison with Svensson’s result yieldedd
results (standard deviations of 0.66dB).

FROM RAY TO BEAM DIFFRACTION

To prepare the later implementation of QPBT andettuce
the number of energy carriers (to enhance effigigncow
beam diffraction was tested. For mirror image sesir¢as
represented by beams), there is no stochastictieariand
the 1/r2 -distance law may be applied to compugeitimit-
ted intensities at the receiver points (in 2D alaw, rgy, is
the distance bending point -receiver):

._ 2R - D(B,) (6)
5T M, DB D%: o

Beam Tracing at a Single Scr

Figure 5: 2D beam diffraction, specialized for the screen

(black wedge in the middle): Typically 10...100 beams
(fans’ in 2D) (left, pink) arrive within the by-sa distance
range of 0...71 (here exaggerated). The direct sound passes
above (yellow). To reach aléceivers, beams are split up into
each typically 10...100 secondary beams (here bastay
as receivers exist, i.e. 15...31). To the right tiffeatted
beams: the darker the colour the higher the intgrsind this
mainly in straight forward directions; bottom rigttte beams
relevant for one specific receiver are drawn eltedia

D(B,) is the same ap'(g,, ) in eq. 5 for the Mth inci-

dent beam which belongs to the Mth relevant indiderd
diffracted beam (elongated in fig.5). So, for omeeiver,
only one loop over all beams (M=1..gMis necessary, not a
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secondary loop over each time an additional nurobeec-
ondary particles (n=1..gh So, RT can be equivalently be
replaced by BT being much more effective. The vhjiehass
distance of a beam is the middle ray’'s distancéiwithe

beam. A
A mathematical analysis [2] shows that, in orderdach a =
certain numerical accuracy, one needs, as a thueh at
least 10 times more particles and detector crossthgn
beams with respectively smaller computation time. 1l

Results of beam diffraction at a screen

- The agreements RT /BT were very good (standarchtiemi
of only 0.67dB); R

- The direct comparison between BT and the Maekawa
screen transmission functions yielded a standavéhtien of

Figure 7: Only the beams near the lower edge are evaluated
0.74dB,

by reasons of symmetry, the yellow beam in the faiddrry
the undiffracted energy (outside certain maximupasg-

- the comparison with Svenssons’s exact coheraunskary distances.) The EDSs of the two edges were addgsl g=4).

edge source model as analytical reference modelided \
only 0.39dB (see fig. 6). 1 .

i

screen transmission: blue= BEAMTRACING green=SWENSSON, amax=7, ma= 70, kb=31, source rad. 100
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ju IR e Figure 8: Transmission curves as a function of diffraction
£ . . .
I | R T T (O angle at a 1@ wide slit (upper violet curve) as the sum over

it = all DAPDFs = lower blue curves. Green: referengesfion.

Figure 6: Example of a comparison between beam tracing The standard deviation for all cases is only 0.B5klt there

(green) and Svensson’s reference method (bluéndai the are up to 3 dB too high levels at high angles (‘deethe
left). The transmission degree in dB is given asfiom of shadow’) compared with the slit function itselfégn curve).
the receiver angle, to the left the ‘shadow’ regied curve, (Without the gaclimitation, even deviations up to 5dB, with
rising to the left: deviation* 10 (70 incident * 3iffracted the EDSE much better, see below). This result dipen
beams within g.=74 , source and receiver distance: /L0 hardly on the number of beams.

source at y=0).

Also, the influence of the inner wedge angle ¢, (fig.3) was
investigated: For smaller inner angles their infice is low,

FROM BEAM DIFFRACTION TO INTEGRATION

but for the case of 90°, compared with 0°, theedéhces in Now, to exclude any numerical error with future inpta-

the transmission levels are up to 4dB (mean diffezeare tions due to the finite number of beamsg{Mrom the beam
typically 0.4dB). However, in Svensson’s referenceds, summation formula (6) a beam integration (BI) foraulas
hard flanking walls are assumed whereas in thedotien derived. Withag = 277/ M, - da @and

model based on the UR only the position of the @glgele-

vant, not any flanking walls. D(B, )/ A8 - d(B(a)) (the DAPDF) equ. 6 converges to

amax
dipla
Ty =RO| Mda @
Parallel beam diffraction at a slit amin Tem\d
For this self-consistency-test, both, source andiver are in where O ivmax 8T€ the min and max incident angles,
infinity, hence, the incident parallel beams carffaction of a.. =—¢,. The difference in comparing the results of BT

energy according the portion of the slit width, thifracted
beams carry energy according their angle width.7Fpows and BI for the screen was only 0.38dB standard tiewia
the experiment similar as explained in fig.5, dralwnthe

program with exaggerated beam widths.
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A first attempt for an approvement of the DAPDF

Already in the early investigations [5] a bettepagxiamated
DAPDF (instead of eq.1) was used:
1-v? fir  M<v,
D(v)=D,  1/2
V2-1+V2
with v, =y1-1/+/2 = 0.5412

fur M >V, (1b)

This DAPDF2 has a wider top as the former, bet@raach-
ing the averaged slit-diffraction functicgin2(u) /u2.

