
ra d ia tio n m o nito ring  in a  c lo sed  sp a c e [iv]. Fo r 
instances, a  ro b o tic  c o ntro l vehic le w as d evelo p ed  a f ter  
the a c c id ent o f  Fukushim a  Nuc lea r  A c c id ent to  
rem o tely  m o nito r o n-site ra d iatio n level o f  the rea cto r  
a f ter  the nuc lea r  a c c id ent o c curred . H o w ever, the 
c o m p o nent used  in the d evelo p m ent is o f  tho se w ith 
high ro b ustness to w ar d s ra d iatio n and  tem p erature d ue 
to  the enviro nm enta l c o nstraint [v].
 To  red uce the ef f o rt o f  o p erato rs in sea rching 
o rp han so urce in the ind ustry, the d evelo p m ent o f  
ra d iatio n seeking ro b o t to  lo cate m isp la ced  ra d iatio n 
so urce is co m m enced . The ro b o t is to  f unctio n w ith an 
A rd uino  series m ic ro c o ntro ller  w hich is co m m ercia lly  
availa b le and  c o uld  b e easily  c o ntro lled  f o r  vario us 
f unctio n. 
 The auto no m o us p ath p lanning o f  the ro b o t is 
sim ila r to  the heat-seeking ro b o t and  f ire ex tinguishing 
ro b o t [vi-vii]. It also  uses d ea d  recko ning f o r  the 
lo ca liz atio n o f  the ro b o t w here the ro b o t p o sitio n c o uld  
b e d ed uced  b y  utiliz ing the p o sitio n, trajecto ry  and  
velo city  inf o rm atio n in a  p erio d  o f  tim e [viii-ix ]. 
 To  m inim iz e the enc o d er  erro r, the ro b o t m o tio n is 
f ix ed  at o nly  tw o  genera l ty p e o f  m o vem ents; f ix ed  
d istance straight line m o tio n and  ro tatio n a b o ut the 
vehicle center p o int w here b o th m o to rs are running at 
the sam e sp eed  b ut in o p p o site d irectio n [x ]. 
 Currently, there is no  d o cum ented  resea rch p ap er 
o n the auto no m o us ro b o t to  lo cate ra d iatio n so urce. 
Resea rch f o und  a re o n ra d iatio n m ap p ing w ithin a  
sp ace [x i-x iii]. Hence, this p ro ject is p ro p o sed  to  use the 
w ell esta b lish heat seeking ro b o t technique in lo cating 
m isp la ced  ra d iatio n so urces.

II. L ITERATURE REVIEW

 In this sectio n, the p ath p lanning c o ncep ts f o r  
ro b o ts using d ea d  recko ning a re review ed . They  a re 
d ivid ed  into  three m ain p a rt; m ic ro c o ntro ller  b ased  
m o b ile r o b o t p o sitio ning, d ea d  rec ko ning  b ased  
navigatio n and  the m o tio n guid ance o f  senso r-b ased  
ro b o t.

A.  M icro co ntro ller Based M o bile Ro bo t Po sitio ning
 This p ap er  ex p lained  the b uild ing o f  a  w a reho use 
m o b ile ro b o t navigatio n system  b y  using m ultip le 
senso r  system s kno w n as senso r f usio n [x ], [x iv]. The 
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A bs tr act- L o c ating m isp la ced  ra d iatio n so urce is an 
im p o rtant elem ent in ra d iatio n ind ustry. In this p ro ject, 
the d evelo p m ent o f  an ind o o r ra d iatio n-seeking ro b o t 
w as c o nstructed .  Since the glo b a l p o sitio ning system  
(GPS) is no t availa b le ind o o rs, a  lo ca liz atio n m etho d  
kno w n as d ea d  recko ning is used . The ro b o t uses the 
A r d uino  series m ic ro c o ntro ller  (A r d uino  Uno ) to  
navigate auto no m o usly  w ith an o b stac le avo id ance 
algo rithm  b y  using three ultraso nic  senso rs. It also  uses 
an A rd uino  co m p atib le ra d iatio n d etecto r  m o d ule w ith 
Geiger  M uller tub e d ue to  its w id e range o f  d etectio n. 
On d etecting the m isp la ced  ra d iatio n so urce, the ro b o t 
o verrid es the p rep ro gram ed  p ath and  m o ve to w ar d s 
so urce. Up o n rea ching the m isp la ced  so urce, it w o uld  
sto p  5cm  in f ro nt o f  the m isp la ced  so urce to  p revent 
c o llisio n. The lo catio n o f  the ro b o t w o uld  then b e 
rec o r d ed  w hile the ala rm  w as triggered  to  a lert the 
w o rking  p erso nnel in the w o rksp a c e. The w o rk  
d em o nstrates that it is p o ssib le to  use auto no m o us ro b o t 
to  sea rch f o r  m isp la ced  ra d iatio n so urce in the ind ustry.

K e y w o r d s - A uto no m o us Ro b o t, In d o o r  Ro b o t, 
Ra d iatio n Seeking Ro b o t, Dea d  Recko ning

I. INTRODUCTION
 M isp la ced  ra d iatio n so urces o r also  kno w n as 
o r p ha n so urces o c c urred  quite f requently  a m o ng 
ind ustries w here they  w ere una b le to  lo c a te the 
ra d iatio n so urce w ithin their  p rem ises [i]. In m o st cases, 
the m issing o f  ra d io a ctive so urces w ere rep o rted  d ue to  
the rise o f  c asualties and  injuries that w ere caused  b y  
the ra d io a ctive so urce. Fo r  ex am p le, the ra d io lo gic a l 
ac cid ent in L ilo , Geo rgia  w here nine o f  the ra d iatio n 
w o rkers suf f ered  f ro m  ra d iatio n-ind uced  skin d iseases 
o n vario us p a rt o f  their  b o d ies d ue to  the lo ng ex p o sure 
o f  ra d ia tio n. A f ter  the rep o rts w ere m a d e, sea rch 
o p eratio ns w ere c o nd ucted  m anually  to  retrieve the 
o rp han so urce d esp ite it c o uld  jeo p a r d iz e the hea lth o f  
the sea rching team  no t to  m entio n the inef f ic iency  o f  
the sea rching p a rty  [ii-iii]. These lim itatio ns in return 
highlighted  the im p o rtance o f  having ro b o t-assisted  
searching in the ind ustry.
 H o w ever, the use o f  r o b o ts to  c o nd uc t such 
activities are still lim ited  d ue to  the c o m p lex ity  in 
d evelo p ing auto no m o us ro b o ts w hich co uld  p er f o rm  

