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WCAM Prototype using Parti
le SwarmOptimizationV. Martorelli and F. VillaINAF/IASF Bologna - Italymartorelli�iasfbo.inaf.itvilla�iasfbo.inaf.itO
tober 30, 2008Abstra
tThis te
hni
al note reports a new WCAM prototype designed using "Par-ti
le Swarm Optimization". The design, a dual pro�led 
orrugated horn(DPCH), is obtained taking into a

ount me
hani
al 
onstraints and ele
-tromagneti
 spe
i�
ations.1 Introdu
tionThe Parti
le Swarm Optimization (PSO) is a sto
hasti
 evolutionary algo-rithm used to sear
h for the global optimum of 
omplex problems. It is basedon the behavior of inse
t swarms and exploits the solution spa
e by taking intoa

ount the experien
e of the single inse
t as well as that the entire swarm. Thealgorithm (des
ribed in [3℄) has been used to design 
omplex shape antennasand waveguide impedan
e transformers. In this work we adapted it to design adual pro�led 
orrugated horn. This design follows the horn design reported in[4℄, WCAM-PROT01.2 Antenna Sp
e
i�
ationsThe antenna requirements and me
hani
al 
onstraints are spe
i�ed in thefollowing table:Band = 80 - 110 GHz Input waveguide radius = 1.48mmReturn Loss < -30 dB Step of 
orrugations = 1mmPeak χ-polarization level < -30 dB Width 
orrugation = 0.7mmTable 1: Antenna spe
i�
ationsThe 
orrugation step is �xed be
ause WCAM proje
t propose to use sta
kedalluminum plates of 1mm width. Other parameters as side lobe level and aper-1 INAF/IASF Bologna V. Martorelli and F. Villa



WCAM protoype using PSO Internal Report 528/2008ture radius exist but they aren't yet �xed be
ause at present they are underinvestigation. For this work we assume the following me
hani
al properties:
• number of 
orrugations = 25;
• aperture radius = 5mm;The number of 
orrugations 
hosen in this design is less that ones used forthe WCAM-PROT01 be
ause the goal is to obtain shortest horn with sameperforman
e.3 GeometryUsually a 
orrugated feed horn is 
omposed by three parts (�g. 1):
• the smooth-walled input waveguide;
• the mode 
onverter;
• the HE11 waveguide.

Figure 1: Four parts of the hornThe smooth-walled input waveguide permits the 
onne
tion between theinput-waveguide (radius 1.49mm) supporting the TE11 mode and the 
orrugatedregion of the horn. In this work a transition 
omposed by 4 step (from 1.64mmto 1.94 mm of radius) of 1mm width is used in order to use existing 
omponent(�g. 2).The mode 
onverter is the �rst 
orrugated part and is designed to providea smooth transition from the TE11 to the HE11 mode.The HE11 waveguide is the se
ond 
orrugated part. It supports the propa-gation of the HE11 hybrid mode from its generation to its radiation.V. Martorelli and F. Villa 2 INAF/IASF Bologna



Internal Report 528/2008 WCAM protoype using PSOWe have taken into a

ount a fourth part as well, a plate of 3mm widthpla
ed at the aperture with grooves of 0.79mm depth parallel to the axis of thehorn (�g. 3). This modi�ed aperture is des
ribed in [5℄ and won't be modi�ed.

Figure 2: Stepped smooth-walled transition

Figure 3: Aperture region des
ribed in [5℄3 INAF/IASF Bologna V. Martorelli and F. Villa



WCAM protoype using PSO Internal Report 528/20084 Main designThe �rst step is to sear
h for a possible 
andidate, building a design startingfrom analiti
al formulas. The pro�le 
hosen is tangential/exponential (eq. 1).
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− 1 Ls + 1 ≤ j ≤ L(1)where ain is the input radius, aout is the aperture radius, as is the radius in thetransition se
tion between pro�les, L is the total length, Ls is the length of �rstpro�le, A and ρ represent two parameters that de�ne the tangential pro�le. Avaries in the range [0; 1], whereas the parameter ρ is generally equal to two, buttaking values su
h that 0.1 ≤ ρ ≤ 5 gives rise to interesting pro�les with theirown sets of properties.Every 
orrugation step 
onsists of a 
orrugation of 0.7 mm width and a toothof 0.3 mm width. The j-th 
orrugation depth (dj) is obtained by the followingrules ([2℄):if 1 ≤ j ≤ NMC + 1
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(3)where NMC is the number of 
orrugations for the mode 
onverter, N is thetotal number of 
orrugations, σ (0.4 ≤ σ ≤ 0.6) is a per
entage fa
tor for the�rst 
orrugation depth of the mode 
onverter, α and β are two parameters,
kc = 2πfc/c0, kout = 2πfout/c0, c0 is the speed of light, fc and fout are designparameters (the �rst 
orrugation is depth λ/2|f=fc