But, as it turned out astonishingly now: its usesioot pay:
The standard deviation at the screen became evgmhsl
higher than with before (0.9dB). With the slit thésehardly
any improvement.

In [13] is proposed a gaussian distribution; bus fk incon-
sequent, as the transfer function (and hence isi€otrans-
form) of a slit is not gaussian.

A first improvement of the EDS

As it turned out, at least for the slit, the edgfrattion
strength for wider by-pass-distances is to higher&fore
another EDS was tested again [5] with an exponigntig-

creasing strength and a limitation tol 7

EDSE(a) = forO<a<7, else0 (4b)

3a+e?

With this (instead of the EDS of eq. 4) at the #i& agree-
ments become much better: maximum deviation 1d8)-st
dard deviation 0.5dB. (With the single screen, thegome
slightly worse, especially at short distances, dé&y. 0.8dB).

In [13] is also proposed to evaluate only distang the
nearest edge. Then the total EDS should (by sel$istency)
be defined as

TEDYa,,a,)=1/(4[min(a,,a,))- (40)

But, the result is much worse than with the EDSEx.nake-
viations were up to 5dB, std.dev. 1.4dB.

THE PROBLEM WITH THE RECIPROCITY

Do the same diffraction levels result with a peratigin of
source and receiver? This does not follow evideindyn the
application of the UR, resp. egs. 1-4 or eq. 7. ldeifcthe
reciprocity were fulfilled, this would be an impant indica-
tion of the correctness of the model. Earlier satiohs re-
vealed: the reciprocity principle is fulfilled (maxdev.
0.49dB, std. dev. 0.21dB) if only and r are interchanged,
assuming only theotal diffraction angleg_+¢, =& were

relevant regardless of the position of the intégraarea (the
‘transparent wall’ in fig.3. or restricted f¢rS = 0. If, how-

ever, also ¢sand¢r are interchanged, severe deviations

(mean deviations up to -10dB) occurred in casesigh h
negative values o¢s. The reason is: Equ. 7 @t symmet-
ric with respect to an interchange of source acdiver.

ISRA 2010
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Some geometrical transformations lead to the atem
integral over the by-pass-distance a:

r=ri[ d(e(a).bs (@) wodp,)

(@) m@)eodaa(a) @

whered is the DAPDF involving the ED®«(a), R is the
direct source-receiver distance; are the radii to source and
receiver from the bending poinma:amax—amm, where

a,..,corresponds to,@, andAg is the angle at the source

(see fig. 3). So, equ. 8 should be made symmetrimtoo-
ducing a cogg, ) factor in the nominator. This might be
justified as according Lambert’s law no radiatisnpbssible
stronger than accoding a cosine-law expeciallynadlisan-
gles relative to the diffracting ‘transparent walOr the
DAPDF (being up to now a function strinctly deperglonly
on a total diffraction angle) should be completexbraxi-
mately by acode) factor in the nominator of equ. 1 with
u=nlblsing from now on. But a pure empirical approach is
not satisfying, so an analytical ‘derivation’ ofettmissing
cos—factor was aimed at.

Attempts at optimizations of the DAPDF

The classical textbook derivation of the Fraunhdéemula
(0) is only an approximation for small angles aadd plane
perpendicular incident wave [10]. A more thorowdgriva-
tion starts with the Kirchhoff-Helmholtz-IntegraKidl) for

the aperture of a slit assuming parallel inciderd amerging
waves but with angleg_ onto resp.g, from the slit. The
differentiations with the KHI delivers the previdysnissing
typical cosine projection factors, together thedac

f =[codg.)+codg, )]/2 9)

