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PERILHYH

O kÔrioc stìqoc aut c thc diplwmatik c ergasÐac eÐnai h dhmiourgÐa miac

grafik c diepaf c anjr¸pou-upologist  (Graphical User Interface) me skopì

ton thleprogrammatismì enìc rompìt to opoÐo ja brÐsketai se èna q¸ro

makri� apì to qr sth. H grafik  aut  diepaf  ektìc apì th dunatìthta

entol¸n kÐnhshc tou rompìt ja perilamb�nei èna disdi�stato q�rth tou rompìt

(k�toyh), ènan topikì q�rth gÔrw apì to rompìt, o opoÐoc ja dhmiourgeÐtai

thn Ðdia stigm  b�sei twn endeÐxewn twn sonars tou rompìt kai mÐa trisdi�stath

apeikìnish thc perioq c mprost� apì to rompìt. EpÐshc ja dÐnetai sto qr sth

h dunatìthta peri ghshc ston trisdi�stato q¸ro kai ja emfanÐzontai endeÐxeic

twn sonars tou rompìt kaj¸c kai thc kat�stashc thc mpatarÐac. Tèloc ja

up�rqei kai h probol  thc k�merac h opoÐa ja brÐsketai ep�nw sto rompìt.

Sqetik� me th metakÐnhsh tou rompìt apì mÐa topojesÐa se mia �llh èqei

enswmatwjeÐ èna sÔsthma optik c anagn¸rishc qeironomi¸n, me to opoÐo ja

dÐnontai oi entolèc kÐnhshc.

LEXEIS - KLEIDIA

grafik  diepaf  anjr¸pou-upologist , thleprogrammatismìc, thlerompotik ,

dhmiourgÐa q�rth, C#, OpenGl, aisjht rec, epikoinwnÐa anjr¸pou-upologist 
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ABSTRACT

The main scope of this thesis is the design and development of a human-

computer graphical user interface for teleprogramming of a mobile robot.This

graphical interface, apart from the capability of robot movement commands,

will include a two-dimensional map of the robot (ground plan), a local map

nearby the robot,which will be created the same time based on the signals

from the robot sonars and a three-dimensional view of the area in front of

the robot. In addition to this, the user will have the capability of moving in

the three-dimensional area and there will be signs showing the robot sonars’

state and the condition of the battery. Moreover, we will be able to see the

view from the camera which is placed on the robot. As far as robot movement

from a place to another is concerned, there is integrated an image-based hand

gestures recognition system for human-robot interaction in order to give the

movement commands.

KEYWORDS

graphical user interface, teleprogramming, telerobotics, mapping, C#,

OpenGl, sensors, human-computer interaction
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1 Eisagwg 

1.1 Org�nwsh thc diplwmatik c

Sto deÔtero kef�laio gÐnetai mia eisagwg  anafèrontac k�poiec

jewrhtikèc b�seic pou prèpei na up�rqoun. Oi b�seic autèc eÐnai

sqetikèc me thn teqnht  nohmosÔnh, thn eikonik  pragmatikìthta

kai thn thlerompotik . EpÐshc gÐnetai anafor� stic ergasÐec tic

opoÐec ekteloÔn ta rompìt sta perib�llonta sta opoÐa brÐskontai.

Tèloc anaferìmaste stic grafikèc diepafèc anjr¸pou - upolo-

gist  kaj¸c kai sthn epikoinwnÐa mèsw qeironomi¸n.

Sto trÐto kef�laio gÐnetai h perigraf  thc efarmog c pou èqei

ulopoihjeÐ kai dÐnontai k�poiec odhgÐec gia th qr sh thc. EpÐshc

blèpoume merik� paradeÐgmata ektèleshc thc efarmog c.

Sto tètarto kef�laio anaferìmaste sthn pr¸th ergasÐa aut c

thc diplwmatik c, dhlad  th dhmiourgÐa enìc q�rth mèsw twn

endeÐxewn sonars tou rompot kai ston trìpo me ton opoÐo aut  u-

lopoi jhke. Epiplèon gÐnetai anafor� genikìtera stic aisjht riec

diat�xeic.

To pèmpto kef�laio perigr�fei to deÔtero komm�ti thc diplw-

matik c ergasÐac, dhlad  thn kataskeu  enìc trisdi�statou q�rth,

o opoÐoc ja apeikonÐzei autì pou ja èdeiqne mia k�mera pou brÐske-

tai p�nw sto rompìt. Perigr�fetai h mèjodoc pou akolouj jhke

kai dÐnontai kai epiplèon plhroforÐec sqetik� me ton fwtismì, thn

prìbleyh kÐnhshc, to polugwnikì montèlo kai tic probolèc.

Sto èkto kef�laio diatup¸nontai k�poia sumper�smata, pou

proèkuyan apì thn ekpìnhsh aut c thc diplwmatik c ergasÐac,

kai k�poiec skèyeic gia peraitèrw èreuna.

Tèloc sta dÔo teleutaÐa kef�laia anafèretai h bibliografÐa

pou qrhsimopoi jhke kai dÐnetai o k¸dikac C thc efarmog c.
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2 Jewrhtikì upìbajro

2.1 Eikonik  kai epauxhmènh pragmatikìthta

H eikonik  pragmatikìthta (virtual reality) eÐnai ènac ìroc pou

qrhsimopoieÐtai, gia na perigr�yei sust mata sta opoÐa up�r-

qei allhlepÐdrash se pragmatikì qrìno metaxÔ anjr¸pou kai

upologist . Idanik�, mÐa tètoia allhlepÐdrash perilamb�nei ìlec

tic aisj seic kai ìqi mìno thn ìrash. Ja mporoÔse gia par�deigma

na qrhsimopoieÐtai  qoc   akìmh kai h aÐsjhsh thc af c mèsw

eidik¸n suskeu¸n. 'Ola aut� èqoun wc skopì na dhmiourghjeÐ

sto qr sth h yeudaÐsjhsh thc pragmatikìthtac.

H epauxhmènh pragmatikìthta (augmented reality) qrhsimopoieÐ-

tai, gia na perigr�yei èna perib�llon to opoÐo perilamb�nei

tìso stoiqeÐa eikonik c pragmatikìthtac, ìso kai stoiqeÐa tou

pragmatikoÔ kìsmou. Akìmh dÔo proôpojèseic pou qrei�zontai,

gia na qarakthristeÐ èna sÔsthma wc epauxhmènh pragmatikìthta,

eÐnai na up�rqei di�drash (interaction) me to qr sth se pragmatikì

qrìno kai na brÐsketai stic treic diast�seic. Skopìc thc den eÐnai

na upokatast sei thn pragmatikìthta all� na thn all�xei kat�

k�poio trìpo prosjètontac sto sÔsthma epiplèon plhroforÐec.

