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I n f or m a t i on  T e c h n ol og i e s.  S i n c e  2 0 0 2  h a s b e e n  w i t h  
D e p a r t m e n t  of  E l e c t r i c a l  E n g i n e e r i n g  U n i v e r si t y  of  
B i e l sk o-B i a l a ,  w h e r e  h e  i s c u r r e n t l y  a  p r of e ssor .  H i s 
r e se a r c h  a c t i v i t y  f oc u se s on  c om p u t e r  sy st e m s,  
e sp e c i a l l y  t h e i r  se c u r i t y ,  i n  p a r t i c u l a r  c r y p t og r a p h i c  
m e t h od s of  i n f or m a t i on  d e f e n se .  
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A d i u n k t  K a t e d r y  E l e k t r ot e c h n i k i  i  A u t om a t y k i  
A k a d e m i i  T e c h n i c z n o-H u m a n i st y c z n e j  w  B i e l sk u -
B i a ł e j .  J e st  a b sol w e n t e m  W y d z i a ł u  E l e k t r on i k i  
P ol i t e c h n i k i  W r oc ł a w sk i e j .  S t op i e ń d ok t or a  u z y sk a ł   
w  1 9 8 5  r .  n a  P ol i t e c h n i c e  W r oc ł a w sk i e j  S p e c j a l i z u j e  
si ę  w  z a g a d n i e n i a c h   t r a n sm i sj i  i n f or m a c j i  w  sy st e -
m a c h  t e l e k om u n i k a c y j n y c h  i  si e c i a c h  k om p u t e r o-
w y c h .  Z a j m u j e  si ę  t a k ż e  t e c h n i k ą  ś w i a t ł ow od ow ą .  
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A b s t r a c t  
 

I n  t h is d o c u m en t  w e p r esen t  a so l u t io n  t o  a t em p er at u r e m easu r em en t  
asp ec t  in  c er t ain  c o n st an t  m easu r in g  p o in t s w it h  a m o bil e r ead in g  t er m in al  
an d  t h e g l o bal  t r an sm issio n  o f  c r it ic al  v al u es. F o r  t h e p u r p o se o f  o u r  
p r esen t at io n  w e u se a m o bil e p h o n e eq u ip p ed  w it h  B l u et o o t h . T h is p h o n e 
ser v es  as  a m o bil e t er m in al  u sed  f o r  c u r r en t  c o n t r o l  o f  t em p er at u r e  
m easu r em en t  o u t p u t  an d  is t h e r et r an sm issio n  st at io n  f o r  sen d in g   
m easu r em en t  r esu l t s w o r l d w id e u sin g  t h e g l o bal  t el ec o m m u n ic at io n s 
n et w o r k ,  t o  o t h er  m o bil e p h o n es by  t h e m ean s o f  an  S M S  c o n t ain in g  basic ,  
est abl ish ed  in f o r m at io n  abo u t  t h e o u t r eac h in g  c er t ain ,  g iv en  v al u e o f  
bo u n d ar y . 
 
K e y w o r d s :  t em p er at u r e m easu r em en t ,  d at a t r an sm issio n ,  B l u et o o t h ,  
M o bil e Ph o n e. 
 Sy stem  inf orm ac y jno-p om iarowy   wy korz y stują c y  tel ef on kom ó rkowy  G SM  i Bl uetooth  

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

 
W  p r ac y  p r z ed st aw io n o  r o z w ią z an ie z ag ad n ien ia p o m iar u  t em p er at u r y   
w  st ał y c h  p u n k t ac h  p o m iar o w y c h  z  m o bil n y m  t er m in al em  o d c z y t u  
i t r an sm isj ą  g l o bal n ą  w ar t o ś c i k r y t y c z n y c h . T er m in al em  t y m  j est  t el ef o n  
k o m ó r k o w y  w y p o saż o n y  w  B l u et o o t h . T el ef o n  t en  p eł n i f u n k c j ę  
m o bil n eg o  t er m in al a,  sł u ż ą c eg o  d o  bież ą c ej  k o n t r o l i w y n ik ó w  p o m iar ó w  
t em p er at u r y  o r az  st an o w i st ac j ę  r et r an sm isy j n ą  d o  p r z esy ł an ia w y n ik ó w  
p o m iar ó w  w y k o r z y st u j ą c  g l o bal n ą  sieć  t el ek o m u n ik ac y j n ą ,  d o  in n y c h  
t el ef o n ó w  k o m ó r k o w y c h  n a ś w iec ie w  p o st ac i S M S  z aw ier aj ą c eg o  
in f o r m ac j e o  p r z ek r o c z en iu  w ar t o ś c i g r an ic z n ej . 
 
