
The Brooker Laboratory for Intelligent Embedded Systems.
Th e  D e p a rtm e nt h a s inst a ll e d a  n e w robotics f a c ility to su p p ort p r a c ti c a l w ork in 
intelligent embedded systems. It is a v a il a b l e  to stu d e nts t a kin g a  w id e  v a ri e ty o f 
c o urses r a n g in g fro m h a rd w a re  to A rtifi c i a l Int e llig e n c e .

s p a c e ,  T h e  F r e n c h  T G V  h i g h-
sp e e d r a ilw a y a n d Ford M otors.

The Robots
So m e  syst e ms a r e  m o u nt e d  o n
m o b il e  p l a tf or ms to f or m sim p l e
ro b ot v e h i c l es (se e  p h oto).

Hardware Development
H a v i n g  b u i l t ,  t e s t e d  a n d
d e b u g g e d  t h e i r  b o a r d s  a n d
so ftw a r e  o n th e  w orkb e n c h stu-
d e n ts c a n  p l u g  t h e m  i n t o  t h e
ro b ots to  s e e  h o w th e y b e h a v e
in a  w orkin g syst e m .

Th e  r o b o ts c a n  c o m m u n i c a t e
w ith e a c h o th e r a n d  w ith o th e r
c o m p ut e rs o n th e  un iv e rsity e th-
e r n e t  n e t w o rk .  T h e y  w i l l  s o o n
e v e n b e  a b l e  to d o th is v i a  w ire-
l ess r a d io links.

Th a nks t o  g e n e ro us su p p o rt b y
o ur in d ustri a l p a rtn e rs stu d e nts
h a v e  fre e  a c c ess to st a t e-o f-th e-
a rt C A D so ftw a re  w h i c h e n a b l es
th e m to d e si g n a n d  us e  in th e ir

h a r d w a r e  t h e  l a t e st  p r o g r a m-
m a b l e  l o g i c  d e v i c e s .  T h e s e
d e v i c e s a ll o w e v e r m o r e  c o m-
p a c t d e si g ns o ft e n in c o r p o r a t-
i n g  m i l l i o n s  o f  i n d i v i d u a l
tr a nsistors o n a  sin g l e  c h ip

Programming
So ftw a r e  is d e v e lo p e d  o n p o w-
e r f u l  w o rks t a t i o n s a n d  d o w n-
l o a d e d  t o  t h e  w o r k b e n c h
syst e ms or th e  m o b il e  ro b ots f or
t estin g .

Testin g c a n a lso b e  d o n e  v i a  sim-
u l a tio n o n th e  w orkst a tio ns a n d
i n  t h is a n d  o t h e r l a b o r a t o ri e s
usin g  v irt u a l r o b o ts in a  v irt u a l
w orld . 

O n c e  p r o g r a m m e d ,  t h e  r e a l
r o b o t s  a r e  a b l e  t o  o p e r a t e
“ i n t e l l i g e n t l y ” ,  i n d e p e n d e n t l y
a n d  w i t h o u t r e f e r e n c e  t o  t h e
w o rkst a t i o ns a n d  t h e  n e t w o rk
c a b l e  c a n b e  d e t a c h e d if n e c-
ess a ry

Intelligent Embedded 
Systems
E m b e d d e d  syst e m s a r e  p r o d -
u c ts w h i c h h a v e  c o m p ut e rs int e-
g r a t e d  into th e m . Ro b o ts, a ir &
s p a c e c r a f t , u n d e rs e a  e x p l o r a -
t i o n v e h i c l e s a r e  ty p i c a l o f th is
t y p e  o f  s y s t e m  a s  a r e  s u c h
d o m e st i c  it e ms a s m o b il e  t e l e -
p h o n es, v id e o syst e ms a n d e v e n
w a sh in g m a c h in es.

In t e l l i g e n t e m b e d d e d  syst e m s
us e  A rt ifi c i a l Int e lli g e n c e  t e c h-
n iq u es to g iv e  th e m th e  a b ility to
c a rr y  o u t  s o p h is t i c a t e d  t a sks
u n a i d e d  a n d  i n  a  c h a n g i n g
e nv iro n m e nt.

