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T he  aim  of th is pro jec t is to  de sign  advanc e d op e rato r int er fac es fo r un der wate r 

r ob ot s and to  develo p a spe cific  inst an ce  fo r AN UÕs veh icle,  Kamb ar a.  T h e

int er fac es r ece ive state  in fo rm ation  from  t h e ro b ot s an d pre sen t it  to  t h e oper ato r

in in tuitive  gr ap hic al re pr esen t at io n s,  while re c eiving co mm ands fr o m th e 

o pe rato r .

T he  mot ivatio n fo r this pro je ct  st em s fro m the  fact  that  unde rwat er  ro bo t s

r equire  adequat e guidanc e  and co nt ro l to pe r fo rm  useful tasks.   Th e  eve n tual

goal is to  e n ab le  a user  to  c omm an d an unde r wate r  rob ot  to  h old stat io n on a re e f

o r swim  alon g a pip e , an d to have th at user  ob se r ve  the  re sults via re al- time 

updat es of a GUI. 

T his pr o je ct  has de velop e d a sy ste m which  uses Java 2 an d it Õ s co mm unicat io n

m et ho d RMI  to  pro vide cr o ss-n et wor k cap ab ilities.  This allows multip le  user s to 

vie w th e  stat e of th e ro b ot , wh ile  h aving on ly  o n e user  co nt r ol it.  S pe cific ally ,  the 

c ro ss-n e twor k c ap ab ilitie s allo w update s  o f t he  ro bo tÕ s stat e in fo r matio n at  a rate 

o f 10 Hz if the  c lie nt  re ce ives packe ts dir e ct ly ,  but  o n ly  4 Hz if a ser ver  is pre se n t

in th e syste m .  S tat e in for matio n is tr an sm itt ed usin g UDP packet s,  wh er e as

c on tr ol re que st s make use  of RM I  met h ods.  A basic  con tr o l sy ste m is

imp le me n te d,  allo win g a point -an d- click m et h od o f o pe rat io n. 

A ddit io n ally ,  a t hr ee  dime nsion al mo de l of th e rob ot  was cr e at ed usin g Java 3D, 

givin g the  user  an int uit ive se n se  o f p osit ion .
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C h a p t e r  1 

1 . I N TR O D UC T I O N

A t th e Austr alian  Nation al Un ive rsit y , an  auto no m ous un der wat er  veh icle, 

K am bara,  is being de ve lo p ed for  tasks in ex p lo rat io n an d insp ec tion .   Th e 

o bjec tives ar e to  en ab le  subm er sib le  ro bo ts to  auto no mo usly searc h in re gular 

p at te rn s, to  fo llow alon g fix ed natur al and ar tific ial featur es, an d ult imate ly  to 

swim aft er  dy namic tar ge t s.   Th e se  capabilit ie s are  esse nt ial to tasks like 

c at aloguin g ree fs, exp lo r in g ge o lo gic  featur es, and studying marine  cr eat ur es, as

well as in sp e ct in g pip es an d cab le s,  an d assistin g dive r s. 

T he  unde rwat e r ve hic le  is nam ed Kamb ara, an  Aust r alian Abo rigin al wo rd fo r

c ro co dile.   Kam baraÕ s me c hanical str uct ur e (sh own  in Figur e 1)  was de sign e d an d

fab ricat ed by  the  Un iver sit y of Sy dn e y.   It  is a simp le ,  low- co st  un de rwate r

veh ic le  suit able as a te st- be d for  re se ar ch  in  un de rwat e r ro b ot  aut o no my .   At  th e

A ustr alian  Nation al Un ive rsit y,  th e task has bee n  under t aken  to  equip Kam bara

wit h po wer , ele ct ro n ic s,  co mp ut ing an d se nsing [  1 ]

Figure 1: Kambara.

D ur in g the  in it ial testin g st age s,  an  opt ic al fib re  tet h er  is in place , run ning fr om 

t he  veh icle to th e syste m  c on tr ollin g K am bar a.   It is de sire d t hat in th e  lon g- t er m, 

t his te t he r is re mo ved t o  allow fo r rem ot e,  auto n om ous act ivity .
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1.1. Aim 
T he  aim  of th is pro jec t is to  de sign  advanc e d op e rato r int er fac es fo r un der wate r 

r ob ot s and to  develo p a spe cific  inst an ce  fo r AN UÕs veh icle,  Kamb ar a.  T h e

int er fac es will rec e ive state  in fo rm ation  fr om  th e ro bo t s an d pre se n t it  to  the 

o pe rato r  in int uitive gr aph ic al re pr e se nt at ion s.   T he  in te rface s th e n re c eive 

c om mands fro m  the  op er at o r via mouse ,  key bo ard or  a com b in at ion  to indic ate 

t he  desire d act io ns fo r the  r ob o t. 

1.2. Motiva tion
Under wat er  ro bo ts re quir e  ade quate  guidan ce  an d con tr ol to  pe rfor m use ful

t asks.  Th e ope rato r  int e rfac e int er p re ts te le me t ry  and pr ese nt s a num er ical

e xp re ssion  o f veh ic le st ate .  I t  will p rovide a met ho d for  ge ne ratin g co m mands to

t he  veh icle int er fac e fo r  dir ec t  tele op er at ion  of veh ic le mo t io n an d for 

sup er visor y con tr ol of th e on -b o ar d modules.   Th e  eve nt ual go al is to en able a

use r to  co mm and an under wat er  ro bo t to ho ld st at ion  on a ree f or swim alo ng a

p ip e,  an d to  have  t h at  user  obse rve the  r esult s via r eal-t im e  updat e s of a gr ap h ic al

use r in t er fac e (G UI ) .

1.3. S cope
S pe cific ally ,   th e GUI  be in g de velop e d sh ould pr o vide  a mo re  in tuit ive 

r ep re se n tatio n of in fo rm ation  th an  similar Aut on o mo us Un de rwate r Ve h ic le 

( AUV)  in te rface s pr e se nt ly be in g deve lo pe d in th e  wor ld.   Th e  exact  fo rm  of t his

r ep re se n tatio n (see  Figur e 2)  is dir ec tly  relat e d to  so me  of the  sp ec ific so ftwar e

o bjec tives.

Figure 2: Screenshot of the Kambara interface.
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1.3.1. Software Goals

T he  soft ware  re quir e me nt s o f th e  p ro jec t ar e  t o: 

· p re se nt  th e rob ot  te le me t ry  info rm at ion  to the  user  in an in t uitive  gr ap h ic al

r ep re se n tatio n, 

· develop  th e int er fac e to  have  cr oss- n et wo rk capab ilit ie s, allowin g multip le 

use rs to  vie w the  st at e of th e rob ot ,  while  havin g on ly  on e use r co n tr ol it .

S pe cific ally ,  the  cr oss- n et wo rk capab ilit ie s will allow up dat es  of th e rob ot Õs

state  in fo rm ation  at  a r ate  o f at le ast  10 Hz. 

· p ro vide  a th r ee  dim e nsio n al mode l of th e ro b ot , to give  th e use r an  in tuitive 

sen se  o f p osition ,

· develop  a co n tr ol sy st em  fo r th e  rob o t wh ic h  allo ws sim p le  po in t- an d-c lic k

c on tr ol fr om  th e in t er fac e, 

· p ro vide  th e ability  to  view foo t age fro m th e  r ob o tÕ s on b oard came ras,

T he  cro ss- ne t wo rk po rt ab ility  is an imp or tan t st e p th at  will make  th e in t er face 

m or e easily acc essib le  fo r re se arc h pur po se s, as we ll as gain in g out side  in te re st in 

t he  p ro jec t.   A ll o t he r rob ot ics gro ups e xam in ed de ve lo p  t he ir in te r faces wit h one 

vie we r in min d;  whe r eas the  Kam b ar a int er fac e will allo w mult ip le  user s to view

t he  stat e of th e ro b ot , while  allo win g on e use r to take  co nt r ol.

T he  con t ro l syste m for  Kamb ar a allows for  simp le  po in t- and-c lic k co n tr ol fr om 

t he  int e rfac e .  B y using Java 3D , co n side rat io n was made  for  lo ng-t e rm 

develop m en t,  wh en  alte rn ative  de vice s m ay  b e  use d for  c o nt ro l.

V ideo  is like ly  t o be display ed to  t h e user  by  usin g a digit ise r to  co nt inually  re fr e sh 

an im age  whic h will be  pr esen te d in the  GUI .   Ho wever , this relie s on th e 

sub marin e de velop me n t having re ach ed th e po int , for  this t o hap pe n.   Oth e rwise, 

an im age  p lac eh olde r  will b e use d in  an ticip at io n  o f a video  st re am . 

1.3.2. Java and the use of Java 3D

T he  use  of t h e Java pr ogr am ming language is on e imp or tan t asp ec t wh e re  t h e

K am bara in te r face  st an ds out fr o m ot h er s.   N o ot h er  AUV  in te r face s that have

b ee n ex amine d so far  make  use  of Java.  I n addit ion  to using th e Java

p ro gr am m in g lan guage , th e  Kam bar a in t er face  ut ilise s th e  ver y  lat est 
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develop m en ts of this lan guage .  Th e most re c en t ver sion  of Java (ve r sion  2) ,

c on tain s S win g libr aries wh ic h enable  e xc it ing n e w de ve lop me n ts wit h  a G UI. 

Fin ally ,  ver y  few in te rface s have 3D  mo de ls to  assist  th e use r.   Th e  Kam b ar a

int er fac e will make  use of th e eme rging A pp lic at ion  Pro gramming I nt e rfac e  ( API) 

kno wn  as Java 3D to  pr ovide  the  user  with  an  int uit ive rep re sen tatio n of th e

sub marin eÕ s posit io n .

I ne vitab ly , whe n de velop ing an int er fac e fo r  any  kind of veh icle it  is ne ce ssar y  to

p ro vide  a visual re p re se n tation  of it  in or der  to  assist  an ope rato r    Many  gro und

b ased ro bo ts make  use of two dim en sio nal vie ws of the  ve hicle , ofte n  fro m  two 

diffe re n t an gle s (p e rh ap s a top  view an d a side vie w) . Howeve r,  it see me d mor e

app ro pr iat e to use a 3D model fo r Kam bara, due  to  the  fact  th at  it has five 

indep en den t degre es of fr ee do m.  Th is come s abo ut  fr om  t h e fac t th at  Kamb araÕs

five th r uste r s en ab le ro ll,  p it c h,  y aw,  h eave an d sur ge  mano e uvre s. 

J ava 3D  also  pr ovide s th e  cap ab ility  to  rec e ive inp ut s fro m som e of th e lat est

inp ut  de vice s, such  as six- de gr e es-o f-fre edo m tr acker  in fo rm ation .  Th is allo ws

for  t he  use of cutt ing e dge  t ec h no lo gy to  c o nt ro l t he  r o bo t. 

1.4 T hesis Outline
B earing in  mind the  aims of this pro jec t,  th e de t ails to  com e  have bee n based on 

fir st ly  ex am ining aspe ct s relat ing to  GUI Õs in  ge ne ral.   Followin g this is an 

e xaminat io n of th e var io us st age s of th e So ftwar e  Develo pm en t  Life Cyc le 

n ee de d to co m plet e suc h a p ro je c t. 

C hapt er  2 in vestigat es re late d pro je c ts at oth er  re se ar c h lab s an d organ isation s.

T his in c lude s the  ex am in ation  of int e rfac es fr om  no t on ly AUV s but man y oth er 

sourc es also .   Fo llo wing th is, the  human- co m pute r  int er act io n  con sider at ion s fo r 

t his pr o je ct  ar e in vestigat ed.

I n Ch ap t er  3,  the  re ason s for  se le ct ing the  Java pr ogram ming language ar e 

discusse d,  pr io r to  givin g an  in tr oduct io n to th e  Software  De ve lo pm e nt  Life 

C yc le  ( S DL C)  up on  wh ic h this pr o je ct  is b ase d. 
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T he  init ial stage s of th e  SDL C,  an aly sis an d design , ar e  det ailed in  Chap te r 4, 

discussing th e sp ec ificat io ns de te rm ine d fo r  the  pr ojec t , an d the  me th od fo r

c om plet ing t h e de te r mine d t asks

T his is th en  co nt in ued in  Chapt e r 5 wit h th e  imp lem en tat io n sec tion .   So m e of

t he  p ro b le ms en co un t er ed alon g the  way are discusse d,  alon g wit h th e  app lic at io n 

o f th e evaluate d de sign.   Follo win g this,  Ch ap te r  6 com p ar es th e re sults of

imp le me n tatio n,  wit h  t he  so ft war e ob jec tive s o f the  p ro jec t. 

C on clusion s are  drawn in  Ch ap te r  7, alo ng with  a disc ussio n of th e wor k which 

c ould c o nt in ue usin g t his p ro je c t as a basis.

C le ar ly ,  whe n  under t akin g any  pr ojec t , it  is imp o rt an t to be  awar e of th e  con te x t

in wh ic h  the  wo rk is bein g do ne .  The  ne xt  ch ap te r  con sider s oth er  wo rk re lating

t o th e develo pm en t of GUI s as we ll as con sider in g t he  im pact  th at  t h e use  of th e 

G UI  will h ave  o n a use r. 
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C h a p t e r  2 

2. R E L A TE D W O R K  A ND  HUM A N- C O M P U TE R  I NT ER A C T I O N

E xaminat io n of ot he r  e xisting A UV pr o je cts and r o bo tics pr oject s in ge ne r al h ave 

b ee n im p or tan t in  de sign ing the  GUI for  Kam b ar a.   While  th e infor mat io n on

o th er  AUV in t er face s is scarc e,  th er e  are  many  ot he r so urc es of info rm at ion 

which  can be  used to  plac e th e Kam bar a GUI in an  ap pr op r iate  co nt ex t .  I t  has

also be e n be n efic ial to con side r  hum an- mach ine  in te ract ion  issues wh en 

develop ing t h e Kamb ara in te rfac e .

2.1 Related Wo r k

2.1.1. Comparison to AUV interfaces

V er y fe w oth e r AUV develo pe rs pr ovide d in fo r matio n ab out  the  sp ec ifics of

t he ir   veh ic leÕ s in t er fac es. De spite  th is, infor m at io n was gath er ed ab out  the 

int er fac e fo r  the  AUV up o n wh ic h  Kam b ar a was base d.  This veh icle,  called

Obe ro n,  is base d at  th e Unive rsity  of Sydne y . Th e  code for  th is pro jec t was

writt en  in  Visual C++ an d made ext en sive use  of TCP/I P (se e Glo ssar y )

c om munic at io n s to  allo w for  an eve nt - dr iven  paradigm to  be  im plem en t ed.  Th e

c om munic at io n s fo r Kam bar a was based alon g sim ilar line s, ho wever  an  RMI 

c on ne ct ion  was used (see  Ap pe ndix A) . 