The pressure at the receiver is then
pOf [ﬂ)[és'r(u)j@k(rs“r)/rr (10).
u
where sin(u)/u is the commonly known slit function with

u=nlblsing . To get the energetic transmissidn f has to
be squared. Physically (as the ‘transparent waljust a fic-

tion), only the total angley_ + @, = & may be relevant such
that p. =9 =cl2 and the characteristic fac-

tor f 2 = cod(£/2) = (1+ cose) /2 occurs. With that the recip-
rocity is better fulfilled. The following DAPDFs we tested

again by the described sound particle diffractionugations
at the screen compared with the Svensson refenmocke!
over all the 375 combinations for 3 cases:
« for the screen with the (more decreasing) EDSE,
« for the screen with the old EDS,

e for the slit with the EDSE (e.g. for the typicase
of b=10A slit width)

Some summarited results (standard deviations) are:

Tab.1. | comp.ref. screen EDSB$E slit [dB]
1) Di(b,,€)=D(u) 1.3 0.7 0.5
2) D2(b,4,€) = D(u) [Eose 3.0 1.8 0.7
3) D3(b,,,&)=D(u){l+cose)/2 1.8 0.8 0.5
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Discussion

Over all,D3, seems to be the optimum DAPDF. This is also
the consequence of the above considerations. Buesidt is
not really satisfying: while for the screen, thd &DS seems
better, for the slit the EDSE with the exp-ternbégter. A
reason might be: To introduce any function of ahly total
diffraction angle& into the integrand of equ. 8 does not
solve the problem of unsymmetry of this formulauadly
really the factorcog(g, ) should be introduced — but this is

not in accordance with the UR based patrticle diffoac
model which should depend only on the by-pass mistand
deliver a DAPD only depending on ttwtal angle. On the
other side the introduction of ‘transparent wadisjuasi
arbitrary orientation remains a critical fictionyavay. Figure
9 shows one of the screen results.

eeeeee transm.: blue= Bl green=SVENSSON, amax=7, source rad.:10.00

amax =7 ma =7, DAPO Bﬁ ad.10.01
sl
ol : —

in.diff. =2 5808

ax.diff <0.90d8

transmission levels red=10"difflevels (4B}
o

ean. dift=-0.67 JB

td. dev.diff =1.06d8

E i i i i i i
50 75 60 -45 -30 -15 0 15 a0 45 60 75 30
<« phir 0] —

Figure 9: Comparison between ray tracing (blue) with the
DAPDF D3 (1+cos€ )) and Svensson’s reference method
(green); transmission degree in dB given as funafcthe
receiver angle, to the left the ‘shadow’ regiord cairve:
deviation*10; a,=7 1, source and receiver distance:AL0

¢s:0'

NON PARALLEL RAY DIFFRACTION AT A
SLIT FOR FINITE SOURCE DISTANCES

It is not self-understanding that, applying the Em&del, the
simultaneous diffraction at the two edges of a fslitfinite

source-edge distances also results in good agrésméti

wave theoretical models. Recently, using the impdoEDS-
function with the exp-term (equ. 4b), this has bako veri-
fied (again with a ray diffraction model). Fig. 40d 11 show
the result of one of many examples; the standawihtiens

of all the 375 angle-radii-combinations is loweanhldB.

screen transm.: blue= Bl green=5VENSS0N, amax=7, source rad..99.00

=
P
=}

transmission levels red:

& diffraction angle>
Figure 10: Transmission function of a slit of width 1bfor

a source distance 9 and receiver distance 0. UR
based ray diffraction with the EDS of equ. 4b (blinecom-
parision with Svenssons secondary source diffraatiodel
(green). Red: difference*10, standard deviation loaig
0.36dB.
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amax =7, ma =70, DAPO EDSO rec.rad.-30.00

10%difflevels 0B

‘min_diff ;=0 B5dB

man. diff =0.74dB

fmean dif =0 2448
SUUUUUNE SURUPUNE UUUUPUNE SUUUPUOY AUUPRP! e L SR R
i

5 i ; ; ; ; ; ; ; ;
-50 -75 -60 -45 -30 -15 a 15 30 a5 B0 75 =)
<= phir 01 —

Figure 11: Same kind of comparison as with fig.10, but with
the DAPDF D3 and for a wider slit of width b:,’z}Q source
and receiver distance: 30

transmission levels red

-3

SOME EXPERIMENTS WITH
UNINTENDED DOUBLE DIFFRACTION

The necessary procedure of convex sub-division figed)

may often — by quasi random effects — deliver ttarispar-
ent walls’ instead of one, for ex. if in a rectalaguoom (as
in fig.4) two edges are found to be connected witthird

edge instead of just one. Physically, however sthation is
the same and the diffraction result should be #raes- one
of some paradox cases of unintentional formal (eal) dou-
ble-diffraction to be handled sufficiently. Fig. Ehows the
case of two split-up ‘transparent walls’ formingthwithe
screen an Y. The errors (standard deviations) eoeapto
the non-split-up case (its respective referencetfans for
the case single diffraction in the middle) wereoaihingly
small as indicated by the functions in fig. 13 odI91dB.