Develo p m ent o f  A  Ra d iatio n-Seeking Ro b o t f o r  
L o c ating M isp laced  Ra d iatio n So urces

1 2J. K. L ee , N. K. Rashid

1 , 2 Nu clear E ngineering D epartm ent,  U niversity  T ech no lo gy  M alay sia,  Sk u dai J o h o r,  M alay sia.
1 jin_keat95@ ho tm ail.c o m
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ty p es o f  p o p ular  p o sitio ning system  w ere listed  nam ely  
o d o m etry  (d ea d  recko ning) b ased  navigatio n, active 
b ea c o ns-b ased  na vigatio n system , la nd m a rk-b ased  
navigatio n system  and  m ap -b ased  navigatio n system . 
To  p er f o rm  these system , m ultip le senso r system  is 
need ed  to  c o m p lem ent ea ch o ther to  give a  m uch 
p recise lo catio n o f  the ro b o t. In this case, he a p p lied  
hy b rid  navigatio n that co m b ines the p ercep tio n and  
d ea d  recko ning a re f o und  to  b e c o m p lem enta ry  and  
c o uld  p ro vid e satisf a cto ry  o p eratio n [x v]. 
 O d o m etry  is the m o st w id ely  used  navigatio n 
m etho d  f o r  ro b o t p o sitio ning [x vi-x vii].  W hile it c o uld  
give great sho rt d istance ac cura c y, inex p ensive and  
a llo w  very  high sam p ling rates, o d o m etry  w o rks b ased  
o n  the integ r a tio n  o f  the inc rem enta l m o tio n 
inf o rm atio n o ver tim e w hich inevita b ly  lea d s to  the 
ac cum ulatio n o f  erro rs. Id ea lly, increm enta l w heel 
enc o d ers are used  in o d o m etry  b ased  o n the assum p tio n 
that w heel revo lutio n can b e translated  1 0 0 %  into  linear 
d isp la cem ent relative to  the f lo o r  w hich has very  
lim ited  valid ity  as cases like w heel slip p ages co uld  
o c cur  if  the f lo o r  is m a d e f ro m  sm o o th surf a ce.  Hence 
in o rd er  to  c o rrect the erro rs ac cum ulated  in ro b o t 
p o sitio ning b ased  o n o d o m etry  system  so lely  and  
o b stac les avo id ance, ultraso nic  senso rs a re used  to  
p ro vid e go o d  ra nge o f  inf o rm atio n to  co m p ensate w ith 
the erro r  registered  b y  the o d o m etry.

B. D ead Reck o ning Based Navigatio n
 The p rincip le o f  d ea d  recko ning navigatio n system  
can b e used  to  d eterm ine the current lo catio n b y  
utiliz ing  the p o sitio n, tr a jec to r y  a nd  velo c ity  
inf o rm atio n o ver  a  given p erio d  [viii],[x viii]. The 
system  is self -c o ntained  and  c an alw ays ind ic ate the 
estim ated  lo catio n o f  the ro b o t b y  using d if f erentia l 
enc o d er  a nd  gy ro sc o p e.  In this case, Ka lm an Filter is 
used  to  c o m p ensate f o r  the system atic  erro rs o f  the 
enc o d ers and  the sto chastic  erro rs o f  the gy ro sc o p e to  
enhance the p erf o rm ance o f  the navigatio n system  
[x ix].
 The d ea d  recko ning navigatio n system  uses the 
enc o d er  w hich is d irectly  co up led  to  the m o to r  to  
m easures the d istance tra velled . H o w ever, as the 
enc o d er  erro rs are p ro p o rtio na l to  the d istance m o ved , 
the p o sitio n and  hea d ing angle o f  the ro b o t co uld  
increase w itho ut lim it.  Genera lly, there are tw o  ty p e o f  
enc o d er  erro rs in m easurem ent o f  d istance; o ne is the 
system atic  erro r  w hile the o ther is the no n-system atic  
erro r. System atic  erro rs are d ue to  the unequa l w heel 
d iam eter, d if f erence b etw een actua l w heel b ase and  
no m inal w heelb ase as w ell as the m isalignm ent o f  the 
w heels.  The no n-system atic  erro rs a re tho se erro rs 
w hich canno t b e c o ntro lled  such as uneven f lo o r  and  
w heel slip p age.  In this case, the system atic  erro rs 
co uld  a c cum ulate co nsistently  and  a re d o m inant in 
sm o o th ind o o r  enviro nm ent w hile no n-system atic  
erro rs m ay  b e d o m inant o n ro ugh surf a ce. In this case, 
the Ka lm an Filter  is a p p lied  to  m inim iz e these erro rs o n 

the lo ca liz atio n o f  the ro b o t [x x]. 
 Ho w ever, in this p ro ject, the Ka lm an f ilter is no t 
a p p lied  o n the ra d iatio n seeking ro b o t as it is set to  
m o ve o n a  ro ugh surf a ce and  in f ix ed  d istance straight 
line m o tio n w here the w heel slip p a ge c o uld  b e 
neglected .  The lo catio n o f  the ro b o t is ca lculated  
d ep end ing o n the d irectio n o f  the ro b o t hea d .  A ltho ugh 
the ro b o t und ergo es a  series o f  m o tio n to  turn, the 
p o sitio n o f  the r o b o t rec o r d ed  sho uld  p r o vid e 
satisf a cto ry  result thus elim inating the need s f o r  the 
gy ro sc o p e f o r  Ka lm an f ilter. 

