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ABSTRACT

A general a~count of unmanned air vehicles (UA Vs) is given and their various roles. both lethal
and non-Iethhl ones. are discussed. Elements of an UA V system used for reconnaissance. surveillance
and target desigriation ~ave been described to highlight the role of simulation in acquisition. design.

development. testing. evaluation, and operation of such a system. Various applications of simulation
studies for uA.vs are mentioned. An attempt has been made to highlight how simulation helps in
identifying design deficiencies and thus improve the de~ign through the following three typical
problems encountered durin~ design and development of UA Vs at the Aeronautical Development
Establishment:(i) 'launch dynamics of Lakshya. (ii) tow system dynamics, Il.akshya tow body, and
(iii) hardware in-Iine simulation -way point navigation-Nishant.

I. INTRODUCTION I
.

With increalsing cost and complexity of
manned airfraft, I the concept of unmanned air

vehicles (uAVs) is seen as a possible solution I for

a wide ral)ge of applic~tions in' the high risk

military environment. This is mainly due to the

'fearlessness' of U~Vs, as there i~ no chance of

losing highly trained and skilled personnel, as in
the case of manned, aircraft. , I

downlink display to the pilot and its fidelity have
an impact on the final performance of the system.
Speciatir in the case of payload operation and net
recovery.. these dela~s, being a part of the active
control loop, control the performance and
reliability of operation.

2. UNMANNED AIR VEHICLES

, UA V is an air vehicle having a 'remote operator

providing continuous or intermit~ent command~

during several phases of its flight, or it is

automatically piloted without human interaction, as
in a drone. Basically, UAVs ate crassified as lethal

and non-lethal. Lethal UAVs cal'lse irreversible
damage to destroy the enemy's j assets. Cruise

missiles and attack drones fall under this category.

Non-lethal UAVs ~o not cause permanent damage

or destruction. They include those with electronic

combat payloads. The classification tree is depicted

ill I,'ig. 1.11(1111 rixcl.1 11111.1 rolllry Willg UAV!i IIrc in

use. The presently identified missions that can be

~plished with tJAYs nre :

UAV ~ystems are inherently a combination of

several hfghly interactive ellements and design

decisions, and thdugh; apparently having little

influence on ope particu1ar element, they may have

profound Irepercussions on other elements and

thereby aff~ct the overall systems' performance.

Simulation permits the; whole system design to be

examined in an integra~ed manner.
j I

Simulation of UA V s~tems becomes complex

due 10 tho rrct;cll~O Ilf II rcllllllc pilllt-ill-IIIC-lllllp.

Commands ar~ generated for remote piloting. Th~
delays, howeJer short, in the uplink chain I an

Recdvm 03 JanU8IY 19 7

295



DFF sa J, VOl 47, No p, JULY 1997

-

AIR VEHICLE

SPEED ALTITUDE
1

PAYLOAD, WT & SIZE
1)I'rJIAII(JNAI I1NIIIJ"

t:N\JUIIAN(;E
SURVIVABILITY

GROUND

STATION

AIR VEHICLE &
MI"!OION rONTI101

11111:
INTEROPERABILITY

f OMMONALITY

MOBILITY

PROCESSING

~IMELINESS

Figurf 2. COmp~eRts Orla surve111fRce UAV

launch, recovery stations, datalipk and ground

stations. The components of such a UAV are
I

presented in Fig. 2, wherein the relevant factors

which drive commonality and differences among

user requirements too are,identified.

~. SIMULATION AS APPLIED TO UAVs

Simulation as a tool has been extensively used

for UAVs. Cromwelll has reviewed the information
on weather and battle~induced containments

I
(WBIC) modelling tech\liques and supporting test

results for Itheir suitability for assessing payload
perfor~ance of the remotely piloted vehicle (RPV)
during each critic~1 mission/task in smoke alone or

smoke and' dust from yarious rounds conditions.

Mauger has discussed the two m'ethods used
at RARDE I in advising th~ Army Operational

Requirements Branch regardi~g operational
effectiveness, viz., sim~lation and wargame.
Effectiveness vs battle til1)e of an RPV and

drone-based mix of syste'ms for medium range
surveillance has been discussed. Jackson & Rose3
have addressed the improvement in mission

effectiveness achieved by using electronic support
measures 'on U A V s to enhance their prime imagery

reconnaissance mission.

