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A b s t r a c t  
 

I n real s y s t em d es i g n, w h en F PG A t ec h nolog y  i s  u s ed  f or h i g h  
p erf ormanc e D S P c omp u t i ng , t o s h ort  d es i g n t i me and  p roh i b i t  any  c ri t i c al 
error i n h ard w are p rot ot y p e t h ere i s  t h e need  t o ex p lore s y s t em level 
ap p roac h  and  d et ai l p h y s i c al level veri f i c at i on at  t h e s ame t i me. I n t h i s  
art i c le au t h or p res ent s  a d es i g n envi ronment  b u i lt  t o d es i g n s ome k i nd  of  
rad ar s y s t ems . C h arac t eri s t i c  i n t h i s  ap p roac h  i s  g reat  c are g i ven t o 
g u arant ee p os s es s i ng  f rom and  g enerat i ng  s i g nals  t o t h e real envi ronment . 
 
K e y w o r d s :  F PG A, D S P, R F  s y s t ems . 
 
P r oj e k t ow ani e  s y s t e m ó w  F P G A  p r z e t w ar z ani a 
s z y b k i c h  s y gnał ó w  w  ś c i s ł y m  p ow i ą z ani u   
z  w ar s t w ą  f i z y c z ną  

 
S t r e s z c z e n i e  

 
Proj ek t ow ani e s y s t emó w  t ec h ni c z ny c h , p rz et w arz aj ą c y c h  s y g nał y  s z y b k i e 
( c z ę s t ot li w oś c i  rad i ow e)  j es t  z ad ani em t ru d ny m i  w y mag aj ą c y m 
z ł oż oneg o onarz ę d z i ow ani a. U ż y c i e rep rog ramow alny c h  t ab li c  log i c z ny c h  
F PG A w  roli  w y s ok ow y d aj ny c h  element ó w  c y f row eg o p rz et w arz ani a 
s y g nał ó w  s t aj e s i ę  ob ec ni e s t and ard em. Ab y  s k ró c i ć  c y k l p roj ek t ow y   
i  w y eli mi now ać  ry z y k o z ai s t ni eni a k ry t y c z ny c h  b ł ę d ó w  p rot ot y p u  
p ot rz eb ne j es t  z as t os ow ani e p roj ek t ow ani a na p oz i omi e s y s t emu ,  
z  k oni ec z noś c i ą  j ed noc z es nej , s z c z eg ó ł ow ej  i  w  p eł ni  w i ary g od nej  
w ery f i k ac j i  na p oz i omi e w ars t w y  f i z y c z nej . Prz ed s t aw i ony  w  p u b li k ac j i  
z es t aw  narz ę d z i  p rog ramow y c h  i  p rz y rz ą d ó w  p omi arow y c h , z d ani em 
au t ora, d aj e moż li w oś ć  s p eł ni eni a w y ż ej  z ary s ow aneg o p os t u lat u . Pos t u lat  
t en s am w  s ob i e ni e w y d aj e s i ę  w s z ak ż e ory g i nalny , z w arz y w s z y  j ed nak  
na p os t ę p  t ec h nolog i c z ny , p ew ne i s t ot ne t end enc j e z  t y m z w i ą z ane w art e 
s ą  omó w i eni a. Prz ed s t aw i ony , j ak o p rz y c z y na d y s k u s j i , z es t aw  s t anow i s k a 
b ad aw c z o-roz w oj ow eg o p rz ew i d z i any  j es t  d o reali z ac j i  b ad ań  
p rz emy s ł ow y c h  oraz  p rac  roz w oj ow y c h  w  z ak res i e k ons t ru ow ani a 
ok reś lonej  k las y  rad aró w .  
 
S ł o w a  k l u c z o w e :  rek onf i g u row alne t ab li c e log i c z ne, c y f row e p rz et w arz ani e 
s y g nał ó w , s y s t emy  rad i ow e. 
 
