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The invent W% es to nmillinetre wave i nagi ng appar at us WeCTACBISYO0DE :
used to identify objects conceal ed under clothing and, in particular, may
be used in an indoor environnent. The system may be of particular use as a

security systemfor use iMiilimétmwvhveinﬁg'in%ia‘? aeatus ques based on soft
X-rays give good resolution but tend to be a hea ?h risk to those who are

repeatedly exposed to the scanner, in particular the airport staff. A

passive systemis advantageous in that it avoids harnful em ssion.

Fur+ her nbheinvention ielatesstpsnidlmetry piavainhaging apparatusivhicr hay be usdd tedderrifal

det ect or wands andearui(r:1 vva(ﬁé .are upable to detect ngn-netallic objects such
I

as expl oXpIGes conce thipg and, Hepastieylar, pray heruspd i apsloprenvirpnmegh The
| ot hi i ' : 's body and
Crmge | ¢St 2D el et e Stk SRR BBl MR ® 000 gt g 1 s

a techni que which uses em ssion and reflection from objects, and
transm ssion through objects, of electromagnetic radiation in the
mi | |i met Beistipg techrigues hased om sefs Xerays give@ood mesabysionentt tenshipdrea heakth misk tor

deser i betBRE SRR A rpRull Epsed IF meForier a pEricul tor fsasroHath & Rissippare
W th natidradvadiasdeds ikt R BVSas Armful &isBidn AP R drinSRd rs@cdr{:@g gygit%}ggyﬁgc&ﬁ@'ﬁég

i mages whi ch have been recorded outdoors of a person co

beneat h inlaitphits,gsuch esinlesal sleteotor vandsid arciveays, atehirablestordetect hori-aet21¢ sbjebe
cold sky t erature whereas the person's apparent tenperature is nuch

cl oser t%‘cggngﬂPSIf’ﬁ% surroundi ngs. Other materials which have. different
properties fromthe skin of a person appear to have different tenperatures
fromthe person and,so are visible in a mllinmetre wave. i mage. The i mage

i s’ bui | t Milpinstrepiavel havdrihe propeegrol pakiing thiadiheediny arll RAUhGERIOBE Lsed to
radiation froma scene, which is focused onto one or nore radioneters which
may be s¥&HAiBagssaf aperwarfcbodyrradimegniteme concepledibenedth cloghigg Rhssive millimetre

di sti ng_u&@‘ | 4 II.ig fromnon-netalli.c objects.as.netal. is highly ., .~

reflecti vem’al?'gd ﬁﬁlﬁﬁé{a&g‘l v‘@ﬁ&ﬁ&?ﬁ?&%ﬁ‘%ﬁ%‘l {;ﬁqgl‘,lorhﬁ'p@rcﬂg?cgs,tagﬂ AP

much | ové@foughidbfiets, ¥f Ele€femagnetic radiation in the millimetre wavelength region to construct an
apparent temperature map or image of a scene or a person. The term passive imaging is usually

used to describe imaging processes for which the levels of emission are comparable with natural

background emission.

Using a millimetre wave imaging camera, images which have been recorded outdoors of a
‘person concealing a gun beneath clothing clearly show the gun to be visible. since it reflects the
cold sky temperature whereas the person’s apparent te;nperature is much closer to that of the
surroundings. Other materials which have different properties from the skin of a person appear to

have different temperatures from the person and so are visible in a millimetre wave image.

The image is built up of pixels which record the irradiance of electromagnetic radiation from a
scene, which is focused onto one or more radiometers which may be scanned over a scene. The

technique is particularly good at distinguishing metallic from non-metallic objects as metal is

highly reflective at millimetre wavelengths whereas other materials tend to have much lower

reflectivities.
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m | i metr ew@ogmizbasngery relies on suitable illum nation of thern&ssi/mess
This is readily achieved -outdoors, asathe sky provides a suitable source of

illum nation, but in an indoor environnent, such as an airport, this is not
possi bl e. US patent 5,227,800 describes a mllinetre wave i nmagi ng system
conprising an incoherent source of millinmetre radiation, in the formof an
array of Gunn di odes, each of which itself emts coherent radiation. The

variatiagns in_mpanufacturing tolerances gcross, the array of dipdes pr.qvide
t he s-ubﬁ%&mﬁﬁ%tr? NS R ERagRTY Felies op, syt &fte@na%%Oé% Subjerle T hisds ghadily

. | | i . . . . . . . . *
1 1L naphiSfeBfihe AL Sy B s TR WLl OEFRk AR MOE Blndoor - e
from a fedbirodment] suchiis anaérport hlsds aet possibds, of di odes are required.

Additionally, as each diode is a point source, this leads to glints in the
resultant inmage where radiation is specularly reflected frommaterials in

t he sce Furt as, each.diode is i.tself coherent. .specul ar

For1 oot IBhBREELE5 RO desBRpRr BiluRep e B sEReR SRusi i iperent
resul 1 argbudcBR tillimethraBiafiofTh the FoRhl df AR drly df SurnQliddes| é4eh o Wi RselfMEits19
appar at us whi ch overcomnmes these probl ens. WO 98/ 32035 :
PCT/ GBO&bbé&réntradiation. The variations in manufacturing tolerances across the array of diodes provide

According tqQ the present invention, apparatus for. detecti.ng.at | east aone
obj ect ﬁfﬁ% agtia mqapﬂﬁsmrr@@lafleﬂﬁmg ,sygtpma{l@-aorr HivgpipRinksassls consisting
surroungjs myr@ﬂﬂﬂ'&o&eﬁa%&;iﬁygﬁ ilflnirla#Bh sbfid angle. However, in order to fully

illuminate the subject from a full front hemisphere a large number of diodes are required.

~

Additionally, as each diode is a point source, this leads to glints in the resultant image where
radiation is specularly reflected from materials in the scene. Furthermore, as each diode is itself
coherent, specular reflections may cause interference effects and hence speckle in the resultant

image.

The present invention relates to millimetre wave imaging apparatus which overcomes these

problems.



tenperature, conprises; means for varying the background mllinetric
tenperature, 'so as to generate a contrast between t he background
mllimetri WOA8@33@35at ure and the millimetric tenperature of aRCI/GBSH/0008%

object, .and detection neans for3detecting the contrast between the
background mllinmetric tenperature and the mllinetric tenperature of at
| east one obj ect. I n one enbodi nent of the invention, the neans for
var.yi ng the background mllinetric tenperature nay conpri se; at " | east
"one source, having an emtting surface, for emtting substantially

I ncoherent mllinmetre wavel ength radi ati on and reflection neans for
ref-lecting mllinmetre wavel ength radiation emtted by the source, such that
the object is illumnated substantially uniformy with millinmetre

wavel engt h radi atjon. The, system may be used as a security systemto

i dent i f PCPRTSRE O he BraseRt inyRtioncapnRapgtgfor deeptingat leash pnyebjeetdiaving aan

ai rport . k0t he system provi,des an advant age..over. the
ori o itk SRR, SlS I back By iRl e vk R HS et
resul t apimper@ofe, dOMmPpriseat suffer fromglints where radiation is specularly
reflected fromnmaterials in the scene. Furthernore, the bul k of the

i1lumnation solid angle may be provided by a cheap reflective material.

WO 98/ 32035 . eqqe .
PCT/ GBY mﬁg varying the background millimetric temperature, so as to generate a confyast between

refl ectj [ I s ' i nNel.
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refl ectame i nner surface may be enbossed with a

detection means for detecting the contrast between the background millimetric temperature and

the millimetric temperature of at least one object.

In one embodiment of the invention, the means for varying the background millimetric

temperature may comprise;

at least one source, having an emitting surface, for emitting substantially incoherent millimetre

wavelength radiation and

reflection means for reflecting millimetre wévelength radiation emitted by the source, such that

the object is illuminated substantially uniformly with millimetre wavelength radiation.

The system may be used as a security system to identify items concealed under clothing, such as
may be used in an airport or customs control point. The system provides an advantage over the
prior art in that the emitting source can be made quite small and the resultant image does not
suffer from glints where radiation is specularly reflected from materials in the scene.

—Furthermore, the bulk of the illumination solid angle may be provided by a cheap reflective

material.



di mpl ed pattern, such that mllinetre wavel ength radi ation reflected from
the reflective inner surface is diffused. In an alternative enbodi nent of
t he i nventwords/32038 neans for varying the background milli neP€T/EBOHPRIBT at ur e
may conprise at |east one source havieag an emtting surface for emtting
substantially incoherent mllinmetre wavel ength radi ati on, wherein the
emtting surface forns part of the enclosure, such that the object is
i1lum nated substantially uniformly with mllinetre wavel ength radiation.
For exanple, in this enbodi mnent the encl osure nay be a cubicle having at

| east. oHg . §LAlGHHR 'iﬁ@ﬂs Haﬂb%%pﬁsc?%ﬂ L d#ﬁr@ﬂvﬁ@ﬁf&?{ecﬁ%nﬁ%&ﬁm Prgﬂf‘ably,

det ecti on nmeans n an Invehtion may conprise at |edst

one m'l khd@Hcl@urpi¥a paﬁm elipssidand the eflectblednidrigriatd mayrbe ebussed mdthgi h
radiation reflected fromand emtted by at | east one object. In one

arr angeldlmpledlphﬁerapwhéhaismﬂuyemwpvﬁlmﬂafaélﬂﬁgnéeﬂ?qtﬁ frerp the refleativeiage g
canera hay, st one mllinmetre wave centre frequency and bandw dth
of opere?’ﬁtJ a 'aI ternative arrangenent, the apparatus nmay conprise two
or more mllimetre wave i magi ng cameras, wherein the inmaging caneras have
substantially different mllinmetre-wave centre frequencies of operation.

