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SOME MAVTGATTCNAL CONCZPTS FOR FEMCTELY PILCTSC VSHICLIS

J. 4. Lyons, J. J. 3annister, J. 3. 3rowa.
dawiker Sicdeley Aviacion Ltd.

Fwmegrn
zTougn.
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ABSTRACT L et

L~ Thia zaper 4i scuqseslme'

o} the navigation funciion Ior ?emotelv Piloted Yenicles (R=Vs)

, can be ac:x..-ved «ithout the Tieed Zor comnlex s*ec;al;s_ed navigation squipment 4 “The objective /ﬁ’ to =ake
use of squipment noml"y carried for RPV operatiom to supplement a sinple dead recikoning navigation svstem.
In this vay significant improvements in savigation capability can Te achieved with little or 20 adced
complexity in the veaicle itself. The addlt‘ona; processiag is carried out at the control centre voers
reat=<ctions on equipment size and sost are aot so pronibitive. 3oth a two-way data liak and a forward
looking electro-optical sensor are hignly desirmole XFV facilities and these are on-ocard squipmeats that
can be adapted to provide additional information at the ground-dased or airborne control station for 4

venicle position updating. /fU’ LW A

3 ~ ) '”he paper discusses tecaniques varying; -".m the use of the Zata link to provide -anlge-oear:m; savi-
e 4 152 n 40 map mstching using -econnaissance sebsors or a forward looking sensor picture. \ Use can also de
,udc ot an on-coard laser to srovide range-to-terrain measurements wnich, when correlated with a computer
. stored map, enables the PV poa:.t:Lon to be cont.auously updated. esults of simulation stud:.es “ni c:x have
. been carried out o validate the techniques and >rovide am estimate of the ac
i are presentad.

NOMENCIATURE
S =2 Posgition error of RFV
c.2 = Range error of DME system
Sy = 3earing error of Data Lini
R = 2ange of RV from relay aircraft
=2 = Havigation error of contral or relay venicle
- = Range of PV at the nth sample . .
Ya = Azizuta angle of RPV at the oth sample -
At = Tize Setween data samples
T3 = Velocity of relay vehicle
3 = Heading of RPV
c = Range of RPV from the disector of the relay station base line
Ve = Bearing of IFV from the bisector of the relay station base line
D = Distance between “hé relay stations forming :he base line
RT_D = Range from RPV to Identification Point

Height of RFV above Identification Point

Downlcok angle from RFV to Identification Point

Py
"I

e = Laser depression angle
L
2. = Laser azimuth angle
i , -
: RE, 2 Horizontal range from XPY to laser/terrain intersection point
A3, = Height difference between terrain at RFV and at laser/terrain intersection point
3 5
si = Srror in actual/predicted terrain height
1. INTR0DUCTICN
In recent years the ever increasing cost and complexity of manned airc‘a:‘t Zor operation in a battle-
—q‘s’ fiald anvironment has led £3 2 re-anpraisal of the use of Remotely Piloted Venizles (V) for certain
types of nissions. Tor hizz izirition situations in wnich aircrew are at -t “ne use of expendable or
limited _. =2 rec:oles 18 ale.-..- e Z-ovided the vehicle controllzrs . .. izl the necessary
guidance and control informatiom, the 3FY can 0Ssess anm operaticnal Ilexit comparable with that of a
s manned aircmarit. The roies Jost suited to a vattlerield RFV are 3
| i)  Target Marking
ii) Reconraissance
iii) XM
} The : ~ation of the IV beyond the Torward IZdge of the 2ac Area 2A) necessitates the use
7 of a r=lay statiorn located such that its altitude i3 adequate to Ta A~ —cdip zcntact «ith she ZFV wnile
1



s position is sueh as to be out of range of SAMs. The —=lay Tay De sither a stationary platlors or a
catrolling aireraft. In the lattar case, t-he controller can de located in the aircralit.
€ to

use of a gzround control station

Mors usual is

™we IV should be as smmll as possible compatible with the above azission tasks and this zeans

sestricting the complexity of the onboard aviomics. Althougn squipment suchk 2 forvard looking ard cecon-