1 .  I nt r odu c t i on 
 
H ist or ic al l y ,  in sc ienc e and eng ineer ing ,  t h e r educ t ionism  w as 

used as g ener al  m et h odol og y .  S c ient if ic  or  desig n p r ob l em  of  any  
c om p l ex it y  w as al w ay s dec om p osed int o sm al l er  c om p onent s and 
t h ose sub c om p onent s w h er e inv est ig at ed/ dev el op ed indiv idual l y ,  
ap ar t  f r om  eac h  ot h er .  A f t er  t h at  p r oc ess al l  sub c om p onent s w er e 
int eg r at ed int o or ig inal  c om p l ex it y  sc al e.  I t  w as sat isf ied 
m et h odol og y  at  t h e er a of  N ew t on or  D esc ar t es ( 1 6 / 1 7  c ent ur y ) ,  
b ut  at  4 0 ’ s of  2 0 th c ent ur y  it  w as ob v ious t h at  dec om p osit ion as 
t h e m et h odol og y  is,  h ow ev er  int uit iv e,  b ut  no l ong er  usef ul  [ 1 ] .  
A nd,  onl y  h ol ist ic  ap p r oac h  is ac c ep t ab l e w h er e al l  sy st em  
c om p onent s ar e ev al uat ed sim ul t aneousl y  and t r ade-of f  dec isions,  
c onc er ning  any  indiv idual  sub sy st em ,  ar e c or r el at ed w it h  al l  ot h er  
sub sy st em s c ur r ent  sp ec if ic at ion c ont inuousl y .  T h is m et h odol og y  
is k now n as S y st em  E ng ineer ing  [ 2 ] ,  h as b een def ined,  dev el op ed 

and used f or  ov er  6 0  y ear s.  F ir st  ef f ec t iv e st ep  int o dir ec t ion of  
t h is k ind of  t h ink ing  c an b e il l ust r at ed b y  t h e ap p ear anc e of  B r it ish  
r adar  sy st em  of  1 9 4 0  ( t h er e w as a sy m m et r y  on t h e G er m an side at  
t h e sam e t im e,  b ut  det ail s ar e l ess k now n) .  P r of essor  of  
M anc h est er  U niv er sit y  P . M . S .  B l ac h et t  f or m ed a t eam  of  ar m y  
of f ic er ,  b asic  p h y sic s sp ec ial ist ,  2  of  m at h em at ic al  p h y sic s,  and 6  
of  ot h er  sp ec ial iz at ions m em b er s ( m at h em at ic s,  p h y siol og y ,  and 
ear t h  sc ienc e) ,  c ov er ing  v er y  w ide sp ec t r um  of  sp ec ial iz at ions.  A l l  
under  dem and of  air  def ense c r it ic iz ed t h e p r ob l em .  I t  is assum ed 
t h at  it  w as t h e m om ent  of  op er at ional  r esear c h  m et h odol og y  
ap p ear ing .   
S y st em  E ng ineer ing  ( S E ) ,  as m et h odol og y ,  w as not  v er y  

p op ul ar  t o sup p or t  sc ienc e ef f or t  or  ev en eng ineer ing .  E v en now  
t h er e ar e m isunder st anding s on t h at  f iel d.  P r ob ab l y ,  t h e r eason is 
t h at  S E  is c h ar ac t er ist ic  f or  b ig  c om p anies of  av iat ion and/ or  
m il it ar y  and usual l y  ov er l oaded b y  f or m al  p r oc edur es of  P r oj ec t  
M anag em ent  t ec h niq ues.  I ndust r y  b r unc h es of  t h is k ind ar e m ost  
m et h odol og ic al l y  and t ec h nol og ic al l y  adv anc ed f or  ob v ious 
r easons and ar e r at h er  h er m et ic .  F r om  h ig h  educ at ion p oint  of  
v iew  it  dep ends on w h at  is t h e indust r ial  l ev el  in a c ount r y .  
S c ient ist s in educ at ion ar e w il l ing  t o m ak e c op ies of  t h eir  sel f  
r at h er  t h an p r ep ar e eng ineer s f or  t h e indust r y .  
O r ig inal l y ,  S E  w as t h e dom ain of  m ec h anic s and el ec t r o-

t ec h nol og y  so;  som e st andar ds in t h ink ing  and t ool ing  w er e m ade 
b ef or e er a of  m ic r oel ec t r onic s and c om p ut ing  t ec h nol og y .  T h e 
ex am p l e:  c o-desig n as t h e p r ob l em  w as r ec og niz ed ab out  1 9 8 5  [ 3 ] ,  
b ut  t h is w ay  of  t h ink ing  w as ob v ious l ong  b ef or e in S E .  I n ot h er  
w or ds,  c o-desig n w as int r oduc ed r at h er  l at e,  and t h e sour c e of  
insp ir at ion w as der iv ed f r om  em b edded sy st em  dev el op m ent  
b ot t l enec k s ob ser v at ions,  not  f r om  S E .  Conc l usion m ay  b e;  t h at   
a l ot  of  t im e and m oney  h as b een l ost  unt il  t h e h ol ist ic  
m et h odol og y  w as r e-inv ent ed in f or m  of  c o-desig n in em er g ing  
b r unc h  of  m ic r op r oc essor  b ased em b edded t ec h nol og y .  
I n t h e el ec t r onic  indust r y  l ast  1 0  y ear s h av e b een c h ar ac t er ist ic  

