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Abstract—In this reply, we refer to comments made by a constituting Skobelev network and sidelobe level improgetn
reader on our publication “Overlapped Phased Array Antenna of the subarray which based on above discussions is also
for Avalanche Radar”. Authors would like to thank the reader . ajavant to the work presented by the authors. Moreover,
for reading the paper. In this paper authors provided detailed . . .
answers to the comments made by the reader. authors would not cite proceedings as the materials may not

have passed through full research cycle. The reader should
be careful that if the keywords of the presented work are only
included in a paper, it does not necessarily mean that péatic
|. REPLY TO COMMENTS paper is relevant and it is required to be cited.

Authors believe that the technical comments that the readeAlso, the authors never mentioned throughout the published
made on the published are not very accurate and may be ngigper [1] that the overlapping subarraying technique was
leading other readers.The reader commented that the autleomovel technique and proposed by them. In the published
did not cite all the relevant papers discussing the oveddpppaper [1] the authors mentioned “Overlapped Subarray:én th
subarraying techniques. However, in this work overlappimyerlapped subarray structure, each subarray sharestiés ou
subarraying technique is used to suppress grating lobesutit elements with a neighbouring subarray[21].” and this se#e
compromising array gain and scan angle [1]. As a resulias also referenced properly. The reference number (217 [9]
relevant papers which are discussing the techniques ta avitie published paper [1] titled “The Use of Overlapped Subar-
phased array grating lobes were cited in the Introductioay Techniques in Simultaneous Receive Beam Linear Arrays,
section and also throughout the paper. As the reader a{Befence Technical Information Center), DTIC, 1984." thor
mentioned, the fundamentals of overlapping Subarrays hauaghly discusses the fundamentals of overlapping subagay
been discussed in several papers and books, however, the taefuppress grating lobes and it is very relevant to the plibd
erences cited by the authors in [1] are the most relevantrpapeaper [1]. The reader must not invalidly accuse authors ébr n
which cover all essential materials for the proposed worgroviding a valid reference or undermining other reseasche
However, papers [2]-[5] suggested by the reader may belusefork. As authors mentioned, the reference number [21] [9] (i
to those readers who would like to expand their knowleddke published paper [1]) was the most relevant to the predent
on overlapping subarrays and phased array feed networksnork. The restrictions of the overlapping approach havenbee
general. Authors believe that papers which are partly aglev also discussed to the point which was necessary based on
or the papers which do not add enough information to thke opinion of the authors and IEEE transaction reviewers
reader’s knowledge should not be randomly cited. For itganand associate editors who accepted [1] for publication. The
the reader suggested the paper titled “Methods of congiguctpublished paper [1] is on developing a phased array antenna
optimum phased array antennas” [6]. The suggested paper feraa radar system to image the snow avalanche, therefore a
survey paper which discusses methods to construct flaetbpwery unique phased array antenna is designed to accommodate
phased array element pattern which was not at all relevanttb@ application requirements utilising overlapping suégng
the focus of the proposed work. Moreover, the reader alaod a unique feed network which consists of a novel Two-in
suggested the paper titled “Some features of the overlappedo-out power splitter structure. The published paper El] i
subarrays built up of beamforming matrices for shaping flatot a review/ survey/history paper on the subject of ovgdap
topped radiation pattern” [7] which authors again do not finsubarray structures, therefore citing a “Overlapping says”
it relevant to the proposed work as the main focus of thEatent paper which was published in 1974 is out of the context
published work [1] was to suppress phased array gratingslols the published paper [1].
utilising overlapping subarraying technique with a unique The reader also made inaccurate technical comments. The
feeding network and not designing a phased array antenha wicus of this paper was to utilise overlapping sub-arrays
flat-topped radiation pattern. The reader also suggestper pao avoid grating lobes without compromising scan angle or
titted “Radiation pattern optimisation of Skobelev Netwsir array gain. The reader commented that “the Authors pay their
[8] which is entirely irrelevant to the work presented [lihce attention only to additional reduction of the grating lobedl.
in the published paper [1] by the authors the designed phaséalvever, the effect is achieved only at the expense of fast
array structure and the proposed feed power distributidn ndrop of the array gain with beam scanning from the broadside
work is very unique to the application requirements (Imggindirection” this statement is inaccurate. The reader should
show avalanche). The suggested reference paper by the repdg attention that how by utilising overlapping subarrgyin
is a conference paper which discusses optimization methddshnique the grating lobes can be suppressed which was
for computing the coupling coefficients of directional cteip explained in details in [1]. In the published paper [1] by

Index Terms—Phased array, power divider, feed network.