The Laboratory
T h e  f a c i l i t y  p r o v i d e s  a n  i n t e -
g r a t e d  e n v i r o n m e n t  f o r  t h e
d e v e l o p m e n t  o f  i n t e l l i g e n t
e m b e d d e d syst e ms. As a  p a rt o f
m a n y o f th e ir c o urs e s, r a n g in g
fro m h a rd w a r e , v i a  so ft w a r e  t o
A rt ifi c i a l In t e l l i g e n c e ,  st u d e n ts
c a n o p t f o r p r a c t i c a l p r o j e c ts
usin g th e  n e w f a c iliti es.

In th is w a y stu d e nts g a in inv a lu a-
b l e  exp e ri e n c e  o f im p l e m e ntin g
in th e  r e a l w orl d  th e  i d e a s th e y
l e a r n a b o u t a s t h e o ri e s i n t h e
l e c tures.

Industry Standard
Th e  so ftw a re  a n d h a rd w a re  th a t
w e  h a v e  a d o p t e d  is use d w id e ly
in in d ustry in su c h h i-t e c h org a n-
is a t i o ns a s N A S A ,  Bri t ish  A e r o -
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Some Typical Projects

I n  a d d i t i o n  t o  c o u rs e  a ss i g n-
m e nts in th e  n e w l a b or a tory stu-
d e nts m a y c h o ose  to c o ntrib ut e
e ith e r in d iv id u a lly or in t e a ms to
o n-g o in g p ro j e c ts. So m e  e x a m-
p l e s a n d  issu e s a r e  p r e s e n t e d
b e lo w:

Graphical Simulation
C a n a  “ v irt u a l w o rl d ”  b e  b u i lt
th a t sim u l a t es th e  b e h a v io ur o f a
g ro u p  o f r e a l ro b o ts? H o w c a n
t h e  “ v i r t u a l  r o b o t s ”  b e  p r o -
g r a m m e d  so th a t th e y b e h a v e
i n a  si m i l a r w a y t o  r e a l r o b o ts
o b e y in g th e  s a m e p ro gr a m ? 

Artificial Neural Networks 
Th e s e  sim u l a t e  so m e  a sp e c ts o f
th e  stru c ture  o f th e  hu m a n b r a in .
C a n o n e  b e  tr a in e d  to su m m a -
ris e  th e  in p ut fro m s e v e r a l s e n-
s o rs a n d  d is t i n g u is h  b e t w e e n
“ fri e n d ” a n d “ e n e m y” o b j e c ts?

Programmable Logic
N oth in g is f a st e r th a n d e d i c a t e d
h a r d w a r e  b ut h ist o ri c a lly it h a s
l a c k e d th e  fl exib ility o f p ro gr a m-
m a b l e  syst e ms. It is n o w p ossib l e
to p ro d u c e  a p p li c a tio n sp e c ifi c
d e v i c e s ( i . e .  h a r d w a r e ) u s i n g
p r o g r a m m a b l e  t e c h n i q u e s .
C o u l d  y o u  d e s i g n  a  v i s i o n
e n g in e  for a  ro b ot?

Emergent Behaviour
G iv e n a  nu m b e r o f in d e p e n d e nt
ro b o ts e a c h o f w h os e  “ b e h a v-

i o ur”  d e p e n d s o n th a t o f o th e r
r o b o t s ,  w h a t  w o u l d  b e  t h e
“ b e h a v i o u r ”  o f  t h e  g r o u p  o f
ro b ots t a k e n a s a  w h o l e ? 

Parallel Architecture
M a n y t a sks r e q u ir e  m o r e  c o m-
p utin g p o w e r th a n a  sin g l e  p ro c-
essor p ro v id es. C o u ld yo u d esig n
a  m u ltip l e  p ro c essor syst e m ?