of  sy st em  l ev el  ap p r oac h ,  k now n as E l ec t r onic  S y st em  L ev el  
( E S L )  [ 4 ] .  E S L  is r ec og niz ed of  h ig h er  ab st r ac t ion l ev el s t h an it  
w as used f or  sof t w ar e or  h ar dw ar e desig n sep ar at el y .  I n f ac t ,  t h is 
h ig h er  ab st r ac t ion l ev el  it  is a w ay  t o p ost p one f or  l at er  h ar d ef f or t  
t o r esol v e c r it ic al ,  det ail ed desig n dil em m as of  l ow er  ab st r ac t ion 
l ev el s dur ing  a desig n p r oc ess.  E sp ec ial l y ,  T r ansac t ion L ev el  
M odel ing  ( T L M )  al l ow s esc ap ing  f r om  det ail s of  int er -m odul ar  
c om m unic at ion p r ot oc ol s [ 5 ] .  H ow ev er ,  E S L  sim p l if ies and m ak es 
m uc h  m or e easy  sim ul at ion and v er if ic at ion and c ut s desig n t im e,  
c om p ar ed t o t h e p r ev ious m et h ods,  al so t h ank s t o enc ap sul at ion of  
f unc t ional  c om p onent s int o h ar dw ar e/ sof t w ar e indep endent  
m odul es,  in m any  t im es r eady  t o use I P s ( I nt el l ec t ual  P r op er t y ,  
l ik e p r oc essing  c or es,  I / O  unit s et c . ) .  A l l  m odul es and t h eir  
int er c onnec t ion st andar ds m ay  b e desc r ib ed using  C-l ik e l ang uag es 
( S y st em C,  as ex am p l e) ,  ev en m or e sim p l if y ing  t ool ing  asp ec t s of  
E S L  m et h odol og y  ( h ow ev er  does not  g uar ant ee usef ul  r esul t s) .  
C-l ik e l ang uag es m ak e E S L  ap p r oac h  m ent al l y  f r iendl y  f or  

t r adit ional ,  p r oc edur al  p r og r am m er s and easer  t o b e ac c ep t ed f or  
new  g ener at ions of  t h em .  S o,  it  l ook s so easy  t o b uil d any  
el ec t r onic  sy st em  of  any  c om p l ex it y  w it h out  k now ing  m uc h  m or e 
t h an p r og r am m ing  in “ C” .  I t  is al so p r om ising  f or  t h e indust r y ;  it  
is m uc h  c h eap er  t o em p l oy  a p r og r am m er  t h an t h e ex p er ienc ed 
h ar dw ar e sp ec ial ist .  B ut ,  m ent ioned b ef or e p ost p oning  of  det ail ed 
p r ob l em s w il l  ap p ear  sooner  or  l at er .  T h e k now l edg e of  det ail ed 
issues of  p h y sic al  l ay er  ev ent ual l y  h av e t o b e used,  in ot h er  c ase 
sy st em  w il l  st ay  v ir t ual  f or ev er ,  no sat isf ied sp eed,  p ow er  
c onsum p t ion,  c ost ,  r el iab il it y  et c . ,  w oul d b e ev er  ac h iev ed w it h out  
c o-v er if ic at ion of  t h e p h y sic al  dom ain dur ing  desig n st ep s.  
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Creating  co-d es ig n meth od ol og y  w e w anted  to cov er th e g ap 
b etw een prog rammers  and  h ard w are d es ig ners ,  b u t creating  E S L  
w e can g enerate mu ch  g reater g ap w h ere more ab s tractiv e 
th inking  prog rammers  of  new  g enerations  w ou l d  b e mu ch  more 
f ar f rom h ard w are d es ig ners  th an ev er b ef ore.  
I n th is  paper th ere is  a s ol u tion pres ented  f or th e real  prob l em 