C. M o tio n G u idance o f Senso r- Based Ro bo t
 The tw o  ro b o ts review ed  in this sectio n is the heat 
f o llo w ing ro b o t f ire ex tinguishing ro b o t.
 The c o re o f  the heat f o llo w ing ro b o t [vi] w as 
f o rm ed  b y  an inf ra red  (IR) senso r  and  m ic ro c o ntro ller 
w hic h senses d if f erent intensity  o f  the inf ra red  
ra d iatio n em itted  b y  the so urce.  The central c o ncep t o f  
IR senso rs o n the f ield  o f  view  (FOV) is d iscussed  
w here the FOV  o f  the senso r  is c o nstantly  changing 
w ith the o b ject m o ving aw a y  f ro m  the senso r  w hich 
co uld  c ause ina c cura c y  in the tem p erature o b tained . It 
sho w s the greater the d istance b etw een the senso r  and  
the o b ject, the lesser the o b ject' s rea l tem p erature b e 
taken into  ac c o unt to  the o utp ut tem p erature.  This is 
b ec a use the IR senso r  m ea sures the a ver a ge 
tem p erature o f  a ll surro und ing insid e its FOV.  Thus, if  
the o b ject is f urther  aw a y  f ro m  the senso r, the senso r  
w ill d etect lesser tem p erature o f  the o b ject and  m o re o f  
the surro und ing tem p erature.
 This FOV  p rincip le is also  ap p lied  o n the ra d iatio n 
d etecto r  w here the FOV  is sub jected  to  c o nstant 
changes as the ro b o t is m o ving, thus the ro b o t is 
p r o g r a m m ed  to  o nly  rea d  the r a d ia tio n o f  the 
enviro nm ent w hen the ro b o t sto p s w hich c o uld  red uce 
the erro rs in d etecting the ra d iatio n level.
 Genera lly, the sam e id ea  o f  m o tio ns o n heat 
seeking ro b o t is also  ap p lied  o n the ra d iatio n seeking 
ro b o t w here the ro b o t w ill rea d  the ra d iatio n level o f  the 
surro und ing at the interval o f  45º  angle f o r  a  range o f  
1 80 º . If  the ra d iatio n level d etected  is higher  than 2  
tim es the b a c kgro und , the ro b o t turns to w ar d s the 
so urce and  the straight-line m o tio n.  In co ntrast, the 
heat-seeking ro b o t m o ves to w ar d s the d irectio n w ith 
m ax im um  heat. 
 A s f o r  f ir e ex tinguishing  r o b o t [vii], the 
auto no m o us system  d esigned  is set to  d etect f ires 
a uto m atic a lly  in a  c lo sed  enviro nm ent a nd  c o uld  
p ro m p t the user b y  send ing m essage to  a  m o b ile o r 
ta b let b y  using a  B lueto o th d evice.  The ro b o t c an m o ve 
o n a  sp ec if ic  ro ute b y  using o b sta c les a vo id a nce 
algo rithm s and  c o nd uct a  f ire scan in the m eantim e to  
d etect the p o ssib le f ire so urce.  The ro b o t d esigned  can 
d etect the f ire so urces rand o m ly  p laced  in rand o m  
o b stac les areas and  ex tinguish the f ire w ith the f ire 
ex tinguishing system .
 Since the ra d iatio n seeking ro b o t w as set to  travel 
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ind o o r  na viga tio n a nd  r a d ia tio n d etec tio n o f  the 
w o rkp la ce, the ro b o t d esigned  sho uld  at least b e a b le to  
m o ve a uto no m o usly  and  d etect ra d ia tio n so urces.    
Fig. 2  sho w s the d esign o f  ra d iatio n seeking ro b o t 
w hich c o nsists o f  ultraso nic  senso rs, A r d uino  Uno , H-
b rid ge, Geiger  Co unter kit, p o w er  sup p ly, tw o -w heel 
d rive chassis b o ar d  and  m o to rs. The d evelo p m ent o f  the 
ra d iatio n seeking ro b o t is d ivid ed  into  2  m ain p a rts; the 
navigatio n system  and  the ra d iatio n d etectio n system .

Fig. 2 . Co ncep tual Design f o r  the Ro b o t

 1 )  Navigatio n Sy stem
 The navigatio n system  is resp o nsib le f o r  m o ving 
the ro b o t in a  set p attern. It is guid ed  b y  the d ea d  
recko ning p rincip le w hich uses the ultraso nic  senso r  as 
the eye o f  the ro b o t. It is equip p ed  w ith 3 ultraso nic  
senso rs o n its f ro nt, right and  lef t sid e. It can then d etect 
o b stac les in f ro nt o f  them  and  m o ve auto no m o usly  to  
scan the w ho le ro o m  f o r  m isp laced  ra d iatio n so urces as 
sho w n in Fig. 3. The m o tio ns invo lved  a re f ix ed  
d istance straight line m o tio n o f  30 cm  and  ro tatio n 
a b o ut the ro b o t center  to  turn the ro b o t into  ano ther  
d irectio n as these tw o  ty p es o f  m o tio n co uld  m inim iz e 
the enc o d er  erro r  in d eterm ining the lo catio n o f  the 
ro b o t. The straight-line m o tio n o f  30 cm  is f ix ed  f o r  the 
ro b o t to  serve the p urp o se o f  the o b stac le' s avo id ance 
f o r  the ro b o t as the ro b o t as the ro b o t has a  b o d y  length 
o f  a p p ro x im ately  2 5cm . A f ter  ea ch m o vem ent o f  30 cm  
as ind ic ated  as ' n'  in Fig. 3, the ro b o t w o uld  stay  at the 
sam e p o int to  p er f o rm  ra d iatio n d etectio n w hile at the 
sam e tim e m easuring the d istance b etw een the ro b o t 
and  the o b stac les. 

