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A b s t r a c t  
 

T hi s  w or k  d i s c u s s es  a  n ew  i n t er d i s c i p l i n a r y  a p p r oa c h t o s t r u c t u r a l  hea l t h 
m on i t or i n g  of  m ec ha n i c a l  s t r u c t u r es . T he g oa l  of  t he p a p er  i s  a n  ov er v i ew  
of  n ew  d i s c i p l i n e,  w hi c h i s  s u b j ec t  t o r a p i d  d ev el op m en t  n ow . N ew  
m et hod s  a n d  S H M  p r oc ed u r es  a r e b r i ef l y  p r es en t ed . T he m et hod s  a r e 
d i v i d ed  i n t o t w o g r ou p s : l oc a l  m et hod s  a n d  g l ob a l  m et hod s . Ad v a n t a g es  
a n d  d i s a d v a n t a g es  of  t he m et hod s  a r e d i s c u s s ed . 
 
K e y w o r d s : S t r u c t u r a l  H ea l t h M on i t or i n g ,  d a m a g e d et ec t i on ,  m on i t or i n g  
s y s t em s ,  d a m a g e l oc a l i z a t i on ,  i n t er d i s c i p l i n a r y  a p p r oa c h t o S H M . 
 
S HM - i n t er dy sc y p l i n ar n e p o dej ś c i e do   
w y k r y w an i a uszk o dzeń  k o n st r uk c j i  

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

 
W  p r a c y  p r z ed s t a w i on o i n t er d y s c y p l i n a r n e p od ej ś c i e d o p r ob l em u  
m on i t or ow a n i a  s t a n u  i  w y k r y w a n i a  u s z k od z eń  k on s t r u k c j i . Pr z ed s t a w i on o 
p r z eg l ą d  p r ob l em a t y k i  z w i ą z a n ej  z  t a  n ow ą  i n t en s y w n i e r oz w i j a n ą  n a  
ś w i ec i e d y s c y p l i n ą . O p i s a n o n ow e m et od y  s t os ow a n e w  S H M ,  d ok on a n o 
i c h p od z i a ł u  n a  m et od y  g l ob a l n e i  m et od y  l ok a l n e. Pr z ed y s k u t ow a n o 
z a l et y  i  w a d y  k a ż d ej  z  g r u p  m et od . Ar t y k u ł  j es t  p i er w s z y m  z  s er i i  
a r t y k u ł ó w  z  z a k r es u  S H M ,  k ol ej n e b ę d ą  p r ez en t ow a ł y  s z c z eg ó ł y  
p os z c z eg ó l n y c h m et od  or a z  p r z ed s t a w i a ł y  i c h z a s t os ow a n i a . 
 
S ł o w a  k l u c z o w e : M on i t or ow a n i e k on s t r u k c j i ,  d i a g n os t y k a  s t a n u  
k on s t r u k c j i ,  w y k r y w a n i e u s z k od z eń ,  l ok a l i z a c j a  u s z k od z eń ,  p od ej ś c i e 
i n t er d y s c y p l i n a r n e d o m on i t or ow a n i a  s t a n u  k on s t r u k c j i . 
 
1 .  I n t r o duc t i o n  
 
S tructura l  H ea l th  M o n i to ri n g i n v o l v es i n tegra ti n g sen so rs a n d  