Figure 12: Double diffraction at 2 ‘transparent walls’ form-
ing with the screen (bottom in the middle) an Ye(siee col-
our borders reaching the upper left and right c@rie 45°
direction) ; green: rays 1.order, red: 2. ordefraited. Blue
circles: particle detectors at the receivers

screen transm.: blue= STSM-Y ,and green=SVENSSON, amax=7, source rad..10.00

amax :7; ma =7(i, DAPO EDS0 rec fad.10.00

10%ifflevels [dB}s

- Swengsan einfach
— S5T3M Y-Wand
—— STSM einfachWand

ok

transmission levels red:

25k

ank ;

: st dew.diff V-Wand-Svenssan .=0.91d5

35 i I 1 i i i I 1 i i

%0 75 60 45 30 15 [} 15 0 45 &0 75 0
e phir[0] —

< diffraction angle>

Figure 13: Transmission function of unintentionally 2 trans-

parent Y walls (blue curve fig. 12) compared wittedqred)
and Svensson'’s reference function for one (green);

transmission degrees in dB as function of the receingle,

ex. for source-edge and edge-receiver distancé 4f 1

ISRA 2010



23-27 August 2010, Sydney, Australia

Another case of often double diffraction where poaity
rather a single may diffraction be assumed is tifatwo
edges very close to each other, i.e. smaller thaav@length,
typically as real (not infinitely thin) walls of ddings. It
least it should be clear that these cases shoulthbeled as
if there were only one diffraction event - the idgan further
simulations to ‘switch off’ the diffraction strertt of those
closely following edges. To investigate this caeehe mid-

dle, instead of one, two edges in a distance oAoviere
created. Astonishingly, comparing the total trarssioins-
functions of the double with the single diffractidfig. 14),
again, in typical situations, reveals standard atéwis of
only in the order of 1dB. By the way: to ‘switch ‘offr at-
tenuate the second diffraction in this close cadendt yield
better result.

amax =7} ma =70, DAPO EDS0 rec yad.:10.00

transmission levels red=10"difflevels (4B}
B

std. dew.diff Doppelivand-Svensson .=1.18d48
i

Figure 14: Transmission functions of two close (A1}
transparent walls in the middle (blue line) comparéth one
(same kind of diagram as fig. 13); standard dewmatior
source-edge and edge-receiver distances of :10.18dB

DOUBLE DIFFRACTION AT A CASCADE OF
TWO EDGES

Finally, first time by ray diffraction experimentie double
diffraction after each other at two edges (fig. &% been
investigated and compared with wave theoreticaresfce
functions for this case by Svensson. The new pararnsethe
distance d between the two edges (in wavelengths).
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inﬁr%wed
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e
Figure 15: Geometry for the double dif?raction at two edges

after each other (cascade)
BN

AN

\\5

\

\

Figure 16: Double diffracted rays at the ‘transparent walls’
above these two edges (of fig. 15);
green: rays 1.order, red: 2. order diffracted.
blue circles: particle detectors at the receivers
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screen transm.: blue= Bl green=SYENSE0N, amax=7, source rad..10.00

amax =7, ma=70, DAI::’EI EDS rec.rad-10.00;

10%difflevels [dBls

.},{ax{mﬁ:.m%d.ﬁn o A el B

“-Il e diff =InfdB
e

transrmiseion levels red:

| : : | stddevIif=NaNdB \
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Figure 17: Double Diffractignn at 1the cascade of two edges of
fig.15 in distance 19 : transmission functions for the exam-
pel of a source and receiver distance of 10 the middle.