H epauxhmènh pragmatikìthta brÐskei ìlo kai perissìterec

efarmogèc. 'Enac tomèac ston opoÐo qrhsimopoieÐtai eÐnai h

thlerompotik  (telerobotics), dhlad  o tomèac thc rompotik c

pou perièqei to qeirismì suskeu¸n apì k�poia apìstash (tele-

operation), o opoÐoc sun jwc epitugq�netai mèsw miac diepaf c

(interface) ki enìc diktÔou. Sun jwc qrhsimopoieÐtai se perib�l-

lonta ìpou oi sunj kec, gia na brejeÐ ènac �njrwpoc, eÐnai

epikÐndunec   se efarmogèc stic opoÐec h qrhsimopoÐhsh anjr¸pwn

eÐnai dapanhr  (eÐte se qrìno eÐte se qr ma).
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2.2 Thlerompotik 

2.2.1 OrismoÐ

Pr¸ta ap' ìla prèpei na xekin soume orÐzontac ti eÐnai to rompìt.

To 1979 to InstitoÔto Rompotik c thc Amerik c ìrise san rompìt

mÐa epanaprogrammatizìmenh poluleitourgik  suskeu  sqediasmè-

nh, gia na kineÐ ulik�, mèrh, ergaleÐa   exeidikeumènec suskeuèc

mèsw di�forwn programmatismènwn kin sewn me skopì thn ektè-

lesh di�forwn ergasi¸n.

JewroÔme wc thlerompìt èna rompìt to opoÐo elègqetai apì

apìstash apì ènan anjr¸pino qeirist  anex�rthta apì to bajmì

autonomÐac tou rompìt. Pio exeidikeumèna ja mporoÔsame na

èqoume diakrÐseic se rompìt twn opoÐwn h kÐnhsh elègqetai

suneq¸c apì ton qeirist  kai se rompìt ta opoÐa èqoun merik 

autonomÐa.

2.2.2 PedÐa efarmog c

Ta thlerompìt qrhsimopoioÔntai:

• Se sunj kec kai perib�llonta pou eÐnai epikÐnduna gia thn

anjr¸pinh ugeÐa   epibÐwsh (baji� ner�, di�sthma, toxik�

perib�llonta, narkopèdia, fwtièc, astunomikèc   strati-

wtikèc epiqeir seic). To GNOM eÐnai èna upobrÔqio thlerompìt

to opoÐo endeÐknutai gia epaggelmatik  all� kai gia erasite-

qnik  qr sh.

• Se perib�llonta pou den eÐnai �mesa prosb�sima ston �n-

jrwpo lìgw mikr¸n perasm�twn (exètash kai epidiìrjwsh

swl nwn kai agwg¸n, egqeir seic)

• 'Otan h ergasÐa pou prèpei na gÐnei eÐnai pèran twn anjrwpÐnwn

dunatot twn (trÔphma ost¸n gia topojèthsh teqnht¸n mel¸n
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'Otan to diasthmìploio Mars Pathfinder prosedafÐsthke ston 'Arh,

eleujèrwse èna thlerompìt, to Sojourner, sthn pr¸th prosp�jeia kÐnhshc

oq matoc ston 'Arh. H epikoinwnÐa den ginìtan se pragmatikì qrìno all� me

kajustèrhsh 11 perÐpou lept¸n, exaitÐac tou qrìnou metafor�c tou s matoc

se tìso makrin  apìstash.

(qrei�zetai meg�lh akrÐbeia), anaskafèc se kataskeuastikèc

perioqèc (qrei�zetai efarmog  meg�lwn dun�mewn) )

• 'Otan h metafor� anjr¸pwn sto q¸ro ergasÐac eÐnai akrib ,

eÐte se qrìno eÐte se qr ma (exereÔnhsh �llwn planht¸n, su-

nt rhsh upojal�ssiwn kalwdÐwn, thledi�gnwsh   thleegqeÐrhsh

pou apaiteÐ exeidikeumènouc iatroÔc twn opoÐwn o qrìnoc den

prèpei na spatal�tai se taxÐdia).

• Se mèrh ìpou h parousÐa anjr¸pwn mporeÐ na bl�yei to

perib�llon (exereÔnhsh euaÐsjhtwn periballìntwn   arqaiologik¸n

q¸rwn).

2.2.3 Probl mata

2.2.3.1 Qronokajustèrhsh Pollèc forèc, an�loga me th jèsh

pou brÐsketai to thlerompìt, up�rqei kajustèrhsh qrìnou sthn
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O kajhght c Jacques Marescaux kai h om�da tou apì to IRCAD ton

Septèmbrh tou 2001 pragmatopoÐhsan thn pr¸th upobohjoÔmenh apì rompìt

ex� apost�sewc egqeÐrhsh, mia qolokustektom , se ènan asjen  se apìstash

7000qlm. qrhsimopoi¸ntac to Zeus, èna eidik� sqediasmèno thlerompìt.

epikoinwnÐa tou qeirist  me to rompìt. Gia par�deigma h ka-

justèrhsh qrìnou sta rompìt pou brÐskontai sto di�sthma exart�tai

apì thn apìstash kai thn taqÔthta tou fwtìc. AntÐstoiqa

èna thlerompìt pou brÐsketai se meg�lo b�joc se wkeanoÔc

ja mporoÔse na ephre�zetai apì thn taqÔthta tou  qou mèsa

sto nerì (1700 m/s). 'Enac trìpoc, gia na apofÔgoume tic

astajeÐc katast�seic pou dhmiourgoÔntai, ja  tan na perimènoume

na p�roume thn apìkrish tou rompìt sthn prohgoÔmenh entol 

mac kai sth sunèqeia na d¸soume thn epìmenh (move and wait

strategy). Autì ìmwc ja èkane to sÔsthm� mac polÔ argì.

2.2.3.2 Aisjht rec kai emf�nish H jèsh tou rompìt pros-

diorÐzetai apì aisjht rec, oi opoÐoi ìmwc den “aisj�nontai” ìla
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ta dedomèna pou ja antilambanìtan ènac �njrwpoc an briskìtan

s' ekeÐno to mèroc. 'Etsi up�rqei ap¸leia plhroforÐac kai

ta dedomèna den mporoÔn na anaparastajoÔn me uyhlì bajmì

axiopistÐac.

2.2.3.3 Asf�leia 'Opwc eÐpe apì to 1941 o Isa�k AsÐmwf ston

pr¸to tou nìmo perÐ rompotik c: “'Ena rompìt de ja k�nei kakì

se �njrwpo, oÔte ja epitrèyei me thn adr�nei� tou na blafteÐ

anjr¸pino on”. GenikeÔontac perissìtero ja prèpei na prosèqoume

m pwc mèsw tou thleqeirismoÔ to rompìt sugkrousteÐ me �lla

èmbia   antikeÐmena thc fÔshc me apotèlesma thn katastrof 

opoioud pote apì ta dÔo.