a ctua to rs,  p o ssi b l y  o f  sma rt ma teri a l s,  d a ta  tra n smi ssi o n  a n d  
co mp uta ti o n a l  p o w er w i th i n  a  structure i n  o rd er to  d etect,  l o ca l i z e,  
a ssess a n d  p red i ct d a ma ges w h i ch  ca n  p o se ca uses o f  structure 
ma l f un cti o n  a t p resen t o r i n  th e f uture [ 1 ,  2 ] .   T y p i ca l  S H M  
sy stem i s a sso ci a ted  w i th  o n -l i n e d a ma ge i d en ti f i ca ti o n  i n  
structura l  sy stems mo st o f ten  a p p l i ed  i n  a i rcra f t [ 3 ]  a n d  ci v i l  
en gi n eeri n g structures [ 4 ] .  T h e S H M  sy stems uti l i z e N D T  
meth o d s,  w h i ch  a re co mmo n l y  ca rri ed  o ut o f f -l i n e a n d  l o ca l l y  i n  
z o n es o f  ex p ected  d a ma ge.  B ut S H M  meth o d s sh o ul d  p ro v i d e rea l  
ti me mo n i to ri n g o f  th e w h o l e structure.   
D a ma ges i n  S H M  a rea  a re d ef i n ed  a s ma teri a l  p ro p erti es o r 

geo metry  ch a n ges o f  th e structure w h i ch  ca n  a f f ect curren t o r 
f uture p erf o rma n ce o f  th e sy stem.  S H M  i s a  n ex t step  i n  ev o l uti o n  
o f  d i a gn o sti cs o f  o p era ti n g structure w h i ch  o ri gi n a ted  h i sto ri ca l l y  
f ro m d a ma ge d etecti o n  i f  d a ma ge o ccurred  th ro ugh  co n d i ti o n  
mo n i to ri n g,  w h i ch  w a s b a sed  o n  gl o b a l  a ssessmen t o f  structure 
co n d i ti o n  d uri n g o p era ti o n ,  to   S H M  w h i ch  sh o ul d  d etect ma teri a l  
o r geo metry  ch a n ges th a t o ccurred  a t ea rl y  sta ge o f  th ei r b egi n n i n g 
[ 5 ] .  S H M  i s i n terd i sci p l i n a ry  a rea  w h i ch  i n tegra tes such  b a si c 
sci en ces a s ma teri a l s sci en ce,  mech a n i cs,  el ectro n i cs a n d  
co mp uter sci en ce,  a n d  i s stro n gl y  rel a ted  to  structures a n d  th ei r 

l i f e cy cl e ( F i g.  1 ) .   D esi gn  o f  S H M  sy stem d ep en d s o n  th e ty p e o f  
d a ma ge w h i ch  ca n  o ccur,  ty p e o f  ma teri a l s a p p l i ed  a n d  p h y si ca l  
p h en o men a  emp l o y ed  f o r d a ma ge d etecti o n .  C o mp l ex i ty  o f  S H M  
sy stem d esi gn  i s ca used  b y  a  l o ca l  n a ture o f  ty p i ca l  ma teri a l  
d a ma ges a n d  ma y  n o t si gn i f i ca n tl y  i n f l uen ce sy stem resp o n se 
mea sured  co mmo n l y  d uri n g o p era ti o n  e. g.  l o w  f req uen cy  
v i b ra ti o n .  A n o th er f ea ture th a t ma k es S H M  d a ta  f ro m d a ma ged  
sy stem d i f f i cul t to  a cq ui re i s a  v ery  l i mi ted  a ccessi b i l i ty  o f  th e 
sy stem.  I t req ui res a n  i n -d ep th  stud y  o f  l o ca l  structure b eh a v i o r 
w i th  th e a p p l i ca ti o n  o f  a n a l y ti ca l  a n d  si mul a ti o n  to o l s w h i ch  a re 
w i d el y  used  f o r un d ersta n d i n g d a ma ged  structure b eh a v i o r a n d  
rel a ted  si gn a l s ch a ra cteri sti cs.   T o  d esi gn  S H M  sy stem mul ti -
p h y si cs a n d  mul ti -sca l e si mul a ti o n  a re req uested .  T h e d esi gn  
p ro cess co n si sts o f  sev era l  step s,  th e mo st ch a l l en gi n g a re: 
sel ecti n g p h en o men o n  w h i ch  i s sen si ti v e en o ugh  to  d a ma ges 
w h i ch  a re to  b e d etected ,  d ef i n i n g req ui red  sen si n g sy stem w i th  
sel f -v a l i d a ti o n  ca p a b i l i ty ,  sel ecti n g d a ta  a cq ui si ti o n  a n d  
p ro cessi n g a rch i tecture,  d ef i n i n g f ea ture ex tra cti o n  a n d  
i n f o rma ti o n  red ucti o n  p ro ced ures,  f o rmul a ti n g a n d  i mp l emen ti n g 
d a ma ge d etecti o n ,  i ts l o ca l i z a ti o n  a n d  si z e a ssessmen t p ro ced ure.  
 