The one Inanalemative érmbetimentafithe inventiony theamenns fomvarping e backgraund ingidlimetric
outside the enclosure, although it may be preferable t unt it within the
encl osuﬁ@nperamﬁ%méﬁéO@P"ﬁ%?tée%ﬁ PIG SAVGehayinRAD; STRGH “Eéﬁ% of eRitiNgave an

associ at i

wavel engbie RIS HncfAf it gl R rﬁ&’i%"&? *9“3%533“" it e Bidpart
PCT/ GBO&f@itd&elosure, such that the object is illuminated substantially uniformlySvith illiofetre

enbodi nent of the invention, the source may conprise; a |ayer_ of em ssive

mat er i a|wawbmgﬂgradntxgmmemnnhecmrtbgmbodfmntéhﬁ encloyremay P%FP@CWF%t h

radi at | G, 00, < DEALIAG IE ALl iBing AGHEFSHAG s ePErature of the layer

The detection means in any embodiment of the invention may compr_ise at least one millimetre -
wave imaging camera for detecting millimetre wavelength radiation reflected from and emitted
by at least one object. In one arrangement, the apparatus may comprise a single millimetre wave
imaging camera having at least one millimetre wave centre frequency and bandwidth of
opération. In an alternative arrangement, the apparatus may comprise two or more millimetre
wave imaging cameras, wherein the imaging cameras have substantially different millimetre
wave centre frequencies of operation. The one or more millimetre wave imaging camera may be
mounted inside or outside the enclosure, although it may be preferable to mount it within the

enclosure.

The one or more millimetre wave imaging camera may have an associated processor and

television monitor for generating a millimetre wavelength image of at least one object.



wher eby increasing the tenperature of the |ayer of em ssive material gives
rise to an.increase in the background millinetric tenperature. The
heati ng ned¥Q9%@3P38onprise at | east one heating el ement. PCHGBS/0N00E oy
al so conprise a netal |ayer, whereid the -netal |ayer and the |ayer of
em ssive material forma structure having an em ssivity, [err], in the
mllimetre wavel ength region, and wherein the optical thickness, t, of

1 §SI terial.is_such that the emssion of mllinmetre

the.l ayer of em S8l ve I
wavel endfPRe smbegimentof the ioxenfion, the SPYice May COMPSEnt i al |y maxi mi sed.  The

em ssi.vity, [err], of the structure may be between 0.5 and 1 and,
preferably may be substantially equal to 1. For exanple, the netal |ayer
may be -ad layeroflemisside tiaterialyihasing anroptiealithickwasy ¢, lfor emittingmildiinetieayavieldngth
asbestos fire blanket or fire cement. The source may further conprise

i nsul at iT8AiaHe_ARA f or r educi ng the enission of infrared radiation fromthe
source. The insulation neans may conprise a fibreglass mat. The source nmay
al so include at | east one additional nmetal |layer for internally reflecting

m | |1 netKeating uRhA fiir indrédting the RerfparatufRbfithO Ry \6f iissivé MRAteFRLEr i al , such
that the emssion of mllinmetre wavel ength radiation fromthe emtting
surface of the source nmay be substantially maxi m sed. WO 98/ 32035
PCT/ GB98/ 00005, . : . . L I .
Al t er nat VIRCRR sERaTos e tmpestie af thilpyeraf smissive material gives Tise to an increase in

the background millimetric temperature.

The heating means may comprise at least one heating element.

The source may also comprise a metal layer,

wherein the metal layer and the layer of emissive material form a structure having an emissivity,

- g, in the millimetre wavelength region,

and wherein the optical thickness, 7, of the layer of emissive material is such that the emission of

millimetre wavelength radiation from said structure is substantially maximised.

The emissivity, €, of the structure may be between 0.5 and 1 and, preferably may be substantially
equal to 1. For example, the metal layer may be aluminium and the emissive material may be any

one of clay tiles, asbestos fire blanket or fire cement.

- The source may further comprise insulation means for reducing the emission of infrared radiation
from the source. The insulation means may comprise a fibreglass mat. The source may also
+ include at least one additional metal layer for internally reflecting millimetre wavelength
radiation emitted from the emissive material, such that the emission of millimetre wavelength

radiation from the emitting surface of the source may be substantially maximised.



a layer of material far emtting mllinmetre wavel ength radiation and
cooling neans for decreasing the tenperature of the em ssive material,
wher eby dawoes/3i08§ the tenperature of the |ayer of nmterial PQi/GB98/0008S t0 a
decrease in the background mllinetrig tenperature. The source may al so -
include a mllimetre radiation transparent |ayer, such as a door, enclosing
the em ssive material. Typically, the |ayer of material nmay be radar
absorbing material (RAM. “Alternatively, the source nmay conprise one or .
nore Gunn diodes or a plurality of gas discharge noise sources for enmitting
| mretre wavel en th radiation. In addition, one

bst | | h
zlrj rSm?gthla)a gﬁ?%%ﬁ?i’“ﬁﬁ{l tRfSOURS THRLEPTRIFISeYi f f usi ng the emitted

mlliretre wavel ength- radi ati on. Accordi ng to anot her aspect of the

i nvention, a source for use in the mllinmetre wave inmagi ng appar at us

conpr i sadayer of materiai farf ergittirgpsmiliimetre evavelengthasdiatipraandopt i cal t hi ckness t,
for emtting mllinmetre wavel ength radi ati on and heati ng nmeans for

i ncreasing the tenperature of the |layer of em ssive material, wher eby

I ncreasi erial gives rise to
an incr eg‘glé‘gé] ﬁle%l%;%g S%?“ﬁ%‘et‘é}’ﬁf%ﬁ ‘?fg‘f‘? g’@p‘“‘é@&%‘ﬁ"‘r@ WD 98/ 32035
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whereby decreasing the temperature of the layer of material gives rise to a decrease in the

background millimetric temperature.

The source may also include a millimetre radiation transparent layer, such as a door, enclosing

the emissive material. Typically, the layer of material may be radar absorbing material (RAM).

" Alternatively, the source may comprise one or more Gunn diodes or a plurality of gas discharge
noise sources for emitting substantially incoherent millimetre wavelength radiation. In addition,
one or more optical elements may be included for diffusing the emitted millimetre wavelength

radiation.

According to another aspect of the invention, a source for use in the millimetre wave imaging

apparatus comprises;

a layer of emissive material, having an optical thickness ¢, for emitting millimetre wavelength

radiation and
heating means for increasing the temperature of the layer of emissive material,

whereby increasing the temperature of the layer of emissive material gives rise to an increase in

the background millimetric temperature.



The invention will now be described, by exanple only, with reference to the
follow ng Figures in which; Figures 1 and 2 show exanpl es of the

possi bl e, gWOA8BRE350f the millinetre wave inmagi ng appar at us, PCI/GBIN0B
shows a reflective enclosure in the fermof a room which nay form part of
the invention, Figure 4 shows (a) a plan view and (b) a side view of a
di npl ed surface of a reflective enclosure which may form part of the

i nventi on, gure 5 shows a diagramof a 'hot' saource which may be, used,
in the rihel mvmoe m&mw badesaribeds gaﬁamale@mlx, réith FRFIBRGSRR, the fotloying Figyresia
7 show diagr.anms of a 'cold" source which may be used in the mllinetre wave
I magi ng }Bgl&rat us of t-he invention and Figure 8 shows a diagram of the
basi c ‘'design of a conventional mllinetre wavel ength i magi ng camera which
may be used in the mllinetre wave imagi ng apparatus of the invention.

Ref er ri rijgures Fiapd 2eshdw exampless of theepassiblesgeonictrygifithe mplineawermavedmmagingse a
source 1 a and a reflective enclosure 2a. A second source 1lb, preferably of
the san@®PB¥@Wn as the source la, may al so be included and nounted within a
second reflective dome 2b. The donmes may be partial ellipsoids and one
source may be situated at one of the foci of each of the ellipsoids 2a, 2b.

The subjRigire3 showka refleqize eatlond? imthetfofin of Ardempivhichenalofoem prrcdfakier e

2a,2b, at the other foci of the partial ellipsoids.
invention,

Figure 4 shows (a) a plan view and (b) a side view of a dimpled surface of a reflective enclosure

which may form part of the invention,

Figure 5 shows a diagram of a ‘hot’ source which may be used in the millimetre wave imaging

. apparatus of the invention,

- Figures 6 and 7 show diagrams of a ‘cold’ source which may be used in the millimetre wave

imaging apparatus of the invention and

Figure 8 shows a diagram of the basic design of a conventional millimetre wavelength imaging

camera which may be used in the millimetre wave imaging apparatus of the invention.