UR based ray diffraction with the EDSE of equ. 4loé€bin
comparison with Svenssons secondary source diffract
model (green). Red: difference*10.
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Discussion

As can be seen in fig. 17, the results (here ontyexample
for source and receiver distance oft1is almost unusable.
The Svensson reference function yields zero tresson
(minus infinite levels) for angles beyond +-60%tig plausi-
ble as for the chosen distances ofliso for the edge dis-
tance then nor reasonable source and receiveiqQusséxist;
also, the model was not usable for source-recg@esitions
at 0° in line with the two edges (special caseaflde dif-
fraction); for an diffraction angle of -45° (intbe shadow)
there is an agreement recognizable (also for pesitingles in
the visibility range). Similar errors occurred ither cases.
Up to now, no better comparisons succeeded. Andatiffer
culty should be mentioned: in wave theory, boundanydi-
tions have to be fulfilled; so, there is a diffecerwhether
flanking surfaces are ‘hard’ or ‘soft’, or whetthbey exist or
not, for ex. a ‘roof’ connecting the two edgesigf 1.5; the
uncertainty based sound particle diffraction masielot
sensitive to these things — only to the vicinityedfes.

Optimum numerical parameters

Numerically, it is useful that a maximum by-passtalice of
ama= 7 (see fig.2) may be established; beyond that, direct
transmission may be performed (figs. 5+7). In thsecof the
slit (or several edges)ng evenmust be defined to reduce
the effect of the EDS (if not the EDSE is usedg tavel
deviations to the reference functions at the screeme with-
out anax Max 3.47dB, std.dev. 0.91dB ; with.&5 only max
0.94dB, std.dev. 0.4 dB. The maximum deviations &mee
with decreasing minimum by-pass distances, it i®oal
possible to take 4 . This cannot be improved with more
particles. With RT, a decisive quantity is the numbkinci-
dent particles within a close by-pass distangg. arhat
should be maximum 0. As a technical improvement for
BT, one incident beam onto the range near the exlgafii-
cient, a group of diffraction points within 0..,,& may then
be established from which several beams are emifthd
number of secondary beams should be in the ordaheof
number of relevant targets or receivers on therctide.

Fortunately, also the orientation of the ‘diffragi surface’
‘above’ the screen (dashed lines in fig. 1) hay anlweak
influence (at +-45° less than 1dB). This is impottém the
practical implementation of the model in sub-dideoms.
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CONCLUSIONS

As was found with the first investigations alreadipng time
ago, for the classical cases of screen and stitatiieements
between the UR based sound particle diffraction madd
the wave theoretical reference functions were irstnoases
very good, the standard deviations were mostlyebdttan
1dB; as now emerged, even for some cases of ddiffrkec-
tion. First time also the case of diffraction a¢ tadges of a
slit from finite distances has been compared wifenence
functions and revealed good results. So, generialseems
like the uncertainty relation may be applied als@toustics
and sound may be handled as particles even wittaction.

The old DAPDF combined with the attenuating EDSEewne
affirmed to be a good combination of diffractiomdftions
for screen and slit.

An improved DAPDF intended to better fulfill theciprocity
principle was derived from the Kirchhoff-HelmholtZheo-
rem, but the standard deviations were not much dhan
before, with that the beam integration formula © myet
strictly symmetric.

Some crucial cases of unintentional double diffoacevents
revealed to be not harmful. However, the case obtodif-
fraction at two edges in cascade could not yenhbestigated
sufficiently.

For many comparisons the faster beam diffractiothod
was used. For faster and safe validation (avoidingerical
errors due to a finite number of beams) an intefnahula-
tion was found.

The more efficient beam diffraction method delikigood
results. This is important, as the re-unificatieshnique by
QPBT to avoid computation time explosion for higloeder
diffraction, is based on beams rather than on rays.

OUTLOOK

First of all, other more general events of multigiractions
will have to be investigated, preferably also bprenstead
of ray diffraction. One of the questions in thimtext is the
limiting distance between edges for ‘independemtsequent
diffractions and other crucial cases of physicalhy plausible
multiple diffractions, e.g. passing of long surfaeéth slight
curvatures. Also still better DAPDFs — probablyb® com-
bined with modified EDS functions will have to beuhd to
fulfil the reciprocity postulation.

The strong frequency dependence of diffractionlyerfcing
the question what are ‘near’ edges and what io#st @,

remains a fundamental problem. In final simulasioaach
beam should carry energies of several octave bands.

The next big step is the extension of the diffragiproce-
dured to three dimensions. In principle, this sHmdt be a
problem, as there is actually not added a degréeedom;
edge diffraction happens mainly in the area perjpetat to
the edge; it is basically a 2D effect; if, howewbe edge is
finite, there is also a diffraction component aldhg edge
direction. Thus, much more secondary rays or beams
necessary — and the more important re-unificatigaraghms.

The author thanks Alexander Pohl for performingriteny
RT-diffraction experiments.
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