whereas the last 
orrugationis depth λ/4|f=fout
). In this work fc = fout.In [2℄ authors approximate α as 2.114 and β as 1.134 approximating thesolution for the surfa
e rea
tan
e equation. In this work this parameters aremodi�ed to optimize the antenna.Figure 4 shows the geometry of the DPCH.5 Optimization Parameter Choi
eThe physi
al and ele
tromagneti
 
hara
teristi
s of the horn 
an be 
on-trolled by a 
ombination of several parameters. In the table 2 a 
hoi
e of whi
hparamenters will be modi�ed and whi
h ones will be �xed is showed.V. Martorelli and F. Villa 4 INAF/IASF Bologna
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Figure 4: Geometri
al parameters of a DPCHParameter To optimize Fixed Range/ValueNumber of 
orrugations x 25Corrugation step x 1mmCorrugation width x 0.7mmInput Radius x 1.94 mmOutput Radius x 5 mm
A x 0.1 ÷ 1
ρ x 0.1 ÷ 5.0
Ls x 3.0 ÷ 25.0 mm
as x 2.0 ÷ 4.5 mm
fc x 80 ÷ 110 GHz
fout x fc

σ x 0.5
NMC x 6
α x 2.0 ÷ 3.0
β x 1.0 ÷ 2.0Table 2: Design parameters5 INAF/IASF Bologna V. Martorelli and F. Villa



WCAM protoype using PSO Internal Report 528/20086 Obje
tive fun
tionA obje
tive fun
tion (fobj) quanti�es the goodness of a solution in a opti-mization algorithm. It takes the values of ea
h parameters and returns a singlenumber representing how good the solution is. For this work the design param-eters are fed into a horn simulation program that 
reates a horn 
ross se
tionand simulates the ele
tromagneti
 performan
e. De�nition of the obje
tive fun
-tion is not straightforward in many 
ases and often is performed iteratively ifthe �ttest solutions produ
ed by PSO are not what is desired. The followingfun
tion has been used for the optimization:
fobj = ωRL ·

Nf
∑

i=1

f i
RL + ωχ ·

Nf
∑

i=1

f i
χ

f i
RL =

{

Si
11

(dB) − Sth
11

(dB), if Si
11

> Sth
11

0, etherwise
f i

χ =

{

χi
pol(dB) − χth

pol(dB), if χi
pol > χth

pol

0, etherwise (4)
Sth

11
and χth

pol (threshold values) represent the maximum desidered levels of returnloss and peak 
ross-polarization, Si
11

and χi
pol represent the return loss and peak
ross-polarization evaluated at i-th frequen
y, Nf is the number of frequen
iesused to 
ompute the performan
es, ωRL and ωχ are two weight fa
tor. The
hoi
e of these parameters is the following:

• Sth
11
=-32 dB

• χth
pol=-32 dB

• ωRL=0.7
• ωχ=0.3The threshold values are less than spe
i�
ations to for
e the optimizer to�nd out a better design.
Nf is a very important parameter be
ause it indi
ates whi
h frequen
ies are
ontrolled by optimizer. High values indi
ate that optimizer works well in theentire band but it is more time-
onsuming. Low values permit to have a fastsolution but don't permit to know the 
orre
t behavior in the work band. Wehave sele
ted the following set of values: f̄GHz = {80, 85, 90, 97, 100, 105, 110}.In �g. 5 an example of single dimension fun
tion Y (X) is showed, where thered-stripes regions indi
ate where fun
tion is penalized (Y TH is a thresholdvalue).7 Simulation ResultsSimulation has been performed on AMD Athlon Dual Core Pro
essing 4400+(2200 MHz) using a 32bit 
ommer
ial ele
tromagneti
 simulator (SRSR-4d,Fran
e Tele
om, [1℄). The total time has been of about 48h.In the �g. 6 the trend of the �tness fun
tion is depi
ted. It shows that thePSO is able to �nd the optimum design for this problem.V. Martorelli and F. Villa 6 INAF/IASF Bologna
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Figure 5: An example of single dimension fun
tion. Y TH is a threshold value and the red-stripes regions indi
ate where fun
tion is penalized
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Figure 6: The �tness fun
tion evaluated for every iterationParameter A ρ Ls as fc α βValue 0.28 1.86 15.43 3.75 103.1 2.78 1.74Table 3: Design parameters7 INAF/IASF Bologna V. Martorelli and F. Villa
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Figure 7: Best pro�le found by optimizerIn the table 3 the ouput parameter of the optimizer is showed.The performan
e analysis has been performed from 80 GHz to 110 GHzwith a step of 0.25 GHz. In the following �gures the impedan
e and radiationperforman
e are reported.