1aissance sensors, a data linic and sossibly a laser are of necessity located on the venicle, the avigaticn

and zuidance equipment can de largely accommodated on the =elay 7enicle or at the ground statiom., The 2
sensors slready on coard the =PV can Je used o srovide a aavigational facility which can suppliement a 3isopie 3
sodest accuracy systea such as a compass/air data umit. ™e basic airdorme system ‘would srovide sufficient
informaticn Sor zeneral Zlying of the IFV, i.a. neading, 7elocity and a rough measure of position, wnils
the addit:opal sensors can be used to provide an accurate measure of present XPV position.
is adoptad hers and tle paper q ,
situation, one or TIGrs oIl

A . This znilosoray
sresents a Jumoer of alterzative techniques “nereoy, depending on the zartizuiar
e agoTe items form Dart of the gverall aavigation system.

i

Tirstly, the data link is Tequired to maintain a comstant or regular periodic contact witia the 2V 5y
seans of a Jar-ow deam - width microwave limi, hence a Sracking facility zust already exist on ke relay

venicle providing RFV bearing information. Range information can be provided by means of a responsive
transponder similar to an IFF system atilising the same venicle antennas.

Secondly, update facilities can Se provided by means of either a real time forvard lookizg or Tertical

-sconnsissance imeze used in cenmjunction with a zoving map display.

Junet

and from the target area, range-to-tsrzain Ieasurements can he transmitted over the data link to the contTol
station. This data can then be correlated with a computer stored map o determine the most likely RFV

position.

A third possibility mmikes use of the ranging laser used for target zarking purpcses. Zp route o ﬁ

The adoption of one or more of the apbove techniques leads to a significant improvement in cavizational
accuracy with little or no additiormal complexity in the vehicle itself.

2. 2WDI0 NAVIGATION USING A DATA LITNK

e data link forms the life line of communication betweea the IV and <he control station. E:iis
the means by vhich guidance signals to the 2PV are transmitted and video sigaals recesived. 3ecause of zhe
need for wideband transmissions of videc signsals (typically 5 M Hz) and the desirmbility of parTow bean -
width, lLow side-lobe antennas for good anti-jamming capability, microwave f>equencies are generally employed.
This limits 2PV operation to line of sight commnication and hence may necessitate the use of airborme ~eliay
stations. A possible operational situation is snown in Fig. 1. In practice thers @m7 well be mors tten
one relay station and RPV. It is envisaged that the relay station will stand back from the FEZBA, out of
direct range of zround-to-air veapons. This does not however prevent, the znegy making use of either ZTound
or airborme jammers %o illuminsce the relay vehicle, thereby reducing the effective signal-to-noise ratic
of the signals received from the 2PY. Two situations can be distinguisned, ome in vhich the celative
relay - 3PV geometry is such that the igmming signals are Teceived by the relay antenna mainlose, in waoicia
case the signal-to-noise ratio is low. The second situation relates zore to large lateral ssparations of
iammers and he BFV in which case jamming signals enter the relay antenna 7ia ‘he side-lobes. In sucd
cases, the signal-to-aoise ratio say a0t be significantly dsgradad and wizpaired operstions can contizue.

vhen the effects of enemy ICM can be neglected, i.e. the relay station ~emmining in contact with the
RPV, angular information is directly available from the data link antenra and rangs can be derived using

Cal U& GusI.vsSl USian
conventional DME techniques. Thus the position of the IV relative to the relay station can de reasocably
vell definsd. PFor ahsolute loeation of the RPV, clearly the position of the relay vehicle needs to de
defined. In the case of tethersd platforms this is no problem but for petrolling aircraft or hoveriag
vebicles “he error of the relay vehicle mavigation system has also to be taken into account. Az overail
arror can be estimated from the following equaticn.