s ol v ing  f or th e ind u s try  – s ome kind  of  rad ar tech nol og y .  T h ere is  
no room f or many  attempts  b ecau s e th e real  prod u ct mu s t b e 
introd u ced  on time to th e market ( E U  S tru ctu ral  F u nd s  in P ol and ) .  
P ropos ed  s ol u tion is  cons erv ativ e enou g h  to rel ay  on prov en 
meth od s  and  tool s ,  b u t al s o,  innov ativ e at th e s ame time to g et 
prof its  of  u s ing  th e l ates t and  mos t ad v anced  tech nol og y .  
M atl ab / S imu l ink is  u s ed  as  d es ig n entry  and  mod el ing  E S L  
pl atf orm,  w el l  know n and  v erif ied  tool s et ( f or w irel es s  and  
s of tw are d ef ined  rad io [ 6 ,  9 ] ,  rad ar tech nol og y  [ 7 ]  and  g eneral l y ,  
f or D S P  appl ications  [ 8 ] ) .  F P G A  tech nol og y  is  u s ed  f or any  l og ic 
and  compu ting  f u nctions ,  at th e d ev el opment s tag e and  in f inal  
prod u ct appl ication.  
G eneral  cons id eration introd u ced  h ere s erv es  as  th e b ackg rou nd  

f or more d etail ed  d es cription ( s ection 2 )  ab ou t tool  and  
meas u rement d ev ices  u s ed  in R & D  proj ect ref erenced  in th is  
paper.  I n s ection 3  meth od ol og ical  as pects  and  th e d es ig n f l ow  is  
d is cu s s ed .  F inal l y ,  s ection 4  concl u d es  al l  as pects  mentioned  
th rou g h  al l  th e w ork.  
 

2. T o o l s  a n d  m e a s u r e m e n t  d e v i c e s  
 
F ig u re 1  pres ents  th e g eneral  v iew  of  th e R F -s y s tem-in-F P G A  

res earch  and  d ev el opments  s tand .  F or real  s ig nal s  ob s erv ation of  
th e ph y s ical  d omain ( P H Y )  D ig ital  S pectrometer A nal y z er w as  
u s ed ,  ( D S A )  of  R S A 3 0 0 0 B  s eries  f rom T ektronix .  T h is  d ev ice is  
ab l e to captu re and  v is u al iz e R F  s ig nal s  b oth :  in f req u ency  and  
time d omains .  T h is  f eatu re is  ex tremel y  u s ef u l  f or U l tra W id e 
B and  ( U W B )  tech nol og y ,  f or ex ampl e.  T h anks  to ad v anced  D S P  
compu ting  emb ed d ed ,  th e s pectrometer is  ab l e to ex tract and  
correl ate particu l ar f eatu res  of  a s ig nal .  P eriod s  of  s ig nal s  can b e 
s tored  internal l y  and  th en of f -l ine proces s ed  ou t of  th e d ev ice;  
th ere is  d ed icated  s of tw are tool ing  av ail ab l e.  
 

 

 
 
 
 
P C ,  M A T L A B +  

D S A  

S G M  A W G  
A U X .  

S A M  P H E  

 
 
F i g .  1.   B l oc k  d i a g r a m  of  t h e  R F -s y s t e m -i n -F P G A  R & D  s t a n d .  W h e r e :   

D S A  – D i g i t a l  S i g n a l  A n a l y z e r ,  S A M  – S i g n a l  A c q u i s i t i on  M od u l e ,   
S G M  – S i g n a l  G e n e r a t i on  M od u l e ,  A W G  A U X .  A u x i l i a r y  A r b i t r a r y  
W a v e f or m  G e n e r a t or ,  P H E .  - P h y s i c a l  E n v i r on m e n t ,  P C  a n d   
M A T L A B +  a r e  s t a n d a r d  P C  w i t h  M a t l a b / S i m u l i n k  a n d  ot h e r   
a p p r op r i a t e  s of t w a r e  p a c k a g e s  

R y s .  1.   S c h e m a t  b l ok ow y  s t a n ow i s k a  b a d a w c z o-r oz w oj ow e g o d l a  s y s t e m ó w  
r a d i ow y c h  i m p l e m e n t ow a n y c h  w  F P G A .  O z n a c z e n i a  s k r ó t ó w :   
D S A  – c y f r ow y  a n a l i z a t or  s y g n a ł ó w ,  S A M  – m od u ł  p oz y s k i w a n i a  
s y g n a ł ó w ,  S G M  – m od u ł  g e n e r ow a n i a  s y g n a ł ó w ,  A W G  A U X  – d od a t k ow y  
g e n e r a t or  p r z e b i e g u  z a d a n e g o,  P H E  – k om p on e n t y  ot oc z e n i a  f i z y c z n e g o,  
P C  or a z  M A T L A B +  t o s t a n d a r d ow y  k om p u t e r  k l a s y  P C  w r a z   
z  op r og r a m ow a n i e m  M a t l a b / S i m u l i n k  i  i n n y m i ,  w s p ó ł p r a c u j ą c y m i  
p a k i e t a m i  op r og r a m ow a n i a  

 
I n th e pres ented  s ch eme it is  v ery  important th at th os e d ata 

b l ocks  of  interv al s  of  s el ected  s ig nal s  acq u ired  b y  th e 
s pectrometer are th en trans f erred  into M atl ab  env ironment.  