V. Martorelli and F. Villa 8 INAF/IASF Bologna
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y
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y9 INAF/IASF Bologna V. Martorelli and F. Villa
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Figure 10: Peak χ-polarization level respe
t to maximum radiation as fun
tion of frequen
y
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Figure 11: Radiation Patterns � 80 GHzV. Martorelli and F. Villa 10 INAF/IASF Bologna
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Figure 12: Radiation Patterns � 85 GHz
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Figure 13: Radiation Patterns � 90 GHz11 INAF/IASF Bologna V. Martorelli and F. Villa
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Figure 14: Radiation Patterns � 95 GHz
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Figure 15: Radiation Patterns � 100 GHzV. Martorelli and F. Villa 12 INAF/IASF Bologna
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Figure 16: Radiation Patterns � 105 GHz
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Figure 17: Radiation Patterns � 110 GHz13 INAF/IASF Bologna V. Martorelli and F. Villa



WCAM protoype using PSO Internal Report 528/20088 Numeri
al data8.1 GeometryN L [mm℄ R [mm℄ N L [mm℄ R [mm℄ N L [mm℄ R [mm℄1 3.0 1.49 20 0.7 3.36 39 0.3 3.492 1.0 1.64 21 0.3 2.48 40 0.7 4.413 1.0 1.79 22 0.7 3.43 41 0.3 3.644 1.0 1.87 23 0.3 2.57 42 0.7 4.565 1.0 1.94 24 0.7 3.52 43 0.3 3.806 0.7 3.47 25 0.3 2.66 44 0.7 4.717 0.3 2.02 26 0.7 3.60 45 0.3 3.978 0.7 3.45 27 0.3 2.76 46 0.7 4.889 0.3 2.07 28 0.7 3.70 47 0.3 4.1510 0.7 3.41 29 0.3 2.86 48 0.7 5.0611 0.3 2.12 30 0.7 3.80 49 0.3 4.3512 0.7 3.37 31 0.3 2.97 50 0.7 5.2513 0.3 2.18 32 0.7 3.91 51 0.3 4.5514 0.7 3.34 33 0.3 3.09 52 0.7 5.4515 0.3 2.25 34 0.7 4.02 53 0.3 4.7716 0.7 3.31 35 0.3 3.21 54 0.7 5.6617 0.3 2.32 36 0.7 4.14 55 0.3 5.0018 0.7 3.28 37 0.3 3.3519 0.3 2.40 38 0.7 4.27Table 4: Geometry of the horn des
ribed as a 
hain of se
tions. N is the number of se
tion,L is the length and R is the radius of every se
tion.