Referring to Figure 1, the millimetre wave imaging system may comprise a source la and a
reflective enclosure 2a. A second source 1b, preferably of the same design as the source 1a, may
also be included and mounted within a second reflective dome 2b. The domes may be partial
ellipsoids and one source may be situated at one of the foci of each of the ellipsoids 2a,2b. The

subject 3 to be imaged stands at the centre of the domed enclosure 2a;2b; at the other foci of the
partial ellipsoids. |
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more sour cCye o9km203kb may enit millinmetre wavel ength radi ati onecir/&Bysodes t he
reflective enclosure 2a,2b. This radigfion bounces back and forth between

t he encl osure 2a,2b and the subject 3 which is therefore illumnated with
mllimetre wavel ength radiation 4. An inaging canera (imger) 5 is also
included in the systemto detect mllinmetre wave radi ation reflected from
t he subjFitd orfe or mbre sadsbet il adb nidyeersit bjilithet® waveleratls eadéation 4stomardsithé i netre
wavel ength radiation itself which is_also detected at the ipmager 5. The

r adi at i oiefleetivesanclagure 2 ta Thiscdiatien bpynges dack andstorthpehusen the gnclosise 2adber

o vt nes i e STCHE B0 RN B b S e iy SR MR E 95, O™
i 11 um nafpidding canhdra (Yagep) Pisalseiabluged i the sjkterh 6 dbteBOATlliMmette Wavd rddiftion

refl ective donmes 2a, 2b, therefore renoving the need for the wi ndow 6 and

el i mi natieflgctad from thefsubjest 3.Dependi ng on the focussing di stance of the

i mager 5, this nmay necessitate a nultiple mrror system preferably nounted
I nside the dones 2a,2b to focus mllinmetre wavel ength radiation reflected

fromth ; : i . ¥ '
ensur s P (b (B 3 35U el PR Sompe millEpdtic AR oM toBIE BRI aso
em tted deotested breths imagersS. TFhe radiation reflectedtfenin ind smithe wothe subjectZomay teach ittee

subject 3 to be inmaged fromall angles that the reflections of the sources
la, 1b fimager fbynessing fhsougha windove6 in therenclogurgy This yapden 6 causesspmeqstefacts

i 1 or i 9 Bamegh 8 wils0 S 133t bl shett T BBy 0" T L e

the 'subject -3 fromall directions in order to avoid artefacts arising in
the image of the subject 3 vihich correspond to any gaps in the )
i |1 uni naltinay. be preferahie to mount the imager| Suwithiatthe reflgetivéidomens?ageh, therefore femoving

i mportant that .the shape of the inner reflectjng surfaces,of. t he. dones

2o ob. ar R fordhe Puathvys nd gimitiine Y aebrtso PrRAGIAHE Ghils forNing dyignce of
i nsi de syLf : j i -t '
orl or e iffagers, his fndySlcjubtth FRHHN: Aoy i, BRerEabl Motk dide (IPUGHes
ef fect, 242io fovus adiinhdiee wihabength radietiodcefiectabfréin the shbject 3amitd thedinager 3.he

performance of the system For exanple, this may allow the shape of the
enclosure to be relaxed to that of a room as described |ater. The

pref err eqyf GahilehinP thdwiin MbaR PULASGhI A mih A PR6GbIRGYE thd mflRkRLdet a1 |

| ater.
wavelength radiation 4 emitted from the sources 1a,1b is reflected from the domes 2a,2b onto the

subject 3 to be imaged from all angles that the reflections of the sources 1a.1b fill. Furthermore,
the geometry of the arrangement is such that radiation 4 emitted from the source 1a,lb is
distributed substantially uniformly over the subject 3 to be imaged. It is necessary to illuminate .
the subject 3 from all directions in o;der to avoid artefacts arising in the image of the subject 3

which correspond to any gaps in the illumination.

To ensure uniform illumination of the subject 3, it is important that the shape of the inner
reflecting surfaces of the domes 2a,2b are exact ellipsoids. However, in an alternative
'.embodiment, the inside surface of the reflective dom.es 2a,2b may be coated with a dimpled foil
" “or the surface may be shaped directly. This produces a diffusing effect, in which case the shape
of the domes 2a,2b is less critical to the performance of the system. For example, this may allow
the shape of the enclosure to be relaxed to that of a room, as described later. The preferred

features of a dimpled surface will be described in more detail later.
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the di ffusW98/32085 | owers the energy flux reaching the subj e®PCTAB%8/00008! |
angles. It may therefore be preferableto cover the floor (in the position
of the horizontal axis) and the back wall (in the plane of the diagran
wth a netal so as to reflect as nuch radi ati on as possi ble back into the
doned encl osure 2a, 2b. Fl oor covering nay al so be used with no diffusing
foil on the reflecting surfaces of the dones 2a,2b. The use of the

At ho. sty BBt Ing B HOHARTe G Enerly, R el bt it e oty e

al t er natih¥efde bd Ble f covBthS ¥RJof (Thithe Phlitidh S th¥ heALoRAxES) ah@ theShadkphll
situated at one focus of a single partial ellipsoid done 2a. di ation

r ef | ect gih theqplartehef thé diagam) with @i metakwm dsite refldet esmush atdiation asqossibledfack into
el li psoi s in the previous, exanpl e. The side and back ll.s (y-z and x-z
pl anes) §indomnd w&s&&e%ﬁ- El% @?B%g BR%plse swfﬁwgme&%w Bia e so as
to ensur -lﬁ_%p{ LAt | S4 i . ' :

encl osu r%ﬂgﬁf ma aé?‘;"“fﬂe’%?ﬁf‘%g 2?%%’ gg%}?sgc t@ﬂe@f@%\?ﬁ%s Crl dé%ﬁ %%Sé&s ct)ltlgf ;’/S 2it
may be pagfeaiolibilangle@flilhurhination at thieGRbjebt BNe. noallpcaiset illurhinatiemc| osure 2a to

elimnate any non uniformtenperature | eaking into the enclosure through a
gap which is present for the imger to | ook through. A fully cl osed

Tt voul o BERA R fi bR Rt Beile Rt BhiRontf encloen S ist
al | ow pegifmRd AA6AE Fous BF A \irHlartilPelAFIR HoMe V8! RadiatiH i_«l:lﬂt«aexte_&%hg1 el Rhe 22

An exanpl e of a suitable enclosure geonetry having openings is shown in
Fi gur e 3illuiinatesthewsbizct 241 the centes ofthaieHipsdid,asiin theprevioas exaniplecTheedidsamf a

room wth, t gpeni.ngs 41, 42 i ntrance and exit regions 43,44

r espect i%kw\,'gkr(?&@ﬁ%m Pé&legb %@5@0% “u Rlge) 2R prefenbly Saverediiha mes) soan
essent i | .S :l . S

regi ons a%asr&e)%g%lgté gtsj ﬁ{lejc? E&liei%ﬁé&g %@wﬁglégﬁgﬂéﬁg Q%%rlhg)xtg?rp%%t)%g%’ggﬁ&g%@f bi ng
Mat er i al reafdihg theasubjese3sane apparent tenperature as the illum nation

chanber such that there is no way for radiation fromoutside the chanmber to
be reflected into the inside.

As described previously, it may be preferable to mount the imager 5 entirely within the enclosure
2a to eliminate any non uniform temperaturé leaking into the enclosure through a gap which is
present for the imager to look through. A fully closed enclosure would enable maximum
uniformity of illumination to be obtained. It would be poséible to have openings in the enclosure,

for example to allow persons access, providing the geometry were carefully controlled.

An example of a suitable enclosure geometry having openings is shown in Figure 3. This shows
a reflective chamber 40, in this case three walls of a room, with two openings 41,42 in entrance
and exit regions 43,44 respectively, through which a person may enter and leave the chamber 40.
An essential feature an open enclosure such as this is that the entrances regions are coated with
emissive material 43, for example Radar Absorbing Material (RAM), at the same apparent
temperature as the illumination chamber such that theré is no way for radiation from outside the

chamber to-beteflected into the inside.
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PCT/ GB98/ 00005 10 In an

al t er nat irveypodreadsgent of the invention, the reflective surf %Bﬁ%()ﬁ&y of. .
t he encl 6sures descri bed above with reference to Figures 1,2 and 3 nay be
replaced by nmillinetre wave enissive material or emnissive sources, so that
the subject is illumnated directly with incoherent radiation, rather than
relying on reflection neans. ThHe em ssive surfaces nust be arranged to
provi de Rid@sileephitiveleynbodirhert of tHel invéntioh] 08 réflective ssifiies 6F any26f the eRéloMireed
by the reflecting enclosures. The use of a partial enclosure, for exanple
havi ng ofiesgribed akovigawithsrefrenpede Figures L and Bimayi e replaced by millinietrecnaar e

used. For_exanmple, .f,or a.subject standi Lthin.q three:-sided enc) osure,
each sur PRIBSBATATIA S5 PRASIVELRURS. ofthat ik subiget 5 iponinated Grechly syffiingeberst
the subj %ati&ﬂyfa%&%m%lyﬁ%@rﬂfeﬂ%ﬁoxﬂn%&gﬁéeﬂfssﬁ@’?ﬁ*ﬁé& nﬁﬁ?bé’?iﬁ:?ﬁeeia%' ng
em ssive walls or sides i's only likely to be practical 1n use 11t

encl osur providecsfubstantidliytinifoirm iHumiration pEthefsabjeets astisl provitled by tieneflectinige t akes
the formof a cupjcle. e purpose of this specification, the phrase