 

 

Material 
S c ien c e Mec h an ic s  

C o m p u ter 
S c ien c e 

E lec tro n ic s  

 SHM 

  
F i g .  1 .   I n t e r d i s c i p l i n a r y  n a t u r e  o f  S H M  
R y s .  1 .   I n t e r d y s c y p l i n a r n a  n a t u r a  S H M  
 
D esi gn  meth o d s a re d ed i ca ted  to  a  gi v en  structure,  gi v en  

ma teri a l s a n d  gi v en  p h y si ca l  p h en o men a  emp l o y ed  f o r h ea l th  
mo n i to ri n g.     
S H M  tech n o l o gy  h el p s to  a ch i ev e b etter o p era ti o n a l  sa f ety  a n d  

h a s eco n o mi c i mp a ct o n  d ecrea si n g ma i n ten a n ce a n d  o p era ti n g 
co sts b eca use a l l o w s p red i cti n g p o ssi b l e d a ma ge l o n g b ef o re i ts 
a p p ea ra n ce a n d  i n  co n seq uen ce gi v es o p era to rs en o ugh  ti me to  
p l a n  serv i ce a n d  ma i n ten a n ce a cti o n .  
 

Damage localization L ev el I I  

Damage assessment L ev el I I I  

Damage p r ed i c ti o n  L ev el I V  

S mar t s tr u ctu r es  
Detec ti o n  

L ev el V  

Damage d etection  L ev el I  

  
F i g .  2 .   M a i n  l e v e l s  o f  S H M  p r o c e d u r e  
R y s .  2 .   G ł ó w n e  p o z i o m y  p r o c e d u r y  S H M  
 
S H M  sy stems ta sk s [ 1 ]  ca n  b e cl a ssi f i ed  a s a  p ro cess co n si sti n g 

o f  th e f o l l o w i n g l ev el s ( F i g.  2 ) ;  l ev el  I : d a ma ge d etecti o n ,  l ev el  I I  
d a ma ge l o ca l i z a ti o n ,  l ev el  I I I  a ssessmen t o f  d a ma ge si z e,  l ev el  I V  
rema i n i n g l i f e p red i cti o n  a n d  l ev el  V  S ma rt S tructures w i th  S el f -
E v a l ua ti n g,  S el f -H ea l i n g o r C o n tro l  C a p a b i l i ti es.  T h e l a st l ev el  o f  
S H M  sy stem i s a p p l i ed  o n l y  to  n ew  structures,  b ut up  to  n o w  o n l y  
i n  l a b o ra to ry  a p p l i ca ti o n s.    
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There are several very close disciplines which include SHM; 
C M – condition m onitoring [ 5 ] ,  N D E - non-destructive evaluation 
[ 3 ] ,  SP C  – statistical process control [ 5 ] ,  D P  – dam age prognosis 
[ 5 ] ,  MP  – Maintenance P lanning [ 6 ] ,  e. g.  R C M – R eliab ility 
C entered Maintenance.  C M is very sim ilar to SHM b ut is 
dedicated to rotating and reciprocating m achinery.  Main 
dif f erences are the f ollowing: dam age localiz ation is 
approx im ately k nown in C M,  type of  dam age is k nown – num b er 
of  possib le dam ages is lim ited,  datab ases with dam age sym ptom s 
are availab le,  very slight inf luence of  environm ental conditions on 
m easurem ent results,  well def ined econom ical b enef its f rom  
em ploym ent of  C M procedures.  O n the other hand SHM has also 
the f ollowing disadvantages: localiz ation of  dam age isn’ t k nown,  
there are dif f iculties in m easurem ents,  dif f icult adm ittance to 
m onitored structural com ponents,  type of  a dam age isn’ t k nown,  
signif icant inf luence of  environm ental conditions on m easurem ent 
results,  relatively high cost of  SHM system  which is a reason of  
application of  the SHM only on critical structure.  C M system s are 
b ased on m easurem ents of  structural responses during operation 
b ut do not use dedicated actuators to ex cite or trigger ef f ects 
which can help to detect dam age.  The dif f erences b etween C M 
and SHM system  are shown in the F ig.  3 .    
 