S ł o w a  k l u c z o w e :  p o m iar  t em p er at u r y ,  t r an sm isj a d an y c h ,  B l u et o o t h ,  
t el ef o n  k o m ó r k o w y . 
 1 .  Introd uc tion 
 
T he t emp er at u r e measu r ement  t echnolog y  is one of  t he most  

ex p lor ed  and  ef f ect iv ely  r esear ched ,  in bot h t heor et ical and  
p r act ical asp ect s,  scient if ic d omains.  P eop le hav e d ev elop ed  t he 

D r T e re s a  R A J B A  
 
A d i u n k t  K a t e d r y  M a t e m a t y k i  i  I n f or m a t y k i  A k a d e m i i  
T e c h n i c z n o-H u m a n i st y c z n e j  w  B i e l sk u -B i a ł e j .  J e st  
a b sol w e n t e m  W y d z i a ł u  M a t e m a t y k i ,  F i z y k i  i  C h e m i i  
U n i w e r sy t e t u  W r oc ł a w sk i e g o.  S t op i e ń d ok t or a  n a u k  
m a t e m a t y c z n y c h  u z y sk a ł a  w  1 9 8 1 r .  n a  U n i w e r sy t e c i e  
W r oc ł a w sk i m .  Z a j m u j e  si ę  t e or i ą  p r a w d op od ob i e -
ńst w a  i  j e j  z a st osow a n i a m i ,  r ó w n a n i a m i  i  n i e r ó w n o-
ś c i a m i  f u n k c y j n y m i  i  p r ob l e m a t y k ą  t e or i i  p r z e sy ł a n i a  
i n f or m a c j i .  
 
 
e-m a i l :  t r a b a @ a t h . b i el s k o . p l    
 
t echnolog y  and  met hod olog y  of  t emp er at u r e measu r ement  in 
almost  ev er y  asp ect  of  hu man act iv it y .  N ev er t heless t he 
ov er w helming  p r og r ess of  t echnolog y  in g ener al,  f or ces f u r t her  
d ev elop ment  of  sp ecializ ed  t emp er at u r e measu r ement  t echniq u es.  
T he met hod olog y  and  v ar iou s r emot e t echniq u es ar e w ell k now n 
u su ally  w hen t he measu r ement  sensor s,  r ead ing  locat ion,  
r eg ist r at ion and  p r ocessing  of  measu r ing  d at a r emain const ant .  
A t  p r esent  t ime,  t he u se of  mobile t elecommu nicat ions 

t echnolog y  op ens new  p ossibilit ies in t he measu r ement  and  
cont r ol d omains,  esp ecially  in t he t echnolog y  of  t emp er at u r e 
measu r ement .  
I n sit u at ions w hen d at a ou t p u t  ( r ead ing ,  r eg ist r at ion,  and  

p r ocessing  of  measu r ement  inf or mat ion)  is a mobile st at ion w e 
encou nt er  a new  t y p e of  w or k  or g aniz at ion and  ef f ect iv eness of  
ser v ice and  cont r ol of  cr u cial p ar amet er s ( not  only  t emp er at u r e,  
bu t  also ot her  p hy sical u nit s) .  
A n ex amp le of  p r act ical u se of  t he abov e ment ioned  sy st em 