2.1.2. Comparison to general interfaces

I n addit io n to st udy in g the  int e rfac e s of un de rwate r ve h ic le s aro un d the  wo rld, 

addit io n al me th ods have bee n use d to  ex am in e  the  ty pe s of gr aph ic al

r ep re se n tatio ns t hat  m igh t be  n e ce ssary  o n Kam bar a. 

2.1.2.1. Other Robotic or Simulator Interfaces

T he  int e rfac e s of various t elero bo ts at  N AS A  wer e  e xamin ed, and p ro vided so me 

ide as fo r th e  GUI  layo ut  as well as met ho ds of co nt ro l for  Kamb ar a.  I n

p ar ticular , a software  en gine er  at  Je t Pr op ulsio n  Lab  at  NAS A  (Paul Backe s)  is

develop ing a similar  syst em  for  In te r ne t- based visualization  an d co m mand

seque nc e  gen e ration  to  be  sen t to Mar s lande rs an d ro ve r s [  19 ].   Th is is do ne 

using J ava 2 an d Java3D. 



Rem us ( Rem ot e  E nvir o nm en t al M on ito rin g Un it s) is a de ve lop me n tal to o l of th e

Oce an ogr ap hic  Syste m s Lab  of th e  Woo ds Ho le  Oc ean ograph ic In stitutio n,  to 

p er fo rm  un de r wate r envir o nm en tal rese ar ch . [  11 ].   Th e  int e rfac e for  Re mus is

sho wn  in  Figur e 3,  and wh ile not  writ te n in Java,  it doe s de m on st r at e way s to 

r ep re se n t a lot  of telem e tr y dat a co m in g fr o m an  un de rwate r sub marin e.   Of

p ar ticular  no te , it  is ap pare nt  th at  a 3D  mo de l has also  b ee n  use d by th e  REM US 

t eam.   This reinfor c es t h e ch oic e to  use a 3D mo del for  th e Kam bara sy st e m. 

Figure 3: Host software for the ROV named REMUS.

A no th er  pr oje ct , calle d NOM AD  (at th e  Fie ld Ro bo t ic s Ce n te r at Carn e gie

M ello n Unive r sity ) is using Java 2 in  its effo rt  to  deve lo p rob ot s for  auto no mo us

searc h of An t ar ct ic  me te o rite s.  It  is also use d to de mo n st rat e advan ce d con tr ol, 

n avigat ion , and sear ch  te ch no lo gie s,  as a te rr est rial an alog to  rob o tic exp lo rat io n

o f Mars an d the  Moo n .  T h is use s a tabb ed pane  similar to th at used fo r

K am bara,  and pr ovide d a use ful com par ison  [  16 ].  It is ap p ar en t fro m Figur e 4

t hat fo r  a gr ound-b ase d veh ic le  such  as the  NOMA D , th e develo pe rs se le ct e d a

2D view rath e r th an  th e 3D view op te d for  in  K am b ar aÕ s case. 
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Figure 4: State Information for the robot Nomad.

2.1.2.2. Game and Dashboard Interfaces

E ve n gam es th at  sim ulate  subm ar ine s and air c raft  we re  ob se rve d to  give  an  ide a

o f th e way s in wh ic h  real-t im e dat a can  be rep re sen te d and co nt ro lle d.    Th e

int er fac e be low indicate s the  way sub marine s are  re pr ese nt ed in  a subm ar ine 

sim ulat o r [  15 ]. 

Figure 5: Interface for the submarine simulator game 688 Hunter/Killer.

Fin ally  re al- life  dash bo ards suc h as th ose in car s,  sub m ar in e s an d yac ht s wer e

o bser ve d, again  p ro vidin g alt er n at ive  r ep re sen tat io ns o f c er t ain par am et e rs.
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2.2 Hum an-Compute r  I nter action
I nt er fac e de sign ([  12 ] an d [  13 ])  has a lar ge  affe ct  on  use r sat isfac tion  an d

influen c es t h e am oun t of time  an  o per at or  spen ds with t h e ro b ot . Th e  aim  was to 

design an in t er face  th at  main taine d the  use r s'  in te re st .  This meant  th e int er fac e

h ad to be sim ple an d int uit ive but  st ill pr o vide d acc ess to all the  func t io ns of the 

r ob ot . To ac c om plish  t his t wo  m ain  ar eas we r e ex amine d: 

1. Re duc in g the  r esp on se  time ;

2. Makin g th e  int er fac e easy to  re ad an d fo llo w; 

2.2.1. Reducing the response time.

I n to day 's so ciet y peo ple  are  ofte n imp at ie n t an d like to ac h ie ve  th eir goals

quickly .  Reducing th e re spo nse tim e means th at  in fo rm at ion  can be  se nt  an d

r ec eive d quic kly,  allo win g mo re  op er ation s to be  co mp le t ed in  less tim e. 

A lt ho ugh  the  re sp on se tim e is main ly  de pe nde nt  on  the  user s'  co mp ut e r an d

ser ve r,  over  wh ic h the re is n o c on tr o l, t he r e ar e  a few de sign aspe c ts t h at  will h elp 

wit h th e  fast  r elay  of in fo rm at ion . The se  ar e: 

U sing a tabbe d pane  -  T his means th at  wh en  th e user  se eks mor e infor m at io n (via a

sep ar at e  p an e ) th e com put er  has alre ady  c re ate d all o f the  o b je ct s on it ,  and it  is a

r elat ive ly  fast  tran sitio n to  th e ne w page.  Th is make s the  re sp on se  time  sh or te r 

e nc ouragin g use rs t o  t est  all o f t he  func tio ns o f t he  r o bo t. 

Simpl if y ing the  repres ent at io n of dat a Ð B y usin g grap hical com po n en ts, a use r  can 

e asily ide nt ify  the  in fo r mation  on  hand.  T h is is com par ed with  an int er fac e

c on sist ing p ure ly  o f n um b er s,  wh ic h is quit e  diffic ult for  t h e viewe r to  in te rp r et .

2.2.2. Making the interface easy to read and follow

I f an  in te rface  design  is too  co mp le x  wit h a lot  of tex t  or instr uc t io ns th en  it  is

h ighly likely  that the  user  will bec o me  quic kly disco ur age d.  Fo r th is re aso n it  was

att em pt e d to  make  t h e in t er face as simp le  an d in t uitive  as p o ssib le .  T his was do ne 

in a num be r of ways. 

Reduc ed te xt  - Pe op le te n d to  find it  easie r  if the  tex t  is reduc ed to  on ly  the 

e ssen tial in for matio n;  t h e re ade r can  t he n scan the  scr e en  quic ke r. 
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Reduc ing the  ne ed to  scro ll  - Th is was ach ie ve d by makin g all of the  im po rt ant 

infor mat io n,  fo r a par tic ular  aspe ct  of Kam b ar a,  visible  on a tab be d pan e .

S cr ollin g is st ill nec essar y in  th e message  ar eas, ho we ver  th is is under standab le

due  t o the  fr eque nc y  wit h  which  a ne w m essage may  b e re p or te d.

Reduc ing irre le vant  co mpo ne nt s - User s can  be co me  co nfuse d if th er e  are  to o man y

ide as on  the  sc re en .  To reduc e con fusio n co m po ne n ts wer e  rem o ve d if th ey 

wer e: 

· I rr elevant  t o  t hat par tic ular  p ane ,

· Out  dat e d or  no t fully  func tion al,  such  as the  n e w co nt r ol m o de s plann ed. 

L abel ing e ac h  compo nent Ð Ever y  G UI  co mp on e nt Õs title was p lac ed at  t he  to p of it Õs

o wn  self-con t aine d frame .   Th is en sures t hat  a user  c an im me diate ly  te ll wh at  t h ey 

are  vie win g. 

U sing To ol tips Ð Man y of th e  GUI  co mp on e nt s make use  of th e  Java too lt ip

feature .   Th is me an s that  whe n the  user  plac es th e curso r ove r a co m po ne n t,  a

small labe l display s rele vant  in fo rm ation  ab out that co m po ne n t.   Of co ur se,  the 

fac t was also  con sider ed th at  user s who  fre que nt  th e in t er fac e may fin d this quite 

distr ac t in g.   For  t h is r e ason , the  t o oltips can be turn e d off fro m the  m e nu b ar . 

2.2.3. Resulting considerations

B y co nside rin g th e afo re m en tion e d fac to rs, this left a sim ple , easy  to  fo llow

design. 

Consist e nt  de signs for each  template  - To  re duce  user  co nfusion  all of th e diffe re nt 

scr ee n per mut at io ns have  a similar  de sign . The y all h ave :

· T he  m en u b ar  at  t he  to p,  to  allo w fo r  c om ple tion  of gen e ral ope ratio ns fr om 

any  p an e .

· T he  3D model an d video  im age co n st an t ly  available .  I t was de cide d that

t he se  t wo it e ms would be  useful re gar dless of th e  p an e the  user  is vie win g. 

· T he  message pan el at  the  bo tt om .   Th is disp lay s war ning me ssage s,  as well as

allowin g a user  t o track im po rt ant  aspe ct s of th e ir  t asks. 
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2.2.4. Basic design principles

T he re  ar e so m e fundame nt al aspe c ts of a G UI  wh ic h  r elat e  t o the  way  in  wh ic h a

use r pe r ce ive s th e infor m at io n on display  to  the m .  Of the se ,  space  is th e mo st 

imp or tan t,  with  pro x im it y , align me nt  an d co n tr ast  also being im po rt ant 

c on side r at io n s [  7 ]. 

2.2.4.1. Space

S pace  is the  mo st  effe ct ive  ele m en t that can  be use d to  pr ovide  sup p or t for  the 

use r in  th eir  cognit ive pro ce ssing of visual disp lays. Spatial re lat io nsh ip s ar e 

p er ce ive d pr e co gn it ive ly  - th at  is, wit ho ut  co nsc io us effo rt .  The y do no t  have to

b e de co ded an d in te r pr et e d,  as do co lour cue s,  t y po gr ap h ic al cues, and so  o n. 

While  it  was diffic ult  to  fin d space  with in  th e Kam bara GUI,  due sim ply to th e

n um be r of GUI  com po n en ts to  be displaye d,  so me  me asur es we re  take n.   A s

discusse d ear lier , eac h com po ne n t was c on taine d wit hin itÕ s own  bor der ed fr am e, 

wit h an  ac co m pany in g tit le.   Th e se  fr am es t y pically  h ad 5 pix el gap s b ot h  inwar ds

t o th e com po n en t an d out war ds to  oth e r fr am e s.   T his assists with  th e fe e ling

t hat th e  use r  space  is n o t clut t er ed. 

2.2.4.2. Alignment

Hum an  be in gs pe rc eive it e ms that  are  aligne d ver t ic ally  an d/o r ho rizon tally  t o be

m or e or gan ise d th an  th ose  t hat are  n o t,  and pe op le pr oc e ss, learn  an d re m em be r

o rgan ise d in for matio n be t te r th an un o rgan ise d in for matio n. 

Poo r align me n t cr eat es to o many  pe rc e pt ual "edge s" in  a disp lay , so  be tt e r

align me n t re sults in  fewe r fe at ure s to be  p r oc essed.

2.2.4.3. Proximity

E le me nt s that  are  close toget he r  in a visual disp lay will be  assume d to be re lat ed,

and con ver se ly,  ele m en ts th at  ar e far  apart  will no t be  se en  as relate d to each 

o th er . Whe n ele me nt s are  no t cle ar ly  differ e nt iat ed b y p ro xim it y,  t h e audie nc e has

t o gr oup  the m  con sc iously  by fo c usin g on th e m,  taking in  the ir me an ing, and

dec idin g whic h on es go  t o ge th er . 
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I t was for  th is reason  th at  a tabb ed pane  was use d fo r the  Kamb ar a int er fac e. 

T he  lab e l on  th e tab  imm e diat ely  give s th e use r an idea of wh at  the y  are  viewin g,

and c om p on en t s have  be en  gr oupe d in to th em e s wh e re  p ossib le . 

E qual divisio n of sp ac e results in  p o or  p rox im it y , as it  is not  c le ar wh ich  e le m en ts

are  r elate d.   S om et ime s more or  le ss sp ac e was used b et wee n ele me nt s t o indic at e 

which  o n es go  t oget h er  b y  vir tue  o f the ir  r e lative pr ox imity . 

2.2.4.4. Contrast

C on tr ast  e xists in sever al fo rm s, th e  p rimar y be ing:

· size, 

· c olour, 

· shape .

C on tr ast  can  be  use d to make ele me nt s mor e or le ss do min an t in th e display, 

influen c in g the  o rde r in  wh ic h the y are  pro c esse d and t h eir per ce ive d im p or tanc e 

o r ur ge n cy .  Fo r th is re aso n,  im po rt ant  feat ur es of the  Kamb ara int e rfac e  are 

b ot h lar ge  an d co lo urful.   Ex am p le s inc lude  th e 3D mo de l whic h is ve ry 

imp or tan t to  th e co n tr ol of t he  ve hic le , an d t he  to rque  co nt r ols wh ich  ar e also  of

gre at  re le van ce . Also,  th e ÒS to p Ó but to n is ve ry  ap pare n t,  co lo ur ed re d in th e

b ot to m right  co rn er  (see  Figur e 2) ;  in case the  use r  wish es t o halt eve ry th ing.

I nsuffic ie nt  co nt rast me ans t hat  m ore  and m ore  t r eatmen t s ar e  n ec essar y to make 

imp or tan t in for matio n st and out .  By using co nt rast th at  is suffic ie n tly str on g it is

e asy to  use a few simp le ,  e asily -p er c ep tible  t re atm en ts. 

Wit h th e  con t ex t of th e pro je ct  in  mind, an d having con sider e d ho w the  final

r esult would affe ct  th e use r,  it  was ne ce ssary  to  move to th e  nex t stage  of the 

int er fac eÕ s develop m en t.   T his meant  se le ct ing a pr ogram ming language th at was

app ro pr iat e to th e task at hand,  and th en  en te rin g in  to  the  So ft war e

D evelop m en t Life Cy c le  ( S DL C) .
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C h a p t e r  3 

3. P R O G R A M M I NG  LA NG UA GE SE L EC TI O N  AN D THE 
S O F T W A R E DE VEL O P M E NT LI F E CY C L E

T he  pro gramm ing lan guage  se le ct e d fo r  any  so ft war e de ve lop me n t pr oje ct  can

e it he r be a tre me ndo us aid or , in th e  case of po o r se le c tion ,  a pro found

h in dr an c e.   Wit h th is in  mind th e fir st , an d one  of the  mo st  im po rt ant , dec isio n s

t hat was m ade  o n th is pr o je ct  was th e  c ho ic e  o f the  p ro gramm ing lan guage ,  J ava. 