 a )  
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F i g .  3 .   S c h e m e  o f  t y p i c a l  a )  C M  s y s t e m s ,  b )  S H M  s y s t e m ,  c )  N D T  s y s t e m  
R y s .  3 .  S c h e m a t y  t y p o w y c h  s y s t e m ó w  a )  C M ,  b )  S H M ,  c )  N D T  
 
N D T is usually carried out of f -line in a local m anner af ter 

dam age has b een located,  or periodically to im prove structure 
perf orm ance.  N D T techniq ues are m ainly used to characteriz e 
dam ages and assess their severities if  location is k nown.  The m ain 
dif f erence b etween N D T and SHM can b e noticed in hardware 
architecture.  I n case of  SHM system  sensors and actuators are 
b uild into ( or integrated with)  the structure b ut N D T is an ex ternal 
system  with independent ( not integrated with structure)  set of  
sensors and actuators ( F ig.  3 ) .  The N D T techniq ues are 
im plem ented of f line b ut SHM are im plem ented online.  SP C  
system s are dedicated f or process diagnostics,  not f or structural 
dam ages,  and use a variety of  sensors to m onitor changes in 
process param eters.  The process param eters can change due to 
structural f ailure and in this respect SHM and SP C  are 
com parab le.  D P  process is used to predict rem aining lif e-tim e of  
operating structures within which perf orm ance will rem ain ab ove 
a given threshold.  D P  system s use k nowledge ab out dam age siz e 
and location as well as ex pected operational loads.  The rem aining 
lif e prediction is b ased on predictive m odel that acq uires 

inf orm ation f rom  usage m onitoring system  ( the system  which 
m onitors loading cycle during a structure operation) ,  SHM system ,  
past,  current and f uture environm ental conditions and ex pected 
load levels.  Today’ s D P  system s give only very rough estim ation 
of  rem aining lif e prognosis,  owing to very com plex  physics of  
structure destruction if  m aterial level is to b e considered.  
Multiscale sim ulation m ethods can b e helpf ul to solve this 
prob lem  in the f uture.  The schem e of  interaction b etween dif f erent 
type of  m onitoring system s in D P  are shown diagram m atically in 
the F ig.  4 .  [ 5 ] .  MP  system s use data f rom  installed SHM system  
b ut also help to analyz e historical data to detect events that could 
b e the reason of  perf orm ance drop.  This approach enab les 
preventive service action b ef ore dam age occurrs.  Several 
approaches can b e distinguished within this discipline,  one of  the 
m ost usef ul f or m echanical structure is R C M that helps m inim iz e 
m aintenance costs and m inim iz e risk  of  structural f ailure [ 6 ] .  
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F i g .  4 .   S c h e m e  o f  t y p i c a l  D a m a g e  P r o g n o s i s  p r o c e d u r e  
R y s .  4 .   S c h e m a t  t y p o w e j  p r o c e d u r y  p r o g n o z y  u s z k o d z e n i a  
 