w ou ld  be a su p er v ision of  bod y  or  or g an t emp er at u r e of  
hosp it aliz ed  p at ient s t hat  r eq u ir e const ant  monit or ing .  O u r  sy st em,  
allow s a d oct or  on d u t y ,  no mat t er  w her e he is at  cu r r ent  t ime 
w it hin t he hosp it al p r emises,  t o cont r ol t he t emp er at u r e of   
a su p er v ised  p at ient  on his p er sonal mobile p hone.  E v er y  
ou t r eaching  of  an est ablished  cr it ical v alu e is r eg ist er ed  and  sent  
t o a p er son in char g e ( or  any  nu mber  of  p eop le)  by  an S M S  w it h  
a d ef ined  messag e.   S u ch a monit or ing  solu t ion of  p ar t icu lar  cases 
d oes not  ad d it ionally  eng ag e t he p er sonnel,  allow ing  nev er t heless 
a q u ick  r esp onse in lif e t hr eat ening  or  d ang er ou s sit u at ions.  
 2 .  Struc ture of  tem p erature m easurem ent sy stem  with  a m ob il e term inal  

 
T he sy st em can be bu ilt  u sing  eit her  a P C  ( 2 4  ent r y  p or t s)   

( F ig .  1 b)  or  a not ebook  ( 5  ent r y  p or t s)  ( F ig .  1 a)  t hat  ser v es as  
a cent r al u nit .  E ach of  t he R S 2 3 2 C  ( E I A  5 7 4 )  p or t s has  
a t emp er at u r e measu r ement  inst r u ment  int er f ace ( M E T E X ) .  T he 
comp u t er ' s t ask s ar e t o obt ain and  analy z e d at a f r om t emp er at u r e 
sensor s,  and  t o maint ain commu nicat ion w it h all inst r u ment s 
inv olv ed .  T he comp u t er  is eq u ip p ed  w it h a B lu et oot h ad ap t er  
w hich allow s f or  r ad io commu nicat ion w it h a mobile t er minal.  
T he r eq u ir ed  nu mber  of  p or t s can be ad d ed  if  necessar y  u sing  
ex t ension car d  – mod el E S C -1 0 0 -D 9 ,  ex p and ing  nu mber  of  ser ial 
p or t s by  2 ,  4  or  8  -in case of  a P C ,  and  mod el  Q S P -1 0 0 ,  
ex p and ing  t he nu mber  of  p or t s by  1 ,  2 ,  or  3  in case of  a not ebook .  
T he nex t  element  of  ou r  sy st em is a mobile p hone S 5 5  u sed  as  
a mobile t er minal t hat  commu nicat es w it h t he cent r al u nit  u sing  
B lu et oot h t echnolog y ,  and  inf or ms r elev ant  p eop le by  S M S  sent  
v ia G S M  net w or k  abou t  ou t r eaching  of  bou nd ar y  v alu es.  F or  all 
t he inst r u ment s,  t hat  mak e u p  ou r  sy st em,  t o f u nct ion w e hav e had  
cr eat ed  t w o d at a p r ocessing  sof t w ar e ap p licat ions – one,  f or  t he 
cent r al u nit  and  t he second  one f or  t he mobile t er minal.  
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Through the central unit software we are able to configure 
d ifferent sy stem parameters.  W e can specify  the q uantity  and  
numbers of mobile phones to which we will be send ing messages 
containing information about outreaching of bound ary .  These 
v alues can be d etermined  ind epend ent of each measuring point.  
 
 

a) u s i n g  a n o t e b o o k  
 

  
b ) u s i n g  a d e s k t o p  P C 
 

  
F i g . 1.   S y s t e m  c o n f i g u r at i o n  
R y s . 1.  K o n f i g u r ac j a s y s t e m u  
 
 

3. W o r k  A l g o r i t h m  
 
I n a measuring sy stem we can d ifferentiate between two mod es 

– measuring mod e and  configuration mod e.  The measuring mod e 
is a cy clic operation execution from the starting moment to 
interrupt of the operation.  I n ord er to switch to configuration mod e 
we need  to stop the transfer of measurement results.  H av ing read  
the sy stem parameters v alues and  sent them to S 5 5  we can return 
to measuring mod e.  
M easurement cy cle begins with the collection of d ata from 