3.1 P rogr am m ing Language S election

3.1.1. Comparison of Programming Languages

C  and C++ ar e  fast and po we rful lo w- level languages. Th e y have a huge in stalled

b ase,  an d mo st of th e wo r ld's co nsum e r so ft war e is wr it t en  in  the se  two

lan guage s,  pr ob ab ly  be cause  of the  im po rt an c e of sp ee d for  th e co nsume r

m ar ke t.  C++ was c er t ainly  c on sider ed an  o pt ion  o n  t his pro je c t  [  9 ]. 

J ava is th e newest of th e  lan guage s con side r ed. It in co r po rat es man y  soft ware 

e ngin ee r in g princ ip les ( o bjec t- o rien t ed, st r on gly  t yp ed,  goo d e xc ep t io n han dlin g). 

I t is th e on ly language suitable  for  wr it in g app let s th at run  on to p  of bro wser s,

and t his is a fac t that has don e  m or e  t o boo st  J ava's p o pular it y th an an y th in g else. 

J ava' s cro ss- plat fo r m co m patibilit y and con ven ie n t APIs fo r net wo rking an d

m ulti-t h re ading also  wor k in it Õ s favour. 

V isual Basic  (V B)  allo ws de ve lo p er s to co nst ruct  pr ogram s by  past in g var ious

p re -b uilt co m po ne nt s int o  a wor ksp ac e . VB  has be e n wide ly ado pt ed by  the 

b usin ess wor ld fo r building fro n t- en ds to  databases and buildin g pr o to ty p es for 

p ro gr am s that  will be lat er  writ te n in ot he r  lan guage s.  VB  is quite  re st r ic tive  in  it s

n et wo rk capab ilit ie s c om p ar ed t o  o th e r ch oic es. [  10 ]

S o afte r  exam in in g a var iet y of po te n tial pr ogram ming languages, th e  two  mo st 

likely to be  used we re  Java and C++.   I n th e  end,  Java was se le ct ed due to th e

n um er ous advant ages it  o ffe re d for  de ve lo pin g th e  K am bar a in t er face . 
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3.1.2. Java's Advantages

T he  Java pro gramm in g lan guage  has man y advan tage s ove r oth er  languages. It is

o bjec t orien t ed whic h allows pr o gr am m er s to  de sign re usable com po ne n ts easily .

J ava has built in  garb age  colle c tion  wh ic h fre es me mo ry  auto m at ic ally.  Plus, Java

inc lude s built in  data st ruct ur e s an d algor ith ms fo r cr e at in g GUI s and

c om munic at in g wit h oth er  co mp ut e rs over  a ne twor k. Addit io nally , th e 

e me rgen c e of th e API  J ava 3D was goin g to  m ake  it  m uc h easie r  t o de velop  a 3D 

m odel fo r Kam bara.  Th is is as com par ed t o develo ping in  the  slight ly lo wer  leve l

p ac kage  Op en G L. 

A no th er  advan tage  Java has over  ot he r  lan guage s is it s por tab ilit y.  Wh en  a Java

p ro gr am  is co mp iled,  it is no t com piled int o  nat ive  mac h in e code;  in st ead it is

c om pile d int o  byt e code which  can be  in te rp r et ed by  a Java Virt ual Mac hin e. 

Onc e a spe cific  com p ut er  ar ch it e ct ur e  has a Virt ual Mac h in e designe d for  it , th e 

c om pute r  c an  ex ec ut e  any  Java p r ogram  t hat has b e en  c om p iled in to  b y te  c o de .

T his po r tabilit y be c om es eviden t  in web  base d ap p licatio ns.  Alth ough Java' s

p or tabilit y gives it  a clear advan tage over  ot he r  lan guage s,  th is fe at ur e  also cre at e s

o ne  o f Java_s b igge st disadvant age s. 

3.1.3. Java's Primary Disadvantage

A lt ho ugh  Java's abilit y for  pro duc in g por tab le , arc hite c turally  neut ral code is

desir ab le,  t h e me th o d use d to  c r eate  th is co de  is ine fficien t . As me nt io n ed abo ve, 

o nc e Java co de is co mp ile d in to  by te  co de , an in t er pr et e r calle d a Java Vir tual

M ac hine ,  spe c ific ally de signe d for  a co mp ut e r ar c hite ct ure , run s th e  pro gram. 

Unlike nat ive ly  c om p iled co de , which  is a se ries of inst ruct ion s th at co r re late 

dir ec tly  t o a m ic ro p ro ce sso rs in st ruction  se t,  an  int er p re te r  m ust fir st  tr an slate  t h e

J ava bin ar y code in t o th e  equivale nt  micr op r oc essor  inst ruct ion . Ob vio usly,  this

t ranslat io n takes so me  am ount  o f tim e  and, no mat te r ho w small a le n gt h of time 

t his is,  it is in he r en tly  slo we r  than  per fo r ming th e sam e op e ration  in  mach in e

c ode. 

T his is no t as much  of a pr ob le m  as it used to  be  tho ugh .  J ava is being

c on tinually develop e d an d opt im ise d,  an d it Õ s sp e ed disadvan t age is slowly but

sur ely bec om ing less of a pro ble m.   I t is suffic ien t to  say that Java is fast  en ough 
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t o ac co m plish  the  tasks require d of the  Kam b ar a int er fac e,  an d it  will on ly  get 

faste r. 

3.1.4. Summary of JavaÕs Selection

I n or de r  to com plet e  the  so ft war e ob jec tive s requir ed as par t  of th e  Kam b ar a

G UI , Java was selec t ed.  Th is was do n e fo r the  fo llowin g r eason s.  I t :

_ is po rt able,  th at  is it has c ro ss- platfor m com pat ib ilit y ,

_ h as c on ven ie n t APIs fo r net wo rking an d 3D  p r ogram ming,

_ is easy  to  use fo r GUI  de ve lo pm e nt , and

_ is ac ce p tably  fast for  t h e tasks at han d. 

T he  spe c ific  so ft war e use d fo r this pro je ct  was the  Java Deve lo pe rÕ s Kit  (J DK )

ver sion  1. 2. 1, an d the  Java 3D API  ve rsio n 1.1.  Th is API is laye re d on top  of

Ope nG L ver sio n 1. 1 (or  gr eate r) . 

Havin g dec ide d up on  a lan guage,  th e softwar e  deve lo pm en t  could co mm e nc e. 

T he  star ting po in t for  t h is c an  be  un de rsto o d be t te r by  un de r st an din g th e  S DL C. 

3.2 S of twa re Dev elopment Lif e Cycle ( SDL C) 
T he re  ar e a num be r of diffe re nt  mo de ls wh ic h  are  used to  desc ribe  differ e nt 

app ro ac h es to  software  pr oduc tio n (se e [  17 ] an d [  18 ] ).  Th ese models are 

n eith er  rigid, no r pre sc r ip tive  an d are  tre ate d chiefly  as fr am ewor ks.   T he  most 

widely quo te d m odel is t h at o f the  S o ft ware  Deve lop ment  Life  Cy cle (SD LC)  ( se e

Figur e 6) .

T his mo del de sc ribe s the  so ft war e pr o duct io n  pro c ess as be in g divide d in t o a

seque nc e  of phase s,  wh ic h  in tur n can  be divided in to  subp hases.  A  fair ly simp le

gen er ic fo rm  of t he  SD LC  is desc ribe d b elow,  and as c an be  se en  in Figur e 6, is in 

a for mat  t hat  e xp lains t h e te rm  Ôwat e rfall modelÕ  t hat has so me time s b ee n  app lie d

t o it .
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Analysis

Design

Implementation
(coding)

Validation and
Verification

Maintenance

Figure 6: Overview of Software Development Life Cycle.

T he  m ajo r ph ase s of th e life- cy c le  c an be  iden tifie d as: 

(1) A naly sis, wh ich  is con ce r ne d wit h ide nt ifyin g wh at is n e eded fr om  a sy st e m. 

(2) D esign,  wh ic h  is co n ce rn e d with  de sc r ib in g how th e sy st e m is to  per for m its

t asks so  as to me et  th e spe cific at io n .

(3) I mp le me n tatio n,  whic h elabo rate s upo n  the  de sign  an d tr anslat es this int o  a

for m th at can  b e use d on  a co mp ute r syste m

(4) V alidat ion  an d Ve rific at ion , wh ich  is con ce r ne d wit h pe r fo rm ing a validat io n

o f th e imp le m en tation,  in  o rder  to  de monstr ate  h o w we ll it c o mp lies with  th e

o riginal r equir em en t s an d t he  de sign . 

I n or de r  t o develop  a GUI  for  K amb ar a, clear ly  it  is ne c essar y to  kn ow ab out th e 

c om munic at io n  wit h the  ve hicle.   K no wle dge sho uld b e gaine d abo ut  t h e ty p es o f

dat a to  be  outp ut  fr om  th e ve hic le  to  the  in te rface . Also,  th e ty pe s of con tr ol

c om mands that  may  ne ed to  be se n t by  th e in t er fac e sh ould be  iden tifie d.  So  in

o rder  to  disc over  wh at  was ne ede d fr o m th e syste m , it  was ne c essary  to  en te r in 

t o th e fir st  ph ase of th e  SDL C,  th e Analy sis phase.   Th is ph ase  would be 

follo we d b y the  Design  ph ase,  ho we ve r  it sh o uld be re me m be re d that due  to  the 

c on tinuo usly  it er at ive  nature  of the  pr oc ess, th e se  two  ph ase s run alm ost 

c on curr e nt ly . 
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C h a p t e r  4 

4. A N A L Y S I S  AN D DES I G N

T he  analysis ph ase of th e  SDL C con siste d of evaluat in g the  ty pe  of dat a com in g

fro m th e  sub m ar in e,  kn own  as st ate  in fo rm at ion .  Fo llowing th is, th e  typ e s of

c on tr ol co mm ands to  be  se nt  to the  ve hicle wer e evaluat e d,  an d it  was up o n th is

b asis t h at  a de sign  was develop e d. 

4.1 Ana lysis

4.1.1. Definition of State Information

Prior  to  coding any  co mp o ne nt s it was nec essar y to find out exact ly  wh at 

infor mat io n would be  requir ed to  be transmit te d to an d fro m the  sub m ar in e .

T he se  in it ial analy sis sp ec ific ation s are  sh own in T ab le  1.  Not e that an it em  is

c on side r ed to  be raw dat a if it  co me s dir ec t ly  fr om  an onb oar d se nso r on 

K am bara,  whe r eas de r ived data is c alc ulated base d o n the  r aw data.  Th is data was

e xp an de d upo n  to win d up  with  th e ve c to r of value s tr an smitt e d by  th e ro b ot 

e ac h tim e (se e Ap pe n dix B). 

T he  syst em  parame te r s pr o vide d a goo d ide a of th e  typ es of data to be

r ep re se n te d, an d allowed fo r mo r e con cr et e ide as ab out way s to visualise  th e dat a. 

S om e in itial sket ch e s we r e also  made  of possib le  ways to  rep r esen t var io us

asp ec ts of Kamb ar aÕ s dat a and th ese resulte d in som e de c isio n s on  wh at  was

desir ed in  t h e co din g ph ase .

T his le d int o  a sear ch in g phase  of th e pr oje ct , dur in g which  th e In t er ne t  was

scann ed fo r var io us co mp o ne nt s which  migh t pro vide useful buildin g blo cks.  I t

is was imp or t an t at  th is st age to be ar in  m ind t h e so ft war e goals st at ed earlie r .
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Typ e of
Dat a

Item N um ber of it em B yt e
con trib u ti on 

R aw A cceler o meter  ( sens o r) 6 ( 2 x wvu &&& ,, ) 24

R aw V elocit y ( sen so r) 3 ( p,  q,  r ) 12
R aw Com pa ss  po sit io n 3 ( ro ll,  p it ch,  yaw) 12
R aw Com pa ss  ma gn etic dis turb a nces 3 ( Bx,  By,  Bz ) 4
R aw Com pa ss  Temp era ture 1 4
R aw Com pa ss  Field  D is to r tion 1 4
R aw D ep th 1 4
R aw Mot or  vo lt age 5 20
R aw Mot or  curr en t 5 20
R aw Bat tery vo lt a ge 1 4
R aw Cam er a 3 ( pa n,  tilt ,  z oo m) 12
R aw Com puter  s ta t us 64 256
D er ived A cceler o meter  ( Ka mb a ra ) 3 12
D er ived V elocit y ( Ka m ba ra ) 3 12
D er ived Pos it io n  ( Ka m ba ra ) 3 12
D er ived Mot or  co mm an d  t or que 5 20
D er ived Tra cker  St at e Tem plat e(256)  +

Fea ture( 24) +
Pea k( 16) 

296

D er ived Con tr oller  S t at e 100 ( vecto r o f 100
n um bers ) 

400

Tot al: 1128
Table 1 : Evaluation of parameters required for representation.

Onc e th e  o pt ic fibr e  tet h er  is rem ove d fr om  Kamb ara, an  im age  will also nee d to 

b e tr an smitt e d alon g wit h  t his infor m at io n.   D ur ing the  te st ing phase,  im ages will

c om e dir ec tly  fro m video  st re am ing t o  t he  c lie nt . 

I t sh ould be  no te d that only so m e of th ese featur es wer e  imp lemen te d during t his

initial de ve lop me nt  of th e GUI.   For  ex am ple , tr acker  an d fe ature  st at e wer e no t 

c on side r ed furt he r due  to  the  lo ok of an im age  fe ed on which  to  base  this

infor mat io n. 

4.1.2. Planning for Control Modes

I n or de r  t o fac ilit ate  future  plan nin g,  it was n e ce ssar y  to defin e the  ways in which 

a use r would be  able  t o use  K am b ar aÕ s GUI . Prior  to  exp lainin g th ese  m ode s an y

fur th er ,  it is im po r tant  to  rem e mb er  th at  on ly  on e user  at  a time  wo uld be

p er mitt e d to  ac tually man ip ulat e  t he  ro bo t. 

T he  four  c on t ro l mo des de cide d upo n wer e: 
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4.1.2.1. Observer Mode

T his is th e mode en t er ed by  the  user s who  ar e no t  in co n tr ol of the  ro bo t ; it 

e nables th em  to  wat c h th e  act ivities of t he  op er ato r.   While  th is is t ec h nically  not 

a con tr o l mo de,  it is th e  state  in  wh ic h a use r would be  in,  if the y  have  not 

suc ce ssfully  gain ed co nt r ol of the  ve hicle.   T his mode allows vie win g of all of

K am baraÕ s st ate  info rm at ion .

4.1.2.2. Individual Control Mode

T his mo de wo uld be use d whe n it  is ne ce ssar y  to fir e in dividual thr ust er s.  T his

m ay  be use ful if,  fo r ex amp le , Kam bar a is in  an awkward po sit io n ne x t to  a ro ck. 