L
"encl osuf@ploguges, Jhe psg rﬂ%“{]&nﬁl@swpr@f expreple haviggonbt brse wally rsidesyis| ure

f alin: f ' ' - i f oi |
be appl | RO RSV CIL P AR} ofml Tol Y8R Ymdfhet T Slnkcl siad™
the encl emlssurel@ycibsurfioa peiglg doited With an'endissivdMarfiabalfbanh sidEbehing thetéubjecand

4(b) show plan and side views respectively of a typical dinpled surface 30
whi ch mayoBld natde spgptial. Supartial or edomplete enclisurehavingemnissive valle bt sides isenifones
2a, 2b in.El,qure 1 r,may he .provjded.by.a separate covering appli to the
enct osur BUFHY Be Bl e f ol helesiF e S el wmel R toreBAIEH 61t ho

i nvent i OBpcl@sué BRESHe Ftink of F¥utiGe 2PB} e £ Rfffe ecting
enclosure, or the suff aCeoof 1':heeencl os%?gﬁbﬁae?gﬁeyg hapegﬂﬁ?'?ig%?%% n a

di npl ed penclasure” isnohintendet! ta)bedimitet| to)a coimpletplynchised solime\dfapsce.
respectively of a typical dinpled surface 30 which nay be the shaped
surface of the enclosure (e.g: the reflective dones 2a,2b in Figure 1) or

may be proyi i ng. . " : ; .
Tyoi oal |y bR REROACHE QAR BRICE il fhal BE aRRCABURE sl Fihe

separ at i reflettigg edclésateyee thelsurfatdithd endltsuréidy be shafeditisecap i 2 diniFiee bittekh,
mm Typi éally, each dimpl e may be spherical wth a radius of curvature (c)

of bet weEpuresia)and 4b) showplan and\zife Miewsigspeetivedy abe typicaldimplad serfane 30and

pornest e ot o e it
Phol osur SHATHATE0eE STRA Mol TP s SRIEMEE ! £ et ith B It 1) or
separ at ethalpybe Poovited by 4 Bepardlé 68efing AfpIE t@fth&ék%dl@stu‘r% au&fcef*rm%gg%/d%gigéﬂgt

(h) of 2.7 mm_good inage contrast has been achi eved.
PCT/ GB9gjm@preterred embodiment of the invention, a dimpled foil may be applied to the surface of the

reflecting enclosure, or the surface of the enclosure may be shaped directly in a dimpled pattern.
Figures 4(a) and 4(b) show plan and side views respectively of a typical dimpled surface 30
which may be the shaped surface of the enclosure (e.g: the reflective domes 2a,2b in Figure 1) or
may be provided by a separate covering applied to the enclosure surface. Typically, the dimples
31 in the surface may have a centre-to-centre separation (d) of between 1 mm and 40 mm, and

- preferably approximately 10 mm. Typically, each dimple may be spherical with a radius of
curvature (c) of between 1 mm and 40 mm and a height (h) of between 1 mm and 20 mm, and

* preferably between 2 mm and 3 mm. Experimentally, with an ellipsoid enclosure, having a
dimpled foil applied to the surface having dimples separated by 10 mm, with a dimple radius of

curvature of 4 mm and a height (h) of 2.7 mm, good image contrast has been achieved.



A mllinmetre wavel ength i mage of a scene depends on radiation received at
the imagi ng camera due to the em ssion and reflection of millinetre

wavel engt.h” WORBERIIS/N from the scene. For a given object w thiPCTAGBISMOES t he-
em ssion of mllinmetre wavel ength radiation is fixed and is dependent on
the thermal tenperature of the object and its mllinmetric emssivity. The

reflection, however, can be altered as it is dependent on the mllinetric
tenperature of the surrounding scene and the millinetric reflectivity of
the object to be inmaged. The mllinmetre wavel ength i magi ng system nay be

used, .in At | | tifyin l.cts conceal ed
inder 't heRBplibied bvay@8ndih SEER bf o scRMEAGHLAL n kAo POt e iR
t echni'quedue th @he enitsionladd réfict6h of RiillinedRveARlcnghOdHiatibR fdn ﬁlels'béx%!. Fora
difference in observed mllinetric tenperatures of the body and object when

t he syst egiversobieetamighio ascend, the enpissiop phmillitnetre wayelengtharadiation és fixedrandrisli ngs
Is close to that of, the bqdy and object..)Jn order tQ make conceal ed objects
nor e easi#‘?e Op st therm é‘g’HP?‘ﬁ“ﬁ‘é{’ﬁ?‘E OPEﬁb%}d&fWHﬁE’GH{Cr%SWW-thlﬁﬂectwn,

variatio Vv i HYLY . | ' -
vari a1 STt Sttt i o Bes o Bt ARk o,
di f f er encseené and the Ingitlimetric aeflaxtiviiy of tiiei obfecatocbepmiageti al | y nuch |arger than

those due to em ssion differences. The conceal ed objects will therefore
have an apparent tenperature at variance fromthat of the skin of the

: 1 ' t t t th eal ed obj.ects, an
et son | bRk RSB D Ry BE B, BprbBREps hesbiR bR o
of, for emém}ﬂyglgr(_ii_?edﬂbécﬁﬁéal% uAddtRBElothRfR of Spedéote st conventional %llei?xeetre wale

= [err] T[err err] + iTlerr] . Equation |

T[err] i simaging tephniquesufos concealed abfsctsoun a figreon’} body there inllittle didference in

i1l um nati,on t rat.ur Tlerr] -is, the te rature qQf the body behind_ the

obj ect | arbepryet FREIRGH, Femacriures of e SRinARAIpIott PhER fe sy Psmin giranged so that the
transm SSipkk | ' ' I

1 ot hi g Dpeieft RmpchRuy R BRI Koide T OF (UG anf SBREE U8 Brddp 8 nake
body, T[ evompeatediplgjects moae dasily deesctablet the millimetrik, teingeratir® BorkrasedeC 8% vadiation

T =Tlerr]: r(Tlerr]-.Tlerr . . .
[ clf enelggy[m thtl, mll-ll;['netre]u)lavelength region) in the surroundings can be increased to enable the

objects to be detected through differences in reflected radiation, which are potentially much
larger than those due to emission differences. The concealed objects will therefore have an
apparent temperature at variance from that of the skin of the person’s body, enhancing the

contrast between the concealed objects and person in the resulting millimetre wave image.
-=- The apparent temperature of, for example, an object on a human body is given by;
T=¢gTp+rTs+ Ty Equation 1

where T, is the temperature of the object, T is the millimetric illumination temperature, T}, is
the temperature of the body behind the object and &, r and ¢ are the emissivity, reflectivity and

- transmissivity of the object respectively. As any object concealed under clothing on the body will
have a temperature i/ery close to that of the body, Tp = T, and as € + r + t = 1, Equation 1

- reduces to;

T=To-r(To-Ty



12 For exanple, for an object at a tenperature of 263 K having a
reflectivity of 0.176 and i1lumnated by the sky at 156 K, the

appar ent - tpsynab3s € of the object is 240 K | n or detTigBegMeUOgE t he
mllimetric tenperature of the surrouRgings, a 'hot' source of mllinmetre
wavel ength radi ati on for producing a flux of substantially incoherent
mllimetre wavel ength radi ati on may.be used, for increasing the
mllimetric tenperature of the surroundi ngs. Al ternatively, a 'cold
source for producing a relatively smaller flux , or substantially no fl ux,

of I ncoherent mllinmetre wavel en di ati o pabl e of

reduci ngF enfxampl ?’lr} Qhject atatemgemrog?g}i{ “’E&]‘ér ﬂﬂu(ig‘gﬁ a-‘Bf)lt h a -
"hot' ‘a ting a

mlli ne?l(rilllugn %?ré)g?’ t%%%l r{éa%g?v\eeng%he su hehgt()bée to be IJ?'rraged and the

sur roundi ngs. S an essential property of the source 1la, 1b that

radiation 4 emtted b the_.soqrce S subst anjt ially incoherent W thin
t he bandin erder tefchapge the miHingstrie tenperatinerad thessupopadingadi hgt’ source of millimets

Whi o af Fatetet radarfoh YoF BRauGiRg o Hhis ¥ sfhstinfalty oo B in el Hilelebiffon
the phragQiatipHRedyby hsall) for ifeeASREIRE mllﬁHﬁHc t@&perature ofﬁié%ﬁr&ﬁndlﬁ%ﬁ"e one or

"substantial |y | ncoherent within the bandw dth of operation of t
mor e Altemiativelyed fopldiavarce lﬁtn'gnru@omgmredaahvely smaller flee{ er subsgntiallfng flue, df,

" hot"' f t | f mttjng.j h t
i 111 et OGRS Bayelorash radiionarehs deedccamaplent rBRing b uliGREC of o
seri €5 OleolBAkbA%S e sunchSTERIR R BAOMAD Y SARS Y L LAY

al um ni um y varyl n enperature o ayer o

8, the fjeneraingd ﬂnilhﬁﬁtrkﬁeﬂ@&ﬁhﬁ‘aQ&ﬁrrdsaﬁetafeé@ﬂxe%ﬁbjetle}itcf lﬁ@iﬁﬁdgb@ anditler i al 8
may be vari ed. Channels are mlled in the alumniumplate 10 in a
pattern stramdingst he shape of the elenent, to ensure a good thermnal

contact with heating elenents 9. The plates 10,11 may be made from

al um ni um or any other netal which has a high thermal conductivity.