Cleveland, ft al.4 have dis~ussed the
theoretical deriv~tion of refinements in self -

,
)

.Aerial targets

.Situation reconnaissance (Recee) (photo-
graphic, infrared linescan, forward looking

infrared)

.Target designation. (detectioni identifi-

cation, measuring, illumination, damage

assessment)

.Electronic intelligence (ELINT)

.Communications intelligenc~ (COMINT)

.Active (jammer, decoy) and passive (chaff,
flares) electronic counter measureS' (ECM)

.Electronic counter-counter measure,s

(ECCM)

.Saturation of enemy air defence by using

decoys

.Communication [relay function, command,
control & Communication (C3), over the

horizon]

.Air strike against fixed radiating. targets
(defence suppression, as well as

suppression of enemy C3 capability)

.Air strike against vehicles (especially the

enemy's second tichelon), and

.Integrated strike force with manned aircraft

2.1 .Components or a R!ecee & Surveillance

UAV!
I

The main components of a recee and

surveillance UAV are: Air vehicle, payloads,

2%
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organising con~rol techniqyes and implementation

of self-organising controller logic in the form of

breadbo¥rd digital hardwar~ and programs for real

time simulation of RPV flight with six degree~ of

freedom (6-DOF) without limitation on slJ;tall

aerodynamic angles. ,
" .

Alpins has dealt Iwith digital simulation and
I

control of M~chan UA V using full force

aerodynamics, large perturbation geometry, digitalI
real-time simulaliQn using both stand-alone and

iron bird simulatibn modes to evaluate various

control law desi?ns aimed at no~-skilled piloting

and to optimise the gains in these control laws.I
Aslin, et al.6 have report~d the development of a

simulation facility to Jssess the Rerformance of

flight control laws of Machan UAV when faced

with a realistic non-linear'system. The facility uses

low power comp\lting and loffloads ~he

computational overhead I of flight control ana

display generation 10 ~edicate'd microcomputers;

the real-time aspects of simulation have been

optimised. Thomasson7 has described, th"e
.

simulation developed for gust insensitive UAV

XRAEI and XRAE2 which are considerably slower

than real-time ones. But with the advent of
I

powerful P~s and graphics capability, a relatively

low cost simulation facility could be developed
I

which coul~ provide man-in-the-Ioop simulation

for any part of the flight, such asllanding that may

require a ~ilot inp~t. Robertson8 Isimulated UAV

runs in real-time on a VME-bashd computer atj
100 Hz, and verified proper operatfon of the flight

computer. I
t

Jenkins9 has discussed some aspects of

~pplicati~ of knowledge-bas,d system techniques

for route planningl as * component of a b(oader

mission planning aI\plication. PiercelO has

describedl the hybrid combination of artificial

inlelligenc~ (AI) Ulld COllVCllliollUl prol:c!i!iillg

technologies to provi4e expert assistance and an

enhanced man-machin4 interface to a non-technical

opcralor for prefliglll and inCliglll mission

I
requirements. During preflight, the system
provides an intelligent mission planning work-
station for flight and specific payload operation
planning based dn mission requirements,
intelligence and digital terrain data. During inflight
operations, the sysiem provides an intelligent
interface for the control and presentation of vehicle

operations, ~yload operations and sensor data
acquisition. This requces the operator workload
and skill requirements. McKayll has described the
McDonnel Douglas mission planning program
tactical aircraft mission planning system
established and used by the us Navy for fixed wing
aircraft, helicopters, UAVs and missiles. Software
modularity ensures developmental integrity for
each supported program. Cooper12 has discussed
the need for synergestic coordination and mission
planning to realise the force multiplication benefits
of joint UA V /piloted aircraft operations. According
to him, the mission support system 11, an
off-the-shelf asset is available to provide this
coordination. Donnenberg, et al.13 have discussed
how I intelligence dri yen mission planning station
and battle area tactical simulation may be
combined j in an jRPV mission planner today.
Planning pertains to the collection and assimilation
of relevant intelligence data which include friend
and enemy threat tactical, communication and
situation data. Simuiation includes guidance
algorithms that select optimum routings for
air-to-giound penetration missions. It includes
graphics to plan an effective RPV mission quickly,
viz., plan view, God's eye view, perspective view
and analytical statistical graphs.