&

1
IRPY = ( GRZ - OAZ - Rzo‘q)l\ -(1)
Typical results ars presented in Fig. 2.

Perhaps of more importance is the dypamic problem of guiding the HEY to a given positiocm. For this
case it is desirable to have a good knowledge of the 3PV heading and velocity as well as its present position
sand best resalts are chtained hy using both on-board and remote guidance equipment. For example, estimacas
of heading and velocity provided by the compass/air data system can be compared with time dependent mange
and bearing data derived from the data link to obtain improved estimates of RPV position, velocity and
heading. Figure 3 shows the geometry sslsvant to = 3 peint moving window tracking technique. The 32eading
of the RFV can bSe written in functional form as

¢ | R & o u ) (3}
8 =t lRao1,n,ns1" n=1,a,n-1/87YRI Ne
This generally requires more processing effort than the detsrmination of range or velocity. Tor tetiersd (g
or hover-zz —=la~ renicles Vy is clearly zero in the above iuation. Since the on-board and remots 573Te=s3 a)
use inascencent -aca the results are best combinea using . -.uiiatical filter. The simplest approaci -3
to use a least squares techmique {sss Refersnce 1). Alterzatively, an integrated filtering method as

described in Reference 2 may be eaployed. This latter paper suggests a significant improvement in navigat-
jonal accurmcies 5y eaploying filtering techniques.

In LM environments, range information to the RPY cannot be guaranteed though it is likely that
bearing information can still be derived. To eatimate the PV position in such circumatances, use can be
mde of the posaible multiplicity of relay staticuns. Trom xnown locatiocns of the relay vehicles, crozs

bearing Zixes on the TV of interest can be acai=7ad. ™is ‘s a vell xmown location technigue, botl Zor
2i- apd =arine applicationsa. A decailed apal7"23 7 ke zethod ig riven ia Refer=nce J. 7or the cresent
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Resulss derived from equation 3 are slotted iz Tig. 4. Tt can be spown ITom the apove expression izat the
yesT accuracy is aca wed wnen vc = O and 2e/D = 0.3%36. Thus Zfor good accuracy using tnis tecanique,
«he seraration detweend he ~=lay stations spould He large compared with ihae senetmation of <ne RFV ':éyond
che TZRAL To determine tle overall RPY josition, the additional erfect of ==lay station position accuracy
aust alsc be taxen into acsount.

3. uAP VATCIING

So far 4e nave considered on-ooard dead —eckoning and remote ~adio navization recaniques. The i
orodlem with these tecanigues g that the position accuracy is sither ~ize or range dependent and so
iopal methods of updating senicle positions are AECESERIT « A number of tecaniques ar= availaole Zfor
an RFV. Tor reconpaisaance vehicles uaving real time sensors, the proolem is relatively stmaigat-forward.
The ase of either Side ZLooxing Radar (SLR) or Infra Red Line Scan (IRLS) systems means that efZectively a
mp is generated viile the sensor is operatiag. The resulting video signal teansmitted %o the contTol

station thus provides a method whersoy the RPV podition can be readily located.

One system widely employed Ior displaying aircraft navigational information is tas 3rsjec g
mp disolay and a similar tecanigue can be employed 3y the IV control statiom. CurTent mmp systens ave
the additional facility of being able %o combine an electronmic display with the zoving zap and Refersnce 4
discusses some of the latest developments in this fieid. Making use of thias principle, it =7 i

oroject the semser imnge onto the mp and determine tle RBV position by matciing the two irages.
shows the prisciples of the combined mmp/sensor dispiay projecticz systam. :

Q
[}
@
*)
[d
o
"
[+]

In practice it is envisaged that the PV reconnaissance senaar image will ve nonitored on a =V
display. The use of digital scan converters allows a number of alternative display cresentations (see
Reference 5). Per-aps ‘he m=ost convenient display sode for the present application is the colling ap
or "oassing scene'' -ecionique vhers & as¥ line im added to the top of the display and the scene is pifted
slowly downwards.