T his wo uld also  app ly to  th e use  of man ip ulating it em s suc h as th e pan  of the 

c am er a. 

4.1.2.3. Teleoperation Control Mode

T he  ide a beh ind this mode  is th at th e  use r will indic at e  the  de sire  to  pe rfor m

act io ns such  as m ove  Òup Ó, Òdown Ó,  ÒleftÓ or  Òright Ó,  an d all of th e  thr ust er s will

b e co or din at e d to  c arr y this out .

4.1.2.4. Supervisory Control Mode

T his is a co n tr ol mo de  similar to th at used with  th e ro ver  th at  lan ded on  Mar s in

1998.  Th is fo rm  of con tr o l effe c tive ly allo ws th e  use r to plan a ro ute .  Th is st age

was p lan ne d for  b ut  no t imp le me n te d. 

T im e- de lay ed te le op e ratio n is labo rio us and un pr e dict ab le fo r  rem ot e  ope r at or s. 

A  bet te r  mode  of op e ratio n is supe rvise d te leo pe r at io n,  or  auto no mo us

o pe ratio n,  in  which  th e rob ot  it se lf is resp on sib le  for  makin g many  of th e

dec isio n s ne c essary  to  m ain tain  pr ogr ess an d safe ty . [  8 ]. 

4.1.3. Analysis Summary

T he  analysis gave  an  indication  of th e data th at  ne eded to  be  rep re sen te d.  A 

sub se t of th is data was use d in  or de r  to im p le me n t th e syste m , with  an tic ip at io n 

o f mo re  data be in g available to  th e GUI  at a lat e r po in t  in t im e.   Wit h this basis in 

m in d,  t h e st r uc ture  of t h e Kamb ara G UI sy st e m co uld t he n  b e examine d.
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4.2 Design
T he  design  ph ase is co nc e rn ed with  de sc ribin g ho w the  sy st em  is to per fo r m it s

t asks so  as to me et  th e spe cific at io n . Th e pro je c t was effec t ively split  in  to stage s

which  ar e: 

(1) N et wo rk Ar ch ite ct ur e , an d

(2) S oftwar e  A rc h it ec tur e. 

T his lo gic al se parat io n of tasks was ne ce ssary  in  order  to  aid th e design  pro ce ss

b y makin g th e  t asks mo re  dist in c t. 

4.2.1. Network Architecture

4.2.1.1. Long-term Goal for Network Design

T he  net wor k arc hite c ture  of the  even t ual sy ste m was con sider e d so  th at  plan s

c ould be  made  to in t er fac e th e clien t  to th e  ser ver , an d to have th at in  turn 

c om munic at e effec tively wit h th e  sub m ar in e.   T he  ne twor k syst em  p lan ne d for  in

t he  lon g-t er m  is sh o wn  b e lo w in  Figur e 7. 

Client
(Java applet) Web Server

written in java

initialisation
confirmation

address,
port information

Kambara Server
written in java

RMI data
communication

RMI data
communication

socket
connection

Kambara
written in C++

Figure 7: Long-term Network Architecture for the Kambara System.
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T he  dot t ed circ le  in  Figur e 7 re fe rs to  th e We b ser ve r  which  will be  use d for 

initialisatio n.   In  th e eve nt  th at  a user  is run n in g off a Java ser ver  ot he r th an th at

which  th e We b  ser ve r  is based on , th e  initialisat io n pr o ce ss will st ill nee d to  be 

r un  onc e . Ho wever , fro m that po int  on , all clien t -ser ve r  com m un ic at ion  will be

b et we en  th e clien t app le t  and th e Java se rve r via Rem ot e  Met h od Invo catio n

( RM I) .  A sim ple so c ke t con ne ct ion  will be use d bet we en  th e Java se r ve r and the 

sub marin e on b oard co mp ut e r (V xWo rks)  sinc e RMI  on ly  wor ks be t we en  two

J ava ob jec ts. 

4.2.1.2. Short-term Goal for Network Design

T he  syst em  de pict ed in  Figur e 8 is t hat  whic h is p r esen t ly  imp lem en t ed.

             Client 1

Java Server

State Information
Distributor

UDP Packets
RMI

Connection

Kambara Robot

UDP Packets

             Client 2              Client N

Control State

RMI
Connection

Figure 8: Short-term Network Architecture for Kambara System.

T his essen tially diffe rs fr om  th e lo n g- te rm  go al in  t hat  the  clie nt  is no t built  as an

app le t,  but rat he r as an  ap plic ation .   An  ap plet  will ne ed to  be use d in  or de r to

allow th e in t er face  to  func tion  over  th e In t er ne t , an d this will br ing with  it

addit io n al se curity  co nside ratio ns ( see  sec t io n 7.2.2) .

T he  fun dam en t als of th e netwo rk ar e t he  sam e in bot h lo n g an d sho rt  te rm  case s. 

T he re  will be  multip le  clie nt s con ne c ting to  a se rver  (also writt en  in  Java),  wh ic h
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in turn  will be  rec e ivin g state  in fo r mation  fr om  th e ro b ot  Kamb ar a.   E ac h  of

t he se  co mp on e nt s as we ll as the  ne two rk con n ec tio ns bet wee n the m ar e 

e xp lain e d in  gr eate r  det ail b elo w. 

Server

T he  easiest way  to under stand th e ne t wo rk ar ch it e ct ur e being de ve lo p ed is fir st ly

t o ex am ine  h o w th e ser ve r  fun ct ion s. 

I n ge ne r al te rm s,  th e se r ve r is re sp o nsib le  fo r kee ping tr ac k of an d dist ributin g

t he  stat e in for matio n fr o m th e rob ot ,  as we ll as issuin g con t ro l co m mands t o th e 

r ob ot  fr om  Òo nly on e Ó of th e clien ts. 

State  In fo rm ation  D ist ribut or

E ac h clien t wishing to  r e ce ive infor m at io n abo ut  Kamb ar a must  r egist er  with  t he 

ser ve r.   T his is do n e via a RMI  co nn e ct io n which  can alway s be used fo r this

p ur po se .   Th e  clien t  ope n s a co n ne ct ion , an d sen ds a re que st  fo r st ate 

infor mat io n. 

I f th e clien t  is no t  alr e ady re giste r ed the n  the  se rver  will plac e the ir  addr ess and

p or t num be r in a que ue  as dep ic t ed be lo w in  Figur e 9.   All clien t s list e d in  th at 

que ue  will t h en  r ec e ive UDP p ac ket s con tain ing t h e late st st ate  info rm at ion .

State Information Distributor

Latest State Information Packet

Client 1

Address
Port

Client 2

Address
Port

........

Client N

Address
Port

Figure 9: State Information Distributor.

A n im po r tant  po in t to no t e he re  is th at  it is th e  lat est  pac ket  com ing fr om 

K am bara that  is sto red at t he  se rver .   By  st or in g t he  packet,  and n o t ex t ract in g t he 

dat a fr o m it ,  t he  de tails o f th e  stat e in fo r matio n it se lf is ab st rac te d away fr o m th e 
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ser ve r.    Th e  ser ve r  is sim ply respo n sible for  st or in g the  late st  in fo rm ation , and

p assing it  o n  t o th o se  wh o re que st  it .

C on trol  St at e 

T he  foc us of th is pr ojec t  has be en  to  develo p a syste m which  allo ws mult iple

use rs to  vie w t he  data wh ile allowin g only one  user  t o con tr o l th e rob ot  at  a t ime .

T his en sur es th at  t h er e are  n o con flict in g com man ds.

T he  ser ver  is r espo n sible  for  en surin g th at  on ly  on e clien t at a tim e has t he  ab ilit y 

t o co nt r ol th e ro bo t s,  via th e con tr o l st at e  sto r ed on the  se rver .  Esse n tially ,  the 

m et ho ds wh ic h  allow a use r to  manipulat e Kam bara ar e sy n ch ro n ised such  th at 

while  o n e clien t is co nt r olling th em ,  n o ot h er  user s ar e  allo we d to . 

I n th e eve nt  th at  a co nt r ol request arr ives at  th e se rve r fr o m a clien t oth er  th an 

t he  c on t ro lle r,  a m e ssage  o f re fusal is t ran sm it t ed t o the  r e questin g clien tÕ s GUI .

Serve r Threads

I n or de r  for  th e se r ve r to func t io n cor re ct ly,  it  m ust be liste ning fo r bot h co n tr ol

and regist er ing requests fr om  th e clien ts, while  co nt in ually  re ce iving a st re am  of

p ac ke ts fr om  Kamb ar a. Also,  the se pac ke ts must  be  sen t out  to  all re gist e re d

c lien ts as so on  as the y are  r ec e ived. 

T he  fir st th ing to discuss is th e re c ep tion  of co nt ro l reque sts at the  se rver .  Th e

m ec hanism fo r  eit he r  asking for  co nt r ol, or  se nding a co mm an d is th r ough  th e

RMI  con n ec tio n disc ussed pr evio usly.    Sinc e  the  clie nt  is dire ct ly  calling a

fun ct io n  fro m  an ob jec t on th e ser ve r , th is can hap pe n at an y  tim e dur in g the 

ser ve rÕ s act ion s. 

T he  rec e pt io n  and dist rib ut io n of st ate  info rm at ion  pac ket s is ac co m plish ed by

using two th r eads at  t he  se rver .   Th e  fir st  of t h ese,  c alled th e Net wo rkServe r th re ad

sim ply run s thr ough  a lo o p wh er e by  a packet  is re ce ived,  at which  po in t the 

sec on d thr ead r un nin g is no tifie d.   This se c on d thr ead,  calle d th e State Inf oManage r, 

is re sp o nsib le fo r takin g the  ne w st ate  info rm at ion , an d sen din g it  out to each  of

t he  r egist er e d clie n ts.
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Client

A n over vie w of th e clien t Õs fun c tion  is, to  re ce ive  stat e in for matio n pac ke ts, and

updat e the  GUI with  th e rec eive d info rm at io n .  I n  the  even t that th e  clie nt  has

c on tr ol of t h e ro bo t , th e  abilit y is also  p r ovide d to  issue com mands t o the  r ob o t. 

T he  fun c tion s discusse d abo ve  can be  se parat ed in  to two  cat e go ries,  sign als

arr ivin g at the  c lie nt , and sign als being se nt  b y  t he  c lie nt . 

C lien t Out pu t  Signal s

T he  fir st st e p fo r any  clie nt  wish in g to re c eive  in fo rm ation  is to regist er  wit h  the 

ser ve r.   T his is ac c om plish ed by  usin g th e RMI  co nn ec tio n to  call th e se r ve rÕ s

m et ho d addSt at e Info L is te ne r,  which  plac e s th e clien t Õs addr ess and por t  num b er  on

t o a que ue .  Th is same  co nn ec tio n can  be use d to  disc on n ec t whe n th e  clie nt Õs

session  has fin ishe d.

I f th e clien t  is in  an y mode ot h er  th an  ÔOb ser ve r  modeÕ ,  the n  the y will have th e 

ability  to  issue co m mands to th e  ser ver .  T h is is onc e again  do ne  via th e  RMI 

c on ne ct ion , and all of th e func t io ns called ar e defin ed with in th e ser ve r  objec t 

Control State .   Diffe re nt  ty pe s of co m mands can  be  issue d dep e ndin g on th e 

c on tr ol mo de  in vo lve d. 

C lien t Input  Sign al s 

Onc e a clien t  is re giste r ed wit h  the  se rver  it  will begin to  re ce ive  stat e

infor mat io n.   T he  in fo rm ation  co me s to th e clien t  in th e  for m  of dat agram 

p ac ke ts fr om  th e se r ve r,  via th e  pro t oc ol kn own as User  Datagram Pr o to co l

( UD P) .  Th is is esse nt ially  an unr eliab le  pr ot oc o l in  th at  th e se nde r ne ver  kno ws

whe th er  or  n o t th e pac ke t  act ually  re ac he s itÕ s destinat io n;  fo r th is re aso n pac ke ts

are  o cc asion ally lo st.   However ,  t his loss of co n firm at ion  is acc ep t ab le  in  a sy st em 

suc h as Kamb araÕs in  whic h in fo r matio n is be in g con tinually sen t.   T his must be 

weigh ed up  against the  in cr ease  in  sp ee d wh ich  is gaine d by not  nee din g to

c on firm  ever y  p ac ke t  whic h is se nt .

T he  UDP packe ts are  each  co nstr uct ed at  t he  se rve r with  th e clien tÕ s addr ess an d

p or t num be r,  ob tain e d th r ough  th e re gistr at ion  pr oc ess discusse d ear lier .   Th ese 

c an  t he n  b e use d to  up dat e th e GUI  c o mp on en t s. 
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C lien t Threads

T he  c lie nt  n e eds to  pe rfo rm  t hr e e major  t asks: 

(1) S en d re gistr ation , exit or co mm and sign als, 

(2) Rec eive  st at e  infor m at io n  p ac ke t s,  an d

(3) Updat e the  G UI. 

T he  fir st of th ese tasks is acc o mp lishe d using RM I,  who se co m mands can  b e  sen t

at an y tim e.   For  t h e se c on d an d t hir d tasks, a thr ead is re quire d for  e ach .

T he  thr e ad re sp on sib le  fo r re ce iving packet s is kno wn  as K ambaraClient .   Th is

sim ply rep eat s th e pro ce ss Ò re c eive  a packe t th e n sign al th e  sec on d thr e ad to

updat e the  G UI Ó. 

T he  sec o nd th re ad is called O ut putK ambaraData,  and it  is respo nsible for  updating

t he  grap hical com po n en ts of the  GUI wit h th e  new in fo rm ation .   Th e updat ing

o f gr ap h ic s can  be quite  time  co nsum ing in the  co nt ex t of a syste m whe re 

infor mat io n is co nt inually stre aming in .  I t  is for  t his reason  t hat  a se parate  th re ad

is used. 

G iven  an  e xp lan at io n  of the  clie nt  an d se rve r,  it  is no w use ful to con sider  t he  big

p ic ture ,  that  is,  ex ac tly  what hap pe n s in  te rm s of co mm and flow thr o ugh the 

syste m. 
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Flow of Data Within The System

A  t yp ic al flo w of c o mm an ds th ro ugh out  t he  sy st em  is sho wn in  Figur e 10. 

                   Client

Java Server

State Information
Distributor

Kambara Robot

Control State

1

Client 1

Address
Port

Client N

Address
Port

2

3

Continuous

4 5

Figure 10: Typical Flow of Data in KambaraÕs system.

E ac h st age  is discusse d below, howeve r th e pac ke t s be in g sen t  fro m the  ro bo t to 

h e se rve r ar e  c on sider ed to  b e con tin uo us.