temperature sensors installed  at measurement points.  This task  is 
hand led  by  the central unit ( d esk top or notebook )  software,  which 
“ q uestions”  one by  one the temperature sensors collecting current 
d ata.  I n the next step,  the results table is being placed  within d ata 
field  of B luetooth frame,  and  then sent using rad io wav es to  
a mobile terminal.  H av ing d one so,  the central unit send s another 
frame req uesting the contents of S 5 5  buffer,  to which all the 
inj unctions and  notes of a mobile terminal user are being written 
in the text form.  A fter getting of contents of terminal buffer 
( empty  or not) ,  central unit record s record  in d atabase ( F ig.  2 ) .   
The mobile phone uses the load ed  software to analy z e d ata sent 

by  the central unit – check s if it contains configuration 
information ( configuration mod e) ,  collected  temperature 
measurement v alues ( measurement mod e)  or is it a req uest for 
send ing S 5 5  buffer contents ( measurement mod e) .  I f the receiv ed  
table includ es the read ings of temperature sensors,  S 5 5  software 
analy z es the current v alue of each measurement and  compares it 
with a submitted  in configuration v alue of bound ary .  I f there is  
a outreaching of bound ary  v alue in any  of the measurement points,  
an S M S  containing information about the number of the 
measurement point and  the temperature v alue is generated .  A n 
S M S  is being send  to a phone number pointed  at in the 
configuration utility .   H av ing receiv ed  an information from the 
sensors,  the phone refreshes it on the screen.   D ata is presented  in 
a form of current temperature v alue or a block  history  chart from 
the last 7  read ings.  The measuring cy cle begins with the read ing of 
sensors and  lasts till the moment measured  temperature v alues 

show up on the mobile phone screen ( possibly  till the S M S  is 
generated ) .  The cy cle lasts for 0 , 5 s – 0 , 7 s.  The sy stem functions in 
a sy nchronic manner and  measurement cy cles start ev ery  1 s.  
S y stem process is therefore also registered  through writing one 
record  to base per second  ( 1  record / cy cle) .  The cy clic process of 
the measurement mod e shows us the d elay  of registration in 
d atabase comments,  issued  by  S 5 5  d isposer – v alue is eq ual to less 
then 1 s.  
The second  sy stem processing mod e is configuration.  I t 

happens while the measurement mod e is off.  I t' s task  is to 
d etermine by  the use of central unit software,  the q uantity  and  
number of mobile phones to which S M S  containing alarms and  
v alue of bound ary  of temperature measurement points will be sent.  
A fter being accepted ,  these v alues are sent v ia B luetooth to  
a mobile phone.  H av ing completed  this process we can start 
work ing in the first mod e.   
 
 

Ti m e  Dat e  S e n s o r  1 S e n s o r  2 S e n s o r  3 .... S e n s o r  n  Co m m e n t s  
00: 00: 00 2005-09-01 99999 99999 99999 .... 99999 Te x t  
 
F i g . 2.   R e c o r d  f o r m at  r e g i s t e r e d  i n  d at ab as e  d u r i n g  e ac h  c y c l e  
R y s .2.  F o r m at  r e k o r d u  r e j e s t r o w an e g o  w  b az i e  p o d c z as  k aż d e g o  c y k l u  
 
 

4 . C o m m u n i c a t i o n  b e t w e e n  t h e  c o m p u t e r   
a n d  t e m p e r a t u r e  s e n s o r s  

 
C ommunication between the central unit and  the temperature 

sensors ( M E TE X )  [ 4 ] ,  functions through serial ports R S -2 3 2  and  
the transmission parameters are d etermined  by  a sensor.  E ach 
sensor is connected  with the computer with a separate link ,  
creating a phy sical star topology .  E ach connection between the 
central unit and  the sensor has the following parameters [ 1 ] :  
transmission speed :  1 2 0 0  bit/ s or 9 6 0 0  bit/ s ( M  v ersion) ,  sy mbol 
cod e:  7  bit A S C I I ,  parity  control:  missing,  stop bits:  2 .  
C ommunication through the serial port happens by  

transmission of frames containing commapublicy ck ind s or d ata.  
S ensor is passiv e – it only  respond s to req uests sent by  the 
computer.  The central unit communicates with the sensors using 
two req uests in the form of frames:  establishing connection 4  
by tes ( Tab.  1 ) ,  req uest for read ing transmission 2  by tes  
( Tab.  2 ) . The sensor respond s to both req uest in the same manner;  
send ing a frame containing the v alue of measured  temperature 
( Tab.  3 ) .  The abov e frame in by tes 0 -1  contains temperature 
label,  by tes 2 -7  d etermine temperature v alue,  by tes 1 2 -1 3  – the 
measuring unit.  The tables below present hexad ecimal v alues 
( H E X )  of bits and  their graphic representation ( C H A R ) .  
 