Typical SHM system  includes hardware section,  algorithm ic 

section and sof tware.  Hardware part consists of : sensors,  signal 
acq uisition system s and m icroprocessor system s.  These 
com ponents are em b edded,  work  autonom ously and very of ten are 
b uilt into the structure.  That creates new prob lem s with energy 
supply b ased on em b edded energy harvesting system s and 
necessitates m iniaturiz ation of  sensors and electronics.  O ne 
possib le solution is to m anuf acture dedicated ME MS system s f or 
SHM purpose [ 3 ] .   The sof tware part contains b asic procedures f or 
signal procession,  signal f usion,  hardware control,  structure health 
detection and rem aining lif e prognosis.  I n m ore advanced system s 
sof tware part is related to Health m anagem ent.   
N owadays,  SHM approaches can b e classif ied into two groups; 

glob al m ethods [ 7 ,  8 ,  9 ]  and local m ethods [ 1 0 ,  1 1 ,  1 2 ] .   
The glob al m ethods are perf orm ed if  glob al m otion of  the 

structure is ex cited during structure operation.  V ib ration-b ased 
m ethods b elong to this class.  L ocal m ethods allow inducing 
certain phenom enon which is sensitive to possib le dam age 
occurrence.  This phenom enon should act locally in relatively 
sm all area.  These m ethods include: high-f req uency wave 
propagation b ased m ethods,  im pedance b ased m ethods,  etc.   
The glob al m ethods have the f ollowing characteristics i)  

advantages: m onitoring the whole structure,  only rough sensor 
network  is req uired,  sensors do not necessarily have to b e located 
close to dam age and no k nowledge ab out critical location is 
req uired,  ii)  disadvantages; wave length is approx im ately eq ual to 
dim ension of  structure or com ponent,  lower sensitivity to sm all 
dam ages ( especially f or lower m odes) .  L ocal m ethods have the 
f ollowing f eatures: i)  advantages; m onitoring structural parts 
without necessity of  disassem b ly,  wave length is approx im ately 
eq ual to dim ension of  dam age,  sensitivity to sm all dam ages,  ii)  
disadvantages; req uired dense sensor network ,  sensors that need to 
b e located close to the dam age,  k nowledge ab out critical location 
is req uired.  L ocal m ethods are applied when critical structures are 
tested and early phase of  dam age is to b e detected,  b ut high cost of  
the SHM system  could b e accepted.  G lob al m ethods give rough 
estim ation of  dam age location and siz e b ut can b e use f or dam age 
detection successf ully.   
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Brief  o v erv iew  o f  dif f erent S H M  meth o ds is subj ec t o f  th e nex t 
sec tio ns o f  th is artic le.     
 

2. G l o b a l  S H M  m e t h o d s  
 
T h e glo bal meth o ds mak e use o f  th e f ac t th at lo c al damage,  f o r 

ex ample lo c al stif f ness reduc tio n h as an inf luenc e o n th e glo bal 
beh av io ur in terms time and spac e.   
T h e mo st c o mmo nly  used glo bal meth o ds are v ibratio n-based 

meth o ds [ 1 ] .  L o w -f req uenc y  v ibratio ns h av e been applied in 
diagno stic  purpo ses f o r many  y ears [ 4 ,  7 ] .  T h e ef f ec ts o f  material 
def ec ts,  suppo rting struc ture f ailures o r geo metry  def ec ts o n 
v ibratio n respo nse o f  th e struc ture are w ell k no w n.  T h e relatio n 
betw een struc tural v ibratio n and damages o f  struc tures are used in 
th eir h ealth  assessment.  T w o  ty pes o f  meth o ds c an be 
distinguish ed amo ng glo bal meth o ds;  signal-based [ 4 ]  and mo del-
based [ 7 ,  8 ] .  S ignal-based meth o ds utiliz e relatio ns betw een 
measured respo nses o f  th e struc ture af ter ambient ex c itatio n and 
po ssible damages.  S ignal c h arac teristic s in f req uenc y ,  time and 
time/ f req uenc y  do mains are mo st po pular no w .  T h e meth o ds are 
v ery  c o mmo nly  applied in ro tating and rec ipro c ating mac h inery  
diagno stic s f o r damage detec tio n,  but lo c aliz atio n and damage 
assessment need additio nal inf o rmatio n.   
M o del-based meth o ds emplo y  dif f erent ty pe o f  mo dels o f  