Typi cal | gis hiesseRia p rc%ie?ﬂyfbf the sourcjeolanl%\/%h%a&iﬁﬁwﬁ'énﬁ@ecﬁﬁwmﬁ%oﬂ%b‘m' ck (x)

and the lower plate 1 be bet ween 3 thick (y).

WO 98/ 32¢9#Btantially incoherent w1thm the bandwndth of operaﬁon of the millimetre wave imaging

PCT/ G898 aqggrg% as the detection of coherent radiation gives rise to interference fringes which affect the

- image quality. For the purpose of this application, the phrase “substantially incoherent” shall be
taken to mean “substantially incoherent within the bandwidth of operation of the one or more

millimetre wave imaging camera”.

Refer_riﬁg to Figure 5, a ‘hot’ source 7 may comprise a layer of material 8 for emitting incoherent
millimetre wavelength radiation. The material 8 may be heated by means of a series of heating
elements 9 sandwiched between two layers of aluminium 10,11. By .varying the temperature of
the layer of material 8, the flux of millimetre wavelength radiation emitted from the material 8

may be varied.

" Channels are milled in the aluminium plate 10 in a pattern matching the shape of the element, to

~ ‘ensure a good thermal contact with heating elements 9. The plates 9,10 may be made from
aluminium or any other metal which has a high thermal conductivity. Typically, the upper plaie
10 may be between 10 and 12 mm thick (x) and the lower plate 11 may be between 3 and 5 mm
thick ().

is Sheet Has Been Reilaced
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13 The hot source 7 also conprises a thin fibreglass mat 12 which is
supported by two sheet insulation |ayers 13,14 made of a high thernal

i nsul ati ng 9832038 . This | ayer arrangenent 13,12, 14 r educesPCIY6Bb&6000S 0SS -
fromthe source 7 by radiation and conttuction and is preferably transparent
to mllinmetre wave radiation. The insulation layers 13,14 may be drilled
with holes 15 to let miIlinmetre wavel ength radi ati on 4 pass through. The
source 7 also includes a |ower insulation |ayer 16, typically 50 nmthick,
whi ch may be constructed fromthe same nmaterial or material having the sane

ti ' ' 4 bot.t |l umi. ni.um pl ate 17,
ooy cal | e ¥peidifed 7ab BbinBRsd Wl ettty mAl 7 it Bty ohg Bedt. s
support  shsilition1@yers 83,14 nddBaf a higtethbRedl MisulAmgdhatestall Thi¥hyeR ataNSnEat D
radiation emtted fromthe material 8 towards the alumniumplate 17 wll

be ref| edBd4a,4yredunss the heah lassiohuthe sodrcadbywadiatiomand eanductitreandiserefersply s
16, 17. The "hot' source 7 is desi d.such,that m/|linmetre e radiation
emtted F?B?Rafﬂ’gt‘%ﬁ‘e@me&‘ie ‘ﬁa‘feé'a‘giﬂﬁg‘g i%’fq?%p"t“r ammlbtléan%%‘i@mw@ delesce
t owards | M&ﬁ’l | | Al g reflected internally so that
t he heat Ilgggget rglmt eﬁ?Y%léﬁ%@gﬁi%@go%gg{}?ﬁ% m nim sed. Therefore, the

structure of the two-layer stack 8,10 (the layer of emtting material 8 and
the alum piumplate 10) is designed so as t0 nmaxim se the em ssivity of the

stack 8, 10 sawice 7 aisp ipeludesq loyeea ingplasion laster A6, typisally 5@ mm dkickiwhigh axayshes o

that reflectian f he er .8 i s mininised.th h interf ffects.
M i rum SRR M e b et RaTB e S PeapBies of Lo s
that itsiget £3714,Ra8 Rk boadai duminiudailts 1789 piciRy 846 A in thickness. The alyminium

[err](n[err]4), where n is an odd i'nteger, [erT] is the wavel engt
radi at i oplateit’ gemaribnacthas 2 sypportStmotire ratbertthan alrefleetdiry asalmilliment vaivelehgth

TEe' L ncphiol G 757 o B e Ebbm bl LAY i by
sui t abl IR } S Wit 1o L ¢ f ngt hs; preferably equal,
or as c?lggiéﬁg's‘ﬁgggfm%‘?%gn{ﬁa‘[ﬁ%@%%é@% g‘gi‘?’sga Sui Itoabl e mat)éri gl as

it has a relatively high bulk emssivity of 0.93. Simlarly, fire cenent’

and asbegtos fire bl anket may also be suitable materials, having bulk
eni ssi vi tingshejf seuree fjsdesignsd suchybat millimptre wave radiatioygnaigted fopsthe material 8 is

PCT/ GBgS/sQ@sQQﬁially transmitted through the source towards layer 13. whilst infrared radiation is

reflected internally so that the heat loss from the illumination source 7 is minimised. Therefore,
the structure of the two-layer stack 8,10 (the layer of emitting material 8 and the aluminium plate
10)is 'designed $0 as to maximise the emissivity of the stack 8.10. This may be achieved by
adjusting the thickness of layer 8 so that reflection from the layer 8 is minimised through
interference effects. Minimum reflection occurs when the thickness (z) of layer 8 is adjusted so
that its optical path length, ¢, satisfies the equation, ¢ = o "*(nA/4) , where n is an odd integer, A

. is the wavelength of radiation incident on the layer 8 and o is the dielectric constant of the |

material 8 (this assumes pg = 1, where p is the permeability of free space).

The layer of material 8 is preferably a material which has a suitably high bulk emissivity at
- millimetre wavelengths; preferably equal, or as close as possible, to 1. For example, clay is a
suitable material as it has a relatively high bulk emissivity of 0.93. Similarly; fire cement and

asbestos fire blanket may also be suitable materials, having bulk emissivities of 0.7 and 0.85

respectively.



14 Utimately, the structure of the 'hot' source 7, the particul ar

mat eri al s used and thickness of the |ayers, depends on the particul ar

i |l um natwo9s3288% renents i.e. the 'hot' source nust emt sBETIGHIYN00S
mllimetre wavel ength radiation to produce a tenperature variance fromthat
of the skin under the clothing which is sufficient to distinguish the
particular items of interest in the resulting mllinmetre wavel ength i mage.
Furthermore, this is dependent on the_sensitivity of the inma 5 used to

det ect Hitimptelst itlae sterctire efthe ‘hatiseurce 4, @mp@rt@@lasynamm uyedan 8&@6@6@&9

| maged scene, I vin e

subst anfaiyg’l'sr Qeqeggio? ﬁ‘ﬁ% m:ll?' ‘H%’iﬁa@é’% rféua{a%‘? er srﬁtlaen?lo? fs'\c;ﬁc%@ur%e%x%t 5is
used, agyfficlefmilifititfedsiveldhotieiBRItiOh Y Brdducé B enptivid RaiaBed ABRhAtHT the
subj ect 3 and the conceal ed objects. In practice, however, it is nore

benef i cskih undenrhe clothing vdricleisisufficiéntyo distinguish thespacticular mmfwf igterestiatthé t ens
under cl ot i ch have, an.em SsiVi cl ose.t0 that, of skin are.nor

kel v rubmedntimgge eRElanEth 4T Raibbrriore; Gis, depaideRtantie SRl ptine o
the thi r .

ensure pﬁéﬁ‘?hot Ed g%ﬁ?t}ég etlr@xrréggg %B??‘gﬁe‘?ﬁmk}%& cal f@éc fg&?ct)}%égtl

t hi ckneffaged scége.’ hot ' source 7 may be less than 10 cm which nakes it

portable and all the layers are typically 1 msquared in surface area.
Anot her requirenent is that the material 8 nust be able to stand the heat

| evel t he squrc [ A y
t orper ot 6 Basdtr s tpterfls RavipB BRI B RhAgh. o Fara R B ihard B
in the &@r&itwnvqhna%@pﬁ @srﬁde@ é@lemlﬁ‘t hipRrad@e id fhidh ?é%mﬂeh %eivmh 'ﬂ@ensubject
requirenents. source 7 has the property that is a diffuse

i |1 umi n3tand thenccmceaigd phpotsehwepractmel. howexer 4t isanetedhegeficialtdivae a bigher émissivity
| arge surfac Referring to, Figure 6,.in an alternative enb

e i | PG e 75 Ol et LS en cIAEE St hE 8 SrseRy Ut anatstegn
gener at LBmb AN s@@hsﬁxg%ﬁ %atl%hﬂ {RBER T 3Ll HrOeHRAR rhilinfil HANRMhEG S
and t he subject to be 1 y easmg liTmetric tenperature
of the she varioundilaygses byl Wefwhblhqace ofmateribld ts ensure tHbS‘hnﬁ)somerﬂ 1i$ 8 eanagdable sizef
radar absorbing material (RAM 19 (typically graphite | oaded foan) which
emts very little mlIlinetre wavel ength radi ation 4 when cool ed and

commer on3PIgTLLP bR ARG GG ot SfiE ] el BEIRES ROT SISEIGH Bbs it oy 1

Figure ‘ﬁbrtable and all the layers are typically 1 m squared in surface area. Another requirement is that

 the material 8 must be able to stand the heat level in the source 7 which is required in order to
achieve a satisfactory temperature contrast at the object 3 to be imaged. Typically, this may be in
the region of 300°C and depends on the particular illumination requiremeﬁts. The ‘hot’ source 7
has the prbperty that it is a diffuse illuminator emitting incoherent millimetre wavelength

radiation 4 from a large surface area.