Fig. 3. Path p lanning o f  ra d iatio n seeking ro b o t in a  
c lo sed  ro o m

auto no m o usly, the m echanism  o f  B lueto o th is no t 
necessary  w hile the p ath p lanning o f  the ro b o t is sim ila r  
to  the p ap er review  w here the ultraso nic  senso rs d ecid e 
the m o tio n o f  the ro b o t a c c o r d ing to  the p o sitio n o f     
the o b sta c les. There a re a lso  no  c o unterm easures   
ta ken b y  the ra d ia tio n seeking  r o b o t o ther  tha n   
a lerting the p erso nnel thro ugh ala rm  to  co nd uct the 
d ec o ntam inatio n o f  the m isp la ced  ra d iatio n so urce in 
the w o rkp la ce invo lve a  series o f  c o m p lex  a ctio n 
d ep end ing o n the siz e and  activity  o f  the ra d io iso to p es.  
In this p ro ject, the o b jective o f  the ro b o t is o nly  set to  
a lert the w o rker o n the lo catio n o f  the m isp la ced  so urce 
w hile the f urther  actio n o f  retrieving the so urce and  
d ec o nta m ina tio n a re d ep end ing  o n the w o rking 
autho rities.

III. M ETHODOL OGY 
 Fig. 1  sho w s the f lo w cha rt o f  m etho d o lo gy  to  
d evelo p  the r a d ia tio n seeking  r o b o t. A f ter  the 
c o ncep tual d esign o f  the ro b o t is d evelo p ed , the d esign 
f o r  b o th the navigatio n system  and  ra d iatio n d etectio n 
system  a re d esigned  f o llo w ed  b y  its testing. If  the 
system s f unctio n w ell, they  are integrated  to gether  to  
b ec o m e the ro b o t. The ro b o t then und ergo es testing to  
check its a b ility  to  a chieve the o b jectives.

Fig. 1 . Flo w cha rt o f  M etho d o lo gy  in the d evelo p m ent 
o f  Ra d iatio n Seeking Ro b o t

A. C o nceptu al D esign 
 Since the sco p es o f  the p ro ject are f o cusing o n 
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 The d irectio n changing o f  the ro b o t is co nd ucted  
b y  using the p rincip le o f  d if f erentia l d rive as sho w n in 
Fig. 4 [x x i]. Fo r ex am p le, if  the right m o to r  turns 
antic lo ckw ise w hile the lef t m o to r  turns clo ckw ise at 
the sam e sp eed , the ro b o t co uld  ro tate to w ard  lef t.  B y  
c a lib rating the turning tim e o f  the m o to r, the turning 
angle also  co uld  b e ex p ected . The sam e p rincip le also  
a p p lied  to  the right turning.

Fig. 4. Directio n Changing M echanism  o f  the Ro b o t 
[x x i]

 A f ter ea ch m o vem ent is co m m enced , the ro b o t 
w o uld  sto p  a nd  sc an its p erim eter  w ith ra d ia tio n 
d etectio n system  b ef o re m o ving  to  nex t sc anning 
p o sitio n. If  o b stac les are d etected  less than 35cm  in 
f ro nt o f  the ro b o t, it w o uld  turn right 90 ° and  m o ve 
f o rw a r d  30  c m  b ef o re turning ano ther  90 ° at the right. 
The ro b o t w o uld  then co ntinue to  scan the ro o m  b ef o re 
d etecting ano ther  o b stac le. This tim e, the ro b o t w o uld  
turn lef t 90 °, m o ve f o rw a r d  30 cm  and  turn ano ther 90 ° 
to  c o ntinue scanning the ro o m . In case o f  turning, if  
o b stac le is d etected  w ithin 30 cm  o f  the d esired  turning 
d irectio n, the ro b o t w o uld  sto p  m o ving and  the ala rm  
system  is triggered  ind ic ating it has f inish scanning the 
ro o m .
 2 )  Radiatio n D etectio n Sy stem
 The ra d iatio n d etectio n system  is resp o nsib le to  
d etect ra d iatio n at the ro b o t' s p erim eter  b y  using the 
ra d iatio n d etecto r. The d etecto r is p ro gram m ed  to  take 
the b a ckgro und  ra d iatio n c o unt rate w hen the system  
started . As the ro b o t f inish ea ch f o rw a r d  m o vem ent, it 
w o uld  sto p  m o ving and  the ra d iatio n d etecto r w hich is 
attached  to  the senso r  servo  m o to r  w ill d etect the 
ra d ia tio n level o f  the surro und ing  f o r  every  45º  
d irectio ns as sho w n in Fig. 5.

Fig 5. Scanning M echanism  o f  Ra d iatio n Seeking 
Ro b o t

 If  the ra d iatio n d etected  is greater than tw ice the 
b ac kgro und  rea d ing, the navigatio n system  o f  the ro b o t 
w ill b e o verrid d en and  turn to w ar d s that angle w ith 
m ax im um  ra d iatio n level registered  and  m o ve f o rw a r d  
until it rea ched  an o b stac le. If  the ro b o t registered  1 .2  
tim es grea ter  ra d ia tio n level tha n the m a x im um  
ra d ia tio n rec o r d ed  p revio usly, the ro b o t w ill turn 
to w ar d s the d irectio n o f  greater  c o unt rate and  c o ntinue 
to  m o ve to w ar d s the m isp la ced  ra d iatio n so urces. If  the 
r o b o t c o nf irm ed  tha t o b sta c les a re the ra d ia tio n 
so urces, it w ill sto p  5cm  b ef o re it and  trigger  the ala rm  
to  a lert the w o rking p erso nnel.

B. Sy stem  D esign 
 Fig. 6 sho w s the o vera ll b lo ck  d iagram  o f  the 
ra d iatio n seeking ro b o t w hich illustrates the f unctio nal 
relatio nship  b etw een c o m p o nents such as DC m o to r, 
ra d iatio n d etecto r, m ic ro c o ntro ller, ultraso nic  senso r 
and  a la rm . In this case, the A r d uino  m ic ro c o ntro ller a ct 
as the b ra in o f  the ro b o t to  retrieve and  send  signal f ro m  
and  to  ea ch co m p o nent to  achieve the o b jectives.

