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Collision Avoidance Device Using Passive Millimetre-
Wave Array Based on lnsect Vision

D Abbott
A J Parfitt
Depaftment of Electrical and Electronic Engineering, University of Adelaide, SA

A novel motion detector utilising a millimetre-wave array front-end, with signal processing that
mimics insect vision, is described. The use of passive millimetre-wave detection enables a
significant improvement over optical or infrared wavelengths, when a colliding object is
obscured by rain, steam or other aerosols. This, for instance, used as a blind-spot detector,
will enhance driver safety in poor weather conditions. As insect vision techniques do not
attempt to process an image, but rely on tracking moving edges, the processing tasks are less
hardware-intensive, resulting in a compact low-cost solution.

1 Introduction
P¿issivt'rnillirrrcrtrc-rv¿rvc rarliourctrr.is tlrr: ar-t of scnsing the lori'-spectral rvave:lerrgth blat'k-btttil'raclia-

alrlr', is rlt:s<:ribc<1. ApJrli<:atiorrs irrclrtrlc collision ¿u,oidancc an<l u,trt'rtitrg systenrs fot'atttotttobik's ¿uitl

taxiirrg ¿rircr¿rlt, r'lost'tarrgc ull-rl.t'ltlrcr oìr.jr-r't <lete<:tion for slrip riockirig iirrtl iIt-polt ttitvigatiott attrl

ilrrhrstlill rrrorritrxirr¿3 oI ul¿rrnrf¿rctrrrirrg pr'oc'cssr.s irr obscrucrl or clanger-otts t¡rtvirorlttteltt.s Optttittiorr
in tlrc frt'rlrrcnr'1'rirrrgc iÌ0 (iIIz to l()0 ClHz is ¿ilrrecl l,o t¿rkc atlvaltage of the tli¿rt¿tt:tetistit's of tlrt'
rrriìlilrrctrc rv¿rvt'lrarrrl tlr¿rt irllon'¡rro¡r¿gir.tion over a<l-osol r¡bs<:urt'rl paths. Conllnerlt'i¿rl cx|loit,atittn ol
svs[t'rris op<rratirrg irr this lrarrrl lr¿rs irr thc past beerr t'<¡nstr¿rined trl' the ltigÌr cost of ntilliluettc-rv¿tvo sJ¡s-

tt'trrs ¿urrl tlrc srrbsl,¿uttial irrragr'¡rror cssing rcr<lrrilccl t,o Jrror:ess ancl tcsolvc the infor¡n¿rtiott httttt the strttsor.

\\titlr ihr'¿rr,¿rilalrilitt,oI rrrorrolithic f¿rlrlir'¿rtlr)ÌÌ l)t'o('(ìss(ìs, it plovcs fcasible to overcotue tlrt'ltatrlrv¿rrc
c1llrstr¿rint,s lry 1,lrt'rrsc of'srrr¿rll. firll-v rlronolithic arravs. .\ singlc u'afcr supports ¿r tttttrtlrt't oI st'ttstlt's

or rrii-rcrs to J>rovirlt'arr orrtprrt sigrriil ful tlat:i-atr¡tisiliou ¿rncl l)ost-p1o(ossing hartl'rvir,tc

'Ilrt'nt'r'tl t,o tr¡st-c{ft'ttivr,ll' Pror'<,ss inragers is solvcrl lry tlre rrsc ol te<;ltttitlrtcs wltit'lt cxt,rtt t l,ritrtitir','itr-
1ìr¡rrr¿rtiorr fiotrr thc s('rìs()rs irr ¿r nr¿rlrrer siuril¿rr to t,irat cutployt'tl by irrst'cts Such st'lrcrnt's atr'ptt'st'ttt,lt'
rrrrrkrr ilrvcstigatirn for opt,i<al s1'stcrns [1-5] arrcl can be aciaptecl t,tt proccss thc virltro rttttprtts of it ¡r;rssivt'
lrrillilrtctrt,w¿ìv('s(ìtìs()l'- Appropriat,e lou'-r:ost millirnetre-w¿rvc Itattl¡¡,ale nì¿ìi- thercforc bc itttor¡rorittcrì
rvith VLSI systcrns rkrsigrrc'rl tr¡ rnirrilnise thc lrro<'cssirrg rt'iluitt'tnoltts for specific applitatiorrs srtt'lt ¿ts

notiorr rlt'tcr:tion atrrl vt'locitt' t'stittt¿rtion.