Referring to Figure 6, in an alternative embodiment the millimetre wave imaging apparatus may
comprise a ‘cold’ source 18 for generating the required contrast in temperature between the
surroundings and the subject 3 to be imaged, by decreasing the millimetric temperature of the
surroundings. Typically, the cold source 18 may comprise a sheet of radar absorbing material

~ (RAM)19 (typically graphite loaded foam) which emits very little millimetre wavelength
radiation 4 when cooled and therefore has a high absorbtivity. Graphite loaded foam sheets are

commercially available and may have a pitted surface 21 (as illustrated in Figure 4).



15 The col d source 18 also conprises a refrigeration unit 20 for
-controlljng the tenperature of the RAM 19. ldeally, the RAMis cool ed
to a tenpeVQ8PERnhi ch achi eves the maxi num contrast in PCT/GRFN0005ure -
bet ween the human subject- 3 and any colfceal ed obj ects under the €l othing.
Referrlng to Figure 7, the material 19 may typically be encl osed behind a

m crowave transparent door 50 which has a |ow thermal conductivity.
For- exanpl e, the door 50 may be constructed of expanded pol ystyrene.
I n anot her enbodi nent, a point source illumnator, with additional optical

el ement sTh@cslifsburee 18 Qﬁso comprise@4} 'réfhh%nbﬂ hﬂlt 90 lf&r &ﬁm%ﬂﬂ{gtgg g%:?ﬁ%rgm ofth§©

be *used as a type of 'hot' source as"th

necessarRAM 1frddaltys thtBAM dsicaodet] fol amempferam‘e Iwhidi achigves eheemgkitund doitdse ih
Typically, a poi t sour e may take the formof a sem conductor device, such

as a con EWFF"SW&I ¢ ymian subject 3 gnd-any roneealediobiects tadersheiclothieg. a Gunn

di ode pr rtain

condi ti oﬁglté oyed ﬂjiéal[(ijll(ll g’%@sﬁ@?@y %gq?g&goégefl Rghlﬁﬁgd'é'cf%’quﬁmaéﬁ?t
"noi se" door 50 Whldl@hlbakfwﬂ{eﬁﬁhﬁ@ﬁad&cﬁiﬂt}l Fot &caiﬁ}lblé Cfie dbor SR b8 Rbnstructed of

mllinmetre wavel engt h radi ati on. Typical ly, the power output of

Gunn di otiPandsdspolysiyrene. operating in incoherent node is bet ween 2- 3
MmN whi ch woul d be sufficient to produce the required power at the subject 3
to produce a tenperature variance fromthat of the skin when neasured
through Rl floed embelifmh&it S point ifl ﬁ{;}? {

expl osi ves under cl othi ng. bmn ?O#rc%lglﬂgiélzét gﬁ%ﬁdﬁﬁ oﬁﬁcai Qlteﬁfenfs t%é’?#‘i% the

i |l um naltadxaunnyntba lpt@udruemrémmagmsotbmedhs hayﬂdmf(‘ﬁbtglsétﬁc&hs fhig hagthe i pl e
sources. or SFI gure 2) for a single source, An array of gas

di schar g%mﬂs‘it@% SAFER &0 praflugs the requitedfluxeef millimrire wayelengthiradiaiom é&y@ncally a

pir oxi R3S} ST KRS RRNE R WL it By £ Pompilibrel Cipmdiodry

on the fWlienioperating imsasdad @A/ddéyé Gnn diode produel B6Méht\tEdidtioR I-?d%év%plv%en
'source' may be produced by usi a narrow bandw dth source and

sweepi ngterEin bias eengitons ara employgdeit ﬁsamssxbdnm@pemtc thetdieds intingphetdant findisele  of

the ima si n..f eat ures a suit bI e source nay
al so bewggg cg%lpgb}”gef ﬁé“‘gag’i‘? ‘éft‘E}F Teft r%lﬂlmetre W§ héa‘%'i‘ﬂ‘ﬂl sour ce,
and vice versa. WO 98/ 32035

PCT/ GB98/ 00005 16
Typically, the power output of a Gunn diode noise source operating in incoherent mode is

. between 2-3 mW which would be sufficient to produce the required power at the subject 13 to
- produce a temperature variance from that of the skin when measured through clothing sufficient
to distinguish items of interest, such as explosives under clothing. As in Figures 1 and 2, the

- point source illuminator may be placed in the position of 1a,1b (Figure 1) for multiple sources.

or la (Figure 2) for a single source.

An array of gas discharge noise sources may also be used as a point source illuminator, each
individually having a power of typically 2 nW, which is approximately one thousandth of the

required total power, depending on the factors mentioned previously.

Alternatively, a suitable-‘source’ may be produced by using a narrow bandwidth source and
sweeping it in frequency at a rate fast compared to the integration time of the imaging camera.

The design features of a suitable hot source may also be applicable to the design features of a

suitable cold source, and vice versa.
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For conventional mllinetre wave i magi ng outdoors the sky provides a source
of  incoherent- mllinetre wavel ength radiati on. However, depending on the
particul arwhpsa2035 t o be i maged the sky may not al ways proviper/easdioopssnt
illumnation, Furthernore, for mllinglgre wave i magi ng i ndoors a source is
at | east a considerabl e advantage and nmay be essential. It is intended that
the mllinmetre wave i maging system of the invention incorporates a source
and it is the particular intention of systemthat it is for indoor use,

al though it may, of course, also be used out of doors. However, any

sui tabl e_source nust he. easily contained, within a building and,. . preferably,
be port aﬁpg'?onrﬁmo'?ﬁ)a}!ﬁw%ﬂ Yavednaging autdagis téwk&er%i%ﬁiat preg of dngoberegt
mllinmetgen Ikt s : '

of & m | T SO el LAt HE ey RpERUER U PHARARE: oblectlfh ORI
be convesky mapnot sivapeproivide saffidient ilhanimation. Fuethefifore, foe millimette wave imdgifd r e
wave inmager 5 is shown in Figure 8  The inmaging canera 5 conprjises a
primary MEOPEE sQurees ahlew@qoewﬁéréblﬁradwtesﬁﬁr&lg may: be owsential. It ivintsmdad that the

{he pri o gimdf WiE he e beAE B b htorgbfesd! S el i BB Rr ot

recei ver imdntiohldfSystemtRat 1t RdoOMdeoras, aﬂﬂﬂ_u%l:x ittm#y, DI 8Hrss; alddl tehuskd out of doors.
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t he irraggémS |sﬁ)gch§§ﬁtgia&e(#uérrb§eécene (i.e. the subject 3). For exanple, the
| magi ng canera 5 may use object space scanning to build up a picture by a

series of conti t(guous myltiple channe] vertical scans. . = WD 98/32035
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may range from-0.8 Kto 0.1 K, in square root of 2 steps,
receiver 24. Incoming radiation 4’ reflected from (and emitted by) the subject 3 is reflected by

the primary reflector 22 onto the sub-reflector 23 and is focused onto the receiver 24. This is
mounted on a pan and tilt system 25 which is controlled, via a feedback loop, by a positioning
and data collection control unit 26. The millimetre wavelength image is then processed using a
suitabie programmed processor 27 and may be displayed on a television monitor 28 or passed to

a pattern recognition system.