Up�rqoun tèloc kai k�poia �lla ligìtero shmantik� -ìqi ìmwc

as manta- zht mata sqetik� me thn thlerompotik , ìpwc gia

par�deigma h autonomÐa tou rompìt, h opoÐa èqei na k�nei tìso

me thn energeiak  autonomÐa tou rompìt ìso kai me th dunatìthta

autokubèrnhshc, m�jhshc kai prosarmostikìthtac.

2.2.4 Pragmatik� kai eikonik� perib�llonta

Ta eikonik� perib�llonta paÐzoun shmantikì rìlo sthn epÐbleyh

tou elègqou enìc thlerompìt. Qrhsimopoi¸ntac eikonik� perib�l-

lonta mporoÔme na prosomoi¸soume tic enèrgeiec tou thlerompìt

kai na apant soume se erwt mata tou tÔpou: “ti ja ginìtan an..”

ektel¸ntac thn prosomoÐwsh kai parathr¸ntac ta apotelèsmata.

Par' ìl' aut� up�rqoun arket� yeg�dia, merik� apì ta opoÐa

anafèrontai parak�tw:

• O tÔpoc kai h fÔsh enìc eikonikoÔ perib�llontoc eÐnai

apolÔtwc elegqìmena kai h allhlepÐdrash tou me to thlerompìt

mporeÐ na analujeÐ pl rwc. Apì thn �llh meri�, èna

pragmatikì perib�llon den èqei stajer  kai sÐgourh dom  kai
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de mporeÐ na anaparastajeÐ kai na exomoiwjeÐ, par� mìno se

merikì bajmì.

• Se èna eikonikì perib�llon, oi eikonikoÐ aisjht rec mporoÔn

na lamb�noun akribeÐc timèc kai na mhn ephre�zontai apì

diataraqèc kai jorÔbouc tou perib�llontoc, se antÐjesh me to

pragmatikì perib�llon gia tic diataraqèc tou opoÐou èqoume

merik , an ìqi mhdenik  gn¸sh.

• Sto eikonikì perib�llon, to thlerompìt mporeÐ na kineÐtai kai

na ekteleÐ ergasÐec qwrÐc na katanal¸nei enèrgeia, k�ti to

opoÐo se pragmatik� perib�llonta eÐnai adÔnato.

2.2.5 Katamerismìc ergasÐac metaxÔ anjr¸pwn kai rompìt

Tic teleutaÐec dÔo dekaetÐec ta biomhqanik� rompìt qrhsimopoioÔ-

ntai eurèwc, eidik� se kataskeuèc. 'Eqoun meg�lo bajmì au-

tonomÐac kai mei¸noun thn an�gkh anjr¸pinhc enasqìlhshc. AntÐ-

jeta, ta thlerompìt qrei�zontai ènan anjr¸pino qeirist .

Genik�, o thleqeirismìc wc ìroc qrhsimopoieÐtai, gia na peri-

gr�yei ìlec tic mejodologÐec kai tic teqnikèc, pou epitrèpoun se

ènan anjr¸pino qeirist  na ektelèsei mia enèrgeia qeirÐzontac èna

endi�meso mhqatronikì(mhqanologikì + hlektronikì) sÔsthma. Oi

basikèc diaforèc metaxÔ twn thlerompìt kai twn biomhqanik¸n

rompìt ègkeintai sth fÔsh thc ergasÐac kai sthn an�gkh apì

anjr¸pino qeirismì. Ta biomhqanik� rompìt ekteloÔn kurÐwc

problèyimec ergasÐec se elegqìmena perib�llonta me taqÔthta kai

akrÐbeia, se antÐjesh me ta thlerompìt sta opoÐa spanÐwc up�rqei

epan�lhyh thc Ðdiac ergasÐac.

To ìlo sÔsthma tou thleqeirismoÔ eÐnai èna sÔsthma afènth-

skl�bou (master-slave system). To pr¸to mèroc tou sust matoc,

eponomazìmeno ¸c afènthc, eÐnai autì pou elègqetai apì ton

anjr¸pino qeirist  kai to deÔtero mèroc (skl�boc) ekteleÐ thn

15



ergasÐa.

H oloèna anaptussìmenh teqnologÐa twn thlerompìt touc

epitrèpei na ekteloÔn polÔplokec upoergasÐec elaqistopoi¸ntac

thn an�gkh anjr¸pinhc epÐbleyhc. Wstìso èwc s mera up�rqoun

autìnoma kai èxupna rompìt ta opoÐa mporoÔn na droun se

�gnwsto   metaballìmeno perib�llon mìno gia thn ektèlesh lÐgwn

sugkekrimènwn ergasi¸n.

2.2.6 'Elegqoc me epÐbleyh

Ta apomakrusmèna rompìt eÐnai mhqan mata sqediasmèna na

leitourgoÔn sÔmfwna me parallagèc thc arqitektonik c elègqou

“aisj�nsou-skèyou-sqedÐase-dr�se”. Wstìso, exaitÐac thc auxh-

mènhc poluplokìthtac tètoiwn ergasi¸n h parousÐa tou anjr¸-

pinou par�gonta wc epiblèpwn eÐnai aparaÐthth. Se èna sÔsthma

elègqou me epÐbleyh, o epiblèpwn prèpei na energeÐ sÔmfwna me ta

akìlouja:

• Sqedi�zei poia ergasÐa ja ektelesteÐ kai p¸c

• Did�skei ton upologist  autì pou sqedi�sthke
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• ParakoloujeÐ thn (autìmath) kÐnhsh se k�poia ojình, ¸ste

na sigoureuteÐ ìti ìla p�ne sÔmfwna me to sqèdio, kai

prospajeÐ na entopÐsei apotuqÐec

• ParembaÐnei, dhlad  epibohj�ei thn energ  diergasÐa, eÐte

paÐrnontac oloklhrwtik� ton èlegqo, efìson epiteÔqjhke h

epijumht  ergasÐa, eÐte thn diakìptei, ¸ste na sqedi�sei mia

kainoÔria ergasÐa

• Apokt� empeirÐa, ¸ste na energ sei kalÔtera sto mèllon

O rìloc twn upologist¸n sthn thlerompotik  mporeÐ na kath-

goriopoihjeÐ an�loga me to pìsh ergasÐa analamb�netai sqetik�

me thn ergasÐa pou mporeÐ na anal�bei apì mìnoc tou o �njrwpoc.

Oi duo touc moir�zontai ergasÐec gia dÔo kurÐwc lìgouc:

• Gia na apofortwjeÐ o �njrwpoc apì sugkekrimènec ergasÐec.