mo nito red struc ture to  detec t and lo c aliz e damage in struc ture.  T h e 
idea is sh o w n in th e sc h eme presented in F ig.  5  [ 9 ] .   
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F i g .  5 .   I d e a  o f  m o d e l  b a s e d  g l o b a l  S H M  m e t h o d  
R y s .  5 .   I d e a  m o d e l u  o p a r t e g o  n a  m e t o d z i e  S H M  
 
M o dels o f  undamaged struc ture and damaged struc ture are 

c o mpared f o r th eir parameters o r o utput and dif f erenc es ( residues)  
are related to  giv en damage and h elp to  lo c aliz e it.  O ne th e mo st 
c o mmo nly  used mo dels in S H M  is mo dal mo del,  w h ic h  c an be 
identif ied o n real struc ture using ex ternal measured ex c itatio n o r 
using ambient v ibratio n and measurements o f  struc tural respo nses at 
many  po ints.  T h ese meth o ds mo nito r th e w h o le struc ture by  
detec ting sh if ts o f  natural f req uenc ies,  inc reases in damping o r 
c h anges o f  v ibratio n mo des sh apes.  M o dal-mo del based meth o ds 
c an be c lassif ied into  th e f o llo w ing gro ups [ 9 ] :  meth o ds based o n 
mo dal parameters perturbatio n ( natural f req uenc y ,  mo dal damping) ,  
meth o ds based o n F R F  ( stif f ness and c o mplianc e)  v ariatio n 
detec tio n,  meth o ds based o n mo de sh ape analy sis,  meth o ds based o n 
detec tio n o n mo des energy ,  meth o ds based o n F E  mo del updating.  
T h e meth o ds based o n mo des sh ape analy sis,  lik e strain energy  

analy sis meth o d o r mo de sh ape c urv ature analy sis are pref erred,  
but req uired S H M  sy stem is mo re c o mplex  th en f o r natural 
f req uenc y  and mo dal damping based S H M  sy stem.   T h e glo bal 
mo del based S H M  pro c edures need no  density  senso r netw o rk  and 
senso rs c an be f ar f ro m th e damage,  but meth o ds are less sensitiv e 
and h av e lo w er spatial reso lutio n c o mpared to  lo c al o nes.  But,  
sensitiv ity  and spatial reso lutio n o f  glo bal meth o ds c an be 
impro v ed by  c o mputatio nal mo del to  interpret c h anges o f  dy namic  

pro perties o f  th e struc ture.  T h e glo bal mo del based meth o ds are 
emplo y ed mainly  f o r S H M  o f  c iv il struc tures.  T h ere are sev eral 
pro blems w h ic h  limit applic atio n o f  th o se meth o ds;  th e f irst is c o st 
o f  mo nito ring sy stem,  w h ic h  is relativ ely  h igh  bec ause o f  v ery  
c o mplex  c abling sy stem,  th e sec o nd being relativ ely  h igh  
inf luenc e o f  env iro nmental c o nditio n o n struc tural dy namic  
pro perties,  w h ic h  are so metimes bigger th en c h anges c aused by  
serio us damage o f  th e struc ture.  T h e f irst pro blem c an be so lv ed 
by  using w ireless senso r based mo nito ring sy stem [ 1 3 ,  1 4 ] .  T h e 
sec o nd o ne c an be so lv ed using spec ial env iro nmental f ilter,  w h ic h  
is based o n mo dal f ilter [ 1 5 ] .    
 