When likely update seatures are seen {@.3. TiveTs, croaaroads, distinctive zan made objec":s) the -
frame is {rozen, 3 t-snafer button is initiated snd tae digitally stored I{rume is projected via the mp H
systea. The map is then moved laterally to align with the projected image. When :-he alignment is judg‘cdf
adequate an accept Yutton is pressed and the present position co—ordinates of the RV updated, taking into
acsount the elapsed tize for updating actions. A possible arrangement of operator console is smown ia
Fig. 6. Contzol of the imags pictures and sap mtcning 2acility is achieved <hrougn the use of a joystick
control. Some simulated results of this update tecanique are spown in Tig. 7. Theee results saxe use

of SLR imagery.

When the XFV nas only real time sorward-looking sensors, use can still be mde of the s-ansmittad
izage to provide 2 aavigational update facility. ZSowever, in order to create the correct perspective Iap-
like projection, appropriate tvansformation of the image is necessary. In photogra.metr‘.cal language this
is termed rectification ~hough the appropriate term in perspective art is apamorpaic projection. The
orinciple involved is shown in rig. 8. The —eceived forvard locking immge may be co~ordicate transZormed
either by optical tecaniques utilising anamorphic lens systems or slactronically by zeans of the scan
converter or projection CRT sweep circuitry. Since the immge already exists in electrical fora, ke
electronic transformation tecanigues are probably zost suitaole. The zap type image projected onto the

display is 10w trapezoidal in snape because of the :ransformation. Ma jor featurss o the map can again be
aligped as described above. In practice several factors combine to make the taak zore dif2icult than for
the vertical sensor case I-

i) varying resolution, contrast and intensity across the display.
ii) ~ distortion due to undulation of the term=in.
jii)  the wildly exaggerated size of trees, hedges, buildings etc.

Jence an alterrative simpler update technique is proposed for this situsticn.

With a forward locking sensor display it is possible to mark objects electronically vith 2 ioystick
controlled marker symool; this is standard HUD tecanology. The electronics can be ar—aoged saca that
Baving fTozen a suitable image and mrked an identifiable point on it, a marier symbol appears on the
srojected mp. Also the field-of-view of the ssnscr, 28 projected in the horizontal plane, is superimposed
on the map as a 'bright up* sresentation so that ‘he orienmtation of the sensor view is ciearly ss€he. The
same joystick is zo¥ used to aiign the map with the marker. To ensure correct alignment at least two
identification points (IPs) are —equired on any given imaxgs, preferably three or four. Ina conventiona
airborne situvation the cask of marking a target on & display is not easy and my take several seconds.
the situation described above, nowever, the problem is one of marking chosen objects on & frozen izage iD
a shirt sleeve environment and =sace this aspect of the nmavigation problem is 20t conaidered too difficult.

£G0T

Fig. 9 snows some siTu.= ts of the above update technique. The affect of ths briznt area

sesult
is clearly seen ina selztni” . -—arked targets.

b, TSRRAIN MAP CORRELATICH

Reconnaissance °or forward looking sensors arovide a convenient method of updating the pavigation
system. However, these sensors requirs a large data link bandwidth to transmit the video pictures %O 'fhﬁ
control centre and neace are riinerable to EZCM. Qeduction of the video bandwidth reduces the effect 31
LM but with a coosequent iegzacation of oicture -~esolution. Hence an alternative sethod of upcating

the pavigation s¥sT23 :g iesiraole. The zmethod to be described uses ranging neasurements mde 3y the
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aser ind somparss these with corrasponding ranges obtaized Irom a represeatation of tRe t2rTall stored ia

1 somputar at the control centre. The data link bandwidth
smal. and zemcs is corregpondingly less susceptible o Iate

33sical’y he Seckniaque depencs on an adeguate rerrasaniation 9f the terTain over Wni:c:

to Ily ke IV, The =erwmin is storad as a 3erwes of zeizat ordinates ogotained Irom a Tapd of

ar=a and chese are used o zonstTuct a zomputer aodel of the terrain | The
ES

sroducing =ais data base Irom the map is consideraole Sut Ior

iz. 0).