It is seen that simulation is used as a decision-
making tool during the acquisition process for

assessing

~ Cost-effectiveness,

.Survivabilit.y/vulnerabilit'i' wherein ques-

tions, such as utility of ,expendable and

rcu!iahlc !iyslcm!i could he pnswcrcd, and

.Mission effectiveness.

Systems simulation permits the designer to

cxulnillc uspccts of design uncertuintics by
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Total system simulation,

Air v~hicle performance, stability and
..

control analysIs, and

Air vehicle navigation, including hardware
in-Iine simulation to assess the performance

of way point navigation system, flight
control system, etc. .

Aerial

t~rget

Aerial

ta'rget

Recee
I surveillance

Aerial target
cum r~cee

Target
acquition

payload station to train the payload operator in

recognising, identifying and tracking the target.

In the testing and evaluation phase'of UAVs,
,

simulation is applied to .

.Hardware in-Iine simulation,

..Ground testing of integrated UAV system,

4. SPECIFIC SIMULATION PROBLEMS

: The Aeronautical Development Establishment

has been in the field ofUAVs for over two decades,

with products, such as. Ulka, an air launched

supersonic expendable target' system, Lakshya, a

high performance subsonic reusable aerial target

system, min~ RPV 'Kapothaka, a technology

demonstrfltor recee system, and Mini RPV Nishant,
.I

a multlrole reusabl~ UAV. The features of these

systems are ~omparbd in Table I. Simulation has

been extensively use,d fin all phases of design,

development, testing ~lnd evaluation for a variety of
.I.

problems. However, three spefific problems are

described here to highlight how simulation has

helped in identifying desiyn' deficiencies and

improving the design.

Postflight analysis, and

.Mission reconstruction and evaluation

In the operational phase of UAVs, simulation
is extensively used for

.Controller/pilot training,

.Mission planning,

.Mission reconstruction, and

.Payload operator training.

The controller/pilot training simulator is
intended to initially train the controller and also
keep him proficient in the usage of the U A V system
during long non-flying pe~iods. Mission planning
makes use of topographic. threat databases. UAV
performance model. line of sight and fielQ of view
analysis for datalink. sensor and air vehicle relay
positioning to plan the mi~sion profile, route and
mission accomplishment. Mission reconstruction is
an effective method fqr identifying errors
committed in training and in actual flight.
Recorded data can be r~played several times to
identify and correct the crew and system. Payload
operator trainirig uses the simulator part 'of the

4.1 Launch Dynamics of LakshyaI

The pilotless targ'et aircraft (PTA) with the

booster during booster (hrust .line alignment is

shown in Fig. 3. The PTA has a gas'turbine

s'ustainer engine. mounted under the low wing,.
thus, the engine thrust axis is offset from the

centre of gravity (C9) of the PTA, whi6h imposes
a pitch up moment on it. In flight the flight control
system (trim elevator) neutralisest this moment. B ut

at launch, this pitch up moment is reduced
, I
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Several other factors which affect launch

dynamics are:

(1)

(a) Boost~r throst with tolerance
i I

(b) Errol'S in enginef rpm~setting
(a) Launch angle and its tolerance I

(b ) Weight of the vehicle, error in nteasurement

(c) Prevailing wind conditions ntthe time of launch,

and

(c) boostqrmi~"'ip;"I1\C"\
-,mcmncc
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.Roll and pitch control gains for launch

phase different from that of crhise phase,

.Itul1l1er l1efl~c:l~l1 ~II r~NrUliN~ lu'yllw rIlle lu

contain veering aqd sideslip,
-, ,

.10° angle of attack as the d~sign limit

during launch phase compared tP 7° during

cruise"and ,

Figure 4. Lakshya longll~dlnal slablllly

(d) Change in weight due to prelaunch engine run

being different

.The nded for pitch rate feedback in the
,

longitudinal control, loop after eight
, launchts to improve th,e launch reliability.