(1) T he  clie nt  se nds a regist ration  co mm and by an RM I  con ne c tion ,  indic ating

t hat th e y wish to  r e ce ive  t he  st at e infor mat io n. 

(2) T he  ser ver  t ake s th e  addr ess an d p or t  n um be r  o f the  c lie nt , and p lac es it  in to 

t he  vec t or  o f c lien t Õs t o  r ec eive in for matio n. 

(3) E ac h st ate  in fo rm at ion  packet  re ce ive d by  th e se r ve r is th en  se nt  back to  the 

c lien t via a UD P pac ke t. 

(4) A  r egist er ed clie nt  may wish to  ask to co nt r ol t h e ve hic le .

(5) T he  requestin g clie n t is eith er  se nt  back an  err o r me ssage  in dicatin g th at th e

veh ic le  is pr esen tly  bein g used by  so me on e else,  or  is sen t a con fir matio n,  at

which  po in t the  clie nt Õs co nt ro l mode  change s as is app r op riate . Th e  clie nt 

m ay  r elinquish co nt r ol b y  r et ur n in g to ob se r ve r mode. 
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B y un de r st an din g th e  differ en t way s in wh ic h  the  se rver  an d clien t ope rat e,  it is

n ow easier  t o  gain an un der st an din g of th e software  str uct ur e  use d to fo r m th ese 

t wo  e nt ities. 

4.2.2. Software Architecture

T he  soft ware  ar ch it e ct ur e  is diffe re n t fo r the  pr im ar y com po n en ts of the 

K am bara GUI syste m.   I t is be st  de sc r ib ed by  sep arate ly  co nside ring th e clien t

and ser ver .

4.2.2.1. Software Architecture of the Kambara Client

T he  main  module  for  th e clien t is kn o wn  as MainK ambaraCl ie nt  an d is esse n tially 

just an  ob je c t in  wh ic h the  thr e e pr imary  subc om p on en ts ar e cre at ed.  An

o ve rview o f the se  subc om p onen ts is n o w give n  befo re  desc ribin g each  of th em  in

m or e de t ail. 

Overview

Fir st ly  th er e  is th e  obje ct  K ambaraClient ,  which  de als primar ily wit h th e  net wor k

det ails of th e clie n t.   I t is re sp on sib le  fo r co m municat io n bet we en  th e clien t and

t he  ser ver .  Th is cr eate s tho se  GUI com po ne n ts with  net wor k com po ne n ts, and

lin ks t h em  with  t he  main  GUI pan el K ambaraMain. 

K ambaraMain is e sse nt ially  t he  basis for  t h e GUI  c om po n en ts.   Th is is wh er e all o f

t he  m en us an d graph ical com po ne n ts ar e cr eat ed an d st or e d. 

Fin ally  th er e  is a thr ead objec t  called O ut putK ambaraData wh ic h run s whe n a

n et wo rk co nn e ct io n is est ab lish e d.   T his is re sp o nsib le  fo r con tinually updat in g

t he  G UI  co mp o ne nt s wit h any  n ew st at e  infor m at io n  r ec eived.

Network details (KambaraClient)

T his sub co mp o ne nt  co nsist s of th e th r ead discusse d earlier  in  sec tio n 4.2.1.2, 

C lien t Thr eads.   Th is is re sp on sib le  fo r se t ting up  the  RM I con ne ct ion  with  the 

ser ve r,  re ce iving a packe t,  and sign allin g a sec o nd t hr e ad t o  updat e  t he  GUI. 
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GUI components (KambaraMain)

K ambaraMain is the  pane l in wh ich  all of th e GUI  com po n en ts we re  built.   T he 

way  t hat  this c om po n en t is handled is quite  im po r tant  wh en  co nsider ing wh et he r

t he  imp lem en t at io n will be an  ap plic ation  o r  an app le t. 

B y cr eat in g eve ry th ing on  a pan e l,  th is pan e l can  eit he r  be inser te d in to a fr ame 

in or de r  to crate  an  app lic at io n , or  alte rn ative ly it  can be  in se rt e d in  to  an app le t 

whe n th at fun ct io n is de sir ed.

T he  init ial pro ce ss take n  in th is de sign was to cre at e a fram e calle d

K ambaraMainF rame wh ic h was cr eate d as on e  of th e  thr e e pr im ary 

sub co mp o ne nt s wit hin  t he  clie nt  MainK ambaraCl ie nt .   K ambaraMain is t he n  c re ate d

as a pan el with in  K ambaraMainF rameÕ s layo ut .  A visual re pr ese nt at io n  is sho wn  in 

Figur e 11. 

E ssen tially the  soft ware  de sign  fo r the  GUI ,  whic h is base d in K ambaraMain,  has

b ee n divided in  to a tab b ed pan e , a 3D mo de l, a video  fe ed plac eh older , a men u

b ar  and a me ssage  ar ea. Wit hin the  tabb ed pane , the  info rm at ion  is divide d in to 

sep ar at e  pan e ls dep e ndin g on co m mo n the me s of th e  var io us par am et er s.  T h is

gro up in g is quite  lo gical, base d pur e ly  on what infor mat io n a use r would want  to 

see  con c ur re n tly.  It  sho uld be not ed th at  on ly  a se le ct ion  of the  pane ls an d

c om po ne n ts ar e in dic at ed in  Figur e 11. 
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KambaraMainFrame

Tabbed Pane

TelemetryPanel CameraPanel RawPanel
Other Panels as

necessary

Battery Compass etc.
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MainKambaraClient

OutputKambaraData
(thread)

KambaraMain

Java 3D Model
Video feed
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KambaraData

Menu barMessage Area

KambaraClient
(thread)

Figure 11: Software Architecture for the client side Kambara GUI.

K ambaraMain is esse nt ially  the  ce nt r al obje ct  of the  sy st em ,  sin ce  a var iable based

o n th is in it ial obje ct  is passe d to all of the  subseque n t co m po ne nt s and pane ls. 

B efor e con tin uing an y fur th er , it is im po rt ant  t o  con sider  o n e ot he r  obje ct  whic h

is cr eat ed in it ially  as par t of a MainK ambaraCl ie nt  ob je ct ,  nam e ly  K ambaraDat a. 

K ambaraDat a co nt ain s th e  fie lds to sto re  data each  tim e  Kam b ar a se n ds

infor mat io n. 

T hr ough o ut  de ve lo pm e nt , the  str uct ur e  K ambaraDat a was use d as an  int e rm ediat e

b et we en  th e rec eivin g st age  and th e out put stage .   Early  on,  on ly  random  values

wer e wr itt en  to  this str uct ur e,  an d this en sur ed th at  wh en  re al sub m ar in e  dat a or
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sim ulat o r dat a was rec eived, it  was sim ply a mat t er  of writin g co rr e ct  values to 

K ambaraDat a in st ead o f ran do m one s. 

T he  rest  of the  GUI  is se t up  wh en  a ne w K ambaraMain ob je ct  is made  wit h in 

K ambaraMainF rame.   Th e ide a is th at  K ambaraMain ge ne rat es it Õs sub c om po n en ts

( tabb ed pane  et c. ).   T he n  all of the  de tails that  fit  with in  an  individual tabb e d

p an e ar e  cre ate d in  se par at e mo dules such  as Tel emet ryP ane l an d CameraP ane l. 

T he se  mo dule s in tur n cr e at e ap p ro pr iat e gr aph ic al ob je c ts base d on  sm aller 

c om po ne n ts.

T he  K am bar aD ata o bje ct wh ic h is re ceive d by th e clien t GUI  is c on st r uc te d fro m

t he  pac ket  se nt  by the  Java ser ver , so ob se r ving Figur e 8 it  is app ar e nt  how th e

softwar e  for  th e GUI  fit s in to  th e ove rall ne two rk str uct ur e .

Thread component (OutputKambaraData)

Whe n a net wo r k co nn e ct io n  is est ab lishe d via the  RM I lin k,  p acket s will begin  to 

b e re ce ive d by th e clien t .  T his thr e ad will pro c ess th e  dat a con taine d wit h in 

t he se  packet s, an d use  it  to up dat e the  GUI  co mp o ne nt s on sc r ee n.  Th is was

discusse d in  mo re  de tail in  sec t io n 4.2.1.2,  C lien t  T hr e ads. 

4.3. Conclusion
I t was ver y imp or tan t to  de fine  th e net wo rk an d softwar e  arc h it ec tur e pr ior  to

b egin nin g th e   im ple me nt ation  ph ase.   A s is a co n tinuin g the m e with  th e use  of

t he  SDL C , so m e sp ec ific det ails of th ese ph ase s wer e mo difie d as th e  Kam b ar a

syste m cam e to fr uit io n.  Ho we ve r  the  an alysis an d design  disc usse d abo ve 

c er tain ly lay ed a so lid frame wo r k up o n wh ic h  t o develop  th is pr ojec t .
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C h a p t e r  5 

5. I M P L EM ENT A T I O N 

T he  imp lem en t at io n phase  elab or ate s upo n th e  design  and tr an slate s this int o a

for m th at can  be use d on  a co mp ute r syste m.   T his was a time  co nsum ing ph ase

o f th e pro je c t durin g wh ich  man y  obst ac le s nee de d to be  over c om e;  an d dur in g

which  t h e est ab lish m en t of a so lid de sign  was ap p re ciat e d. 

T he  imp lem en t at io n is discussed ac co r ding to  the  so ft war e go als define d in 1.3.1, 

S oftwar e  Goals.  The se ar e  sum mar ised be lo w.  Th e softwar e  requir em en t s of th e

p ro je ct  ar e to: 

1) p re se nt  st at e  infor m at io n  in a graph ical fo r m; 

2) develop  th e int er fac e to  have  cr oss- n et wo rk capab ilit ie s; allowin g multip le 

use rs t o  vie w t he  st at e of th e rob ot ,  while  havin g on ly  on e use r co n tr ol it ;

3) p ro vide  a th r ee  dim e nsio n al m ode l of th e ro b ot ;

4) develop  a co n tr ol sy st em  fo r th e  rob o t wh ic h  allo ws sim p le  po in t- an d-c lic k

c on tr ol fr om  th e in t er fac e,  and

5) p ro vide  th e ability  to  view foo t age fro m th e  r ob o tÕ s on b oard came ras.

5.1. P resenting S tate Inf or ma tion
T he  deve lo pm e nt  of the  GUI was car rie d out in a num be r of st e ps. So m e

c om po ne n ts we re  base d up o n so ur c e co de fo un d on the  Int e rn et ,  while  ot he r s

wer e built  fr om  scr atc h. 

5.1.1. Division in to Tabbed Panes

T he  info rm at ion  had to  be  divide d in  to  a numb er  of differ en t  are as in  or de r to 

b e pr ese nt ed succ essfully  o n  t h e tab be d pan e be ing use d.  T h ese we r e: 

(1) T elem et r y Dat a:  r elating to  gen e ral infor mat io n abo ut  t h e ve h ic le 

(2) C am er a Dat a:  th e pan , tilt an d zoo m of th e cam er a

(3) Posit io n  Dat a: a two -dim e nsio nal indication  of po sition  to  be  use d in

c on junc t io n wit h th e  3D model

(4) Raw D at a: th e  n um er ical value s com in g dir ec t ly  fr om  sen sor s on th e veh ic le
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(5) D er ived Data:  the  nume ric al values wh ic h have be e n de rived on  board th e

veh ic le 

(6) M essage  Data:  t he  e r ro r,  st at us or  warn in g messages t ran sm it t ed t o the  c lie nt .

(7) N avigat ion  Data: th e  con t ro ls used to  navigate  th e ro bo t  whe n  in

t eleo pe r at io n  m ode. 

E ac h of th ese  cat ego ries was assigne d a tab b ed pane , an d imp lem en te d usin g th e

G UI  sub c om po n en ts de ve lo p ed.  T h es sc re en sh o ts of the se  can be fo un d in

A pp en dix  C .

5.1.2. GUI Layout

One  tim e  con sum in g task while  de ve lo p in g th e  GUI  was to  ge t the  lay o ut  of the 

c om po ne n ts co rr ec t.   A ll of the  co mp o ne nt s wer e built  with  re sizing in  mind so

t hat th e  lay o ut  could be  as fle x ib le  as possib le .   De sp ite  th is, in  or de r  to fix  the 

c om po ne n ts in  t o th e  desire d lay out,  the dim en sio ns o f man y of th e com po n en ts

n ee de d to be  fixe d.   T his is on e  asp e ct  o f the  layo ut  t h at  c o uld be  im pr o ve d. 

T he  GUI  co mp o ne nt s nee de d to be  up dat ed eve r y tim e a ne w pac ket  of state 

infor mat io n was rec e ived.   Th is can be quit e  a time  con sum in g task due  to  the 

n ee d to  pain t  individual GUI co m po ne n ts

T he  key  aspe c t to  be  ver ified fo r all of th e se  GUI co mp o ne nt s was th e rat e at 

which  th ey  co uld up dat e the  info rm at ion .  T h is is discusse d in th e nex t chapt er , 

validat ion  an d ve rific at ion .

5.2. Cross-netwo r k ca pa bilities
T he  imp lem en t at io n of th e  net wo r k de sign (se e Se c tion  4.2.1)  was quit e difficult

due  t o a n um b er  o f unfor e se en  p r ob le m s. 

5.2.1. Socket Connections in Java 2

A n in it ial pr ob le m was simp ly  to  allo w fo r soc ke t  con ne c tion s wit hin  the 

p ro gr am .   This is a pr oblem  sim p ly  b e cause of th e  sec ur ity ar rangem e nts in Java 2

[  4 ].  Inde ed, sec ur it y  is par am oun t to  ne twor ked pr ograms,  in ter ms no t on ly of

t he  dat a travelling over  th e co n ne ct ion s,  but also of th e makin g an d bre aking of

t ho se  co nn ec t io ns.  Java 2 in tr o duce s a muc h  mor e  fin e- grain e d co nt r ol
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m ec hanism th an pr evious ver sion s.  I n st ead of th e  all or  not h in g ap p ro ac h  of

app licat io ns ve rsus ap ple ts, no w eve r yt hing is tr eate d the  same .  T h e VM  uses a

p olic y file that is lo cat ed on the  lo cal mac hine  to  det e rm in e  what code is

p er mitt e d to  pe rfor m  eac h  act io n .  T y pically , th is file  re sides in the  lib/se cur it y

dir ec to r y wh e re  the  Java Runt im e  Enviro nm en t  (JRE ) is in st alled, in  a file calle d

java. po lic y.   I nside  this file is a list of each  piec e of co de de fin ed by  loc at ion  an d

what it  is p e rm it te d t o do. 

For  t his r eason , in  or der  t o allow so cket  c o nn ect io ns t o  list en , co n ne ct an d ac c ep t

infor mat io n,  it  was ne ce ssary  to  plac e a lin e in  th e java. po lic y file.   T his allowed

for  t he  use of so cke ts o n  t he  de fine d p or ts. 