Fig. 6. Overa ll B lo ck Diagram  o f  Ra d iatio n Seeking 
Ro b o t
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 Fig. 9 sho w s an o verall sim p lif ied  f lo w cha rt o f  
r a d ia tio n seeking  r o b o t to  sea rc h f o r  m isp la c ed  
ra d iatio n so urce. The ro b o t w o uld  f irst rec o r d  the 
b ac kgro und  ra d iatio n f ro m  its initia l p o sitio n. It then 
m o ved  f o rw a r d  and  sto p  to  scan its p erim eter f o r  
ra d iatio n. If  the ra d iatio n d etected  is greater  than tw ice 
the b a c kgro und , it w o uld  b e registered  as ' m a x ra d '  and  
the d etecto r  w hich w ill m o ve o n to  the nex t angle to  
c o ntinue scanning p ro cess. If  the ra d iatio n d etected  is 
higher  than the p revio us m ax im um  ra d iatio n, the ro b o t 
w o uld  turn to w ard  the d irectio n and  m o ve f o rw a r d . The 
system  is rep eated  until the ro b o t co uld  lo cate the 
ra d iatio n so urce and  triggered  the ala rm .

Fig. 9. O p eratio na l Flo w cha rt o f  Ra d iatio n Seeking 
Ro b o t

C. C o m po nents
 The co m p o nents used  in this ro b o t is A r d uino  Uno , 
2 -w heel m o to r  chassis kits, DC m o to rs, d ual H-b rid ge 
m o to r  d river, senso r  servo  m o to r, ultraso nic  senso rs, 
A r d uino  c o m p a tib le ra d iatio n d etecto r, a la rm  a nd  
p o w er sup p ly.
 The chassis kit selected  is c o m p o sed  o f  a  rea d ily  
m a d e 2 2 cm  x  1 5cm  Plex iglas, high-qua lity  tires w ith 
the ra d ius o f  3.3cm , b iax ial gea r  DC m o to rs alo ng w ith 
the sp eed  enc o d ers and  a  caster  w ith the alum inium  
m etal f astener. The selectio n o f  Plex iglas chassis b o ar d  
o n the ra d iatio n seeking ro b o t is d ue to  its high 

 The structura l b lo ck  d iagram  o f  the navigatio n 
system  is as sho w n in Fig. 7. It c o nsists o f  the p o w er 
sup p ly, ultraso nic  senso rs, A r d uino  m ic ro c o ntro ller, 
m o to rs and  ro b o t w heels. The ultraso nic  senso rs a re 
p o w ered  b y  a  9V  DC b attery  c o nnected  to  the A rd uino  
m ic ro c o ntro ller  w hile the m o to rs are p o w ered  b y  8 AA  
DC b attery  co nnected  in series to  give a  to ta l vo ltage o f  
1 2 V. The A rd uino  m ic ro c o ntro ller w o uld  send  and  
rec eive signa l f r o m  the ultraso nic  senso r  w hic h 
ind ic ates the p o sitio n o f  the o b stac les in the p erim eter 
o f  the ro b o t. It w o uld  then co m m and  the m o to r  to  either 
m o ve f o rw a r d  o r  turn to  p revent co llisio n w ith any  
o b stac le.

Fig. 7. Structural B lo ck Diagram  o f  Ra d iatio n 
Seeking Ro b o t- Navigatio n M o d ule

 Fig. 8 sho w s the structura l b lo ck  d iagram  o f  the 
ra d iatio n d etectio n m o d ule. It illustrates the interactio n 
b etw een  ea c h  c o m p o nent f r o m  the A r d uino  
m ic ro c o ntro ller, the senso r  servo  m o to r, ra d ia tio n 
d etecto r, ro b o t m o ving m o to r  and  a la rm . The A rd uino  
w o uld  c o m m and  the servo  m o to r  to  m o ve in a n 
increm ent o f  45° until 1 80 °. A f ter  ea ch increm ent o f  
angle, the servo  m o to r  w o uld  sto p  w hile the d etecto r 
w o uld  start the ra d iatio n d etectio n p ro cess. It w o uld  
then m o ve f o rw a r d  and  c o ntinue the scanning p ro cess 
until it d etects the ra d iatio n so urce w hich w as ind ic ated  
b y  the ultraso nic  senso rs. Then, the ala rm  system  
w o uld  b e triggered  to  ind ic ate the successf ul attem p t in 
lo cating the m isp la ced  ra d iatio n so urce.

Fig. 8. Structura l B lo ck Diagram  o f  Ra d iatio n 
Seeking Ro b o t- Ra d iatio n Detectio n M o d ule

Tech nical J o u rnal,  U niversity  o f E ngineering and T ech no lo gy  ( U E T )  T ax ila,  Pak istan      Vo l. 2 3 No . 4 - 2 0 1 8
I SSN:1 81 3- 1 7 86  ( Print)   2 31 3- 7 7 7 0  ( Online)

Ultraso nic  senso r

M o to r  Inter f a cePo w er
Sup p y M icro c o ntro ller,

A r d uino

Co m m and

Enc o d ers

L im it

Drive
Enc o d ers

Drive

Enc o d ers

Drive

Right
W heel

L ef t
W heel

A la rm

M icro c o ntro ller,
A r d uino M o to r  Interf a ce

Senso r servo
m o to r  (angle)

Po w er
Sup p ly

Ra d iatio n Detecto r

Ultraso nic
Senso r

Drive
Enc o d e

Right
w heel

L ef t
w heel

S tart

Read B G, set m ax rad=0

Record position  ( x,y) = ( 0,0 )

M ove forw ard del ta d, set an gl e =-0

Record position ( x,y)

Read Radl vl

No

No

Radl vl >
2 B G

Position  =
{position }

Yes
Yes Max rad=radl vl, m ax an gl e=an gl e

No
No

A n gl e
<=180

Yes
A n gl e=an gl e + 4 5 ,

Read radl vl

Radl vl >
m ax rad

Turn  to m ax an gl e

YesNo D isFron t
<=3 0 cm Turn  on  al arm S TOP

Review
The Program  is in itial ized

BG  is read, m ax rad is set to 0,
Position  is set to ( 0,0 )