V. Martorelli and F. Villa 14 INAF/IASF Bologna



Internal Report 528/2008 WCAM protoype using PSO8.2 Ele
tromagneti
 performan
esF [GHz℄ Dire
tivity [dBi℄ Return Loss [dB℄ Peak χ-levelPolarization [dB℄80 16.6277 -33.0113 -29.92980.25 16.6572 -32.865 -30.039680.5 16.6849 -32.6562 -30.141780.75 16.7096 -32.3599 -30.266481 16.7506 -32.4998 -30.605181.25 16.7646 -32.0076 -30.849181.5 16.7788 -31.5172 -31.104781.75 16.7935 -31.0931 -31.359782 16.8072 -30.7463 -31.596882.25 16.8218 -30.5086 -31.827282.5 16.8363 -30.3694 -32.036982.75 16.8535 -30.3311 -32.249383 16.8701 -30.3611 -32.362883.25 16.8893 -30.4491 -32.391883.5 16.9093 -30.5748 -32.297983.75 16.9343 -30.6962 -32.129784 16.9619 -30.7886 -31.899384.25 16.9953 -30.8283 -31.655384.5 17.0296 -30.8473 -31.444184.75 17.0671 -30.8511 -31.291485 17.1051 -30.8113 -31.226185.25 17.1398 -30.7604 -31.278785.5 17.1705 -30.7034 -31.361385.75 17.1986 -30.6383 -31.46986 17.2268 -30.5623 -31.573786.25 17.256 -30.481 -31.740586.5 17.2861 -30.404 -31.942186.75 17.3196 -30.3935 -32.171787 17.3531 -30.3671 -32.409587.25 17.3872 -30.3759 -32.625987.5 17.4225 -30.4298 -32.827187.75 17.4586 -30.5372 -33.013588 17.4961 -30.6852 -33.177788.25 17.5349 -30.8776 -33.323588.5 17.5733 -31.1554 -33.403888.75 17.6109 -31.4675 -33.422589 17.6459 -31.8247 -33.406189.25 17.678 -32.2232 -33.370989.5 17.7071 -32.6339 -33.360289.75 17.734 -33.0546 -33.375190 17.7591 -33.4634 -33.426Table 5: Ele
tromagneti
 Performan
es in terms of dire
tivity, return loss and χ-polarization from 80 to 90GHz.15 INAF/IASF Bologna V. Martorelli and F. Villa
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F [GHz℄ Dire
tivity [dBi℄ Return Loss [dB℄ Peak χ-levelPolarization [dB℄90.25 17.7828 -33.8473 -33.524890.5 17.8069 -34.1599 -33.696690.75 17.8302 -34.4164 -33.926291 17.854 -34.5873 -34.222891.25 17.8778 -34.6793 -34.569391.5 17.9009 -34.7087 -34.927291.75 17.9222 -34.7066 -35.236892 17.9406 -34.6922 -35.435692.25 17.9543 -34.7427 -35.486592.5 17.9642 -34.8643 -35.391992.75 17.9719 -35.0829 -35.196593 17.9801 -35.4069 -34.959893.25 17.9917 -35.8377 -34.729993.5 18.007 -36.3482 -34.556393.75 18.0262 -36.9331 -34.45294 18.0485 -37.5333 -34.410394.25 18.0733 -38.193 -34.404794.5 18.0983 -38.8629 -34.421394.75 18.1216 -39.5166 -34.452695 18.1423 -40.1313 -34.477995.25 18.1596 -40.6714 -34.50395.5 18.1751 -41.003 -34.538195.75 18.188 -41.2992 -34.575396 18.2008 -41.4467 -34.63396.25 18.2143 -41.5015 -34.737896.5 18.2306 -41.2875 -34.96396.75 18.2477 -39.6864 -36.265897 18.2895 -41.4608 -32.942197.25 18.3025 -41.5794 -33.774797.5 18.3298 -41.3549 -33.890797.75 18.3582 -41.1736 -33.893498 18.3861 -41.0132 -33.858598.25 18.4126 -40.8911 -33.809398.5 18.4372 -40.8107 -33.7798.75 18.4602 -40.7905 -33.756699 18.4814 -40.8244 -33.761599.25 18.5038 -40.9655 -33.614599.5 18.5416 -41.3436 -32.292199.75 18.6322 -42.3765 -31.8125100 18.7427 -44.0539 -33.5851Table 6: Ele
tromagneti
 Performan
es in terms of dire
tivity, return loss and χ-polarization from 90.25 to 100GHz.

V. Martorelli and F. Villa 16 INAF/IASF Bologna
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F [GHz℄ Dire
tivity [dBi℄ Return Loss [dB℄ Peak χ-levelPolarization [dB℄100.25 18.7802 -45.1338 -36.6367100.5 18.7829 -45.7213 -38.9608100.75 18.7825 -46.0487 -39.032101 18.7893 -46.3293 -38.847101.25 18.8035 -46.313 -38.6621101.5 18.8255 -46.0212 -37.6596101.75 18.8565 -45.501 -36.7568102 18.893 -44.808 -35.9547102.25 18.9343 -44.0825 -35.3354102.5 18.9779 -43.3454 -34.8828102.75 19.0205 -42.7727 -34.5335103 19.0604 -42.3929 -34.2525103.25 19.095 -42.1957 -33.6102103.5 19.1228 -42.2248 -33.0447103.75 19.1427 -42.4524 -32.5967104 19.1535 -42.8856 -32.325104.25 19.1571 -43.481 -32.2727104.5 19.1556 -44.1501 -32.4615104.75 19.1531 -44.8 -32.8534105 19.1531 -45.3018 -33.4092105.25 19.1581 -45.5223 -34.0628105.5 19.1704 -45.2807 -34.6818105.75 19.1839 -44.6928 -35.3797106 19.2002 -43.8088 -36.074106.25 19.2185 -42.7869 -36.7272106.5 19.237 -41.7565 -37.3663106.75 19.2538 -40.7907 -38.0679107 19.268 -39.9151 -38.9372107.25 19.2799 -39.1395 -40.1113107.5 19.2902 -38.4579 -40.0328107.75 19.301 -37.8488 -39.627108 19.3149 -37.2933 -39.2723108.25 19.3342 -36.7774 -38.9804108.5 19.3602 -36.2879 -38.5878108.75 19.3938 -35.8157 -36.7075109 19.4332 -35.3659 -35.2501109.25 19.4762 -34.9113 -34.1247109.5 19.5208 -34.4248 -33.2556109.75 19.5649 -33.8774 -32.5658110 19.6074 -33.2569 -31.8638Table 7: Ele
tromagneti
 Performan
es in terms of dire
tivity, return loss and χ-polarization from 100 to 110GHz

17 INAF/IASF Bologna V. Martorelli and F. Villa
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