T h anks  to th at l ink ab s tract M atl ab  mod el s  may  b e s timu l ated  
d irectl y  w ith  inf ormation d eriv ed  f rom s ig nal s  of  th e real  w orl d .  
T h e s econd  d ev ice ( S ig nal  A cq u is ition M od u l e – S A M ) ,  al s o 

capab l e to acq u ire real  s ig nal s ,  it is  P CI e ex pans ion b oard ,  ty pe 
X 5 -4 0 0 M  f rom I nnov ation I nteg ration I nc.  T h is  b oard ,  b eing  
control l ed  b y  a s tand ard  P C,  can s ampl e s ig nal s  w ith  5 0 0 M H z  
f req u ency  and  1 6 -b it res ol u tion.  I t is  b as ed  on th e V irtex -5  F P G A  
ch ip f rom X il inx  I nc.  and  is  s u pported  w ith  d ed icated  l ib rary  
mod u l e integ rated  w ith  M atl ab  env ironment.  D ata acq u ired  b y  th e 
b oard  can al s o b e u s ed  to s timu l ate M atl ab  mod el s .  
B as ed  on reconf ig u rab l e F P G A ,  b oard  can not b e u s ed  to 

acq u ire d ata onl y ,  b u t any  D S P  compu ting  ( l imited  b y  res ou rces )  
can b e ex ecu ted  th ere d u ring  prototy ping .  D ed icated  D S P  
f u nctions  are ev entu al l y  impl emented  u s ing  X il inx  I S E  s y nth es is  
tool s  preced ed  w ith  X il inx  A ccel D S P  S y nth es is  T ool ,  S y s tem 
G enerator and  F P G A  M atl ab  mod el ing  f or s y nth es is  ( compl ete 
tool ing  ch ain it is  M A T L A B +  on th e F ig u re 1 ) .  
A noth er V irtex -5  b oard  ( ty pe:  V irtex -5  F P G A  M L 5 0 6  E d ition)  

is  u s ed  as  S ig nal  G eneration M od u l e ( S G M ) ,  rad ar s ig nal s  are 
g enerated  th is  w ay .  S ig nal s  are mod el ed  and  appropriate h ard w are 
mod u l es  are prepared  al s o in M atl ab  env ironment.  B u t,  th e 
v erif ication l oop of  g enerated  s ig nal s  is  not l imited  to th e l oop 
cl os ed  ins id e M atl ab  env ironment onl y .  V erif ication of  g enerated  
s ig nal s  can b e d one any  time b y  connecting  S G M  ou tpu t d irectl y  
to th e inpu t of  D S A .  T h anks  to th at s ig nal s  can b e ob s erv ed  as  real  
in f req u ency  and  time d omains ,  can al s o d irectl y  s timu l ate M atl ab  
mod el s  of  F P G A  b l ocks  of  S A M .  
O n F ig u re 1  th ere is  al s o s h ow ed  A rb itrary  S ig nal  G enerator 

( A W G ) ,  of  A W G 7 0 0 0 B  s eries  ( T ektronix ) .  T h is  d ev ice is  an 
option,  not y et u s ed  b ecau s e of  proj ect cos t l imitations .  T h is  
option,  h ow ev er,  w ou l d  b e v ery  v al u ab l e b ecau s e A W G  can b e 
prog rammed  d irectl y  f rom M atl ab  and  s ig nal  w av ef orms  are 
av ail ab l e immed iatel y  on its  ou tpu t.  N ow ,  th es e s ig nal s  h av e to b e 
g enerated  in S A M ,  it cons u mes  more time of  preparation and  
l imits  th e f l ex ib il ity .  P os itiv e as pect of  th e s itu ation is ,  th at onl y  
th es e s ig nal s  w h ich  are pos s ib l e to g enerate in F P G A  can b e 
ev al u ated ,  as  req u ired  f or th e f inal  prod u ct impl ementation.   
 