Considerable efforls werel made in the form of
,

simulation studies to arrive at a separ j tion distance

and also freeze the control laws,

The control laws for longitudin~1 and lateral
I

loops were primarily designed for cruise phase

mainly from stability considerations. The approach
° I

was to use similar control laws with minimum

changes (only control gains changes) for the launch

.phase. The main criterion for the launch phase was
,

to minimise the excursions in angle of attack and

roll angle. To a'chiev~ this', the roll gain was

'increased. six times and the, pitch gain was reduced
,

to 0.375 ~imes as compared to the cruise values.

Also, the time after ,auhch until these changes are

to be effecteq was arrived at as 2.3 s for roll and

4.5 s for pitch. The re~ults of roll gain change are

presented in Fi~. 6. I

Some of the above factors' are'known and can
be quantified. Others can bel estimat~d as EBM
statistically after postflight simulation and

matching the trajectory.

Tolerances in these parameters give rise to

unbalanced pitch up or pitch down moment,
resulting in the development of a high angle of
attack. On booster burn out, sudden removal of

booster thrust causes a further unbalanced pitching
moment. In addition, there is a sharp change in
static margin during the launch phase due to
(i) Propellant and fuel consumption with time, and
(ii) Jettisoning of booster automatically at two

seconds after launch. An EBM giv4ng rise' to a :,pitch up moment
corresponding to angle of attack development of
10° was considered to be the maximum value
permissible. The results of sintulation.to decide the
EBM limits for a configuration ;with tow body and
pitch rate feedback are presented in Fig. 7. The
longitudinal control sche~e is qepicted in Fi~. 8.

Without the pitch rate feedback during the' launch

phase, an EBM of :t: 0.4° corresponding to :t: 8 mm

of separation distarice was the limit. Only pitch
position feedback wa~ found to be adequ'ate for the
launch phase for the gssumed tolerances before the
first flight. Postflight simulation\ was carried out
after each flight to lI1atch the traject1ries to obtain

the actual to~erances. After eight launches, due to

Due to all these rapid changes in flight

configuration and conditions associated with an

accelerating flight and non-iinear characteristics of

longitudinal stability shown in Fig. 4, simulation

studies, including active controls, were required to

freeze the control law.

These studies indicated, the following:

Need for a small static margin at launch

(unstable configuration not acceptable)
(Fig. 5), I

.CG management through fuel sequencing,
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I

failures observed at ~aunch (resulting in pitch angle

exceeding \45° in two cases leading to recovery), a

review wak carried out and it was found necessary

to modify the desig~ to ~ater for higher tolerances.

I

Pitch rate feedback was introduced at this stage.

With pitch rate feedback, the EBM tolerance was

enhan.ced to .t 0.8° corresponding to .t 16 mm of

separation distunce for the clean configuration and
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Figure 6. Lakshya launch phase-roll gain changeover time

(b) The vertical component of 'thrust exceeds theweight of the vehicle. ,:t 1.2° in tow body configuration (high weight and

mass moment of inertia). A'fter this modification,

the launch phase success has been improved in

actual launches of Lakshya exceeding the

reliability level of 95 per cert.

Before these two cbndition~ are satisfied, the
vehicle may rotate around! the rear support or the

.,
frpnt support, depending on the moment developed
d"e to weight, thrust and teactions at' the support.
The contribution of tl}e dynamics on thq launcher
to the pitch angle delveloped at 2 s after launch
determined the accep~able shear pin strength and
the maximum rise time of booster thrust at ignition.
Successful launch is 1 achieved if th~ pitch angle

remains with~n +45° to -6° and roll angle within

:t 45°. ,
I

Dynamic~ of Lakshya on the zero length
launcher is another aspect which has been studied
through simulation. The air vehicle is supported on
the launcher at the rear on two launcher pins
restrained from Iforward movement by two, shear
pins (hold back device) and one support in front.
Rotary moveme~t about the pin is permitted. The

vehicle can take off only if the following two

conditions are satisfied:
IThe res\ilts of simulation studi~s conducted to

arrive at the limiting \}'ind conditio*s at launch are
I

presented in Fig. 9. Th9 vehi~le- was launched with

(a) Component of force across the shear pin exceeds

the strength of the shear pins, and
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prescribe a go-no-go criterion for acceptable ship

motion at launch. The results of these studies are

presented in Fig. 10.