M ove the robot by del ta d, set
an gl e=0

Position  of robot is recorded

Read radiation

I f ( radl vl  >=  2 tim es B G ) , {
M ax rad is equal  to radl vl,
m ax an gl e=an gl e}

I f ( an gl e<=180 ) , 
{A n gl e=an gl e+ 4 5 ,
read radl vl }

I f ( radl vl > m ax rad) , {
M ax rad is equal  to radl vl,
m ax  an gl e=an gl e}

E l se
G o to I f ( an gl e<=180 )

E l se
Turn  to m ax an gl e

I f ( disfron t<=5 cm )
Turn  on  the al arm
{S top program }

E l se
G o to M ove the robot by del ta
d, set an gl e=0

E l se if ( position  is el em en t of
position )  {
S top the program

E l se
G o to M ove the robot by del ta
d, set an gl e=0



35

 Calib ratio n and  test a re c o nd ucted  o n the system  
b y  m easuring the b a c kgro und  ra d iatio n c o unt rate and  
the c o unt rate o f  sp ecif ic  so urce o b tained  in Nuclea r  
Physics L a b o rato ry  in UTM . The turning m o tio n o f  the 
servo  m o to r  w as also  ca lib rated  to  ensure the ro b o t can 
achieve the m echanism  sho w n in Fig. 4 w hen d etecting 
the ra d io a ctive so urce.
 The so urce-d etecto r d istance is set ac c o r d ing to  the 
ra d io a ctive so urces used  w ithin the la b o rato ry. It is 
assum ed  that the range o f  the d etecto r  is the d istance 
w here the co unt rate d etected  b y  the d etecto r  is tw o  
tim es b igger  than the b ac kgro und  c o unt rate. In this 
p ro ject, the m inim um  range o f  60 cm  is need ed  f o r  the 
ro b o t in ensuring the ra d iatio n d etectio n and  c o llisio n 
avo id ance o f  the ro b o t.
 Ho w ever, the c o unt rate o f  the d etecto r  is sub jected  
to  the ef f ic iency  o f  the d etecto r  itself . Thus, the 
ra d io a ctive so urce need s to  have high ra d io a ctivity  to  
m ake sure the d etecto r  can at least d etect tw o  tim es the 
b ac kgro und  ra d iatio n f ro m  a  range o f  60 cm . Hence, the 
r a d io a c tive so urc e suita b le f o r  r o b o t testing  is 
d eterm ined  in the ra d iatio n d etectio n testing.
 The d etecto r  c o unt rate is also  co m p a red  w ith the 
result o b tained  f ro m  the RDS-31  M o d ular  Ra d iatio n 
Survey  M eter  to  ensure the va lid ity  o f  the result 
o b tained  f ro m  the SB M -2 0 . The RDS-31  is a  c o m p a ct 
GM  tub e-b ased  ga m m a  ra d ia tio n d etecto r  w ith a  
c a lib ratio n ac cura c y  o f  ± 5% . It also  has a  large d o se 
rate m easurem ent range f ro m  0 .0 1 µ Sv/h to  0 .1 Sv/h 
[x x iii]. Fro m  the d atasheet o b tained  f o r  the SB M -2 0 , 
the c o nversio n f a cto r  o f  the tub e a lso  a llo w s the c o unt 
rate to  b e c o nverted  into  d o se rate and  the result c o uld  
then b e verif ied  b y  c o m p a ring it w ith the result f ro m  the 
RDS-31  survey  m eter.

F. Sy stem  I ntegratio n 
 A f ter  system s are tested  and  c a lib rated , they  a re 
integrated  into  a  c o m p lete ro b o t. The Geiger  c o unter  kit 
is lo c ated  a b o ve the servo  m o to r  to  m ake sure that the 
d etecto rs co uld  d etect the o rigin o f  the ra d iatio n and  
m o ve to w ar d s it b y  c o ntro lling the m o to r  o f  the ro b o t.

G . Ro bo t T esting 
 Field  testing is c o nd ucted  b y  p lacing a  ra d io a ctive 
so urce at a  lo catio n w ith a  kno w n p o sitio n w ithin the 
la b o rato ry. The w o rkp la ce is then tap ed  w ith so m e 
clo th tap e w hich c o uld  ind ic ate the p o sitio n o f  the ro b o t 
and  the ra d iatio n so urce. The ro b o t is then p laced  at the 
o rigin p o sitio n o f  (0 ,0 ) and  initiated  as p er  ex p lained  b y  
the m echanism  m entio ned . The o rigin (0 ,0 ) is at the 
lo catio n in ro o m  as sho w n in Fig. 1 2 .

d ura b ility  and  is m uch chea p er  in c o st as co m p a red  to  
o ther m etal chassis [x x ii].
 The GM  d etecto r  is also  rea d ily  m a d e and  a cquired  
a f ter  c o m p a ring  m ultip le d etecto rs a vaila b le. The 
selec tio n o f  d etecto rs is c o nd ucted  b ased  o n the 
sensitivity  and  ef f ic iency  o f  the d etecto r to  a chieve the 
o b jectives o f  the p ro ject.
 The a p p a ra tus need ed  is the so ld ering set o f  
electro nics as there a re p lenty  o f  electric a l co m p o nents 
invo lved  in the d evelo p m ent o f  the ro b o t.

D . Navigatio n Sy stem  D esign and Testing
 The navigatio n system  o f  the ro b o t is c o m p rised  o f  
b asic  c o m p o nents f o r  the ro b o t to  m o ve a ro und  and  
scan the w o rkp la ce as sho w n in Fig. 1 0 .

Fig 1 0 . A rd uino  Circuit Diagram  f o r  the Navigatio n 
System

 The system  is tested  w ith the m o ving c o m m and  
such as f o rw a r d  m o vem ent and  turning o f  lef t o r right. 
Ea ch straight-line d istance is ca lib rated  and  set at 30 cm  
to  ensure that the lo c a tio n o f  the ro b o t c o uld  b e 
id entif ied  a f ter  ea ch m o vem ent.
 The navigatio n system  is also  tested  o n the ro b o t 
w hether  it c a n m o ve a c c o r d ing  to  the ex p ec ted  
trajecto ry  as sho w n in Fig. 3.