Navigation and mapping 
Ho w c a n a  ro b ot p l a n , a n d th e n
f o l l o w  a  p a t h  a r o u n d  a  s e t o f
o bst a c l es to a  fin a l g o a l - esp e-
c i a lly in a  c h a n g in g e nv iro n m e nt
c o n t a in in g  o th e r r o b o ts d o in g
th e  s a m e th in g ?

Cooperative Behaviour
D e si g n a  g r o u p  o f  r o b o ts t h a t
c o u l d  c o o p e r a t e  t o  m a k e  a
m a p o f th e ir surro un d in gs, p ush
a  l a r g e  b a l l a l o n g  a n  u n e v e n
flo or w h ilst a v o id in g o bst a c l es or
p l a y t e a m g a m es su c h a s RoB a ll,
or Ro b o W a r.

Computer Vision
If a  sm a ll c a m e r a  w e re  m o unt e d
o n a  ro b ot, c a n yo u writ e  a  p ro-
gr a m to re c o g n ise  a n d resp o n d
to sy m b o ls p rint e d o n o b j e c ts in
its e nv iro n m e nt?

Speech Synthesis
Use  th e  ro b ot ’s sp e e c h synth esis
c a rd to d esig n a  d e b u g g e r th a t
sp e a ks to yo u so th a t th e re  is n o
n e e d  t o  h a v e  a  t e r m i n a l
a tt a c h e d . 

Language Processing
Pro g r a m a  ro b o t so th a t it c a n
r e s p o n d  to  su c h c o m m a n d s a s
“Sto p th e  b lu e  ro b ot fro m re a c h-
in g th e  n orth-w e st c orn e r un l e ss
it kn o ws th e  p a ssw ord ” .

Operating Systems
Us e  o ur o p e r a tin g syst e m b u il d-
in g to o l to c o nstru c t th e  sm a ll est
a n d m ost e ffi c i e nt ro b ot o p e r a t-
in g syst e m .

Data Communications
D e s i g n  a  n e t w o r k  t o  e n a b l e
ro b o ts t o  c o m m u n i c a t e ? W h a t
sort o f m e d iu m sh o u l d yo u use ?
Wh a t kin d o f in f or m a tio n sh o u ld
th e y p a ss? 

Input-Output Techniques
Th e  int e r f a c e  th a t a ll o w s in f o r-
m a t i o n  t o  b e  p a ss e d  t o  a n d
fro m c o m p ut e rs is fun d a m e nt a l
t o  e n a b l i n g  t h e m  t o  p e r f o r m
use fu l w ork. C o u ld yo u d esig n a
Te l e p r e s e n c e  int e rf a c e  to a llo w
re m ot e-c o ntro l o f a  ro b ot? Wh a t
i n p u t  a n d  o u t p u t  t e c h n i q u e s
w o u ld yo u use ?

Th is f a c ility g iv e s stu d e nts e xtr a
o p p ortun iti es to g a in exp e ri e n c e
in th e  i m p l e m e nt a t i o n o f c o m-
p l e t e  syst e ms in a d d itio n to  th e
so u n d  th e o r e t i c a l tr a in in g  th a t
th e  D e p a rtm e nt h a s o ff e r e d  f or
m a ny y e a rs.

As a  c lim a x to th e  y e a r’s w ork in
th is l a b o r a t o ry ,  w e  o r g a n is e  a
c o m p e t i t i o n  w h i c h  a t tr a c ts a
p riz e  o f  £250 w h i c h  h a s b e e n
g e n e r o u s l y  d o n a t e d  b y  W i n d
Riv e r Syst e ms In c

W e  w i l l w e l c o m e  a p p l i c a t i o ns
fro m stu d e nts w ith i m a g in a t i o n
a n d v isio n w ish in g to w ork in th is
e x c i t i n g  n e w  a r e a  w h i c h ,  w e
b e l i e v e ,  w i l l b e c o m e  i n c r e a s-
i n g l y  r e l e v a n t  t o  t h e  f u t u r e
n e e ds o f in d ustry .