*

ziven 2rea 1: is a 'once-c
simulacion of the RPV flizat szath at <he control centre :ilen allows laser range O Je calsulaced

PV sosition and a comrarison made wilh actual rang:ing Teasurements. A series of sosiilons ancd neac:iisgs
around sie axpected values {and i iaci T '
arrors) are also tested against
found.

)

from tnese axpectad values Dy estimatad navigation
t3 ané the test zosition and leading Ior the RFY

Tor a 2-D simulation, wners it is only necessary o ietermine the alongtrack position o7 the 2F
it "as been found *hat a Tinimum 3f <hrse measurements {2 laser - altimeter! ars necessary s give 2
~ealiable indication of position, waile for a 3-0 simulation at lesast four measursments (3 laser - al:
are required. These conclusions are sased on error-free sizmlations. dowever, wnen errors are tadsn
inro account it 2as Deen found necessarv to considerably increase the numoer of measuTrements o effsctively
smooth out the errors. Awart from the srrors involved in the actual laser zeasurements :he accuracy 3f
terrain representation has a considerable iniluence on the feasipility of the zetnod. In acddiszion, zhe
tecanique is ineffective over the sea or over flat, faatureless terrain, Havertheless,
aethod witli those described previocusly, an erfective ravigation system is offered without the aecessiiy
Zor specialised navigation squipment.

®

The nethod has been demonstrated using a computer sizmulation of both the laser mange reasurscent and
mange matcaing processes, bYearing ia aind that the latier snould not simply bYe a reaversal of the [orzer
as this would neglect the "r=al world" errors caused by imperfect representation of the terraia. P
simulation of the matching jrocess is orecisely the process that is required to be carTied out at iz
control cent while the simulation of the laser measursment is an attempt to predict the results of actual
peasurements made from the venicle during [light. Sence careful representation of the tsrrain tas jeen
used for neasurement simuiation with terwain data points staced 10Om apart on a rectangular zrid.

The Tange as seen >y the laser is calculated dy taking a section througn the terrai: in the
in which the laser is poiariag. Assuming a mowledge of he RFV height above the terrain 2 {(from 2
altimeter) and the laser Yeam devression angle jp, the horizontal Tange RH and incremental aeigar . I of
the laser/terrain intersection point 7, relative %o the PV josition X, can be calculated (Fig. 11i. The
following data is then transmitted Irom the RPV to the control centre :-

i) aeignt differences ‘.‘.31....-.63.......55
) o - I
ii horizontal ranges Zﬂj‘ cecens ceaees M
- a
iii) laser azizuth angles ﬂl...... ;'Ji...... ;’Jn
Trom a knowledge of RFV velocity and heading and an estimate of likely navization errors, the surrent
RPY position can be predicted together with sossible error (Fiz. 12). A searca can thersfors

e made within this circle “o determine the most likely RFV position. For each position considered, the !
terrain height I is known Zrom the model and at range RJH. and Dearing g. from that position the expec:zed
terrain height is given by I + 3 3F,. This is compared with the actual”terrain height at that point (as

storsd by the zodel) to give an erfor £;. By-considering each X8, and @4 (i = 1 to n) an RS ervor is
obtained ‘or each position, and the position with minimum error givés the most likely RFV position.

(o

Se NAVIGATION ACCIRACIZIS
In this section of the paper an attempt will be made to compare the ravigation accuracies attainadlie
from the various techniques previously discussed. Q

Tor the basic on-board system comprising i magnetic compass and air data unit, the fsllowing aczuracies
are predicted based on curreatly available equipment :-

o \

heading 1" standard deviation

velocity 2% standard deviation
This gives a position accuracy of approximately 2% distance gonme. However, a major source of esrvor “ill de
due to <ind; although a corresction can be applied, an uncertfainty in wind speed of the orzer of 5 /s is

got unreasonable. Assuming an RFV velocity 200 m/s this reoresents 2¥% gziving a resultant josition accuracy
of the order of 3>3% distance gone.

lange-oearing techniques have been used for =any years as exemplified by TACAN/DME navigatioz.  “ten
using 3rousd beacons a major source of error is multipath psropagation wnich 3ives rise to large arTors i1
estiza- -1 the dearing to a station. However the nodern systems which use airborae beacons ove
213 15 the situation which axists when . PVs.