3 . L o c a l  S H M  m e t h o d s  
 
L o c al meth o ds mo nito r struc ture in a small area surro unding 

senso r ( senso rs)  using measurements o f  struc tural respo nse o n 
c ertain ex c itatio n applied.  T h e ultraso nic  w av es [ 1 0 ] ,  eddy -c urrent 
[ 1 6 ] ,  th ermal f ield [ 1 7 ]  o r magnetic  f ield [ 3 ] ,  th ey  are ph eno mena 
mo st c o mmo nly  emplo y ed f o r lo c al S H M  meth o ds.  T h e meth o ds 
w h ic h  are mo stly  in use f o r S H M  are th e f o llo w ing:  ac o ustic  
emissio n meth o d [ 1 1 ] ,  guided w av es meth o d [ 1 0 ] ,  F BG  senso r 
based meth o d [ 1 8 ] ,  v ibro th ermo graph y  [ 1 9 ]  and elec tro mec h anic al 
impedanc e meth o ds [ 1 2 ,  2 0 ] .  T h ere are many  mo re dif f erent 
meth o ds th at c an be asc ribed to  S H M ,  but o th er meth o ds are no t in 
c o mmerc ial use [ 2 1 ] .    
T h e c lassic  N D T  meth o ds,  c h arac teristic s o f  ultraso und w av e 

pro pagatio n in so lid bo dies c an be used,  but in c o ntex t o f  S H M ,  
th e w av es are generated by  permanently  installed ac tuato rs th at 
are integrated w ith  a struc ture.  R espo nse is measured by  built-in 
set o f  piez o  senso rs.  I n th in plate-lik e struc tures w av es are 
pro pagated as L amb w av es and th e meth o d based o n th ese guided 
w av es is o ne o f  th e mo st o f ten pro po sed lo c al meth o d f o r S H M .  
T h e ac tuato rs f o r L amb w av es ex c itatio n generate h igh  f req uenc y  
ex c itatio n in a range betw een sev eral k H z  to  M H z .  T h e length  o f  
suc h  a w av e is similar to  ty pic al damage dimensio n in th e 
struc ture e. g.  w av e w ith  f req uenc y  1 0 0  k H z  h as a length  2 0  mm 
f o r lo ngitudinal w av e in steel.  G uided w av es c an be def ined as 
stress w av es f o rc ed to  f o llo w  path  def ined by  spec imen 
bo undaries.  I n th is applic atio n an ac tuato r is generating w av es in 
th e f o rm o f  h igh  f req uenc y  pulse signal,  mo dulated by  H amming 
w indo w  sinuso idal signal.  T h e signal trav els tro ugh  th e struc ture 
and rebo unds f ro m th e bo undary .  But,  w h en th e w av e c o mes 
ac ro ss struc tural disc o untunity ,  w h ic h  is c o mparable to  its 
w av elength  in siz e,  it sc atters in all direc tio ns.  T o  distinguish  
betw een damage and struc tural f eatures ( geo metric al bo undary )  
o ne needs earlier inf o rmatio n abo ut th e struc ture in its undamaged 
state.  T y pic al measurement sy stem f o r guided w av e meth o ds is 
sh o w n in F ig.  7 .  T h e sy stem c o nsists o f  piez o elec tric  senso r and 
ac tuato r,  po w er supply  f o r piez o ac tuato r c o ntro l and c h arge 
amplif ier f o r c o nditio ning o f  th e signal generated by  piez o senso r.   
I nternal arc h itec ture o f  P A Q  w av e generato r and measurement 
unit are sh o w n in th e F ig.  8 .  T h e dev ic e is based o n tw o  integrated 
c irc uits - F P G A  unit ( 1 )  and mic ro pro c esso r.  A dditio nally ,  P A Q  
1 6 0 0 0 D  is eq uipped w ith  sec tio ns pro v iding pro per o peratio n – 
i. e.  pac k age generato r in th e f o rm o f  env elo pe generato r ( 6 ) ,  
f req uenc y  generato r and multiplier.  T h e f eedbac k  measurement 
c h annel po ssesses c h arge and v o ltage amplif ier and analo gue-to -
digital c o nv erter ( 3 ) .  C o mmunic atio n w ith  th e instrument is h eld 
by  U S B interf ac e and M atL abR  env iro nment.  T h e U S B pro to c o l 
serv ic e is implemented in th e F P G A  unit.  D ue to  th e amo unt o f  
sampled data during th e measurement pro c edure it is no t po ssible 
to  send th em direc tly  to  th e P C .  T h at is w h y  initially  th e F P G A  
unit sto res th e measurement data in th e R A M  memo ry .  A f ter 
c o mpleting th e ac q uisitio n perio d all data are sent to  th e M atL abR  
v ia th e U S B po rt [ 2 2 ] .  
G uided w av e based meth o d h as been applied f o r metallic  