lrrrrfìtrrrritnr:t:, u'itlrorrt thc rlis¿l<lr'¿urtages of ¿rc:t,ivt: svstenis liorr'evt't. krlrtwu lnttì-wav(' ittrag,irrg tt'r'ltnitlttt's
¿rrc fa"r too cx¡rclsivc tr) r'orrrpertc Fìl tht'above u.pplications. ltowt'r'r'1, wo propos('a siglilit atrt p;tratligtrt
slrifï bl, irrvcst,iBatirr¡Ì ilrt' sl,lrt'rBy lrt'tlvcen low-cost nlnr-w¿ìv(' tct'ltnirlttr:s (rvith intentiott¿rl s¿rt rifict' ol

pcrlìurnarrcr') au<l lon'-r'ost inscr'1 r.isiorr pror:essing ttrthttitlttt's (th¿rt tìtt rtot ttrrlrtilc lri¡:,lr ¡rlr f orrrt;trt t'
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a unique world-first.

2 Discussion of the Array
A one-dimensional millimetre-wave antenna array, fabricated using hybrid technology, is useci as a focal
plane sensor in a lens based detection system capable of providing thresholded inputs to a processor based

on insect vision algorithms. The short-range sensitivity arrd resolution, with a view to the design of nrono-
lithically fabricated arrays for use as front-end hardware in simplified object clctcction systems, is assessecl.

The strategy was to develop a practical 37 GHz unit making use of tìre transnrission wincÌow ¿rt this
frequency and the availability of relatively lou'-cost fabric¿rtion techniqrres and cornponents. The dcsign
is readily scalabie to the 94 GHz band for monolithic fabricatio¡1. Intcgration of the rnillirnetre-rvave
detector with post-processing electronics ancl appropriate algorithrns for rnotion dctection Jrroviclcs a

functional system for many industrial ancl collision avoiclance applications, and represents a signifir:ant
advance in low-cost millimetre-wave hardware.

Preìiminary test designs have been explored and testecl at micror.vave freqrrencies. The antcnna ar-r¿rv

c:omprises a nurnber of substrate supported metal stlip antelìrìas of a design rvhich is reaclily sc:¿ilablc for
monolithic fabrication at millimetre wavelenglhs The arräy has a balldq,idtlt of I\Ta ancl has inrpeclarrcc
and pattern charac.teristics that allow a fielcl of vicu' ulr to 90 degrees It is shou'rr frolll thesc ch¿rracter
istics that the millinletre-u¡ave sensitivitl.is suitablcr for a tcst s¡,stcrn opuratirrg ¿rt 37 GHz.

Since a one-dimensional array is usr:cl. a short focal length Rotnran lens cr.rnfigrrr'¿rtion rv:is iirloptt.rl for tlre
bea¡nforrning. The entire system therrefor<: h:rs a plarrar gcornctrv th¿rt is zrgain r:onr1>atiblr: rvith prirrtt:tl
and monolithic fabrication. Currcnt r"'ork rvith tìrt'1>rototy¡)e arr¿r)'opr:ratirr¡; at 5 GHz ìras shorvrr tll¿rt
care needs to be taken to avoid reflections th¿rt incrr:asc sirlr:lobr:s in thc e:lclncnt ¡tattcrrrs \\¡ith F/D-1.
it appears feasible at 37 GHz to r:ortstruct a 15 clc:rnent ¿ìrr¿r)¡ l'it,h 15 lreiìnrs, eraclr having a bcarrru'irlth
of 3 degrees, overlappirrg at 3dB ¡roirrts. ¿rnrl u'itlr sidclobcrs lcss that 10 rlB. 'fìrc resultilg ;ìrr¿ì\' ¿rl)or1 ìrr('
of 50¡nnr at 37 GHz is rearìilv acrllicvablc usirrg lrvlrricl f¿rlrlit:atiol tcclirrirlrrcs. alrrl of 22 rnnl ¿rt 91Clllz
is possibÌe using u'afer sc¿rlc lnoriolithic irrtr:glatìorr.