"o
o
o

1
»
¢
5
i
n

Clearly target bearing estimation from the relay venicle is a major contributor te RFV locatlion
accuracy. Since microwave frequencies, pernaps at X-oand, coupled with monopulse determiration <eczaigues
ars =cployed in the relay venicle, good angular estimates of the RPV bearing are available. Firal Iigures
are dependent on antenna size, frequency of operation and signal-to-noise ratio. It is considered that at
Teast 1° stapndard deviation should be readily attainable in a practical systea. From Fig. 2 it is seen
-al 3TV bosition error batter than 2 im standard deviation at 100 k=z range. The

tais gives a typical IV posit
4isizate 3nor% range accuracy is clearly dependent on the accuracy of the ~=lay vehicle navigzation systed.
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e

“hen ‘amming spvionments ars suca that
senicies, the zross Jeariag Iix srinciple ucil
sesizion Sixing. Tiz. 4 snows she acsuracy fynction on a relative scale and ¢learly indicates the josition
dependent accuracy sffect. Mo urilise this tecanigue successiully io a csctical situarion, it is aecessary
-5 zarefully select tne zatTol station sositions for the ~elay vehicles “5 the battle i

: 1y searing information is availaple I3 the Telay
Az Tuliiple relay venicles remains a possinility Jor IV

K

Takiag the 0% accuracy <ontour as a guide =0 the area of urility of the technique, 5
o a distancs from tle saseiine 2i-3estor Tougaly squal -2 the relay station segaration. herefore
savisage Y operactioas out =3 iCO0 = :

@ the -elay, the relay stations snoulé be ~ocated T xa Irsz 2ach
other. At this separation, «it1 a Searing acsuracy sstimtion of 1° standard deviation the RV zan “e
located to a daximum AcCuUrRCy of 1.5 «m standard deviation., Compining Shis witl a typical selay 7venicle
position accuracy af 0.5 xm -mises tais figure dY less than 0.1 ka.

s

h n 1

accurate means of josition Sixing., Tig. 7 snows scae simuiated —=sults Sased oo SL2 immgery.
picture quality of these -adars is seen to Je 7more than adequate to identify the main geogmapaical terrain
and zan made fsaturss. In she axample snown, the ~iver bank provides a good map zatslaing Z=aturs. Fig.

pdating asizg a ~eal :time picture Irom a1 vertical reconnaissance sSensor srovides 31 7ery
e

7a shows some degrse of sisalignment of the map and radar image. In Tig. 7o the Iwo ars
errors are present due o tle scale compression sffect at ranges close to “he 3FV and this reflecsad in
map projection distortion. Iven without Jurcier video processing to correct this effecz, it is considered

shat a location accuracy of 0.2 ¥m is attainable.

when using a forward looking sensor Zor map zatcaing th

-
~ 3 ‘m, 2ence e satcaing will de done over a small area and a larger scale map an e used (cf Tizs.

7 and §). This, together vith the fact that considerable detail will ne visidle in the foreground of

the display, mkes the zatsaing task easier allowing a match to witain say 100 3. Unfortumately 7arious
system erTors can aroduce incorrsct s-ansformtion of the display and result in significant position erTors.
The sources of error amd their affacts are the same irrespective of whether a full display :ransformation

techanique is being used or only marked identification points.

use?ul wange of the sensor i3 limited <o
4

Across track errors should de small sioce the only error Is tha: due to zarking the iisplay in azimuth.
Display marking snould 2e pcssible to witkia = 2% full scale, allowing for bota operator azd marker system
) - : - T hs . :
erwors. For a 30 7OV sensor this corresponds %o an angular ersor of 10 1 mads. Display poiats of interest
are expected to de at ranges between ! and 2 «m and Ior acs: cross track mateaing a tear and a far < :
Dpoint should be caosen. nig will give seasor neading to within 30 2 ~ads and across track erTors < bQ g,

i.e. she matcaing is the higgest source of error. E

Along tracX erTors an e much greater. The range t0 an jdentiiication point is ziven oY
3 3