, EBM ~ LONGITUDINAL (LATERAL)

601

EBM j -0.4. (0.0-)

EBM = -1.6" (~.o-)
-

~

u
...
e.20
...
-'
l)

~10j~

4.2 Lakshya Tow System Dynamics

takshya carries subtargets under its wing
pylons. On command, a subtarget (tow body) is

deployed. Weapon training is carried out byI I
weapon engaging of these subtargets. The cable

drum carrying 1.1 km tow cable unwinds at a

controlled rate, due to the braking system built into

it, on deployment of the subtarget, to enable target,
towing. Simulation studies are made to estimate the
following: I

""'-'k

'--- EB!A -0.8' (0.45)"

~-0 ,
TI~E--

, EBIA, = -1.6" (0.0")

(a) Safe separation of tow body from aircraft wing

pylon on deployment
---(

~

/ /

" /

~
"'

(b) Cable unwinding d1ynarnics~rate of cable payout

l (c) Residual velocity at the instant of tow snatch,

snatch load arising therebyT
(d) Cable tension during nonnal tow, relative position

of tow body w .r.t. towing aircraft'\,
/ ,"" I '--""'

-EbM ..0.8" (0.0"~

~SHYA TOW BODY CONFIG

Figure 7. EBM limlts-rate feedback In longitudinal control
I

loop. I

--<

10

j,... 5"
e I
~
~ 0.
S
...
o -5

j~-10

(e) Stability of tow cable and tow body, and

(f) ;-relati ye

I
surface wind conditions in jdifferent directions and'

an EBM in both longitudinal and'lateral planes was

established. Allowing. an EBM of:!: 0.15°

(separation distance of:!: 3 mm) for v.:ind

conditions, the allowed wind envelope has been

established. Successful launch has been accomp-

lished at 14 knots cross-Vfind in a case of ship

launch.

4.1.1
I

Ship faunch -Lakshya
I I

Ship la~nch ad~s s;evefal otherlparameters to

be included in simulation studies. ~hip dyna,mics

imposes a non-zero initifil condition hr filtilllde find

their rates on Lakshya leading to build up of angle

of attack, roll and ~ideslip angles.1 A sensitivity

nnalysis ma~e through simulation studies is used to
J
1
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Figurt 10. Effect or Initial conditions on launch boundary
.
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I

model of a towed system is shown in Fig. II.

SEIS21 and SlL322 computer programs for the

two-dimensional stationary and three- dimensional,
dynamic motions of towed systems have been

adapted for thIs analysis. In the model, the physical

cable is replaced by a mathematical model
,

consisting of concentrated mass points linked

together by springs kcalled outer springs) and, ,

dampers, both without lInass. Additionally, one
., .

continuous spring ( called :inner spring) is added to

avoid numerical difficulties due to di~cretisation of

mass distribution. Neither the inner IJor the outer

springs are able to transter bending moments. The

stiffness of the cable is distributed to the outer and
I ~
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Figure 14. Tow body-cable system dynamics-cable tension

that these half-segments are rigid and have the

same velocity as the neighbouring knots. The inner

cable forces (tension and damping) and the fluid

dynamic forces acting on th~ half-segments

neighbouring the mass point determine its

acceleration. Together with the dynamic behaviour

of the tow body and the prescribed motion of

Lakshya, the velocities and acceleration of the

cable knots form a system of differential equations

that can be integrated by the Runge-Kutta method,

if the starting conditions are known with sufficient

accuracy. The starting conditions for a

three-dimensional case are determined from a

solution of the two-dimensional case. The tow body

fluid dyn~mic behaviahr is known. The results of

the simulation when Lakshya takes a 3 g turn are

presented in Figs 12 and 13. It is seen that the tow

body enters the turn at the point where; .Lakshya

enters the turn. Tow body executes a larger radius

of turn as compared to Lakshya. The tension in the

tow cable during the 3 9 turn is shown in Fig. 14.