3 . M e t h o d o l o g y  a n d  d e s i g n  f l o w  
 
T h e d es ig n f l ow  s tarts  w ith  tes t pattern g eneration mod el  b u il t 

in M atl ab  env ironment ( F ig u re 2 ) .  S ig nal s  of  th e tes t pattern can 
b e,  and  s h ou l d  b e,  v erif ied  w ith  th e u s e of  D S A  b ef ore real  
components  of  P H E  may  b e incl u d ed .  I nternal  v erif ication l oop 
proces s ed  in M atl ab  env ironment u s es  ab s tract mod el s  of  P H E  
components .  A f ter pos itiv e v erif ication of  ab s tract mod el s ,  
ph y s ical  components  of  P H E  may  b e connected .  T es t pattern 
g eneration mod el  is  th en s y nth es iz ed  and  d ow n-l oad ed  into F P G A  
b as ed  S G M  ( or A W G ,  al ternativ el y  can b e u s ed  b ef ore 
prototy ping ) .  R ad io f req u ency  s ig nal s  g enerated  in S G M  are 
av ail ab l e on its  pow er ampl if ier ou tpu t ( ex tra ad d ed  to th e orig inal  
b oard ) .  T h es e s ig nal s  are l ed  to P H E  components  ( u p-conv erters ,  
antennas ,  etc. ) .  S G M  w ith  D S A  connection creates  th e ex ternal  
( ou t of  M atl ab )  l oop of  th e ph y s ical  v erif ication.  S o,  ab s tract 
mod el s  of  th e tes t pattern g eneration can b e anal y z ed  f or th e 
ph y s ical  impl ementation correctnes s .  S G M -D S A -M A T L A B +  l oop 
can b e u s ed  u ntil  inv es tig ation res u l ts  are s atis f ied  and  th e pattern 
g enerated  f ol l ow s  as s u med  cons traints .  
M u l ti-l oop s imu l ation and  ph y s ical  v erif ication b ef ore real  P H E  

components  are u s ed ,  is  critical  b ecau s e el iminates  as  mu ch  as  
pos s ib l e u ncertain as s u mptions  ab ou t ph y s ical  properties  of  P H E .   
A b s tract mod el s  of  P H Y  are u s u al l y  not accu rate enou g h  and  
s ome properties  may  b y  mis s ed  or mis match ed .  S o,  ex ternal  
v erif ication l oop w ith  P H E  components  s erv es  al s o f or v erif ication 
of  res earch  h y poth es is .  E v entu al l y ,  th e ab s tract mod el  of  P H E  w il l  
b e ref ined  and  precis e enou g h  to continu e d ev el opment on 
s imu l ation b as es .  
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Having evaluated acceptable model of PHE and verified some 
ph y sical properties of S G M  implementation,  on th e w ay  to build 
ph y sical prototy pe,  th ere is th e need to add S A M  into th e 
development process.  I n fact,  S A M  implements selected functions 
available already  in D S A ,  but in embedded form and w ith  ability  
of automatic recognition predefined signal patterns in time.  T h is 
observation w as th e base of th e presented configuration of R & D  
stand.  S A M  w ith  its tooling environment offers great flex ibility  of 
evaluation implementation attends.  F irst,  M atlab abstract models 
are evaluated for S A M ,  similarly  as for S G M  before,  and th en 
th ese models are implemented in F PG A  on board to be verified in 
th e ph y sical domain.  
 

 

 S G M  - A M  

 M A T L A B   M A T L A B +  

 D S A  

 S G M  

 M A T L A B +  

 D S A  

 S G M  

 P H Y  

 M A T L A B  

 S A M  - A M  

 M A T L A B +  

 S A M  

 S G M  

 M A T L A B +  

 S A M  

 S G M  

 P H Y  

 C . 1 . 

 C . 2 .  C . 3 . 

 C 4 .  C . 5 .  C . 6. 

 
 
F i g .  2 .   D es i g n  f l o w  b l o c k  d i a g r a m .  W h er e:  C . 1 .  I n t er n a l  s i m u l a t i o n  l o o p  f o r   

S G M  a b s t r a c t  m o d el s  ( A M )  ev a l u a t i o n ,  C . 2 .  S G M  m o d el s  s y n t h es i z ed  a n d  
ex t er n a l l y  v er i f i ed  w i t h  t h e u s e o f  D S A ,  C . 3 .  C o m p o n en t s  o f  P H Y  m o d el s  
f i n a l  r ef i n em en t  ex t er n a l  l o o p ,  C . 4 .  I n t er n a l  s i m u l a t i o n  l o o p  f o r  S A M  
a b s t r a c t  m o d el s ,  C . 5 .  S A M  m o d el s  s y n t h es i z ed  a n d  ex t er n a l l y  v er i f i ed  w i t h  
t h e u s e o f  S G M ,  C . 6 .  F i n a l  r ef i n em en t  ex t er n a l  l o o p  o f  S A M  s y n t h es i z ed  
m o d el s  c o m p l et ed  w i t h  P H Y  c o m p o n en t s  