2, = kS

=2 T
- - B AR
wnere B is the heigat of the RFV above the IP -
Q ig the downlook angle Irom RV to the IP

most signilicant sources of srror in determining R'I?’ with typical values Zfor standard deviation, are

Uncerzainty in RFV altitude ~ 3 @ in 150 = ia. 21
Undulating terwain. The effect of undulating terwain is exactly the same as
. variations in PV altitude. Variations ~ + 20 a are axpected, i.e. 13% 4.

4ii) Display marking. Zrrors’is mariing the display in elevaction are agaiaz sstimated
at + 2% full scale. For a 20° vertical FOV this is 3 2 rad.
iv) Uncertainty in seasor attitude. The accuracy with wnich the sensor at L]
known in elevation is dependent on the equipment fit in the REV. A 7alue of 2 2
-ad is assumed. If the at+itude is not kmown to this accuracy an estimate can
probably be made from the position of the borizon.

-
—

For identification points at a nominal range of 1.5 km ths above factors give the followizg independent

errors
i) pok ii) 200 = iii) 100 = iv) 25 Bs°

The combined effects of thsss erTors and the basic matching erTor is 230 =.
As yet it has not been possible %o quantify the navigation accuracy trat could be achieved by the

laser/terrain correlation system. It i3 a function of the terrain used and tie accuracy of terrain

representation. Oreliminary resul:s of the simulation jescribed previously are availamole with t3e effects

of arrors in

. laser beam depression angle (2 mrad, 1 0)
- laser range measurement (6, L3)
- radio neight measurement (3 1a9)

. ter-aia aeigat repra:eztation (~ 323, 107)

e

5 =

anigue used

represented. These -~esults suggest tbat tae technique is viabls. Nevar-helass the search tec

to obtain these results was very much simplified; for each pavigation attempt the true sehicle position ﬁuid
ition VO

remented to ths systaz along with numerous points {n the search area. In practice, t2e tTue 203
P ¥ ng F 2

stsz2

not be available and some degradation i1 —~esults would them be expected.

Further work is sequired s zscervain the relation between pavigation accuracy spd errors in terrain
representation. dowever, since it appears that terrain represesentation is an importact 2art of snme concept

Ceremin data taken directly ITOm ster=osccoic photogramphs spould yield considerable izgTovement over data
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+aken Irom maps. Also carsful comsideration is required of the optimum search tecznidgue wnicl anould e
1sed in practice

3. CONCLTSICNS

A zavization concept zaa been presented vhers=oy a good navigation accuracy (down o I m) can e
- d for 2z BV with *he 3inivum of on-voard equipment. Taple 1 summarises the accuraciss of zhe
7arious tecanigues available. It is jrovosed that several of these oe incorporated into tle overail 2V

control and zuidanca system so that the controller can select the one zost suitable Zor 2 ziven situaction.

When a v¥ide bandwidth data link can be -aintained the zap matching tecanigue uaing 31R or IAS
of fers the sizplest and zost accurate solution with the forward looking sensor as a gzood altermative. It
does however, impose a large worklioad on the controller since, depending oa the accuracy of tie basic oo~
Joard system, the updating needs %o be performed every Ilew aninutes. A serarate navigator is thersfore
envisaged, Keepinz irack of several FVs. - ZIlectronic devices wnicn are curcently Deing ieveloped %o
perforz area correlation for automatic ~l-ctro-oot‘cal tracking may lead to automation of the matcaing
task in the Juture.

Where the data link is limited in bandwidth the laser/terwain correlation tecinigue soould give zood
accuracy and the process could oe ccnmletaly automated to provide a continuous indication of RFV position.

Jisadvantages of the system are the largs amount sf data ssorage and computation necessary at the control

zentre, the development work required to produce an operational system and the unsuitapility of the system
over featureless terrain.