Tab . 1.  Es t ab l i s h i n g  c o n n e c t i o n  ( P C ->  s e n s o r ) 
Tab . 1.  N aw i ą z an i e  p o ł ą c z e n i a ( P C ->  m i e r n i k ) 
 
B y t e  0 1 2 3           
H EX  44 0D 44 0D           
CH A R  D . D .           
 
Tab . 2. R e q u e s t  f o r  r e ad i n g  t r an s m i s s i o n  ( P C ->  s e n s o r ) 
Tab . 2.  Ż ą d an i e  w y s ł an i a ak t u al n e g o  o d c z y t u  p o m i ar u  ( P C ->  m i e r n i k ) 
 
B y t e t  0 1             
H EX  44 0D             
CH A R  D .             
 
Tab . 3.  S e n s o r ' s  r e s p o n s e  ( s e n s o r ->  P C) 
Tab . 3.  O d p o w i e d ź  c z u j n i k a ( m i e r n i k  ->  P C) 
 
B y t e  0 1 2 3 4 5 6 7 8 9 10 11 12 13 
H EX  54 45 20 20 30 30 32 34 20 20 20 20 43 0D 
CH A R  T E   0 0 2 4     C . 
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5. R a d i o  c o m m u n i c a t i o n  b e t w e e n  t h e  P C   
a n d  S  55 t e r m i n a l  ( m o b i l e  p h o n e )  u s i n g  
B l u e t o o t h  s t a n d a r d  

 
T o  co m m unicate b etw een th e P C  and S 5 5  term inal w e use 

B lueto o th  tech no lo g y  ( B T )  [ 6 ] . B o th  central unit and th e term inal 
are eq uip p ed w ith  B T . O ur P C  uses an U S B  B T  adap ter. T h e 
dev ice driv ers create in th e o p erating  sy stem  v irtual serial p o rts. 
O ne o f  th ese p o rts is co nf ig ured to  w o rk  w ith  th e m o b ile S 5 5  
term inal ( serv ice B T  “ serial p o rt link s” )  [ 3 ] . S o f tw are serv ices 
resp o nsib le f o r radio  co m m unicatio n use th e v irtual p o rt [ 2 ] . 
C entral unit so f tw are activ ating  th e v irtual serial p o rt trig g ers 
dev ice driv ers to  estab lish  co nnectio n w ith  S 5 5  m o b ile p h o ne. 
E stab lish ing  o r ending  co nnectio n h ap p ens b y  activ atio n o r 
deactiv atio n o f  th e v irtual serial p o rt.  
H av ing  estab lish ed th e co nnectio n,  co m m unicatio n b etw een th e 

P C  and th e term inal h ap p ens th ro ug h  sav ing  to  sending  b uf f er and 
reading  f ro m  th e receiv ing  b uf f er o f  th e v irtual serial p o rt. D ata 
enters b uf f ers in a p ro p er f ram e. I n th e data f ield o f  th e f ram e w e 
f ind m easurem ent v alues,  co nf ig uratio n data o r co m m ands f o r th e 
m o b ile p h o ne. M easurem ent v alues are co llected f ro m  all 
m easurem ent p o ints and th en transf o rm ed into  o ne string  w h ere 
th e v alues are sep arated w ith  lab els and th en p laced in th e B T  data 
f ield. O n th e m o b ile p h o nes side th e co m m unicatio n is sim ilar. 
D ata sent f ro m  th e co m p uter is read f ro m  th e receiv e b uf f er,  
“ co m m ands and co m m ents”  are p laced in th e sending  b uf f er [ 5 ] .  
B lueto o th  p aram eters [ 3 ] :  B andw idth :  2 , 4  – 2 , 4 8 3 5  G H z ,  

div ided into  7 9  ch annels sp read 1 M H z  ap art,  B T  netw o rk s 
f req uency  “ h o p s”  at a rate o f  1 , 6 0 0  h o p s/ seco nd th ro ug h  th ese 
ch annels at rando m  selectio n ( F H S S ) ,  data transf er 1 M b it/ s. 
 