5.2.2. Using RMI on Windows NT

A  pro ble m wh ich  see m ed to  drast ically  affec t  the  pe rfor m an ce  of the  Kamb ara

syste m cam e abo ut  wh en  th e ne two rk co de  was ap plied to the  Windows NT

syste m on wh ich  it would be  use d.

Havin g develo pe d th e  net wor king aspe c ts of the  sy st em  on  a Windows 98

syste m,  th er e  wer e no an t ic ip at e d pr o blem s in tr ansfe rr ing it  to a Win do ws NT 

m ac hine .   Th is was not  th e case ,  as it to ok ap pr o ximate ly twe nt y tim es lo nger  to 

load th e  K ambaraServe r on  t he  NT  sy st em .

I t was evaluate d th at th is pr ob lem  was no t a Java issue ,  but  rath er  a DN S  issue . 

T he  nam e  of the  loc al ho st,  on which  ever yt h in g was run n in g,  was place d in to 

t he  Win dows NT ho st s file  (C: \WI NN T\S yste m32\driive rs\e t c\Ho sts).  Th e

p er fo rm anc e the n re t ur ne d to wh at was exp ec t ed base d on  th e Win do ws 98

imp le me n tatio n. 

A s will be  disc usse d nex t  chapt e r (V alidatio n an d Ver ificatio n) , th e  passin g of

p ac ke ts th ro ugh out this net wo rk im ple me nt at ion  did have  de lay s asso c iate d wit h

it. 
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5.3. I mplementa tion of  J ava  3D Model

5.3.1. The Evolution of the 3D Model

Prior  t o  m aking use  of t h e Java 3D  A PI,  it was n e ce ssar y  t o have a rep re sen tatio n

o f th e Kam bar a subm arine  wh ic h could be  m an ipulat ed as was n e ce ssar y .

T his was init ially don e wit h a ver y basic  m o de l cre at ed usin g A ut oC A D se e n he re 

in Figur e 12. 

Figure 12: Early prototype of 3D model.

T his was use ful for  de te r mining th e way s to  lo ad mo de ls in  t o  a J ava 3D sce ne , as

well as fo r det er min in g som e of th e basic  r o tatio n me th o ds r e quir ed. 

A s th e nee d arr ived fo r a mor e acc ur ate  mode l,  on e was pro vided having be en 

c re at ed usin g the  pr ogram  Inven t or .  Th is was saved as a VRM L  wor ld.   It  is

p ossible  to load a VRM L wor ld in  to a Java 3D sc e ne , ho wever ,  the  in it ial wor k

h ad b ee n  don e  wit h a Wave fr on t (.OBJ )  m odel in  m ind.  Fo r this re aso n,  p r io r to 

m an ip ulating th e mo del it  was de sire d t hat it fir st  b e con ve r te d in  to  a .OBJ  file .

A  con ve r ting pr ogram  was fo un d calle d Cro ssr oads [  14 ] wh ic h  could co nve rt 

amo ng various 3D fo r mats.   By  usin g a 3D st udio for mat as an  in te rm e diat e  stage 

t he  V RM L  m ode l was suc ce ssfully  tr an sfo rm ed in  t o  a OBJ  mo de l.

S om e pr o blem s wer e found with  th e co n ve rt in g pro gram Cr o ssro ads, in  th at  it 

would on ly  lo ad one  VRML  ob je ct  at  a time  fo r co n ve rsio n .  T h e VRML  mo de l

p ro vide d was co mp ose d of se ve ral individual co mp o ne nt s com bin ed toge th er  in 
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t o a sc e ne .  Th e lin king file  th at  cr eate s this sce ne  wo uld not  load up in

C ro ssro ads, and for  th is re ason ,  o nly  t he  subm arine  fram e was initially use d as th e

m odel ( see  Figur e 13) .

Figure 13: Intermediate 3D model of Kambara.

T his en abled th e de velop m en t of all of th e fun ct ion alit y  requir ed by  the  3D 

m odel. Howeve r,  by only using th e on e  com po n en t the  illusion  was cr e at ed of a

faste r frame  rate  th an  wo uld be  pr ese nt  whe n  the  full mo de l was loaded in .  T his

n ee de d to be  ke pt  in  min d, an d hen ce  th e num be r of po ly gon s in th e model was

r educ ed to  ac co un t for  t h is fac t .

5.3.2. Applying the 3D Model

T he  J ava 3D API  c or e  fram ewor k is based on a scen e gr aph  p ro gramm in g m ode l. 

Pic ture s ren der ed with  Java 3D are  called sc en es.   Th er e  is an un de r ly in g objec t 

c lass st ruct ure  t hat  define s th e  c om p osit io n  o f the  sce n e [  6 ]. 

T he  sce n e,  or  Òvirt ual un iver se Ó, is br oken  in to  th e fo llo win g co mp o ne nt s that

m ake up  th e sce ne Õs co mp o sition :  beh aviour,  mo de l, ob je c t ch aract er ist ic s, 3D 

c oo rdin ate , mat h,  an d eve ry th in g else  nee de d to cre at e a com p le x wo r ld of 3D

o bjec ts.   At  th e ce n tr e stage  of the  fr am ewo rk is the  Sce ne Graph  ob je ct .   It 

c on tain s a co mp le te  de sc r ip tion  of th e sc en e , in c luding mo de l dat a,  at tr ibute s, 

and vie win g infor mat io n. 

T o br in g the  Kamb ar a 3D model to  life , th e hie rar ch y plann ed was as se en  in 

Figur e 14. 
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Figure 14: Scene Graph hierarchy for KambaraÕs Java 3D System.

T he  sce n e co m pr ises part s that ret ain  the ir  in dividualit y,  ye t re pr e se nt  th e

m easurab le  wh ole calle d the  virtual  unive rs e.   To  th is a L oc al e ob je ct  is at tach ed

which  p r ovide s th e coo rdinate  sy st em . 

A  colle c tion  of seve ral sub gr ap h s is cr eate d and at tach e d to  th e Lo c ale objec t. 

For  t he  Kamb ara syst em , the  sub graph s r equir ed we re :

· Bac kgro und: Th is subgrap h simp ly pr o vide s the  backgr oun d co lour,  in dicat ive

o f th e wat er  in  whic h th e  sub mar in e is tr ave llin g.

· L ight ing: Am bien t  ligh t was requir ed to sho w the  veh icle,  an d two  poin t ligh t s

wer e use d to  give  a mo re  in tuit ive  se nse of or ie n tation  as th e subm arine 

m oves.

· 3D Mo de l : A subgr ap h was use d for  th e ve h ic le  it se lf.   Essen tially at  th e

b ot to m of th is subgr ap h,  th e .OB J file is lo aded in  to a Java 3D Sce ne Graph 
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and the n  ext r ac te d to be c om e a Branc hGroup.   Th e Trans fo rmGro up asso ciate d

wit h th is can  t he n be use d to  m o ve  an d or ie n t th e  veh ic le. 

· Targe t:  Th e tar ge t is re pr e se nt e d in de p en de n tly so  th at  it  can  be  manipulat ed

t o th e desir e d de st inatio n of t h e mo del.

· Axe s:  Th e co - or din at e sy ste m is re pr e se nt e d with  3 lin es so that a use r can 

visualise wh at Kamb ara is doing.   Th e se  lin e s ar e  colour ed re d,  gre e n an d

b lue to  co rr e sp on d respe c tive ly  with  th e X,  Y an d Z  axe s.  T h is is in lin e with 

t he  c on ven tio n of r e pr ese nt in g XYZ  ax es wit h  t he  RG B co lour sch em e. 

· Vie w:  Finally  a view plat fo rm  is att ach ed wh ic h gives th e use r th e  abilit y to 

m an ip ulate  th e po sit io n fro m wh ich  th ey  are  viewing the  sc en e .  T his vie w

h as seve ral beh avio urs asso ciat e d wit h it  to  enab le  rot ating,  zoo min g an d

t ranslat in g of th e vie wp o in t. 

A ll of the  ob je ct s that com po se  th e roo t Branc hGroup ar e co n tain e d with in a

b oundin g sph e re .  T h is was made  ar bit rarily  large , sinc e  t he  be havio ur s are  always

r equire d t o app ly .

5.3.3. Co-ordinate System Problems

T hr ough o ut  im plem en t at io n  the re  we re  pr ob le m s co m bining th e coo rdin ate 

syste m rep re sen te d in Java 3D  with  th e in te r pr et ation  of Kam b ar aÕ s co- or din at e

syste m by ot h er  gro up me m be rs.

Whe n th e  J ava 3D mo del c r eate d was lo aded in  t o the  vir t ual unive rse , th e  m odel

default s t o the  o rie nt at ion  sho wn in  Figur e 15. 

Top

Front

+z

+x

+y

Figure 15: Default 3D orientation.

Top

Front

+x

+y

+z

Figure 16: Desired 3D orientation.
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T his st ate  has th e model with  it Õs fr on t fac in g down th e  +z axis an d itÕ s top  facing

alo ng th e +y  ax is.  Ho we ver  this doe s not  co rr esp on d wit h th e  way  th at  th e

sub marin eÕ s orien tat io n was int e rp re t ed in order  to  use  th e learn in g algo rith ms

involve d in develop ing it Õs aut o no my .   Fo r this reaso n,  pr io r  to ap p ly in g the 

learn in g algo rith mÕ s est imation  of or ie nt at ion , it was fir st  ne ce ssary  to  rot at e  the 

sub marin e mo del in to th e  desir e d po sit io n (se e Figur e 16) .

5.4. Cont r ol Modes
T he  basic co n tr ol mo de s wer e suc ce ssfully  im plem e nt ed in  the  sy st em .   Wh e n th e

use r fir st  lo ads th e  G UI  ap plic ation ,  a lab e l in  th e to p  r igh t co rn e r in dic at es th at  th e

c ur re nt  co nt r ol mode  is ÒDisc on n ec te dÓ.   Dur in g this st ate  of ope rat io n,  th e

o pt io ns un de r  t he  C o nt ro l M ode pulldo wn  m en u are  disable d. 

Upo n suc ce ssfully c o nn ec tin g to  th e ser ve r,  th e con tr ol mode  auto mat ic ally ch an ges

t o ÒObse rver  Mo de Ó, at  wh ic h st age  t he user  can vie w the  stat e in fo r mation co min g

fro m Kambara.  This also enables th e con tr ol mo de  menu, pro vidin g fur th er  co nt ro l

m ode op t io ns. 

T he  nex t  issue de alt  wit h  was wh et he r  the  user  can gain  co nt r ol of the  ve hicle.   I f

any  o f t he  r emain ing 3 m ode s ar e sele ct ed from  t h e co nt r ol m e nu ( In dividual m ode ,

T eleo pe r at io n  mode or Sup er viso r y Mo de) , th e n th e  use r will rec eive  on e of two

signals in  r e ply to  th eir  r eque st,  e ith er :

(1) Reque st  grant ed:  con tr o l is gr an te d to the  use r  sin c e th e rob ot  is eit h er  no t be in g

c on tr olled, or is alre ady  in co n tr ol of t he  re que st in g use r. 

(2) Reque st  de nie d:  t he  r o bo t is pr ese nt ly  be in g con tr o lled b y  som e on e else

A s disc ussed th ro ugh out this pr o je ct ,  only a ver y  basic  co nt r ol syst em  has be en 

imp le me n te d. 

T he  Individual co nt r ol mo de  has be en  im plem e nt ed,  and wh en  se le ct ed pr ovide s a

n um be r of but to ns on  seve ral co m po ne n ts.  C o nt ro l of in dividual mot o rs can be 

m an aged by  in cr easin g or  de cr easin g the  desire d tor que using th e but to ns wh ic h

app ear in th is mo de .   Th is is also  t he case  fo r the  p an ,  t ilt  and zo om  o f t he  c ame ras.
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T he  tele op er ation  mo de  allo ws th e use r to  tr an sm it so me  basic  high- level

n avigat ion  c o mm an ds.   Essen tially,  t h e user can cho ose out  o f e ight  dire c tion s in it s

lat er al plan e , as we ll as being ab le  to  move  for war ds or  bac kwards (se e App en dix 

C 7) .

For  bot h  of the  abo ve mo des, th e  con t ro l signals ar e pr e se nt ly just  se nt  to  the 

ser ve r.   Fut ure  imp lem en t at io n will require  th e develop m en t of a way  to transmit 

t he se  c o nt ro l c om man ds fr om  t he  se rve r to  t h e ro b ot .

T he  sup e rviso ry  m ode  was no t im p le me nte d.   Essen t ially, th e sup er visor y mode will

allow th e use r to  plan  out a ro ute  to  follo w, or  to  exe c ut e a num be r  of com mands

in se que nc e.   S in ce  th e con tr ols imp lem en te d so far  are  at  such  a lo w le vel, th e 

sup er visor y mode was not  de ve lo p ed.  Th is is disc usse d fur th e r in  th e ne x t ch ap t er 

( se e se c tion  7.2.1) .

5.5. V ideo F eed
I t was plann e d to  use  a digitiser  to con tin ually refre sh an  im age which  wo uld be

p re se nt e d in  th e GUI . Un for tunat ely,  th e sub marin e de ve lop me n t had not  re ac he d

t he  stage we r e th is co uld be te ste d.  An  image place ho lde r was use d in an t ic ip at ion 

o f th e video  st re am  be in g pre se n t.   T his im age  was tr eat ed in  the  same  way as th e

3D mo de l, in  th at  it  is alway s on sc r ee n (n e ve r obscure d by a tab be d pan e 

selec tio n) .



40

C h a p t e r  6 

6. VA L I DA TI O N AND  VER I F I C A TI O N

T he  n ex t  p hase was con ce r ned wit h pe r fo rm in g a validatio n of th e im p le me n tation , 

in or de r  t o dem on st r at e h ow well it c om plie s with  t he  o r iginal re quire men ts and th e

design. 

T his essen tially me ant  te st in g the  pr im ar y software  requir em e nt s to  se e if th ey  me t

t he ir  o b je ct ive s. 

6.1. T esting pr ocedu r e
Fir st ly  a no t e on  th e way  in wh ich  te st s we r e car ried out.   Pro blem s wer e 

e nc ount e re d in im ple me nt ing t he ap plication  on  a So laris m ac h in e.   This was due  to 

t he  fac t  t hat  J ava 3D on ly runs on  ve rsio n of So lar is e qual to or  h igh er  th an  6.   As a

r esult,  th e Kam bara sy st e m de ve lop ed was alway s teste d on th e  one  mach in e  (th is

was don e  on bot h a Win do ws NT  an d Win do ws 98 syst em ).   S pe cific ally ,  the 

c lien t( s) an d ser ve r  wer e  alway s be run ning on  th e lo cal host .  T his was no t to o 

t ro ub le som e,  ho we ve r , lo ading th e on e  mac hin eÕ s pro ce sso r wit h all of th e se 

p ro gr am s is bound to  lead to po o re r per fo rm anc e than if each  co mp on e nt  of the 

p ro gr am  was run  o n a sep arate  m ach in e .