E . Radiatio n D etectio n Sy stem  D esign and Testing
 The selec ted  Geiger  tub e f o r  this p ro ject is     
SB M -2 0  w hich is c o m p atib le w ith the Geiger  co unter  
kit. It has an ef f ective tub e length o f  91 m m  and  an 
ef f ective d iam eter  o f  1 0 m m  w hich allo w  it to  d etect 
b o th b eta  and  gam m a  ra d iatio n ef f ectively. The Geiger  
co unter kit as sho w n in Fig. 1 1  is integrated  into  the 
ra d iatio n d etectio n system .

Fig. 1 1 . Geiger  Co unter  Kit f o r  the Ra d iatio n 
Detectio n System
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o ther  is the ra d iatio n d etectio n system .
 1 )  Navigatio n Sy stem
 Fro m  the testing c o nd ucted , the ro b o t c o uld  m o ve 
in a  straight line b y  turning b o th m o to rs at the sam e 
sp eed . Ho w ever, the m o vem ent o f  the ro b o t in turning 
into  b o th right and  lef t are no t co nsistent. This is 
b ec ause the ty p e o f  thir d  w heel used  in the ro b o t is a  
ro ller  caster  ty p e w heel w here a d d itio nal energy  is 
need ed  to  change the d irectio n o f  the ro ller b ef o re it is 
used  to  turn the d irectio n o f  the ro b o t. 
 Fo r  an auto no m o us ro b o t, the essence o f  the ro b o t 
m o vem ents need s to  b e ac curate and  p recise. Since the 
tim e sp end  f o r  the ro b o t to  turn either right o r lef t is 
f ix ed , this d irectio n c o uld  und ergo  d ram atic  changes if  
so m e o f  the tim e is sp ent to  change the d irectio n o f  the 
ro ller  o r m uch turning is ap p lied  in the m o vem ent o f  the 
ro b o t.
 One o f  the p o ssib le so lutio ns f o r  the p ro b lem  
d etected  c o uld  b e the usage o f  b all caster  w heel w hich 
w o uld  no t sp end  the allo cated  tim e to  turn the d irectio n 
o f  the ro ller  c aster [x x iv]. The w heels in f ro nt o f  the 
m o to rs w ere changed  to  b a ll c aster  w heel as sho w n in 
Fig. 1 3(b ) w hich allo w  o m nid irectio na l m o vem ents 
w itho ut any  a d d itio nal ef f o rt to  change the d irectio n o f  
the caster  itself .

Fig. 1 2 . W o rkp la ce setup  o f  f ield  testing

IV. RESUL T AND DISCUSSION

 The result and  d iscussio n o f  the ro b o t a re d ivid ed  
into  sub -system  testing and  ro b o t testing.

A. Su b-  sy stem  Testing Resu lt and D iscu ssio n
 There a re 2  sub -system s testing co nd ucted  in this 
p ro ject. One o f  them  is the navigatio n system  w hile the 
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Fig. 1 3. Ro b o t Design
(a) w ith ro ller  c aster (b ) w ith b a ll c aster

so urce is used  f o r  test run o f  the ro b o t, the d etecto r  
co uld  no t rec o gniz e the ra d iatio n so urce if  the d istance 
b etw een the d etecto r is m o re than 30 cm .
To  increase the range o f  the d etecto r, the strength 

o f  the ra d io a ctive so urce need s to  b e increased . Hence, 
the ra d io a ctive sea l so urce is changed  to  Eu-1 52  w hich 
has an activity  o f  61 1 0 kB q. The sam e testing is also  
co nd ucted  o n Eu-1 52  to  check  the d istance w here the 
co unt rate is tw ice the b ac kgro und  c o unt rate. It is 

2 )  Radiatio n D etectio n Sy stem
Ta b le I sho w s the co unt rate o f  the d etecto r  at 

d if f erent so urce to  d etecto r  d istance w hen tested  w ith 
Co b alt-60 . It is no ticed  that the p o int w here the co unt 
rate d etected  is 2  tim es greater  than the b ac kgro und  
ra d iatio n lies b etw een the so urce to  d etecto r  d istance o f  
1 5cm  to  30 cm .  W hile the c o unt rate d etected  at the 
d istance o f  30 cm  is 48cp m  w hich is alm o st sim ila r  to  
the b ac kgro und  c o unt rate. It ind ic ates that if  the sam e 
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greater  d istance, it is seen that the erro r  b etw een the 
d etecto rs and  the survey  m eter  d ec reases. It ind ic ates 
the verif ic atio n o f  the d ata  o b tained  f o r  the d etecto r  as 
the ex p o sure increases w hile d istance red uces.

TAB L E III
COM PARISON OF DATA  OB TAINED FROM  SURVEY 

M ETER AND COUNT RATE

 The b ig d if f erence in the p ercentage erro r  o b tained  
f o r  the ex p o sure rate f o r  the SB M -2 0  co m p a red  w ith 
the survey  m eter  m ay  b e d ue to  the d ea d  tim e o f  the 
SB M -2 0  d etecto r and  the survey  m eter. As the activity  
o f  the so urce increases, their  d ea d  tim e also  m ight 
increase w hich lea d  to  the inac curac y  o f  the result 
o b tained . In a d d itio n, the rea d ings o b tained  f ro m  the 
survey  m eter  a lso  m ight no t b e a c c ura te as the 
ex p erim ent is c o nd ucted  c o nsecutively  in a  sho rt 
am o unt o f  tim e. W hile the ca lculatio n o f  d o se rate f ro m  
the survey  m eter  is b ased  o n the to tal d o se received  
d ivid ed  b y  the am o unt o f  tim e, the result o b tained  f ro m  
the survey  m eter  m ay  yet to  b e sta b le and  a f f ect the 
ac cura c y  o f  the rea d ings. The c o m p a riso n also  w o uld  
b e m o re ac curate and  usef ul if  the result o b tained  f ro m  
the survey  m eter co uld  b e d isp la yed  in the unit o f  c p m .