Sthn perÐptwsh aut  ekteloÔntai ergasÐec sÔmfwna me pro-

grammatismèno trìpo, orismèno apì ton qeirist 

• Gia na epektajoÔn oi anjr¸pinec ikanìthtec, ìtan qrei�zetai

meg�lh akrÐbeia stic kin seic   efarmog  meg�lwn dun�mewn.

2.2.7 Grafik  diepaf  anjr¸pou-upologist  (GUI)

H grafik  diepaf  anjr¸pou upologist  (Graphical User In-

terface - GUI) eÐnai èna sÔnolo grafik¸n stoiqeÐwn, ta opoÐa

emfanÐzontai sthn ojình k�poiac yhfiak c suskeu c (pq sthn

ojình enìc hlektronikoÔ upologist ) kai qrhsimopoioÔntai gia thn

allhlepÐdrash tou qr sth me th suskeu  aut . Parèqoun s' autìn,

mèsw grafik¸n, endeÐxeic kai ergaleÐa prokeimènou na fèrei eic

pèrac k�poiec epijumhtèc leitourgÐec. Gia to lìgo autì dèqontai

kai eÐsodo apì to qr sth kai antidroÔn an�loga se sumb�nta

pou autìc prokaleÐ me th bo jeia k�poiac suskeu c eisìdou (pq

plhktrolìgio   pontÐki).
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2.2.7.1 IstorÐa twn GUI 'Opwc gÐnetai me pollèc efeurèseic

kai nèa proðìnta, merikèc apì tic idèec enìc sust matoc me

GUI up rqan sto mualì anjr¸pwn arket� protoÔ mporèsei

h teqnologÐa na fti�xei mhqan mata pou ja mporoÔn na tic

uposthrÐzoun. 'Enac apì touc pr¸touc pou exèfrasan autèc

tic idèec  tan o Vannevar Bush stic arqèc thc dekaetÐac tou

1930. 'Egraye èna biblÐo sqetik� me èna mhq�nhma, to opoÐo

onìmaze “Memex”, to opoÐo oramatizìtan san èna grafeÐo me

dÔo ojìnec af c, èna plhktrolìgio kai èna sk�ner. Autì

epètrepe stouc qr stec tou na èqoun prìsbash se ìlh thn

anjr¸pinh gn¸sh qrhsimopoi¸ntac sundèsmouc parìmoiouc me touc

upersundèsmouc (hyperlinks). Wstìso ekeÐnh thn epoq  den

up rqe trìpoc na leitourg sei èna tètoio mhq�nhma ki ètsi oi

idèec tou den akoÔsthkan ìso ja èprepe. Autìc ìmwc pou

jewreÐtai o patèrac tou GUI  tan o Douglas Englebart, o opoÐoc

xekÐnhse na skèftetai p¸c ja ulopoi sei tic idèec tou Bush.

To 1962 dhmosÐeuse tic idèec tou sto èrgo tou “Augmenting

Human Intellect”. Se aut n thn ergasÐa upost rixe ìti ja prèpei

ènac upologist c ìqi na antikatast sei touc anjr¸pouc, all�

na touc upobohj sei aux�nontac thn ikanìthta twn anjr¸pwn na

proseggÐsoun mia kat�stash katano¸ntac thn kalÔtera, ¸ste na

katal goun se lÔseic sta arqik� touc probl mata. DhmioÔrghse

kai to sÔsthma NLS(oNLine System), to opoÐo qrhsimopoioÔse

ènan kèrsora odhgoÔmeno apì pontÐki kai arket� par�jura, ¸ste

na douleÔei me uperkeÐmena (hypertext). K�poia qrìnia argìtera

mia om�da ereunht¸n thc Xerox par gage dÔo montèla me GUI, to

Alto kai to Star. To Star dìjhke se di�jesh proc to koinì to

1981, ìmwc h tim  tou  tan arket� perioristik  ki ètsi kat�fere

na poul sei mìno 25.000 komm�tia. 'Omwc to leitourgikì sÔsthma

 tan arkat� “barÔ” ki o upologist c den  tan, ìso dunatìc

ja èprepe, ¸ste na qeiristeÐ tic apait seic tou leitourgikoÔ
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sust matoc me ta epijumht� apotelèsmata. To 1984 h Apple

eis gage sthn agor� ta Macintosh, èna oikonomik� prositì GUIse

hlektronikì upologist  me pontÐki.

2.2.7.2 Pleonekt mata twn GUI To shmantikìtero pleonè-

kthma twn GUIs eÐnai ìti k�noun th leitourgÐa tou upologist  pio

diaisjhtik  kai epomènwc eukolìterh sth qr sh. Gia par�deigma,

eÐnai polÔ eukolìtero gia èna nèo qr sth na pat sei èna koumpÐ,

gia na xekin sei h ektèlesh miac entol c, apì to na qrei�zetai na

jum�tai kai na plhktrologeÐ akatalabÐstikec entolèc prokeimènou

na petÔqei to Ðdio apotèlesma. Epiplèon, oi grafikèc diepafèc

parèqoun sto qr sth �mesh optik  an�drash sqetik  me to

apotèlesma k�je enèrgeiac. Gia par�deigma, ìtan diagr�foume

èna antikeÐmeno mèsw tou GUI, blèpoume to eikonÐdiì tou na

exafanÐzetai, en¸, an to diagr�youme apì th gramm  entol¸n,

den ja l�boume an�drash pou na mac plhroforeÐ ìti to arqeÐo

pragmatik� diagr�fhke. 'Ena akìmh pleonèkthma eÐnai ìti dÐnetai

h dunatìthta sto qr sth na ekteleÐ pollèc enèrgeiec tautìqrona,

all� kai na blèpei thn Ðdia stigm  ta apotelèsmat� touc. MÐa

swst� sqediasmènh grafik  diepaf  prosfèrei sto qr sth èna ì-

morfo, eÔqrhsto kai leitourgikì perib�llon ergasÐac. Oi grafikèc

diepafèc prèpei na perilamb�noun stoiqeÐa ìpwc par�jura, menoÔ,

koumpi�, mp�rec kÔlishc kai eikìnec, ta opoÐa se sunduasmì me th

qr sh  qou fwn c kai kinoÔmenwn   mh eikìnwn, dieukolÔnoun to

qr sth.