T he  clie nt -se rver  sy st em  wo uld rec eive packe ts fr om  one  of two in put s.   T he  fir st

o f th ese  was a subm arine  simulat or , who se  packet s con taine d infor mat io n givin g a

goo d est im at ion  of sub mar in e dat a,  part ic ularly wit h re levan c e to  po sitio n an d

o rien tat io n.   T he  se co nd po ssib le in p ut  was simp ly a ran do m pac ke t gen er ato r

( Robot Se rve r)  con taining values th at  we re  with in  th e ap p ro pr iat e ran ge s,  but we r e

gen er at e d ran do mly.   T he se two inp ut s bot h use d the  sam e  pac ket  for m at , and

h en ce  we re  in te rc han ge ab le. 

Unfor tun at ely , th e sen so r  dat a fro m the  sub m ar in e  itself was no t availab le durin g

t he  t est in g phase  o f t his p ro je c t. 
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6.2. Basic design pr inciples
T he  GUI  de sign pr in c ip le s discusse d in 2.2.4,  wer e all satisfie d dur ing the 

imp le me n tatio n ph ase .  S p ac e an d alignm en t wer e use d to  maxim um  affe ct .

A ddit io n ally ,  p ro xim it y was use d t o gro up  similar  c om po n en ts. 

6.3. S ta te info r ma tion upda ting
T he  abilit y for  the  clie n t to  view th e st at e  info rm at io n  com ing fro m  the  ro bo t was

e xamine d in a n um be r  o f way s. 

Fir st ly  th e spe ed at  whic h th e c lien t  updat e s th e  G UI  was ex amine d.   T his was do ne 

o n two sep ar ate  syst em s,  Windows NT and Win dows 98.   To  do  th is, th e  rob o t

sim ulat o r was start e d up ,  and th e tim e it  to ok to  sen d a num b er  of pac ke t s was

r ec or de d.  D uring th is same  per iod, the  num b er  of pac ke t s re c eive d by th e  clien t 

was also  r ec o rded.

T he  ave r age results ar e sho wn  b e lo w in Table  2.
T es t N um ber of

p ackets  sent
b y si mu l ator

N um ber of
p ackets  recei ved

b y cl ien t

T im e (s ) Upd ate
f requ en cy

( Hz)
W ith se rve r p re se nt
(Wind ow s 98)

647 198 53. 6 3.7

W itho ut se rve r prese nt
(Wind ow s 98)

763 440 43. 2 10. 2

W ith se rve r p re se nt
(Wind ow s N T)

698 286 65. 3 4.4

W itho ut se rve r prese nt
(Wind ow s N T)

703 402 36. 8 10. 9

Table 2: Results from tests of GUI update rate.

I t sh ould be  no te d that the  per for man ce  of the  clie nt  ac hieve d th e software 

o bjec tive of an  update  r ate  o f 10 Hz wh en  t h e se r ve r was n ot  presen t  in the  syst em .

However ,  the  pe rfor m an ce  was no t  sat isfac to r y wit h th e ser ve r  pre se n t.   I t is also 

app ar en t  that  per fo r manc e  is gr e at er  on  the  Windo ws NT syste m , th ough th is

c ould b e  att r ib ut ed to  p r oc esso r  p owe r,  r at h er  t h an  t he  op er ating sy st em  it se lf. 
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T he  drop  in spe ed due to  th e se r ve r is on e area that sh o uld be optim ised.   It  m ay be 

n ec essar y to  do  som e  buffer in g at th e  ser ve r , or  po ssib ly to  op timise th e  thr ead

h an dlin g.

I t sh ould be  re me mb e re d that all thr e e of th e pr o gr am s involved in testin g (c lie nt ,

ser ve r,  simulat or 

6.4. N etwo r k testing
A side  fr om  th e ne two rk aspe ct s of th e  GUI  up date s discusse d abo ve , the re  was

ano th er  aspe c t of th e ne t wo rk to  test .  I t was ex am in ed if it  was po ssib le to  have 

m ultiple  c lie nt s co n ne ct e d to  t h e se r ve r. 

T he  case  of two  clie nt s con ne ct ing to  the  se rver  was te ste d,  an d was imp lem en te d

suc ce ssfully .   Th e ser ve r  ackno wle dge d th e regist ration  of bo th  clie nt s,  an d se n t

state  in fo rm ation  up date s t o eac h of th em .

6.5. Cont r ol m ode testing
T he  con t ro l modes im plem e nt ed, obser ver , in dividual and te le o pe ratio n we r e all

suc ce ssfully  te st ed. 

Fir st ly ,  the  disc on n ec te d state  was examine d.  Wh en  in this state , a use r  can  no t

e nable any  of the  op tion s in th e  Con t ro l Mo de me n u.   Th is is in tuit ive ly  co rr ec t ,

sin ce  a disc o nn ec te d use r  c an  n o t co n tr ol t h e ro b ot .

T he  obse rver  mo de  simp ly  allo we d the  user  to  vie w the  st at e infor mat io n,  wh ile

h avin g the  ab ilit y to se lec t an o th er  mo de  if desire d. 

Whe n in  th e individual mo de , var io us co mp on e nt s have but to ns adde d to th e m, 

which  allo w for  t he  sending o f relevant  signals.   T he se  butt o ns all succ e ssfully  c alled

fun ct io n s on  th e se r ve r using th e RM I  con ne c tion .   Th ese  fun c tion s sim ply 

ackno wle dged th e ac t io n of th e but to n , with o ut  an y furt h er  ac tion  t aking plac e

T his was also  the  case  in  teleo p er at ion  mode , ex c ep t th at in ste ad of adding new

b ut to ns,  t he  Navigat io n tab be d pan e is adde d for  th e use rÕ s selec tio n. 
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Fin ally ,  the  co nt ro l and ne twor k asp e ct s we r e co m bine d in a test.   T wo  clie nt s

logge d on to  th e se r ve r,  an d on e  gain ed con t ro l of th e sim ulato r ro b ot .  Th is clie nt 

was able  t o switc h bet we e n th e var io us co nt r ol m o de s,  wh er eas t he  o t he r clien t was

n ot  able  to gain co n tr ol of the  ve hic le .  C o nt ro l was re linquishe d whe n the 

c on tr ollin g clien t ret ur n ed t o obser ver  m ode .
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C h a p t e r  7 

7. C O NC L U S I O N AND  F UR THE R  WO R K 

7.1. Conclusion

M an y im p or tan t un de r wate r  tasks re ly  on  por t rayin g a sub marin eÕ s par am et e rs to a

c on tr oller  in  an in t uitive re pr e se nt ation .  Th is pr ojec t  has used Java alon g wit h it Õ s

assoc iat ed APIs to com mun ic at e an AUV Õs info rm at ion  to the  user  in a mor e 

c on ve nie nt  m ann er  t h an  is p re se n tly use d on  similar  int e rfac e s. 

T his in t er fac e has cro ss- ne twor k cap abilitie s,  allo wing mult iple use rs to  vie w the 

state  of the  ro bo t,  wh ile  havin g one  user  co nt ro l it.  Also , a sim ple  con t ro l sy ste m

h as bee n  imp lem en te d, allowin g con tr o l via a poin t- an d- c lick me th od on  eith er 

image s or but to ns o n  t he  in te rface .

T he  update  rate  of the  clie nt  GUI ac h ie ve d the  so ft ware  ob je c tive  of 10 Hz, 

h owever  th is was on ly wit ho ut  th e se r ve r pr e se nt .   With  th e ser ve r in th e  syste m ,

t he  update  r ate  was close r to  4 Hz.

A  3D mo del is pro vided to  aid in  visualisin g Kam b ar a,  an d by  usin g Java 3D th e

p ossibilit ie s are  op en  fo r mo re  so ph ist ic at e d co n tr ol de vice s to be  used in  the 

fut ur e. 

T he  abilit y to view th e live video  has no t bee n imp le me n te d.   T his was no t

investigat ed mo re  th or oughly due  sim p ly  to the  fact  that  the  vide o str eam  was no t

availab le dur in g th e  test in g ph ase .  A plac e ho lde r has bee n use d on  th e int er fac e to 

acc ount  fo r the  t im e  whe n  a vide o fe e d is used.

A t pr ese nt , inp ut  t o  this syste m  is only via a simulato r .  Ho we ve r,  by  b uilding up on 

t his ex ist in g GUI  sy st em ,  a use r  will be ab le to  co mm an d an under wat er  ro bo t to 

p er fo rm  useful tasks, wh ile  o bse rvin g t he  r e sult s via r e al-t ime  update s on th e GUI .
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7.2. F u r ther  W or k
T his pr o je ct  has fo c used on  ensuring th at  data co ming fr om  th e subm arine ,  or in 

t his case,  a subm ar ine  simulato r , can  be suc ce ssfully  disp lay ed to clien t s wh o

r eque st  such  in fo rm ation .   Ho we ver  th er e ar e  var ious asp ec ts of the  pr oje ct  whic h

c an  b e built  up on , the  m o st  app are nt  of whic h is th e co n tr ol sy st em . 

7.2.1. Extending the Control Modes

D ur in g the im plem en tat io n  o f th e  K am b ar a GUI  system  som e  b asic po in t  and clic k

c on tr ols wer e  imp le m en te d.  T he se pr o vide d the  basics of the  In dividual and

T eleo pe r at io n  con tr o l mo des.  Ho we ve r  the  co nt ro l syste m  can  be co me  far mor e

advan ce d t han  t his. 

While  th e basis of the  In dividual co n tr ol mo de  is the re ,  it can  still be  im pr ove d to 

b e mo re  user  fr ie ndly.  Fo r ex am p le , pre se nt ly in  or de r to re ach  a ce rt ain  pan  an gle

o n th e cam er a, th e inc re ase  but t on  is pre sse d un t il the  de sir ed value is re ac he d. It 

would mo re  useful to  be able to  dr ag th e ne e dle wit h th e  mouse to  th e de sir ed

value .  Th is is just  o ne  aspe ct  wh er e  imp ro vem en t s co uld b e made. 

T he  t ele op er ation m o de  r e ally  o n ly c o nsists of a cont ro l p an e l allo win g the  o pe r at or 

t o te ll th e rob ot  t o  move  in on e  of ten  dir e ct io n s (up,  up  r igh t,  righ t,  fo rwar ds et c .) 

while  in cr easin g or  de cr e asin g the  yaw,  pit c h an d roll.   T his met ho d of con tr ol will

o nly re ally be useful dur in g th e  test in g st age s,  to  che c k th e  thr ust er s are 

c oo rdin ating as e xp e ct ed.   So me  useful co nt r ol m e th ods sho uld b e in vestigat ed.  By 

using a Java 3D  mode l as part  of this syste m , a num be r of in p ut  device s sho uld be

c on side r ed op tion s.   S om e  opt io n s in c lude  a simp le jo yst ic k,  or , a mor e advan ce d

m et ho d,  th e 6 degre e  o f fre edom  tr ac kin g de vic es wh ic h are  n o w availab le . 

A  plan will nee d to  be  made  for  a sup er viso r y mo de co nt r ol sy st em  in  ant icipatio n

o f futur e ro b ot  ope r at io n s wh en  an  op tic fib re  te th er  is not  pr esen t .  T h e ab ility  to 

c on tr ol in  supe rviso ry  mo de  is an im p or tant  co nside ratio n as th er e is a signific an t

t im e de lay  be twee n sen din g a co m mand an d th e  resp on se  of a ro bo t to  th e

c om mand wh en  an  opt ic fib re  tet h er  is no lo n ge r pre se nt .  It is de sir ab le  to  have  a

syste m whe re b y th is time  de lay is ac c ount ed fo r. 
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One  fin al asp ec t of co nt r ol whic h may  be use ful is to  st or e a que ue  of user s wh o  are 

r eque st ing co nt ro l.   Pre sen tly,  if a user  make s suc h a reque st an d the  ro bo t is

alr eady  be in g con tr o lled,  t he y are  simp ly  de nied th eir reque st.   It  migh t  be use ful to

h ave a syste m , in  wh ic h suc h a reque st is plac ed on  a queue in an tic ip at ion  of the 

r ob ot  b e co min g fr ee  fo r con tr ol. 

7.2.2. Implementing long-term network architecture

I n se ct ion  4.2.1.1,  the  lo ng-t e rm  net wor k goal of th is sy st em  was discusse d.   T his

e ssen tially refer s to th e  objec t ive whe re by  it  is possib le  to  use  th is in te rfac e  acr o ss

t he  Int e rn et .   In  or de r for  this to hap pe n,  th e app licat io n pre se nt ly de velop ed will

n ee d to  be  tr an sfor m ed in  to ap p le t for m,  in  orde r to  run in  a br owser  such  as

N et sc ap e .

T his br ings wit h it  addit io nal com plication s.  S p ec ific  Java plug-in s ne e d to  be  run 

wit h th e  p re sen t ve r sion s o f In t er ne t  b ro wse rs in  o rder  fo r the m to  disp lay  J ava 3D

o bjec ts.   Also,  an app le t  for m has addition al se c ur it y con sider at io n s assoc iate d wit h 

it.   Th is may  lim it  th e way  in which  op er at ion s suc h as lo gging and st or ing clie nt 

det ails ar e car ried out. 

7.2.3. Logging information

Pre se nt ly,  t h e lo gging sy st em  is in itÕ s pr imitive st age s,  with  t he  me nu op tion  havin g

b ee n est ab lishe d,  but no  lo ggin g act ually  co mm en c in g.  Th is has se ve r al aspe ct s

upo n wh ich  im pr ovem e nt s can  b e made. 

File st o rage  is goin g to  be  a pr ob le m  sim ply  due  to  the  am oun t an d fre que nc y of

dat a wh ich  is being tr an smitt ed.   Multiple files ar e likely to be  re quir e d,  that  is,  at  a

c er tain  file  size , a new file  sh ould be  ope n ed an d th e pre vio us one  st or e d. 

A ddit io n ally ,  the  file s could be  writ te n in  binar y rath e r th an AS CI I  in order  to  save 

som e sp ace .

T he  met h od of loggin g sh o uld also be  ex am in e d.   Whe n th is sy ste m is runn ing as

an ap ple t,  th e Java se cur it y ar r an ge m en ts will no t allo w for  wr it in g on a clien t Õs

syste m wit ho ut th eir  exp r ess pe r mission .  Fo r th is re aso n,  it  may  be  desirable to

h ave a sep ar ate  loggin g pro ce ss runn ing at the  se rver  en d,  wh ose in for mat io n can 

b e re que st ed by  t he  clie n t. 
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7.2.4. GUI improvements

T he  lay o ut  of the  GUI is an  issue th at de se r ve s som e fur th er  in ve st igatio n. 