6 . S y s t e m  s o f t w a r e  t a s k s  
 
PC Software 
 
B asic sy stem  so f tw are task s are:  

• estab lish ing  co nnectio n w ith  th e term inal and th e senso rs 
• co llecting  reading  senso r v alues f ro m  v ario us tem p erature 
m easuring  p o ints 

• creating  B T  f ram e and radio  transm issio n to  th e m o b ile p h o ne 
• co llecting  “ co m m ands and co m m ents”  f o rm  th e m o b ile p h o ne 
v ia B lueto o th  

• reg istering  th e state o f  all m easurem ent p o ints and p o ssib le 
co m m ents in each  cy cle ( o nce p er seco nd)  

• sy stem  co nf ig uratio n ( def ining  b o rder v alues and telep h o ne 
num b ers w h ich  w ill receiv e S M S  alarm s)  

• statistical data analy sis – w arning s ab o ut p o ssib le f uture cro ss 
b o undary  v alues. 
 

M ob i l e Ph on e Software 
 
A dditio nal m o b ile p h o ne so f tw are m ust use th e f o llo w ing  

serv ices:  
• receiv ing  o f  inco m ing  data and co nf ig uratio n 
• sending  “ co m m ents”  to  th e central unit 
• p resenting  current m easurem ent v alues as v alues as w ell as 
b lo ck  diag ram  

• w arning  ab o ut th e state o f  critical v alues b y  sending  S M S  to  
p ro p er p h o ne num b ers. 

 
7 . C o n c l u s i o n  
 
P resented sy stem  w ith  a m o b ile term inal is a sp ecif ic so lutio n 

f o r tem p erature m easurem ent and sending  results using  B T  radio  
tech no lo g y ,  to  a m o b ile p h o ne. T h e sy stem  h as b een activ ated and 
tested in a lab o rato ry . I t th eref o re req uires f urth er tests and 
so f tw are v erif icatio n esp ecially  o n f ield data p ro cessing . T h e issue 
o f  m o nito ring  using  o ur sy stem  do es no t co ntinuo usly  eng ag e th e 

p erso nnel,  w h ich  allo w s th em  to  use th at tim e f o r o th er task s. 
E ach  o utreach ing  o f  critical v alue trig g ers auto m ated resp o nses to  
inf o rm  all in ch arg e th ro ug h  th e g lo b al p h o ne netw o rk . 
I nf o rm atio n is sent to  p redef ined p h o ne num b ers v ia S M S . T h e 
p resented sy stem  h as b een used f o r tem p erature m easurem ent b ut 
can b e easily  adap ted to  sent m easurem ent results o f  o th er 
p h y sical v alues in any  m easurem ent p o int. T h is so lutio n is 
univ ersal since it is no t im p o rtant w h at ty p e o f  data is b eing  
transm itted as w e can easily  adap t th e p ro to co l b y  p ro p erly  
def ining  f ram e f ield. B ased o n th is sy stem  w e can easily  create 
o th er sy stem s th at need B T  radio  co m m unicatio n b etw een a P C  
and a m o b ile p h o ne. W e are co nsidering  dev elo p ing  th at co ncep t 
g lo b ally . I t can create b ases f o r b uilding  a b ig g er m easuring  
sy stem  b ased o n th e G S M  netw o rk . M easurem ent data ( using  
m o b ile p h o nes sp read th ro ug h o ut larg e areas)  co uld b e transm itted 
to  a sp ecif ied central unit and f urth er analy z ed. T h en th e p resented 
sy stem  co uld b eco m e a “ f inal m easuring  statio n”  f o r a g lo b al data 
co llecting  sy stem  b ased o n G S M  netw o rk  ( F ig . 3 ) . D ata co uld b e 
co llected o n a dedicated serv er and analy z ed. 
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