2.2.8 EpikoinwnÐa anjr¸pou-upologist  mèsw qeironomi¸n

Oi qeironomÐec apoteloÔn ènan trìpo di�drashc an�mesa ston

�njrwpo kai ènan upologist . O trìpoc autìc eÐnai qr simoc

se peript¸seic pou den eÐnai dunat  h qr sh tou plhktrologÐou,

all� kurÐwc se peript¸seic qr shc apì �toma me di�forec eidikèc
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an�gkec. To meionèkthma thc epikoinwnÐac me qeironomÐec eÐnai ìti

perilamb�nei thn katanìhsh thc anjr¸pinhc kÐnhshc, h opoÐa eÐnai

apì mình thc èna perÐploko antikeÐmeno, afoÔ to sq ma tou k�je

anjr¸pou de mporeÐ na eÐnai saf¸c kajorismèno exaitÐac thc di-

aforetik c dom c tou   thc pijan c Ôparxhc endum�twn. Epiplèon

akìmh kai oi qeironomÐec eÐnai enèrgeiec oi opoÐec diafèroun apì

�njrwpo se �njrwpo.

DÔo eÐnai oi sunhjismènoi trìpoi epikoinwnÐac anjr¸pou-upologist 

mèsw qeironomi¸n. O pr¸toc trìpoc eÐnai for¸ntac èna eidikì g�-

nti. To g�nti autì perilamb�nei aisjht rec kÐnhshc kai metabol c

gwnÐac wste na mporeÐ na metafèrei ston upologist  tic kin seic

tou qerioÔ mac kai me ton trìpo autìn na d¸soume mia entol . To

pleonèkthma autoÔ tou eÐdouc thc di�drashc anjr¸pou-upologist 

eÐnai ìti èqoume arket  akrÐbeia sth met�dosh thc plhroforÐac.

Apì thn �llh ìmwc eÐnai mia teqnologÐa exairetik� �bolh, afoÔ

o qr sthc eÐnai upoqrewmènoc na for�ei to eidikì autì g�nti to

opoÐo eÐnai ftiagmèno apì sunjetikì ulikì.

O dèuteroc trìpoc gÐnetai mèsw k�merac. O qr sthc k�nei

di�forec qeiromorfèc mprost� se mÐa k�mera, h opoÐa metafèrei

to s ma autì ston upologist . O upologist c me th seir� tou

epexerg�zetai tic eikìnec, tic anagnwrÐzei kai tic antistoiqÐzei

me k�poia proepilegmènh entol  gia to sugkekrimèno s ma. H

antistoÐqish aut  mporeÐ na gÐnei prosarmìzontac èna disdi�stato

  trisdi�stato montèlo p�nw sthn eikìna pou lamb�noume apì thn
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k�mera.
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3 Perigraf  sust matoc

To sÔsthm� mac perilamb�nei dÔo autokinoÔmena troqofìra oq -

mata thc Activemedia Robotics, kai sugkekrimèna to Pioneer P3-

DX kai to Pioneer 3AT. Kai ta dÔo perilamb�noun enswmatwmènh

autìnomh upologistik  mon�da kai uposthrÐzoun asÔrmath epikoi-

nwnÐa tÔpou Ethernet. EpÐshc perilamb�noun aisjht rec laser,

8 emprìsjiouc Sonar aisjht rec kai 8 opÐsjiouc. Epiplèon

up�rqei dunatìthta programmatismoÔ mèsw thc ARIA platfìrmac

(Advanded Robotics Interface for Applications). To Pioneer P3-

DXapoteleÐtai apì treic rìdec (dÔo elegqìmenec kai mÐa eleÔjera

peristrefìmenh), mporeÐ na metafèrei mèqri 23kgr kai mporeÐ na

ft�sei taqÔthtec mèqri kai 1.6m/sec, se antÐjesh me to Pioneer

3AT pou apoteleÐtai apì tèsseric elegqìmenec rìdec, mporeÐ na

metafèrei èwc 30kgr kai h taqÔthta tou mporeÐ na ft�sei ta

8m/sec.

P�nw sth rompotik  platfìrma brÐsketai h RoHS 1024X768

Color 6mm Bumblebee2 System (Point Grey), mia stereoskopik 

k�mera h opoÐa parèqei uyhl  poiìthta video se sunduasmì me

uyhlèc taqÔthtec epexergasÐac aut¸n. Diajètei fakoÔc 3.8mm

  6mm kai h an�lush thc eÐnai 640x480 pixels se 48FPS  

1024x768 se 18FPS. H k�mera aut  qrhsimopoieÐtai gia thn

plo ghsh. To sÔsthma apoteleÐtai apì dÔo xeqwrist� uposust -

mata: to uposÔsthma tou upologist -rompìt kai to uposÔsthma

tou qeirist . H epikoinwnÐa metaxÔ twn dÔo uposusthm�twn

gÐnetai mèsw enìc wireless diktÔou. O èlegqoc plo ghshc tou

kinoÔmenou rompìt mporeÐ na gÐnei me treic trìpouc. O pr¸toc eÐnai

o thleqeirismìc mèsw tou GUI. O qr sthc mporeÐ na kajodhgeÐ to

rompìt me aplèc entolèc thc morf c “p gaine eujeÐa”, “strÐye

90o moÐrec arister�   dexi�”, “strÐye kat� �llh gwnÐa” klp.

H kajod ghsh mporeÐ na gÐnei me b�sh eÐte th jèsh kai ton
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prosanatolismì tou rompìt sto q�rth, eÐte tic eikìnec apì thn

web camera tou rompìt eÐte tic timèc twn aisjht rwn. 'Enac

deÔteroc trìpoc thleqeirismoÔ tou rompìt eÐnai mèsw k�poiac

aptik c suskeu c, thn opoÐa o qr sthc qrhsimopoieÐ wc joystick

,¸ste na aposteÐlei tic entolèc kÐnhshc. Se aut n thn perÐptwsh, o

qeirist c mporeÐ na antilhfjeÐ to perib�llon kai mèsw thc aptik c

an�drashc sto qèri tou. Gia par�deigma, ìtan mia entol  odhgeÐ

to rompìt proc k�poio empìdio, mia dÔnamh antistrìfwc an�logh

thc apìstashc tou rompìt apì to empìdio askeÐtai ston qeirist .