The tow cable tension and relative position of tow

target w.r.t. the towing aircraft are plotted against

time. Simulation studies have helped in laying

down stability boundaries in terms of the towing

speed of Lakshya. The effect of speed of Lakshya

on tow body dynamics is shown in Fig. 15 and that

of towlbody drag on tow body dynamics in Fig. 16.

During flight testing and evaluation, tow body

instability wps observed resulting in oscillations in
J

the pitch plane of Lak.\'hya. Solulion was found

th,rough simulation. Additional drag plates on the

tow body were installed, which helped in

overcoming the problem. In tow system, tow cable
I

\
~ \ \1.

CABLE \\1': \1! y ! I 'V y v v v v v- \ f\ 1\ \1\ \ \V\I\I\I\I\I\I\,\
\1 '1 ~ r .~
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Figure 12. Lakshya tow system trajectdry (x,z)
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Figure 13. Lakshya tow sys~em trajectory (x,y)
I

inner springs. To locate th~ massl points, the
I

One end of the c~blC; is linkeld to the tow body

by a coupling link at the ehd of a coupling bar. The

other end is linked to Lakshya. The two coupljng

links and the mass points are called knots.
I

The fluid dynamic forces are determined for

each half-segment by combining the normal forces
I

and the tangential.forces. Thereby, it is assumed
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unstretched cable is divid~d .into segments. The
I

whole cable mass is distributed equally to all mass
I.I

pOInts.
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Figure IS. Effect or speed on tow body dynamics

has to be chosen with a very low factor of'safety.

Higher factors of safety are not achievable. Hence,
the correct estiinate of cable tension at the 'towing
end is necessary. This is possible only through
simulation studies.

4.3 Hardware In-Iine Simulation-Nishant

Flight Control & Way Point Navigation

o HORIZONTAl OI'TANCE X .BOO

Figure 16. Errect or drag. coerr. cDIon tow body dynamlcl
I r

in Fig. 17. The capability of the UAV to perform

missions is elhanced by FCMNS, which gives it

the reconfigurable mission capability. For non-

skilled grou~d operators, !the UAV is given

The dynamics of many of the systems of UAV

is beyond the linear region and its simulation
enables one to study the interaction of the dynamics
of all the sl,lbsystems to provide the desired
responses. Simulation is curried out during various
phases of dbvelopment of the system, viz.,
conceptual d~sign, preliminary design, detailed

design, systemi requirem~nts verification, system
validation, flight planning, postflight analysis and
user training.

.,
The bloak schematic of the most impprtant

flight system, viz., flight control mission &

navigation system (FCMNS) of Nishant is shown
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sufficient onboard intellig~nce to present itself as a

user-friendly s~stem. FCMNS encompasses flight
I

control,1 navigation senSors, a multiprocessor

avionics computer called integrated avio\1ics

package (IAP) for datillink, mission, flight conlrol

and navigation functions, and. flight control, .
actuators. It provides the vehicle with capabilities

such as automated laun6h, intelligent cruise and

recovery, inflight reprogram- mable way point

navigation, auto.:Tlated loiter programs over target,

get-U-home, TV gpided net recovery, etc.

Control an,~ mission strategies for such a

computer system are ;designed using a judicious

combination of linear, nop-lineat design analysis,

and off-line and re~l-iime simulations. The

hardware-in-the-Ioop simufation t(HILS) is an

important milestone in the dlesign of this complex

FCMNS for Nishan1. A typical block sahematic for

the HILS used at vario,us stages of the flight vehicle

development is shown in jFig. 18. It shows the IA'P

running at 100 Hz commanding the control

actuators. The surface deflections are fed back to a.
real-time computer, AD 100. The launch instant .(1
= 0) is synchronised in both IAP and AD roo.; 'Full

force' model of the aircraft, engine; atmospherics,

sensor models, etcl. resident in the computer

.Control law and digital implementation
\ studies, including software development,

.HILS witb the integrated air vehicle

system., prior to first flight of Nishant, and
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1 & navigation system-Nishant
I I