B. Ro bo t T esting and D iscu ssio n 
 Fig. 1 4 sho w s the m o vem ent o f  ro b o t d uring the 
testing.  The ro b o t w as a b le to  m o ve f o rw a r d  30 cm  f o r  5 
tim es b ef o re turning to w a r d s the d irectio n o f  the 
ra d io a ctive so urce w hen it is w ithin ro b o t d etectio n 
range. The lo catio n d etected  w as (60 , 1 50) w hile the 
ro b o t is a b le to  sto p  in f ro nt o f  the so urces and  initiate 
the ala rm  system . It ind ic ates that the ro b o t c an lo cate 
the ra d ia tio n so urc e a nd  m o ve to w a r d s it w hile 
avo id ing co llisio n w ith any  o b stac les.

co nd ucted  w ith an increm ent o f  1 5cm  d istance up  until 
1 0 5cm . The result o f  ra d iatio n testing o n Eu-1 52  is as 
listed  in Ta b le II. Fro m  the result, the so urce to  d etecto r 
d istance w hich has 2  tim es the b a ckgro und  c o unt rate 
lies b etw een 60 cm  to  75cm  w hich f ulf il the sco p e o f  the 
p ro ject in term  o f  the m inim um  range o f  the d etecto r. 
Hence, the ra d io a ctive so urce used  f o r  the ro b o t testing 
is set as Eu-1 52 .

TAB L E I
TESTING OF RADIATION DETECTION SYSTEM  W ITH  

Co -60
B ackgro und  Co unt Rate: 40  c p m

TAB L E II
TESTING OF RADIATION DETECTION SYSTEM  W ITH       

Eu-1 52
B ackgro und  Co unt Rate: 43 c p m

 Desp ite the d if f erence in unit m easurem ent, there 
is also  a  relatio nship  b etw een the d o se rate and  c o unt 
rate o f  the d etecto r. It is the c o nversio n f a cto r  o f  the 
d etecto r  w hich is 0 .0 0 57 ac c o r d ing to  the Geiger tub e 
d atasheet[x x v]. In this case, b y  d eterm ining the c o unt 
rate o f  the d etecto r in the ro b o t testing, the o p erato r  
c o uld  p revent this am o unt o f  ex p o sure w hile lo cating 
the m isp laced  ra d iatio n so urce. Hence, the a p p licatio n 
o f  ra d iatio n seeking ro b o t c o uld  aid  the o p erato r  in 
red ucing the ra d iatio n ex p o sure w hile lo cating the 
m isp la ced  ra d iatio n so urce.
 Ta b le III sho w s the c o m p a riso n o f  d o se ra te 
o b tained  f ro m  the d etecto r and  the survey  m eter. A t a  
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So urce to  
Detecto r 
Distance 
(cm )

Average 
Co unt 
Rate 
(c p m )

Co unt Rate (cp m )

C2C1 C3
0 .1
7.5
1 5.0
30 .0

2 736
2 40
1 2 8
44

2 660
2 60
1 1 2
44

2 732
2 56
1 52
56

2 70 9
2 52
1 31
48

Average 
Co unt 
Rate 
(c p m )

Co unt Rate 
(c p m )

C2C1 C3

So urce to  
Detecto r 
Distance 
(cm )

Survey  
M eter  
(µ Sv/hr)

1 5.0
30 .0
45.0
60 .0
75.0
90 .0
1 0 5.0

72 0
2 72
1 68
88
92
84
64

60 0
2 60
1 32
1 1 6
52
60
60

60 4
2 44
1 2 0
1 0 8
80
56
60

641
2 58
1 40
1 0 4
74
66
61

1 .70
0 .97
0 .54
0 .42
0 .32
0 .2 9
0 .2 7

Average 
Co unt 
Rate 
(c p m )

So urce to  
Detecto r 
Distance 
(cm )

Do se Rate (µ Sv/hr)

1 5.0
30 .0
45.0
60 .0
75.0
90 .0
1 0 5.0

SB M -2 0  RDS-31  
Survey  
M eter

Erro r  
(% )

641
2 58
1 40
1 0 4
74
66
61

3.6537
1 .470 6
0 .798
0 .592 8
0 .42 1 8
0 .3762
0 .3477

1 .70
0 .97
0 .54
0 .42
0 .32
0 .2 9
0 .2 7

1 1 4.92
51 .61
47.48
41 .1 4
31 .81
2 9.72
2 8.78
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w hich allo w s the ro b o t to  navigate thro ugh air  and  no t 
lim ited  o n f lat and  ro ugh surf a ce o nly  [x x vii]. The 
lo ca liz atio n o f  the ro b o t c o uld  a lso  invo lve o ther ty p e 
senso rs such as c am era  f o r  visual im age p ro cessing as 
an ind irect Ka lm an f ilter  to  im p ro ve the ac cura c y  o f  the 
p o sitio n rec o r d ed  [x x viii]. The p ath p lanning o f  the 
ro b o t co uld  a lso  b e im p ro ved  b y  invo lving the m ap  
genera tio n o f  the w o rksp a c e f o r  the c a lib r a tio n 
p urp o se. Then, the m ap  generated  c o uld  b e d isp la yed  
o n the screen w hich allo w s the o p erato r  to  d etect the 
p o sitio n o f  the ro b o t easily  as w ell as the ra d iatio n level 
d etected  in the ro b o t. L ast b ut no t least, the ra d iatio n 
m ap p ing c o uld  b e c o nd ucted  b y  using the sam e p ath 
p lanning to  sho w s the ra d iatio n d istrib utio n w ithin the 
ro o m  [x x ix]. It can also  b e used  to  estim ate the lo catio n 
o f  the m isp la ced  ra d iatio n so urce f ro m  the ra d iatio n 
m ap p ing c o nd ucted .
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