R y s .  2 .   S c h em a t  b l o k o w y  p r o c es u  p r o jek t o w a n i a .  O z n a c z en i a :  C . 1 .  P ę t l a  
s y m u l a c y jn a  a b s t r a k c y jn y c h  m o d el i  ( A M )  S G M  r ea l i z o w a n a  w ew n ą t r z  
ś r o d o w i s k a  M a t l a b ,  C . 2 .  Z ew n ę t r z n a  p ę t l a  w er y f i k a c ji  s y n t ez o w a n y c h  
m o d el i  S G M  z  u ż y c i em  S A M ,  C . 3 .  P ę t l a  z ew n ę t r z n a  o s t a t ec z n ej 
w er y f i k a c ji  u l ep s z a n y c h  m o d el i  P H Y ,  C . 4 .  W ew n ę t r z n a  p ę t l a  s y m u l a c y jn a  
m o d el i  a b s t r a k c y jn y c h  S A M ,  C . 5 .  Z ew n ę t r z n a  p ę t l a  w er y f i k a c ji  
s y n t ez o w a n y c h  m o d el i  S A M  p r z y  u ż y c i u  S G M ,  C . 6 .  Z ew n ę t r z n a  p ę t l a  
o s t a t ec z n ej w er y f i k a c ji  s y n t ez o w a n y c h  m o d el i  S A M  u z u p eł n i o n a  
el em en t a m i  P H Y  

 
 

4. C o n c l u s i o n  
 
T h e h istory  tells us th at in spite of so great recourses  

of k now ledge available th ere are important obstacles of  
gaining enough  sy nergy  of scientific/ tech nological brunch es 
differentiations.  M ost probable reasons are:  overw h elming volume 
of k now ledge and specializ ation tendency  as th e result of ever 
grow ing competition.  O th er reasons may  be:  directed and 
constrained by  th e h igh er education back ground and terminology  
or specific meth ods and tooling applied for a brunch .  T h e last 
w orth  to mention reason it is th e h uman mentality ;  it is ex tremely  
difficult to w ork -out unified,  interdisciplinary  approach  for 
science or/ and engineering by  a person being already  involved in 
strictly  sch eduled professional activities.  
W h en a real sy stem is developed th ere is no w ay  to avoid 

interdisciplinary  R & D  problems.  I f it is innovative proj ect th ere 
alw ay s can be found q uite a lot of scientific aspects.  I t is 
ch aracteristic,  regardless of h ow  big is an organiz ation responsible 
for th at,  it may  be corporation or S M E ( S mall M edium 
Enterprise) .  F or bigger organiz ations and big proj ects ( airplanes,  

cars)  it is th e problem of building a team ( or corporation of teams,  
or structure of organiz ations)  of specialists of different brunch es,  
and complete it w ith  someone w h o is able to interdisciplinary  
coordinate a proj ect.  F or smaller organiz ations individual persons 
of interdisciplinary  k now ledge and sk ills h ave to be found,  and it 
is much  more difficult.  
How ever,  ED A  w ith  ES L  meth odology  may  play  similar role as 

some time ago F PG A  tech nology  appearance;  in fact,  removing 
A S I C s as economical barrier for S M E.  T h e significant 
meth odological gap ( economically  dictated)  betw een big and 
small companies can be buried gradually  w ith  th e ED A  progress.  
S maller teams or even single specialists being armed w ith  
automated,  interdisciplinary  meth odology  and tooling can do th e 
same as big teams w ith  great money ,  before.  I t may  be smaller 
scale,  but w ith  complete spectrum of scientific/ tech nological 
differentiations.  
I n th is paper th e auth or presents results of th e initial ph ase of 

“ EU  S tructural F unds in Poland”  ty pe proj ect,  started in J anuary  
2 0 0 9 .  Having limited resources of funding and professionals 
available ( S M E)  th ere w as th e must to use in R & D  process most 
advanced tooling and meth ods of a moderate cost.  A s it w as 
mentioned before,  radar tech nology  w as created in th e I I  W orld 
W ar by  th e interdisciplinary  team and th e must of survival 
paradigm.  N ex t decades proved th at radar tech nology  w as domain 
of big industries w ith  good financial condition,  h aving rath er long 
R & D  ph ases.  I f described proj ect succeeds it w ould be th e 
ex ception of th is rule,  in spite of crisis surrounding at th is moment 
( some k ind of “ must of survival” ) ,  and th esis of th is paper w ould 
be proved th is w ay .  
 