The image on the television monitor 28 is built up of pixels which are recorded in series as the
imager 5 is scanned over a scene (i.e. the subject 3). For example, the imaging camera 5 may use
object space scanning to build up a picture by a series of contiguous multiple channel vertical

scans.



resulting in a doubling of the integration tinme, and therefore frane tine,
bet ween each step. There is a 64 tinmes increase in frame tinme for a change
in thernal Y¥@A8B2W%ity of 0.8 Kto 0.1 K The sensitivity nmapCEIGESNE005

i ncreased, without increase in frame tiTre, by increasing the nunber of
channel's in the imager 5. Typically, a thermal sensitivity of between 0.2 K
and 0.3 K nmay be appropriate. Preferably, the scan tinme may be
substantially equivalent to real time television rates, but a scan for

bet ween 0.5-1 seconds nmay be suitable for the purpose of inmaging people in
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be centre.fyequency, scanab SQ at a single.ipmging canera_may be used to
i mage at 068%@6&“?&@9&? #'gﬁx%?ﬂigeé Fhwagﬁ?ﬂﬁlﬁéqty 9&‘3@8’?’%—?&%@ O3 Knmay be
I magi ng ggﬁx\%gﬁgte.rray be included in the system each having a different
millimetr ve centre frequency, for exanple 35 GHz and 94 GHz, to give

i mge scenes of differing resolution and contrast i.e. typically between 33

and 37 G& and 92 and 96 GHz for bandw dths of operation of a few Ghz.
WO 98/ 32&eferably, the scan time may be substantially equivalent to real time television rates, but a scan
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smal | objneed only yerthinastatioR@S/ fok Wi §iirt Yerf@ dritfack, by @ person to be imaged,
may be resolved. The spatial resoluti'on may therefore preferably be between

1-3 cm For exanple, an imaging canera 5 capable of focusing at a distance
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ai rport . tHeindgifoimesd ﬁxaytﬂaee i&%ﬁﬁﬂﬁty to image scenes at one or more millimetre wave
centre frequencies within this range, the specified centre frequency having a bandwidth of
typically a few GHz. For example, for a centre frequency of operation of 94 GHz and a
bandwidth of a few GHz, the imaging camera may be sensitive to millimetre wavelength
radiation between 92 GHz and 96 GHz.

Imaging at a centre frequency of 94 GHz, for example, may be a good compromise between
adequate clothing transmission and spatial resolution. Alternatively, the imager may be centre
frequency scanable so that a single imaging camera may be used to image at variable centre
frequen_cies. In another embodiment, two or more imaging cameras may be included in the
system, each having a different millimetre wave centre frequency, for example 35 GHz and 94
GHz, to give image scenes of differing resolution and contrast i.e. typically between 33 and 37
GHz and 92 and 96 GHz for bandwidths of operation of a few Ghz.



di stance of the receiver 24 is preferably not so large that the system

takes up a significant anount of space. The mllinmetre wave i magi ng
appar at us ‘apelbszspassi ve i maging of a scene. In particular ’Péﬂhﬁﬁfﬁﬁ(ufe ..
useful for detecting explesives or netgllic objects, such as guns, hidden

under clothing, as the conceal ed objects have a tenperature at variance
fromthat of the skin when neasured through clothing. The apparatus
enhances the contrast between the conceal ed objects and person in the
resulting mllinmetre wave i mage, enhancing the visibility of the conceal ed

objects to an_inforned operator. For the purposes of this patent
appl i cat Pesferablie theotpatialyssplution efithe imagingeamera Feis suchithat smablcnhieatsy suclf asthose
substantial.l y, i ncohgrent mllinetre vel engt h radiation, capabl e of

gener at | Sipisall! RERRIEEER bein b MR iagetion. 53 Boglupd (AP eP B et i hergare
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flux, or substantially no flux, of substantially 1ncoherent millinetre
wavel engudistanzdiofil mofiomdabeedotiven4 arehleavirtg aspatiabiesoletisreof 2 cmhmaybé suitable foe
tenperature, of the surroupdings in a scene ('cold  sourcge),. The fl ux of
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obj ect (3fspdeadving a mllinmetric tenperature, situated in background
surroundi ngs having a background mllinetric. tenperature, conprising;
nmeans (1la, 1b, 2a, 2b; 1a,2a; 7; 18) for varying the background mllinetric
tenmperatuhe, $0 as to generate a contrast between the background., .
m 11 1 et e TR e MAYE AT FppRrmtys maBles pasSive IpREIIB L2 e frbpetioulap fhis
obj ect ( lay wheful $6X RECHAR cHPIBSVed OF mEGIRTbjdss, kit §,3:34 i
backgr ound ym' ITimetric tem%egglt ure and theqﬁl I'T met r#%éﬁeﬁ%ﬁ&%‘egf,&%
or each @bjhectont&iled objects have a temperature at variance from that of the skin when measured

through clothing. The apparatus enhances the contrast between the concealed objects and person

in the resulting millimetre wave image, enhancing the visibility of the concealed objects to an |

informed operator.

For the purposes of this patent application, the word ‘source’ shall refer to means for producing a
flux of substaptially incoherent millimetre wavelength radiation, capable of generating an
increase in the millimetric temperature of the surroundings in a scene (‘hot’ source), and means
for producing a relatively smaller flux, or substantially no flux. of substantially incoherent

- millimetre wavelength radiation, capable of generating a decrease in the millimetric temperature
of the surroundings in a scene (‘cold’ source). The fluk of millimetre wavelength radiation must
be substantially incoherent within the bandwidth of operation of the one or more millimetre wave

imaging camera.



characterised in that the nmeans for varying the background mllinetric
t enperature conprise an enclosure (2a,2b; 2a; 40) and at |east one source
(1a, 1b; 1aWwOA8/32885 of substantially incoherent mllinetre wlOI/GBASINA0G50N

(4), the enclosure and the or each sowsce (1la, 1b; la,—7; 18) being arranged
to provide substantially uniformillumnation of thejor each obje

2. The. apparatus of claim 1 wherein the encl osure cot Tlmnw ' 6'n
means (2a,2b; 2a) for reflecting mllinetre wavel engtH# ’I'um ?’]!'L :
al

emtted by the source (1la,1b; 1la; 7; 18). 3. The apparat‘ustof*c
wherein élhe reflection neans is a reflecting enclosure (2a,2b; 2a) having a
reflecti ner surface. 4. The apparatus of claim3 wherein the

reflecting enclosure (2a,2b; 2a) is a partial ellipsoid.

20 5. The apparatus of claim3 wherein the reflecting enclosure is a
room ( 40). Appaiatgs fon detoctingatdeaspens olyject(hating 2) milkimetrictEmpemtuwre,csitmatedtin e
openi ngs havi ng.an enttance yegion (43,44)_. . wherein the entrance region
(43, 44) peeKETouRd STsings haning & hackgraitad Mflimelit I RemlNsy SPTBPRSIAGS | I ot r i ¢
tenperature substantially the sane as that of the background mllinetric
tenperature to prevent reflection of mllinetre wavel ength radiation from

out si de thédhs mcirarﬂimgahé Bitkgrotind rhiflémersicltefiperatute] ) as to fenerdi€a PR betveeh
claim3 wherein the reflective inner surface is enbossed with a di npl ed

pat t er n thebackgreundmillimgiictemperatire and thermidlimetrisriemnsranuse phattleast pnonbietie

reflectiv% I nner surface is diffused. '
an | .

detection means for detecting the contrast between the background millimetric temperature and

the millimetric temperature of at least one object. .

2. The apparatus of claim 1 wherein the means for varying the backgrdund millimetric

temperature comprises;

at least one source, having an emitting surface, for emitting substantially incoherent millimetre

wavelength radiation and
reflection means for reflecting millimetre wavelength radiation emitted by the source,
such that the object is illuminated substantially uniformly with millimetre wavelength radiation.

3. The apparatus of claim 1 wherein the reflection means comprise a reflecting enclosure having

a reflective inner surface.

4. The apparatus of claim 2 wherein thie reﬂecﬁng enclosure is a partial ellipsoid.

T
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7. The apparatus of claim3 wherein the reflecting inner surface is
provided by a dinpled reflective covering. 8. ‘The apparatus of claiml,
wher ei n t hwoegs/azessst one source has an enitting surface for wEhédiBoos

substantially incoherent millinetre waﬁ ye!l engt h radi at%
emtting surface forns part of the enclosure, such that_the backgroun
surroundi ngs and the object are illum nated substanti MHM’M’I{MM mﬂ]h
mllimetre wavel ength radiation. 9. The apparatus pof t he
enclosure is a cubicle having at |east one side formed from the"enftt1 ng '

surface of the source, 10. The apparatus of claim1l wherein the detection .
means cohpregppatisef chaime2 wheteimtbe reflacting enclagira és & toosr bavisg ofioor meteect i ng

mllimet |at|onref ecied fromand em.tted b | east- one
object ( en}’}%‘é a%ﬂ%ih %ba?"e{??% OPFIUNEY 1010 87 S?tﬁa"tcﬁée%%"g?e %Ba}é" RIantSet r e
wave i me@bive iS ebREAwi quency
of opera Igon L an'sisdve aRtal Hiﬁn@'hnlé %}?ﬁ@érﬁ%ﬂﬁ# elE pgé:rgtiuﬁeg of
claim 1lsubs’f@nmlbsﬂlngamms that ofthe tackgronmd millintetdc tem;@i'alm'eaalpimfv@ﬁt refgctivivag
substanti differen JLi re wave centre frequencies of operation.

13. The ngﬁéﬂ?&a‘ﬁ ngf aYB‘r‘T%‘?B’r‘é‘FtFF de the enclosure ins e gnelpsuret r e wave

I mging canera (5) is m)unt ed outside the enclosure (2a,2b; 2a). 14. The
apparatus of claim 10 wherein the one or nore mllinmetre wave i nagi ng

6. The apparatus of claim 2 wherein the reflective inner surface is embossed with a dimpled

pattern such that millimetre wavelength radiation reflected from the reflective inner surface is
diffused. |

7. The apparatus of claim 2 wherein the reflecting inner surface is provided by a dimpled

reflective covering.