AD-IOO (running at I kHz) generates the responses
(as in flight), e.g. roll, pitch, pressure altitude, IAS,

heading, etc. These outputs are looped back into 'the
IAP in an appropriate format, viz., lanalog heading
is con~erted to RS2~2 and X, y is converted into
latitude and longitude of global positioning system
(GPS) format and is-sent through RS422. The IAP
output signals, written on the dual port random
access memory (PPRAM) of development
telemetry, are monitored by a PC 4.8.6 using a

digital 1/0 card. This PC offers a graphical display
of the outputs and engineering values of these

parameters. The vehicle flight modes an~
commands are generated by an uplink simulator

which outputs the uplink data in a pulse code
modulation (PCM) stream, which is decoded by the
IAP and is written on to an internal DPRAM from
where the flight control processor reads it. A strip
chart recorder, plotter/printers complete the HILS
setup. Using this setup or its lower versions, HILS
is carried out for
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NISHANT RPV HARDWARE

HILS with integrated avionics package

alone to'validate the integrity of modified

software, packages, as the development

flights progress.

In the initial stages of Nishant development,
the following problems were addressed through

HILS :

Stability of the control system due to digital

implementation.

Adequ~cy of actuator

perfor"1ance,

Software validation in HILS module-by

module, and

specification.

I
.Feedback to flight control processor

hardware design regarding adequacy of

memory size, clock speed, finite word
,

length, overall loop noise, etc.

breadboard design of the night 'control computer

required hardware I tuning, inclu1ing building

margins in ifs clock rate; gains in certain control

loops had t~ be cut down to minimise overall

fYstem noise and also to avoid' stability problems

arising out of large amplitude\ responses of

actu~tors. It gave immense confidence to the

soft~are designer~ an~ accelerated their work by

Jfroviqing online corrections to the modules

designed by them by a t~mely midway feedback

during the development piocess. It also helped in

clarifying the system level und~~tanding of

software engineers and enabled them I to be well

prepared for the next stagb of HILS carried out just

before the first flight. ~ ,

In the next stag~, the integrated air rehicle was

interfaced with the real-time comput<rr AD-IOO.

The actual dat~link hardware was used to simulate

the IAP and the actuators responded to drive the
I

actual control ~urfaces. The simulation results were

acquired in the' same manner through the telemetry

datal ink as in, a real hight. 'The ai~craft model
1

Nishanl benefitted from HILS studies in this

initia,l phase. The actuator rates were seen to be

adequate; the actuator servo loop was tuned. The
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Figure 19. HILS test setup

simulation platform was very hflndy to carry out

HILS in the work spot of IAP activity. Various

othcr fc;ltures like development of graphics for

synthetic meters (using Lab Windows software),
j

interface to simulate outputs of GPS (through

RS422/RS232C) weie added. HILS setup using

Pentium, which is an effective method of

developing a low cost system, is shown in Fig. 19.

It shows a typical w'Jy point navigation track plot

where the vehicle has been commanded to flyaway

point track formed by four way points. The IAP

software computes the leg to be flown, taking the

current X and y computed, the cross-track error and

the distance to reach the way point. On reaching the

way point, the next leg is automatically chosen and

the vehicle is made to fly the next track. The

capability of the 1AP software to perform different

exigency plans (due to GPS fail, uplink loss, etc.)

while being in way point navigation is tested out in

HILS.

resident in ~D-I00 respond~d to the piloting inputs

from the groun~l-based pilo.t and IAP, as in flight.
, .

Pilot-in-the-loop simulation enhanced the
confidence of the pilot aJd the flight clearance

team. It also allowed the air yehicle integration
team to get an overall first hand knowledge 9f hot

only ~what' of tlJe IAP; hardware ana software but

also 'why' of it and How it influences the flight.

This enabled smooth takbover by the integration
I

team.
.
I

After the fi'rs.t flight of Nishanl, software

updates were made to include those originally

planned and additional. features dictated by flight
,

tests as necessary to imprc;>ve th6 performance of

the system. This resulted in IAP configuration
I

changes. Also, changes in datal~nk strategies
I

resulted in changes in IAP cbnfiguration. To cater
I

to the need for real-time simulation, th~ real-time
I

software (of the aircraft mbdel and other connecte~

models running at I kHz) Jwas also developed in a
I

Pentium PC having nec,essary 1/0 capability. This
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,Using only the IAP, the ~oftware modules were

valida~ed in HILS to show t~e adequacy of stability

of all the control loops. Results of longi~udinal and

lateral parameter responses tare presented \n Figs 20

and 21. The roll, pitch coQtrol loops, the altitude,

indicated air speed (\AS) and h'eading .hrd loops,

the cross-track error control loop (used in way

point navigation) are seen to be stable. There are

no singularities i~ the IAP software considering the

typical combination of inputs no~iced during HILS.
IThe need for rbll, gain reduction to reduce the

aileron actuator Jag for ldrge amplitude'movement
1is evident from Fi1gs 22 and 23. Figur1 22 shows

the effect of actuator lag resulting in roll
!