5 . R e f e r e n c e s  
 
[ 1 ]  K. J .  S z l a g e r :  S y s te m s  E n g i n e e r i n g  – Ke y  to  M o d e r n  D e v e l o p m e n t, 

I R E  T r a n s . , Pr o f .  G p .  E n g .  M a n a g e m e n t, v o l .  3  p p .  6 4 -6 6 , 1 9 5 6 .  
[ 2 ]  B. S .  Bl a n c h a r d , W . J .  F a b r y c k y :  S y s te m s  E n g i n e e r i n g  a n d  An a l y s i s , 

Pr e n ti c e  H a l l , N e w  Y o r k , 1 9 9 0 .  
[ 3 ]  G . A.  F r a n k  a t a l . ;  An  a r c h i te c tu r e  D e s i g n  a n d  As s e s s m e n t S y s te m  f o r  

S o f tw a r e / H a r d w a r e  C o d e s i g n , Pr o c .  2 2 n d  D e s i g n  Au to m a ti o n  C o n f . , 
I E E E  C S  Pr e s s , p p .  4 1 7 -4 2 4 , 1 9 85 .  

[ 4 ]  B.  Ba i l e y , G .  M a r ti n , A.  Pi z i a l i :  E S L  D e s i g n  a n d  V e r i f i c a ti o n , M o r g a n  
Ka u f m a n n  Pu b l i s h e r s , 2 0 0 7 .  

[ 5 ]  H .  Y a g i , E .  H a r i ta n , G .  S m i th , W .  R o e s n e r , H .  T a n g i , N .  D u tt,  
T  Ko g e l , M .  M c N a m a r a , G  M a n c i n i , E S L  h a n d -o f f :  F a c t o r  E D A  
f i c ti o n ? , D e s i g n  Au to m a ti o n  C o n f e r e n c e , D AC  2 0 0 8.  4 5 th  
AC M / I E E E , p p .  3 1 0  – 3 1 2 , D a te :  8-1 3  J u n e  2 0 0 8.  

[ 6 ]  A.  Bl a i c k n e r , S .  Al b l , W .  S c h e r r :  C o n f i g u r a b l e  c o m p u ti n g   
a r c h i te c tu r e s  f o r  w i r e l e s s  a n d  s o f tw a r e  d e f i n e d  r a d i o  - a  F PG A 
p r o to ty p i n g  e x p e r i e n c e  u s i n g  h i g h  l e v e l  d e s i g n -to o l -c h a i n s , S y s te m -
o n -C h i p , Pr o c e e d i n g s  I n te r n a ti o n a l  S y m p o s i u m  o n , p p .   1 1 1  – 1 1 6 , 
1 6 -1 8 N o v .  2 0 0 4 .  

[ 7 ]  A. S .  Pa i n e , K. J .  H o m e r , J . C .  M e d l e y , P. G .  R i c h a r d s o n :  R e a l -ti m e  
S T AP h a r d w a r e  d e m o n s tr a to r  f o r  a i r b o r n e  r a d a r  a p p l i c a ti o n s , R a d a r  
C o n f e r e n c e , R AD AR  ' 0 8.  I E E E , p p .  1  – 5 , 2 6 -3 0  M a y  2 0 0 8.  

[ 8]  R .  N a n d a , C h i a -H s i a n g  Y a n g , D .  M a r k o v i c :  D S P a r c h i te c tu r e   
o p ti m i z a ti o n  i n  M a tl a b / S i m u l i n k  e n v i r o n m e n t, V L S I  C i r c u i ts , I E E E  
S y m p o s i u m  o n ,  p p .  1 9 2  – 1 9 3 , 1 8-2 0  J u n e  2 0 0 8.  

[ 9 ]  T .  Ke m p f , S .  W a l l e n to w i tz , G .  As c h e i d , R .  L e u p e r s , H .  M e y r :  
A W o r k b e n c h  f o r  An a l y ti c a l  a n d  S i m u l a ti o n  Ba s e d  D e s i g n  S p a c e  
E x p l o r a ti o n  o f  S o f tw a r e  D e f i n e d  R a d i o s , V L S I  D e s i g n , 2 0 0 9  2 2 n d  
I n te r n a ti o n a l  C o n f e r e n c e  o n , p p .  2 81  – 2 86 , 5 -9  J a n .  2 0 0 9 .  

 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Artykuł recenzowany 

 