Pre se nt ly,  in fo rm at ion  is gro up e d lo gic ally  in  to  individual tabb ed pane s.  Howe ve r, 

use r te sting may sh o w th at it  is mor e  ben eficial to  be able to have  an y individual

G UI  com p on en t  (eg co mp ass, batt e ry ) on sc re e n at  on e tim e.   I t may be mo r e

use ful to im p le me nt  th e syste m as a ser ie s of in t er nal frame s, or  p o ssib ly even  allo w

t he  use r  t o selec t what com po ne n ts ar e availab le  to  t he m  via ch ec kb o xe s. 

Wit h a change  of lay out rep re se n tatio n,  t he r e may  be pr o blem s wit h the  r e sizing of

c om po ne n ts.  As disc usse d in th e imp lem en tat io n sec tion ,  man y  o f th e  c om p on en ts

h ave fix ed dime nsio n s,  in  order  to  ge t th em  in   t o an  ap pr op r iate  po sitio n with in

t he  tab b ed pane .  T h is may be  a hindr an ce  if try ing to imp le m en t a mor e dyn am ic 

lay out. 

7.2.5. 3D model improvements

T he re  ar e also me th o ds by  which  th e 3D mo de l can  be  use d mor e  effec t ively .  T he 

fir st  im pr ove me nt  wo uld be to  im plem e nt  the  mo re  co mp lic at ed 3D  mode l

develop e d using Inve nt or .   Due to th e  con ve r sion  pr ob le m s discussed in  se ct io n

5.3.1,  o nly the  subm ar in e  fram e is used in  t he  m o de l at th e mom en t 

Pre se nt ly th is mo de l is use d sim ply to re pr e se nt  th e po sit io n  and or ie nt ation  of the 

sub marin e in  3D  spac e.   T he re  ar e man y ot he r  way s in wh ich  th is could be  used.

For  exam ple,  th e mo t or  to rque s pre se n tly re p re se n te d by  a bar  graph  may be ab le 

t o be  visualise d as a ve c to r co m in g eit he r for war ds or bac kwards out  o f eac h of th e

5 sub mar in e mot or s. 

A ddit io n ally ,  the  ex ac t posit io n  values of the  subm ar in e  in eac h of th e 3 Car te sian

axis dir ec tio ns may  be  of use .  Th is co uld be do n e by  en casin g th e sub mar in e in 

som e so r t of tr an sp are nt  sp he re ,  o n to wh ic h  vec t or  p ro jec tio ns c ould be  made .

7.2.6. Video feed implementation

T he  image place ho lde r on  the GUI  sho uld b e rep lac ed b y the  st re am in g vide o fe ed. 

A ddit io n ally ,  plans sh ould be  made  to  sen d pic tur es to the  GUI wh en  th e opt ic 

fib re  t e th er  is n o lon ge r  p re se n t. 
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7.2.7. Client implementation

T he  update  sp ee d of th e clien t GUI  co uld also be  op timised. Pre se nt ly,  th e th re ads

doing th e up dat in g are  po llin g one  an ot he r based up on  th e value  of a boo lean

var iable .  T h is is not  th e mo st  op tim al solution ,  and alte rn ative s sho uld be

investigat ed.   Addit io nally , the  spe e d re duc tion s due  t o  kee p in g on e  soc ket  ope n  t he 

who le  t ime  sh ould b e  e xam in ed.

7.2.8. Server implementation

S om e fe ature s will nee d to be  adde d to th e ser ve r  in or der  t o  pro vide a mor e ro b ust

syste m.   T he  assign ing of por t num be r s to  re gist e ring clie nt s is cur re nt ly do ne 

sim ply by in c re me nt ing th e po rt  numb e r co un t er .  Th is has dr awb ac ks in  th e case 

t hat wh e n a clien t disco n ne ct s,  th eir  p or t num be r  is ne ver  again assigne d.

Fin ally ,  it would be  use ful if the  co nt ro l status of th e  Kam b ar a ro b ot  co uld be 

t ransmit te d to each  re giste re d clien t .  T his would pr eve nt  clie nt Õs fr om  having to 

att em pt  to  gain  c on t ro l in or de r  t o fin d out  if the  r ob o t is availab le  fo r use. 
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APPENDIX A: REMOTE METHOD INVOCATION (RMI)

S in ce  th e use  of RM I  is an in te gral par t of th e Kam bara GUI syste m,  it  is

wor th wh ile  to  exp laining in  mor e  det ail what  hap p en s be h in d the  sce n es with  RMI 

and why  it  was se le c te d to be  used fo r co nt r ol an d re gistr at ion  com m an ds ac ro ss

t he  n et wor k. 

RMI  allo ws an  app lic at io n  to call me t ho ds an d ac c ess var iable s in side an o th er 

app licat io n,  wh ic h may  be  run nin g in  a diffe re nt  Java en viro n me nt  or  a differ en t 

syste m alt oge th er , and to  pass objec t s back an d for th  over  a ne twor k con n ec tion . 

RMI  base s mo st of it s fun ct io nalit y on se rializat io n to  pass classe s to and ret urn 

t he m fr o m th e  rem ot e  obje ct s.  Th e pac kaging an d passing of me th od ar gume n ts is

o ne  of the  mo re  int e re st ing asp e ct s of RM I,  as ob je ct s have to be  co nver t ed int o 

som et hin g th at can be passe d ove r th e  net wo r k.   T his co n ve rsion  is calle d

ser ializat io n .

A t th e most basic  le ve l,  ob je ct  se rializatio n is  t he  ab ilit y  to wr ite  an  objec t  inst an ce 

t o a st r eam and the n  rec o nstr uc t  that  str eam  int o  the  ex ac t rep lica ob je c t in st anc e, 

p ot en tially on an ot h er  mach in e [  4 ].   As lo ng as an objec t  can  be  ser ialized,  RMI 

c an  use  it  as a m et h od p arame te r  o r a r et ur n  value. 

The R MI  Arch itect ure

T he  prim ar y goal of RM I was to make int er ac t in g wit h a rem ot e  objec t  as easy as

int er ac t in g wit h a loc al on e.    In  addition ,  howe ve r,  RM I in c lude s mor e

sop hist icate d mec han isms fo r calling me th ods on rem ot e objec t s to  pass wh ole

o bjec ts or  part s of ob je c ts eit h er  by  refer e nc e or by  value,  as well as addit io n al

e xc ep tio ns fo r handlin g net wo rk er ro r s th at  may occ ur  wh ile a rem ot e  ope r at io n is

o cc ur rin g. 

RMI  h as se ve r al lay e rs in  o rder  to  ac co mp lish all o f th e se  go als an d a single  m e th od

c all cr o sses many  o f t he se laye r s to  ge t wh e re  it Õs goin g (se e Figur e 17) .
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Figure 17: RMI layers.

· T he  Òst ubÓ an d Òske let on Ó lay er s are  on  the  clie n t an d ser ve r , re sp e ct ive ly .

T he se  laye rs be have  as surr ogat e  obje ct s on  each  side , hidin g the  Òr em ot e ne ssÓ

o f th e met ho d c all fro m the  act ual im plem en t at io n  classe s.   For  e xam ple,  in  t he 

c lien t app lic at io n it is po ssib le to  call r e mo te  me th ods in pre cise ly th e  sam e way 

as calling lo cal me t ho ds;  the  st ub  ob je ct  is a lo cal sur ro gat e fo r the  re mo te 

o bjec t. 

· T he  Rem o te  Re fe re nc e  Lay e r handles packagin g of a met ho d call, it s

p ar am et e rs an d re tur n value s fo r  t ran sp or t ove r the  n et wor k. 

· T he  tran sp or t  lay er  is th e ac tual ne t wo rk co nn ec t io n fr o m on e  syste m  to

ano th er . 

Havin g thr ee  laye rs fo r RMI  allo ws each  lay e r to  be  inde pe nde nt ly  co nt ro lle d or 

imp le me n te d.   S tubs and ske le to n s allow t he clie n t an d ser ve r  c lasse s to  be have  as if

t he  obje ct s the y we r e de aling with  we re  loc al,  an d to  use ex act ly  th e sam e Java

lan guage  feat ur es to  acc e ss tho se ob jec ts.  Th e Rem ot e Refer e nc e Lay er  se parate s

t he  rem o te  ob je ct  pr oc essin g in t o it s own  laye r,  wh ic h can  th en  be opt im ise d or 

r eimp le m en te d indep e nden t ly  of the  ap plic at ion s that de p en d on it .  Finally  the 

n et wo rk tr an spo rt  laye r is used in de p en de nt ly of th e ot h er  two so  th at  yo u can use 

diffe re n t kin ds o f soc ke t  c on ne c tion s for  RM I. 
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R MI  v ers us  S ock et s

Rem ot e objec t s ar e a way  of abst ract ing the  clie n t/se rve r ap p ro ac h so th at th e

p ro gr am m er  ne eds to  kn ow on ly  wh at  func tion ality  an d wh at dat a ne ed to  be 

p asse d to th e  ser ve r , wit ho ut  h aving to  kno w h ow to  get  it  t h er e an d b ac k.

A t th e ver y lowest level,  any  co mm un ication  be twe en  two  mach ine s re quire s the 

use  of the  ne twor k.   I nvariab ly ,  that  involves th e use of a soc ke t con ne c tion , ove r

which  data m ust  flo w.

RMI  is a mor e  sop histicat ed mec h an ism  for  co mm un icating be twe en  dist ribut ed

J ava ob jec ts th an  a simp le so cke t co n ne ct io n  would be , bec ause th e mec han isms

and pro t oc ols by wh ich  yo u co mm unicat e be twe en  ob je ct s are  de fine d and

standar dised.   Yo u can  talk to ano th e r Java pr ogr am  usin g RM I  wit ho ut havin g to 

kno w be for eh and what  p ro t oc ol t o  spe ak or  h o w to  sp eak it. 

F iles  Need ed  for RM I 

B uildin g an RMI -b ase d sy ste m re quire s at a min im um th re e  file s.   Fir st  th er e is th e

n ee d fo r an inter fac e th at defin es wh at  m eth ods are  goin g to  be  use d.  N e xt  y ou will

n ee d an  im ple me nt at ion  of that int er fac e-  th e se r ve r co de.   Fin ally  yo u will ne e d

som et hin g th at uses th e ser ve r code Ð t he  c lie nt .  ( se e Figur e 18) 

RMI Client

RMI Implementation
Stub

Network

RMI Implementation
Server

RMI Implementation
Skeleton

Figure 18: The flow of control from the client to the server and back.

R MI  C omp iler

T he  RMI  Co mp ile r (RM IC ) is used to  pr ovide the  glue  bet wee n the  imp lem en t ed

c ode an d t he  ne twor kin g code.   It takes the  se rve r- side  im ple me nt at ion  o f the  c o de 

and p ro duc es two ex t ra file s-  a skele to n an d a st ub .  I n  the se file s are  hidden  all the 

low-leve l ne t wo rkin g code .  T he  st ub  is loc ate d on th e clien t  and th e ske le to n is

loc at ed on  th e se rve r.   T he  stub  pro vides a pr ox y  that gen er ate s th e  act ual calls to 
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t he  ske let on ,  which  th en  fo rwar ds th e  reque sts on to  the  re al im plem e nt at ion 

instanc e  o n the  ser ver  ( see  Figur e 18) 

R MI  R egist ry

Havin g the  se rver  co de  an d clie n t co de almo st co m plet es th e pac kage .   Th e  fin al

p ar t is so me t hing th at  list en s for  RM I co nn e ct io n s an d deals with  issues of loadin g

t he  cor r ec t class in st an c es and co nn e ct io n and te rm in at ion  of clien t s.   T he  RMI 

Registr y  is respo nsible for  doin g th is. 

D ur in g code develop m en t,  th e re gistr y  was run fr o m th e com man d line .   Th e 

r easo n for  th is is that it take s the  curr en t  class im age  and se rves th at  to  clie nt s.   I f

y ou chan ge  th e se rve r co de im ple me nt ation , the  ch an ge s will not  be pic ke d up by 

t he  clie nt .  It  was ne ce ssary  to  sto p  the  re gist r y an d restar t it  with  ne w co de .   On c e

t he  n et wor k code on  th e ser ve r for  th is p ro jec t was c om p le te d, th e regist ry  was run

as a pr o ce ss.   Th e imp le m en te d code dyn am ic ally cre at es th e registr y  and make s use 

o f many  ot he r  RMI  c apabilit ie s. 

R MI  S ecu rity Is su es 

D ur in g develo pm en t it was nec essar y to en ab le so c ke t pe r mission s in  th e JDK  file 

( se e 5.2.1) . It  was ne c essary  to  ex plic it ly place  the  name  of the  mach ine  on which 

t he  code  was op er at ing (som et im e s lo c alho st )  wit h in  the  pe rm issio n state m en t. 

D ep en din g on  th e ve r sion  of the  JD K,  RM I do e s no t  tre at  lo calho st  an d th e  loc al

m ac hine  name  as b ein g equivalen t .
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APPENDIX B: VECTOR OF DATA TRANSMITTED BY SIMULATOR

F ield  elemen t /ran ge Dat a rep resen ted
0-2 V eh ic le  po sit io n
3-6 V eh ic le  or ie n tation  (quat er nion ) 
7-9 V eh ic le  lo cal veloc ity 
10- 12 V eh ic le  an gular  velo city 
13- 17 M ot or  t o rque 
18- 20 V eh ic le  targe t
21 B at te ry  vo lt age 
22- 23 A cc eler o me te r  t ot als
24 C om pass an gle 
25 C am er a pan  value
26 C am er a tilt value 
27 C am er a zoo m value 
28- 32 M ot or  c urr en t 
33- 37 M ot or  vo lt age 
38- 40 D er ived ac ce ler om et e r 1 u,v,w values
41- 43 D er ived ac ce ler om et e r 2 u,v,w values
44- 46 Raw acc e le ro m et er  1 u, v, w value s
47- 49 Raw acc e le ro m et er  2 u, v, w value s
50- 52 C om pass magn e tic disturb anc es
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APPENDIX C1: SCREENSHOT OF TELEMETRY PANEL
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APPENDIX C2: SCREENSHOT OF CAMERA PANEL
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APPENDIX C3: SCREENSHOT OF POSITION PANEL
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APPENDIX C4: SCREENSHOT OF RAW DATA PANEL
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APPENDIX C5: SCREENSHOT OF DERIVED DATA PANEL
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APPENDIX C6: SCREENSHOT OF MESSAGES PANEL
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APPENDIX C7: SCREENSHOT OF NAVIGATION PANEL