c o mpo site struc tures.  F o r damage detec tio n and lo c aliz atio n many  
dif f erent algo rith ms are implemented.  T h e mo st c o mmo nly  used 
algo rith ms are;  ph ase array ,  beam f o rming w h ic h  are ado pted 
direc tly  f ro m radar tec h niq ues and time o f  f ligh t,  time rev ersal 
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which belongs to time domain methods, wavelets transformation 
based methods which belongs to the grou p of time- freq u ency  
domain methods.  T y pical approach u ses comparison of waves 
time or freq u ency  characteristics measu red du ring stru ctu re 
operation with the same characteristics ex tracted from data 
measu red on healthy  stru ctu re.  A s it can be noticed from measu red 
time waveforms, they  are different and can be u sed for damage 
detection and localiz ation.  
 
 

  
F i g . 6 . T h e  s c h e m e  o f   t y p i c a l  S H M  s y s t e m  b a s e d  o n  g u i d e d  w a v e s   
R y s . 6 .  S c h e m a t  t y p o w e g o  s y s t e m u  o p a r t e g o  n a  f a l a c h  p r o w a d z o n y c h  
 
T he P A Q 1 6 0 0  device has been designed in the frame of the 

proj ect su pervised by  the au thor.  
 

  
F i g . 7 .  I n t e r n a l  a r c h i t e c t u r e  o f  P A Q 1 6 0 0  d e v i c e  
R y s . 7 .  A r c h i t e k t u r a  w e w n ę t r z n a  u r z ą d z e n i a  P A Q 1 6 0 0  
 
T y pical waveforms measu red on composite plates both 

u ndamaged and damaged are shown in the F ig.  8 .   
 
 

  
F i g . 8.  T y p i c a l  t i m e  w a v e f o r m  o f  g u i d e d  w a v e s  
R y s . 8.  T y p o w y  k s z t a ł t  p r z e b i e g u  c z a s o w e g o  f a l  p r o w a d z o n y c h  
 
4. F i n a l  r e m a r k s  
 
S H M  is a new idea of damage detection and localiz ation that 

assu mes that the main cau se of damage is material degradation.  
T he S H M  methods allow monitoring the state of material 
properties du ring operation.  I t req u ires interdisciplinary  approach 
which combines mechanics, electronics, compu ter engineering and 
materials science.  T he S H M  methods are more efficient in damage 
detection than classic vibration-based methods.  C u rrent 

development of S H M  methods leads to the application of 
contactless, wireless, high freq u ency  measu rement methods, 
design in real time and embedded S H M  sy stems.  N ew stru ctu res 
cu rrently  designed, shou ld fu lfill req u irements of low risk  of 
damage.  T hey  have bu ild-in set of sensors, actu ators and 
embedded electronics with microprocessor and commu nication 
capabilities.  F u rther development of S H M  sy stems req u ires new 
au tomatic algorithms of damage detection, localiz ation and 
assessment, new state prognosis methods and algorithms, and 
development of self-diagnosis and self-healing of critical 
stru ctu res.  N owaday s, two main technologies employ ed S H M  
methods.  T hese are aviation ( aerospace)  and civil engineering.  
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