Altermatively recourse can be made o a system dased on measurements made from the relay stations.
Thesa are vell =staplished .ech.n:.quea offering good accuracy at short ranges and zodest accuracy at long
manges. Agaiaz a completely automatic systeam is posaible.

-’ st

&3

1 of the PV control/guidance link, the on-board systea <ould de
o navigate itself back <o a pre-defined recovery area.
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TABRLE 1

Comparison of RPV Navigmation Technigues

e

Technique Accuracy-km (1 7 ) Comment
. N
Compasa/Air Data T 33% Distance gone
Sasic On-3oard System 3.5 after 100 m Depends on wind estimates
Range-3dearing 1° Bearing accurac
Zxom Rslay Statica 1.8 at 100 ‘@ nge 7 Contizuous

S Navigation

Cross Bearing Tix . 1° Bearing accuracy

‘rom Relay Stations 1.6 at 100 ‘= -ange 100 k= baselins

lLaser Ranger-Tarrsin A = Depends on the accuracy of
¥“ap Correlation i the terrain representation

Map Matcning with Accurncy limited by
Recca 3ensor display system Jpdate
Tecnnigues

Q
o
N

0.23 As above. Additional |
ensor b errors due to display marxizg ‘
2CCa Altitude 150 2.
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Fig. 10 Terrain Model.

3L - LASER BEAM DEPRESSION ANGLE
R - LASER RANGE

H - RADIO HEIGHT
AH = HEIGHT DIFFERENCE
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DISCUSSION

7 qalliwell, Decca Systeams Study and Yapagement Jivision, UK

Jsing the terrain 2ap correlation zethod, are tiree ranges really able to Zive an umique fsosison?
~hers are robably nany solu=ions in sach case, only one of wnich i3 cor—ect. After a {alse

~eset the <Tue position zay we susaide the aresa of uncer=ainty Jcr che zexT fix. Have your
sizulations skown any tendency <o this affecs? -

J ¥ Lyons, 353, X :

Por an error-irse system thres range neasureaents and radio heigat w#ill in general be adequate to
give an unique position within a 1igited area, <hough it is possible to conceive ter—ain
configurations wherse this would not nokd. The gethod will not work over flat featureless
tearrain., Alsc, in a real-worid systes, errors i1 be gresezt and further rangs lessurements
#ill te necessary to smooth the affects of these. TFor convenience and to avoid a cluttersd
presentation only three measurements wers ijlustsated in Fig. 12

The area of uncertainty o +ha naxt £ix depends on erTors associated with the sstimation of
present position. However, shen an updata is atteapted, a confidence level can be estimated
pased on how well the range deasursments £it <ha stored terrain model. Only when a hizh
confidence level is achieved is an update accepted.

¢ ™ J Jessop, Sperry Gyroscope Company, K

Al a3 smem
ch ad roll, i

?
thess in fac

.

To achieve the fix accurscies quoted what hor:zontal datum accuracy, in pit
assuped for forward and sideways looidng laser and radar sensors; and coul
approach inerzial navigation system accuracy lzvels?

I3

[MELIML )

J D 3annister, 354, K

For the small laser beam depression angles assuzed, the system is relatively insensitive to

szall changes in pitch and roll angles. The japer i1lustTatss, in Fig. 11, that it is the
norizental range, XE, which is used for the correlation process. The error in JH will be small.
However the question then ariszes as +o the changs in terrain heigat oyer, the distance associated
¥ith the errar in RH. This xill depend very Such on the naturs of the tarrain bsing overflowa.
The accuracy of the pitch and roll information tous determines the type of terrain over which
the zsthod provides a useful updats facility. Also it should be borme in mind that the smoothing
ef®act of taking a pumber of peasurements is ver7y powertul.

A

b a A AR S Db TS ok ey AP

TN
e . .t
S T N

RSN

22ids

AT o270 wim, Dok = ety e spaIn.
B e s i mes st 2

e T52 ]

s i 0 REAAAN AL A NPACI S T