'Etsi mporoÔme na èqoume kalÔterh aÐsjhsh tou perib�llontoc,

all� kai ligìterec peript¸seic sugkroÔsewn. Wstìso sun jwc se

tètoiec peript¸seic up�rqei to meionèkthma thc aÔxhshc tou qrìnou

ektèleshc miac diadrom c. Tèloc mporoÔme na èqoume autìnomh

plo ghsh, h opoÐa ègkeitai sthn kÐnhsh tou rompìt metaxÔ shmeÐwn

stìqwn. H sqedÐash thc troqi�c gÐnetai mèsw tou algorÐjmou

Dijkstra, o opoÐoc exasfalÐzei thn eÔresh troqi�c, an up�rqei,

kai brÐskei th suntomìterh diadrom  metaxÔ twn shmeÐwn arq c

kai stìqou. To rompìt prèpei na gnwrÐzei an� p�sa qronik 

stigm  th jèsh tou sto perib�llon. Gia na to petÔqei autì,

qrhsimopoieÐ tic timèc apì touc encoders stic dÔo rìdec kai tic

timèc twn aisjht rwn Ultrasonic. 'Omwc oi encoders susswreÔoun

sf�lmata kai met� apì k�poio m koc diadrom c oi metr seic touc

gÐnontai anaxiìpistec. EpÐshc kai ta sonarc dÐnoun th dunatìthta

mètrhshc mìno okt¸ empodÐwn se eÔroc 180o, oi opoÐec suqn�

eÐnai lanjasmènec (ìtan to kÔma prospÐptei se sklhr  epif�neia

upì gwnÐa), de mporoÔn na aniqneÔsoun surmatìplegma   malak�

ulik� pou aporrofoÔn ton  qo, ephre�zontai apì hqhtik� kÔmata

prohgoÔmenwn metr sewn klp. H ènwsh twn dÔo ektim sewn

gÐnetai me th qr sh enìc algorÐjmou Localization o opoÐoc

qrhsimopoieÐ fÐltra Kalman kai èna meg�lo arijmì apì ektim seic

(Particle Filters). H grafik  efarmog  (GUI) eÐnai ousiastik�
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to prìgramma diepaf c tou qeirist  me to rompìt. Mèsw autoÔ

o qeirist c mporeÐ na stèlnei entolèc sto rompìt (pq p gaine

sto shmeÐo (Q,U), strÐye jo moÐrec, proq¸ra eujeÐa) kai na

lamb�nei plhroforÐec gia thn kat�stash tou rompìt (pq jèsh,

timèc aisjht rwn).

3.1 Prin thn ektèlesh

To basikì par�juro tou GUI prin xekin sei na ekteleÐtai to

prìgramma faÐnetai sto parak�tw sq ma.

Sto p�nw arister� mèroc thc ojìnhc blèpoume ton q�rth

sonar . O q�rthc autìc ìpwc èqoume perigr�yei kai parap�nw

dhmiourgeÐtai kaj¸c to prìgramma ekteleÐtai kai mac deÐqnei ti

brÐsketai se mia perioq  gÔrwjen tou rompìt. Apì k�tw akrib¸c

brÐsketai to thleqeirist rio. Up�rqei dunatìthta apostol c èxi

basik¸n entol¸n: treic entolèc metatìpishc (mprost�, dexi� kai

aristera), dÔo entolèc peristrof c (90o dexi�   90o arister�) kai

mia entol  stamat matoc. Sthn p�nw dexi� meri� thc diepaf c

brÐsketai èna par�juro to opoÐo mac enhmer¸nei gia thn kat�stash

thc mpatarÐac tou rompìt mèsw enìc apì ta parak�tw eikonÐdia.

Sto mèso tou k�tw mèrouc thc ojìnhc brÐskontai dÔo par�jura.

To aristerì apì aut� eÐnai to par�juro twn Ultrasonars. EkeÐ

blèpoume sqhmatik� tic timèc pou stèlnei kajènac apì touc okt¸

aisjht rec thc aisjht riac di�taxhc. Dexi� brÐsketai to par�juro

to opoÐo deÐqnei to bÐnteo apì thn k�mera pou brÐsketai p�nw
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sto rompìt. Sth dexi� meri� tou GUI up�rqei ènac disdi�statoc

q�rthc tou perib�llontoc sto opoÐo kineÐtai to rompìt. S' autìn

faÐnontai proc to parìn mìno h jèsh twn toÐqwn kai oi pijanèc

jèseic − stìqoi proc tic opoÐec ja kinhjeÐ to rompìt. H apostol 

enìc shmeÐou-stìqou sto rompìt mporeÐ na akurwjeÐ apì èna

koumpÐ “STOP”, to opoÐo brÐsketai sto kèntro tou parajÔrou.

Tèloc to megalÔtero komm�ti thc diefap c apoteleÐtai apì ton

trisdi�stato q�rth, ston opoÐo proc to parìn f�inontai k�poiec

apì tic dunatìthtec probol c pou eÐnai diajèsimec.

3.2 Proc thn ektèlesh

Sto p�nw mèroc thc ojìnhc brÐsketai èna menoÔ me dÔo kurÐwc

epilogèc: Prìgramma kai Par�jura.

Apì thn pr¸th kartèla kai sugkekrimèna apì thn epilog 

“RujmÐseic”, rujmÐzoume tic paramètrouc pou eÐnai sqetikèc me thn

epikoinwnÐa thc diepaf c me to rompìt.
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Epilègontac “SÔndesh” gÐnetai h sÔndesh me to rompìt kai

xekin�ei ousiastik� h ektèlesh thc efarmoghc, en¸ tèloc h epilog 

“'Exodoc” termatÐzei to prìgramma. Apì to menoÔ “Par�jura”

mporoÔme na epilèxoume k�poio sugkekrimèno par�juro gia qr sh,

  na to xanadhmiourg soume se perÐptwsh pou to èqoume kleÐsei.

3.3 Ektèlesh tou Progr�mmatoc

Me to pou pat�me “SÔndesh” parathroÔme ìti:

• O q�rthc sonar arqÐzei na sqhmatÐzetai

• Oi aisjht rec sonars arqÐzoun na apoktoÔn tim 

• EmfanÐzetai h eikìna thc mpatarÐac

• Sto disdi�stato q�rth blèpoume th jèsh kai ton prosanato-

lismì tou rompìt
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Sqetik� me to par�juro tou trisdi�statou q�rth, gia na

emfanisteÐ h eikìna, ja prèpei na epilèxoume ènan apì touc dÔo

enallaktikoÔc tÔpouc probol c. O pr¸toc (view 1) mac deÐqnei

thn eikìna pou jewrhtik� ja fainìtan apì thn k�mera pou brÐsketai

p�nw sto rompìt. O deÔteroc (view 2) mac deÐqnei thn eikìna apì

mia k�mera pou brÐsketai stic suntetagmènec (x,y) pou brÐsketai

to rompìt, all� se k�poio Ôyoc p�nw apì autì. EÐnai ousiastik�

mia k�toyh, sthc opoÐac to kèntro brÐsketai k�je for� to rompìt.
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view 1: onboard camera

view 2: K�toyh

'Otan èqoume epilèxei ton deÔtero tÔpo probol c, mporoÔme

mèsw mÐac mp�rac kÔlishc, na epilèxoume to Ôyoc sto opoÐo ja

brÐsketai h k�mera. DÔo paradeÐgmata gia tic akraÐec timèc Ôyouc

faÐnontai stic dÔo eikìnec parak�tw:
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view 2: meg�lo Ôyoc

view 2: mikrì Ôyoc

'Ena akìmh shmantikì pleonèkthma pou mac parèqei h grafik 

diepaf  eÐnai h dunatìthta kÐnhshc thc k�merac sto q¸ro. Autì

gÐnetai epilègontac to kout�ki me thn èndeixh “Dunatìthta eleÔ-

jerhc kÐnhshc”. Me to pou k�noume aut n thn epilog  ja

emfanisteÐ sth diepaf  èna bo jhma sqetik� me to p¸c mporoÔme

na metakin soume thn k�mera. Oi dunatìthtec kÐnhshc eÐnai:

• Metatìpish se treic dieujÔnseic (dÔo dieujÔnseic sto epÐpedo

pou eÐnai par�llhlo me to èdafoc kai mÐa k�jeth se autì)
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• Peristrofik  kÐnhsh gÔrw apì �xona k�jeto sto èdafoc

• Peristrofik  kÐnhsh gÔrw apì �xona par�llhlo sto èdafoc

kai k�jeto sth dieÔjunsh pou “koit�ei” to rompìt.

Analutik� ta pl ktra entol¸n faÐnontai ston parak�tw pÐnaka:

Pl ktro Apotèlesma

W KÐnhsh bìreia

S KÐnhsh nìtia

A KÐnhsh dutik�

D KÐnhsh anatolik�

Q Peristrof  antÐjeth thc for�c twn deikt¸n tou

rologioÔ

E Peristrof  sÔmfwna me th for� twn deikt¸n tou

rologioÔ

I KÐnhsh proc ta p�nw

K KÐnhsh proc ta k�tw

O Peristrof  proc ta p�nw

L Peristrof  proc ta k�tw
Merikèc eikìnec tou trisdi�statou q�rth sthn epilog  eleÔ-

jerhc kÐnhshc faÐnontai parak�tw:
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4 Q�rthc sonar

4.1 Aisjht riec diat�xeic

Oi aisjht rec diakrÐnontai se dÔo kathgorÐec: Touc aisjht rec

eswterik c kat�stashc, oi opoÐoi parèqoun plhroforÐec sqetik�

me tic eswterikèc paramètrouc tou rompìt (epÐpedo mpatarÐac, jèsh

twn troq¸n) kai touc aisjht rec exwterik c kat�stashc, oi opoÐoi

parèqoun plhroforÐec sqetik� me to perib�llon (jermokrasÐa,

ugrasÐa). An�loga me th mèjodo thn opoÐa qrhsimopoioÔn, gia

na “aisjanjoÔn”, qwrÐzontai stic ex c kathgorÐec:

• Aisjht rec af c: Oi aisjht rec autoÐ eÐnai kurÐwc aisjh-

t rec epaf c oi opoÐoi sthrizìmenoi se idiìthtec magnhtik c

antÐstashc, piezohlektrik¸n ulik¸n, hlektrik c antÐstashc,

magnhtoelastikìthtac klp, mporoÔn na dhmiourg soun mia

aÐsjhsh af c - dÔnamhc, ¸ste na par�xoun sto rompìt ta

qarakthristik� twn epifanei¸n me tic opoÐec brÐsketai se

epaf . Up�rqoun bèbaia kai aisjht rec oi opoÐoi pern¸ntac

arket� kont� apì mia epif�neia, qwrÐc na up�rqei epaf ,

ekmetalleuìmenoi megèjh, ìpwc h qwrhtikìthta, mporoÔn na

prosd¸soun parìmoio apotèlesma.

• Aisjht rec mètrhshc apìluthc jèshc: MetroÔn thn apìluth

dieÔjunsh kÐnhshc se orizìntio epÐpedo kai th gwnÐa klÐshc

tou rompìtikoÔ sust matoc se sqèsh me to orizìntio epÐpedo.

• Epitaqunsionìmetra - Guroskìpia: Ta epitaqunsionìmetra

eÐnai sust mata anarthmènhc m�zac se elat ria kai ekme-

talleÔontai touc nìmouc tou NeÔtwna gia thn eÔresh thc

epit�qunshc.

{F = ma F = kx2} (1)
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⇒ a =
kx2

m
(2)

An�loga douleÔoun kai ta guroskìpia ta opoÐa qrhsimopoioÔn

mia gr gora strefìmenh m�za anarthmènh se antÐzuga puxÐ-

dac, ¸ste na upologisteÐ h gwniak  epit�qunsh.

• Aisjht rec upèrujrwn aktÐnwn: Oi aisjht rec autoÐ di-

akrÐnontai se energhtikoÔc kai pajhtikoÔc. Oi energhtikoÐ

stèlnoun mia upèrujrh dèsmh kai metroÔn to qrìno pou

qrei�zetai na epistrèyei afoÔ anaklasteÐ se èna antikeÐ-

meno. 'Etsi ektìc apì thn parousÐa/apousÐa tou antikeimènou

prosdiorÐzoume kai th jèsh tou. Oi pajhtikoÐ aisjht rec

aniqneÔoun antikeÐmena lamb�nontac thn upèrujrh aktinobolÐa

thn opoÐa aut� ekpèmpoun.

• Aisjht rec uper qwn: Oi aisjht rec autoÐ ekpèmpoun èna

hqhtikì s ma kai metroÔn to qrìno epistrof c tou anaklìme-

nou s matoc. H apìstash brÐsketai apì ton tÔpo:

2d = c∆t⇔ d = 1/2c∆t (3)

,ìpou d eÐnai h zhtoÔmenh apìstash, Dt o qrìnoc apì thn

ekpomp  wc th l yh tou s matoc kai c h taqÔthta tou  qou

sto sugkekrimèno mèso pou briskìmaste.

4.2 UlopoÐhsh tou q�rth

To pr¸to pr�gma pou èprepe na ulopoihjeÐ sthn efarmog  mac

 tan h qartogr�fhsh tou q¸rou. Gia na gÐnei autì, prèpei na

antl soume plhroforÐec apì touc aisjht rec sonar tou rompìt.