P¿rssir,e millinetr+ri'av() scllsors havc itr tlrr'y>ast illvolvrrrl rlr-.tcr:t.ol rlioclcs ìnl.cgr:rtcrrì l'it,lr allcrrr¿rs ,\
lcns is often uscd to creatc a fot ¿rl Jrlarrc srslcnr In tlris rvorh. tlrc irrlr'grirtcrl ¿ìrìt,crlì¿r ;ulrì lou'-loss

rroise figure rvithortt thc neecl fot t'x¡rctrsive lrillilllr:tl(Ì \\:;ì\¡('arnplificatiol 'l'his irp¡rroa<'ìr sirrrplifics tìrc

retainin¡i a satisf¿rctorY rlYnanlic r';rngr: :urrl noisr: fìgurc

A 37 CjHz alray falrrir:¿rtion or ¿ul ¿rlrullin¿l srrlrstr¿rlt'l,i1ll ;r rìir'lcctrir r:rirrsi,¿rrt of I8 is tlcslriìrrrrl Stift,

sul)str¿r1 ('s srr<lt ¿is RT-Drrloirl 6()10lçr.lr'lorurrl irr orrr prrrr-iorrs rcscrur:lr to lrir.',,'c rutsatisf¿rr'lor1 rrr;rr:hilirrg

( ount is l,akcrr 1n thc r:Ìroir:r, of 1.llt, srrìrstr'¿lte tlrir:krlcss [(i 9] ;ulrl tlrc lirrì1 r' arltry rlirrrr:nsirilrs [10] . irr or,lt'r

f¿rlrrir:atiolr at highr:r frcr¡rt:nr:ìr:s

< alr idcrtif¡' nrovinB r:rigr:s Thc l¿l'orrt of 1,lic r ircuil llorrsilrg 1Ìrc irirtcnrì¿r ¿nr¿L\,. th¡' lrcanlirrrrrirrg rrcl rvorl<

¿rrtrl t,lrc tccciver is shrtwll irr Iiig I Ât thc to¡r rtrl¡y,¿uo tcrì sulrslt¿t,tt':jul)ì)()r1,r'rl lrlr'1 ;rl stt'ip foìrlcrl rli¡roJc

¿ìrìtcrìrì¿rs Ihc feerl lillr:s frotti tlrr,sr'¿urt,clìll¿LS lrlc;rrrrìcr 1,o llrc itrprtl,s of il [ìol,rrr:rl ]r'lrs ìrr,¿lrlfolììl('r 1()

¡rrovirlc the a¡tJtro¡rtiatt'phasc irryruts lirrr orrtllrt,s lrorr tlrt' lìotltt¿llt lctts ;ttl frrrl viri irrrlrcrllrrcc rrLirlr lrrrg,
lrr,trvorks to t,ctl Srliottky l¡arricr rliotìr's l,lrirt ¡rr<.rli<lr'¿r tlitrrr'1 toltvclsiolr tt'r:t'ivcr 'l'lll rlr llvll ol llrc

llrc sirlr ports ol tlrc lclls. \\'lrilc r;ìl)('rs ¿ìrr,rrscrì ¿rt, llrc ir¡rttt,s t,o l,llt' ìr'rs. lnisrr;ltcllcs lìoll llrr, nntclr
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Figurc 1: Cirr;uit lavout of Rotman lcns ar-ray in a'batnran'r:onfiguration

srn¿rllct ta¡rcrs ai tlit: otttpttts ¿tr<'tolcr¿rtctl duc to thc lerquirements for- goocl beanr clefinition ltetr,r.t.l
itrljarrctrt t:Ìt¿urnels. T'his rcr¡uirerrrr'rrt is ilul)os('cl b1'tho rlifferelrtiation anrl tcuiplatc gerìeratiorr pro<:erlrrrr,
rrsc<1 in Jloc;cssing tlro olitputs.