8. The apparatus of claim 1, for detecting at least one object having a millimetric temperature,
situated in a partial or a complete enclosure, wherein the means for varying the background

millimetric temperature comprise;

at least one source having an emitting surface for emitting substantially incoherent millimetre

wavelength radiation, wherein the emitting surface forms part of the enclosure,
such that the object is illuminated substantially uniforinly with millimetre wavelength radiation.

. 9. The apparatus of claim 8, wherein the enclosure is a cubicle having at least one side formed

from the emitting surface of the source.
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camera is nounted wthin the enclosure (2a,2b; 2a). 15. The apparatus of

cl-aim 10 _wherein the one or nore mllinetre wave imagi ng canera has an
associ at ed“ﬁ??ﬁf@@%—%r and tel evision nonitor for generating aPCITIGEY800008
wavel ength i mage of at | east one objecel (5). 16. The atus nf claim?

wherei n the source (7) conprises; a layer of em ssiv
having an optical thickness t, for emtting m'IIirretre i‘i lmm;)n
(4). and heating means (9) for increasing the terrperatu

em ssive material (8), wher eby increasing the tenperature DIMXEF of

eni’'ssi ve | Ferkd didardt@y

millinmetric teél er at u?%l%ﬁﬁdh%%]%&gg%gécﬁt%és is k{;h%ﬂ?el%?evﬁgﬁéﬂ-ﬂ{l“@me wave
heating imagiag canpra foedetectinganillimietre Weavtiengthahéiatioh rdfkied from and emitted by at
18. The apparatus of claim 17 wherein the source (7) further conprises

met al | aleast one object. - (10), wherein the netal |ayer
(10) and the layer of emssive material (8) forma structure
having an em ssivity, [err] , inthe mlIlinetre wavel ength region,

11. The apparatus claim 10 wherein the one or more millimetre wave imaging camera has at least

one millimetre wave centre frequency of operation.

12. The apparatus of claim 11, comprising two or more millimetre wave imaging cameras having

substantially different millimetre wave centre frequencies of operation.

13. The apparatus of claim 12 wherein the one or more millimetre wave imaging camera is

mounted outside the enclosure.

14. The apparatus of claim 10 wherein the one or more millimetre wave imaging camera is

mounted within the enclosure.

15. The apparatus of claim 10 wherein the one or more millimetre wave imaging camera has an

associated processor and television monitor for generating a millimetre wavelength image of at

least one object.
16. The apparatus of claim 1 wherein the source comprises;

a layer of emissive material, having an optical thickness ¢, for emitting millimetre wavelength

radiation and

heating means for increasing the temperature of the layer of emissive material,

whereby increasing the temperature of the layer of emissive material gives rise to an increase in

the background millimetric temperature.

—_—
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and wherein the optical thi ckness, t, of the layer of em ssive material (8)

is such that . . the em ssion of mllinetre wavel ength radiation
from sai d Sip9gsiesse (8,10) is substantially nmaxim sed. 9. .
The apparatus of claim 18 wherein the gmssivity, [err],of ¥%’16‘ng?%03{)5er
(8,10) is between 0.5 and 1.0. '

, 20. The :
. |

apparatus of claim 19 wherein the emssivity, [err], of
(8,10) is substantially equal to 1.0. ‘ ”!mlc,mllr"!"msHHMe
apparatus of claim19 or 20 wherein the netal layer (10) is aluminidm?”
- 22. The apparatus of claim 16 wherein the em ssive naterial (8) may be any
one of clldyThe spparatusefciaigs 16 wherein the bheating meanscomprisaat least one heating eleme(3.
The apparatus of claim 16 wherein the source (7) further conprises
insulation means (12,13, 14,16) for reducing the em ssion of
| nfrar ed 18ath@ipparaths SFB1AiRE1F GUERE the source further chrhbrises a metal layer, 24. The
apparatus of claim23 wherein the insulation nmeans conprise a Fl br egl ass
mat (12). ' -23 -
25. The appar.atus of . claim1 ereln the source _(7) further conprises at
| east o néﬁ%{'ﬁip &}feo'ﬂﬁﬁal f?l!?raﬁndl "E?/ gg""{ qligmisgye matesiah forra steiotrs having #n emisdyits
wavel engteh; o id h@ilindtreEay the em ssive material (8), such that the
em ssi on b}nr mgr'ﬁ netre vvaefl/%%g&geg{?nf adiation (4) fromthe emtting surface
of the source is substantially maxi m sed. '

and wherein the optical thickness, ¢, of the layer of emissive material is such that the emission of

millimetre wavelength radiation from said structure is substantially maximised.

19: The appafatu‘s of claim 18 wherein the emissivity, €, of the structure is between 0.5 and 1.0.
20. The apparatus of claim 19 wherein the emissivity of the structure is substantially equal to 1.0,
21. The apparatus of claim 19 or 20 whereixjx the metal layer is aluminium.

22, Tt}e apparatus of claim 16 wherein the emissive material may be any one of clay tiles, |

asbestos fire blanket or fire cement.

23. The apparatus of claim 16 wherein the source further comprises insulation means for

reducing the emission of infrared radiation from the source.
~ 24. The apparatus of claim 24 wherein the insulation means comprise a fibreglass mat.

25. The apparatus of claim 16 wherein the source further comprises at least one additional metal

layer for internally reflecting millimetre wavelength radiation emitted from the emissive

the source is substantiaily maximised.
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26. The apparatus.- of claim11l, wherein the source (18) conprises; a |layer
of rrateri,alg{é}ﬁ%or emtting mllinetre wavel ength radiation (4) and
cooling me YMecreasing the tenperature of the enissivePGRIEBIS/OH00Y 19),"
wher eby decreasing the tenperature of 2he | ayer of maferi j '

rise
to a decrease in the background mllinetric tenperatur .
apparatus of claim?26 wherein the |ayer of nmaterial (flgu,mmﬂwﬁwMﬂbl ng
material (RAM. 28. The apparatus of - claim27 wherei n*the o ns
conprise a refrigeration unit (20). 29. The apparatus of claim 26,

WheT ei N 341eTHe Upp s 2 k1abnS vHeRdHh tRADufbeMolipkiBLT € T adi ation transpar ent
| ayer (50) enclosing the layer of emtting terral (19). 30. The :

apparatus of claim1l, wherein the source (1la,1lb; 1la) conprises one or nore
@unn di odies fo erri.tg}' n su,bsta,gt ially incoherent mllimetre wavel ength
radi at i chidyer gymateq é%g@l‘t&f‘&ém metre;vayelenggineadigtiontand sour ce conpri ses a
plurality of gas discharge noise sources for emtting substantially

i ncoherent mllinmetre wavel ength radi ati on. - 24-

cooling means for decreasing the temperature of the emissive material,

whereby decreasing the temperature of the layer of material gives rise to a decrease in the

background millimetric temperature.
27. The apparatus of claim 26 wherein the layer of material is radar absorbing material (RAM).
28. The apparatus of claim 27 wherein the cooling means comprise a refrigeration unit.

29. The apparatus of claim 26, wherein the source also comprises a millimetre radiation

transparent layer enclosing the layer of emitting material.

30. The apparatus of claim 1, wherein the source comprises one or more Gunn diodes for

emitting substantially incoherent millimetre wavelength radiation.

31. The apparatus of claim 1, wherein the source comprises a plurality of gas discharge noise

sources for emitting substantially incoherent millimetre wavelength radiation.

32. The apparatus of claim 30 or 31, and further comprising one or more optical elements for

diffusing the emitted millimetre wavelength radiation.
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.32, The appar atus of cl ai miﬂlu ,I"I I“ ther conprising one or nore
optlcal : eIerren he emtted mllinetre

~wavel eng{h W 88/3a03%n. 3. A source (7) const RCE/6B93200005

adapted to be used in the-mllinetre wave inmaging appar at us of
clfaim1 conpri si ng; ' . a layer of em ssive material (8), having
an optical thickness t, for emtting mllinetre wavel engt h

radi ation (4); and heating neans (9) for increasing the

t:enper at 33.6A gpurce fon usy én thsrmidlimetss waverimaging:appasitys of claim 1 comprisingier eby

|ncrea5| ng the tenperature of the layer of em ssive naterial (8) gives rise-
an increase in the background mllimetric tenperature. :

34 The i (

34 Th a%arye%f&axssﬂve n‘iﬁt&%&{o) ! r%i&&ﬂ ﬁf&g&%@ :,(t%%)eﬁxgtggg't luﬁx?éﬂ%fayedrvé\ge? erfith

en ssi veradidtionianad (8) fornmng a structure ~ having an

emssivity, s, inthe mllinetre wavel ength region, wherein the optical

t hi ckness, t, of the |ayer of em ssive material (8) is such that the

em ssi ony, %g Fpgans§ for in re?gﬂmé {Herp%f)%g@?ér’n 8% tgxg %}J%r bFGhRkVE hatdri sai d

structure ralrm

whereby increasing the temperature of the layer of emissive material gives rise to an increase in

the background millimetric temperature.
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