oscillations and Fig. 23 shows the effect of roll gain
,

reduction. Figure 24 shows the results with Nishant
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I

launch phase can be seen to reduce the pitch

command in launch. Figure 25 shows roll and pitch

responses in the uplink command loss mode, where
I

the vehicle is put in a 15° orbitj and climb at 5°

pitch. The comman~ loss was removed and a
j

normal parachute recovery wa~ commanded which

has put the vehicle in open-loop by setting the

control surfaces neutral. This leads to phugoid

oscillation of the vehicle in the simulation which

does not have the parachute dynamics in it.

The HILS has been extensively used in the

devclopment of Nishant. It has provided numerous

feedbacks to correct the hardware and software

design of IAP, the control laws, the mission

reqJire~ents and e~en the other flight control

hardware, such as actuators. Success of flight

control system (FCS) performance in Nishant

flights extended over several hours. .is largely
I

attributed to the extensive HILS carried out.

5. ASSESSMENT OF INDIAN SCENARIO: .

UAV SIMULATION

Considerable strength in the following areas
.I

has been built up over the years:

(a) Air vehicle perfonnance, stability and control

analysis,

.11MEI

Figure 14. N;shant MILS launch phase

air vehicle system in th'e loop. It shows the response

of pitch and roll in the lajUnch phase up to forced

end of launch by a launch override command from

the control console. The pitch oscillations are due
I

to the dead zone in the ellevator actuation system.
I

The effect of IAS err~r que to itsJfeedback in the

(b ) Air vehicle control and navigation including

HILS.

(c) Ground testing--computer-aided testing,

(d) Postflight analysis,

(e) Mission/route planning,
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(I) Mission reconstruction, and 2. Mauger, F.E. iRPV operational effectiveness
assessmbnt method~. RPV Third International

Conference, RoyPI Aeronautical Society and
University of Brislol. 13-15 Sept 82, Bristol, U.K.

(g) Controller/pilot training

The following areas are still in the embryonic

stage
3,

.,
Jackson, A. W. & Rose, E-A:. Electronic support

measures for unmanned ~i vehicles. Shephenl
.

Conferences, Second European Conference.
.,

16-17 June 1994, ParIs, France.

(a) Cost and mission effectiveness

(b) Payload operator training simulator
I

(c) Total system simulation, including payload

sensor modelling
4. Cleveland, D. et al~ RPV/self organising control

demonstration syst~m, V,ol. II. Hardware

descriptiPQ, system operation and maintenance
and RPV simulation, NTIS, USA, Feb 1974.AD-781080. .

(d) Mission planning-joinF UA V manned aircraft
operations and intelligence sifting system, and

(e) Intelligent mission planning using digital teITain
data, line of sight of pay load sensor, optimum
route for survivability mission accomplishment,
etc. ,

5

6. CONCLUSION

Simulation as a tool is essential fort UAV

design, development, testing and evaluation, and
operation. Since man-in-the-Ioop is remotely
placed, he cannot cater to all emergencies;

therefore, more realistic simulation is necessary to
reap the full benefits of the system. Modern

weapon systems are making the battlefield into an

extremely leth~l environment in which real-time
decisions and c~ntrol are essential for survival. The

importance of VAVs as a force multiplier has been
recognised. It is found to be a cost-effective way to,
accomplish several missions with reduced risk to
human life. Recent advances in speech techn.ology
and computer processing, adv,anced navigation,
mission plannif)g, sensor modelling and sp~tial
databases, and artificial intelligence enables the
operator to concentrate on ,mission goals and
operations than mechanics. This has been made
possible by the application of simulation

techniques.
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