3 Conclrrsiorr

\\-lrilc rrrillirrrt'tttr-tt'¿rt,r't¿ttliontcttìt inr;Lgilrg li¿rs bct,lr tlre srrbject of irlvcstig¿tion in thc 1lnst. alrnost sitìr-
ottl cxcr'¡rl.ittlt tlrt' ¿tirr o[ srtt lr strì(li(]s lr¿rs lrccn to plodtrcc irnzrges of suflic:icnt lesolutiou tli¿rt tlrt'r' t ¿rn lrt,
ttst'rl ¿ts ¿t sttl¡stittttc ot'lr;tclittlr to infiatctl or visu¿rl irna¡5cs. ¡rar-ticularly u'ht:rc tlre 1>r'opagittiotr cr.lnrlitrorrs
;ttc ttrtfavottr¿Llrlc to tllc lattcl svst('nìs Irr llris u'orlt, nrotion detei:tion ratltet'than irtraging is of iltcl'c,st.
¡r:rttitrrlarll lìrt:rtssitt¡¡ ort tlost'tirtrgc ob.jr'rts l,hose <'lelailerl stnrcturc is rurirnporlaut. Issues of lrt,tìL
t<'soltttirrtt ali<l st'rtsilivitr'¿trt'¿rtlrlrcsserl itr orrlcr [o ascertain rvhat features of the tatgct irlc lìc((ìss¿tr\'
li¡r tlcter:tiorl ¿ttlrl ltorv t,ltc rcsrrltirr¡i ilLtìnlrr;L1,ion r:¿ur bc rrsccl in systenìs such as those givcrr as c.xarrrpk,s
¿tlrovc. FÌrt t'xarrr¡rlt', irr vt'lrit lt' t ollisiorr ¿Lrt¡i<ì¿urcc. thc rnotion of arr eclgc folrnerl b], the corìttiìst rharrgr,
lrt'tutt'lt tlrc lrirckgrotttttl arttl ¿r vt'lrit lt' tttitr provirlc ¿r basis for the cletection of nn appnrrichirrg, lrazarrl

Irr tlris l)¿rl)(lr w('lt¿tr.r'r'trpottt'rl ¡rrclillitr¿lrr r¿xliornetric lnt'¿rsirrcnir:trts, orr a sltr¿rll tc.st an¿rr-. <ìr'nl,rrr
stratirrg tlre fr'¿rsibilitl'of tlrt' lr¿ttrn¿rn's1 r'lt'l¿rl'out. Thr. lrc-xt stagt'is to falrricatc ¿t larg('r 37 (,iTIz ¿rrr¿rr

t¿riIolt'tl to ptovitlt'it ptool-of cr)rì( ('l)t oI tlrl inst,,'t visitrrr ¡r'inci¡rlc this will lcquirr: ¡rost proccssirç1 of
lltr'¿ttr¿ì\'orrtl)rllsttsitrgittscct visionalgoritlrrrrs Tlrcln¿ìin('lr¿ìll(ngcrr,illbetodeveloproìrrrst llgoritlrrrrs
t,lt¿tt t¿rtr lr¿utcllt'tlrc rroist', tÌrtt,tt't. r'olrlr¿rst. t¿rrget fe¿rturcs ancl arrrbiguitl-characturistics ¡ritrtitrrlrrr lt,
ur ltì-\\ja\¡(' rkrtt:t't,i<ll.

alrirlit atiotrs rcl<lrrilitrg uìor(' ( ourl)irr t lr¿rlrIu'¿uc rtr irtr¡trol'c<l rcsolut,iorr
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