utilising overlapping subarraying technique the arrayrelpt
pattern was used as a spatial ant-alias filter. Also, in otaler
effectively suppress grating lobes wider antenna apertae
required which was achieved by using overlapping subarcpyi
technique. As a result the array element width exceeded the
inter-element spacing which resulted in a narrower beantwid
which was capable of attenuating aliased signals. The reade
commented that “the grating lobe reduction is achieved &t th
expense of fast drop of gain with beam scanning from the
broadside direction” which is an inaccurate statement®ase r, 1 piamond Two-in Two-out splitter
above explanations and this means that the reader denies the
fact that the overlapping subarraying technique is an tffec
technique to be used to suppress the grating lobes whichdissigned a unique and novel avalanche imaging application.
inaccurate. However, the reader in another sentence fioilpw The theoretical and mathematical analysis of the proposed
above sentence mentioned that “Meanwhile there exist a fgewer divider and feeding network were thoroughly discdsse
other networks of overlapped subarrays allowing not ontyirough out the paper specifically in the Discussion section
suppression of the grating lobes but also providing almost n However, it is worth repeating those analysis for the remder
dropping array gain over the whole sector of scanning aswho may have misunderstood or missed those sections in the
is often required from radar systems for limited-scan applpublished paper.
cations.” This sentence is in contradictory with the re&der
previous discussion, and based on this sentence the reader . .
this time accepts the fact that the overlapping subarrayify ProPosed Two-in Two-out power splitter
technique is an effective technique to suppress gratingslob The diamond two-in two-out power splitter is composed
Also the reader compares the published work to that af four parallel microstrip transmission lines in seriesthwi
sectoral radiation pattern which is not a valid comparisod aZ0 characteristic impedance transmission lines in diamond
it is irrelevant. The reader also mentioned that “Moreoveorientation. The diamond two-in two-out power splitter is a
the indicated chess-board network utilizes transmissio@ | microstrip power divider which has four ports and divides
sections of identical electrical length unlike the netwaded quarter of the input power among its four points. Therefire,
in [1] where it is required to adjust the sections of diffdrercan also be called 6-dB power divider. The main advantage of
length carefully for providing correct phase match in réidi;a the diamond two-in two-out splitter is that it has a simple
elements, and such a situation impose additional restnicin structure and resistors are not used in its structure. The
operating bandwidth of the array antenna developed in [1PDiamond Two-in Two-out splitter Fig.1. behaviour has been
and compares the published work with Chess-board netwarlathematically analysed based on transmission line julegi
(Skobelev network) which is not again a valid comparisorkig. 2. indicates the equivalent circuit model of the Diamhon
In the published work [1] the unique power distribution feedwo-in Two-out power splitter. Assuming, the power splitte
network was required to be able to apply amplitude taperingfed using a single AC power supply at one of the four ends
to the overlapping or sharing element to further reduce thhile the other ends are terminated to 80matched load.
sidelobe level. Based on the studies shown in the publishatso, for ease of analysis theOZcharacteristic impedance
paper [1] the 3dB power difference was required betwedransmission line is considered as two parallel 2hd the
the overlapping and non-overlapping elements to reduce faction between the transmission lines is considered dsho
sidelobe level, therefore, the conventional Skobelev agtw The input impedance at node¥,() is defined as shown in
cannot be used for this work. As a result a power distributidbquation (1, 2 and 3), which is in parallel withy ZThus,
feed network using the novel Two-in Two-out splitter washe input impedance at the feed point can be determined
proposed in the paper to achieve the required amount of povaased on transmission line fundamentals as well as reffectio
at each phased array element. It should be also mentioned #rad transmission coefficient, see Equation (4) Moreover, by
elements within a subarrays in [1] are in phase by adjustiagsuming P and R is the amount of power which travels
the transmission line lengths in wavelength. through port2 and port3 respectively. The S-parameteregalu
can be determined as illustrated by Equation (5), Equation
(6) and Equation(7). Utilising the proposed power divided a
the designed feed network, the amplitude level of overtagpi
The Aim of the published paper was to develop a phasetéments will 3dB less than non-overlapping elements which
array antenna for an FMCW radar with a novel and unigumproves the phased array sidelobe level. The phased array a
feeding network and novel power divider. Authorsver men- tenna with unique feeding network was successfully deploye
tioned or claimed in the published paper [1] that overlagpirat a test site in Alps, Switzerland to image the snow avalench
subarraying technique was the contribution of the papemor @he radar image of the snow avalanche which was successfully
invention by the authors and as mentioned relevant papees weroduced using the developed phased array antenna is shown
cited. As mentioned the contribution of this paper was a hovia Fig. 3. In the following equationg, ¢, V are phase constant
two-in two-out power divider and a unique feeding networklength and voltage respectively.
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Fig. 2. Equivalent circuit of the diamond two-in two-out paveplitter (left).
Equivalent circuit of the upper half of the diamond splittaglft)
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Fig. 3. Radar image of a large powder snow avalanche. Besisiedmplex,
distributed target, a helicopter can be identified.
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