Oi aisjht rec eÐnai ta exart mata pou plhroforÔn th mon�da

elègqou gia thn kat�stash tou perib�llontoc tou all� kai

gia th dik  tou kat�stash. O pio akrib c trìpoc aÐsjhshc

tou perib�llontoc eÐnai h mhqanik  ìrash. 'Omwc eÐnai kai o
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pio akribìc afoÔ apaiteÐtai meg�lh upologistik  isqÔc gia thn

epexergasÐa twn eikìnwn pou lamb�nontai apì tic k�merec. 'Etsi

ta teleutaÐa qrìnia qrhsimopoieÐtai h teqnologÐa sonar (SOund

NAvigation and Ranging). Ta hqoentopistik� aut� sust mata

qrhsimopoioÔntai gia ton entopismì antikeimènwn sthn perioq  touc

kai o kÔrioc lìgoc Ôparxhc touc eÐnai h apofug  sugkroÔsewn

me antikeÐmena tou kontinoÔ perib�llontoc. H leitourgÐa touc

sthrÐzetai sth mètrhsh tou qrìnou pou qrei�zetai èna hqhtikì

s ma pou ekpèmpetai apì th suskeu  na anaklasteÐ se èna empìdio

kai na epistrèyei pÐsw. To rompìt thc efarmog c mac eÐnai

efodiasmèno me 8 aisjht rec se perimetrik  di�taxh, oi opoÐoi

sqhmatÐzoun èna hmikÔklio. Pio sugkekrimèna, an jewr soume

ìti h eujeÐa pou koit�ei to rompìt eÐnai 0o, oi aisjht rec autoÐ

brÐskontai se gwnÐec −90o, −50o, −30o, −10o, 10o, 30o, 50o kai

90o. Sqhmatik� blèpoume th di�taxh aut  sto parak�tw sq ma:

H doulei� touc eÐnai na aniqneÔoun empìdia se apìstash

mikrìterh twn 2, 75m, kaj¸c kai thn apìstash sthn opoÐa aut�

brÐskontai. Efìson sto q¸ro kÐnhshc tou rompìt den up�rqoun

exwterikogen  empìdia, k�je empìdio ja antiproswpeÔei èna shmeÐo

tou toÐqou. EmeÐc an� takt� qronik� diast mata lamb�noume tic 8

autèc timèc twn aisjht rwn mazÐ me th jèsh sthn opoÐa brÐsketai

thn ek�stote stigm  to rompìt. 'Etsi mporoÔme na broÔme to

shmeÐo tou q�rth sto opoÐo up�rqei empìdio apì ton tÔpo:

f(L, θ) = (Lcosθ, Lsinθ) (4)

θ = θR + θi (5)
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,ìpou (x, y) eÐnai h jèsh tou empodÐou se kartesianèc sunte-

tagmènec, (Rx,Ry) eÐnai h jèsh tou rompìt se kartesianèc

suntetagmènec kai f(L, θ) h sun�rthsh pou metatrèpei th jèsh

tou shmeÐou se sqèsh me to rompìt apì polikèc se kartesianèc

suntetagmènec. Ousiastik� isqÔei ìti

(x, y) = (Rx,Ry) + f(L, θ) (6)

ìpou L eÐnai h tim  tou sonar i kai θR h gwnÐa tou rompìt kai θi

h gwnÐa tou aisjht ra. 'Etsi k�je stigm  pou gÐnetai enhmèrwsh

gnwrÐzoume èwc 8 (efìson arketèc forèc den up�rqei empìdio sthn

apìstash twn 2, 75m) epiplèon shmeÐa tou q�rth. Fti�qnontac

loipìn ènan pÐnaka ja mporoÔsame na tou prosjètoume suneq¸c

kainoÔria shmeÐa kai telik� met� apì k�poio qrìno peri ghshc tou

rompìt na gnwrÐzoume meg�lh perioq  tou q�rth.

4.3 Probl mata kai lÔseic

Jewrhtik� aut  h mèjodoc fant�zei kal . Sthn pr�xh ìmwc

up�rqoun arket� meionekt mata. To shmantikìtero ap' ìla eÐnai

to jèma thc oikonomÐac tou q¸rou. An k�je perÐodo qrìnou

(èstw k�je deuterìlepto) prosjètoume ston pÐnaka mac (èwc) 8

shmeÐa, tìte ja prèpei na èqoume sth di�jes  mac ènan ter�stio

pÐnaka, k�ti pou se mia upologistik  efarmog  den eÐnai oikonomikì.

Autì pou k�noume, gia na epilÔsoume autì to prìblhma, eÐnai

k�je for� pou lamb�noume èna kainoÔrio shmeÐo, na elègqoume

ta prohgoÔmena apojhkeumèna shmeÐa kai na koit�me pìsa apì

aut� brÐskontai se mia kontin  perioq  tou. JewroÔme ìti se

k�je perioq  50cm2 eÐnai arketì na gnwrÐzoume 5 shmeÐa. 'Etsi

an deqtoÔme mia tim  gia thn opoÐa gnwrÐzoume  dh 5 akìmh

shmeÐa sthn gÔrw perioq , tìte thn aporrÐptoume qwrÐc autì na

èqei idiaÐterh epÐdrash sto telikì apotèlesma. Me ton trìpo

autìn apofeÔgoume na epibarÔnoume th mn mh tou progr�mmatoc
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me epiprìsjetec anoÔsiec plhroforÐec.

AfoÔ epilÔsame to prohgoÔmeno prìblhma pou proèkuye, èprepe

na skeftoÔme pwc ja gÐnei h qartogr�fhsh perissìtero oikonomik ,

qwrÐc ìmwc na q�soume shmantikèc plhroforÐec. Autì pou

skeft kame  tan ìti ja mac  tan arketì gia th sugkekrimènh

efarmog  na gnwrÐzoume mìno ton q�rth se mia eureÐa perioq 

gÔrw apì to rompìt, qwrÐc na eÐnai aparaÐthto na jumìmaste thn

perioq  apì thn opoÐa per�same prin apì arket  ¸ra kai h opoÐa

brÐsketai plèon makri� apì to rompìt. 'Etsi ja mporoÔsame na

xeqn�me ta shmeÐa ta opoÐa brÐskontai makri� apì thn trèqousa

jèsh tou rompìt kai na gnwrÐzoume mìno ta shmeÐa pou brÐskontai

se mÐa perioq  èstw 3, 5m2 gÔrw apì to rompìt. Me ton trìpo

autì, to apotèlesma eÐnai na èqoume ston pÐnaka mac k�je fìra

ìqi perissìtera apì 100 shmeÐa kat� mèso ìro kajist¸ntac

to prìgramm� mac ètsi perissìtero apodotikì. Autì bèbaia

de shmaÐnei ìti an� p�sa stigm  de mporoÔme na all�xoume tic

paramètrouc, ¸ste na mporeÐ to rompìt na jum�tai megalÔterh

perioq  tou q�rth.
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5 3d q�rthc

5.1 H Gl¸ssa programmatismoÔ OpenGL

H gl¸ssa programmatismoÔ thn opoÐa epilèxame, gia na sqedi�-

soume ton trisdi�stato q�rth mac, eÐnai h opengl. H OpenGL

(Open Graphics Library) eÐnai mia gl¸ssa pou qrhsimopoieÐtai

eurèwc gia ton sqediasmì 2-di�statwn kai 3-di�statwn grafik¸n

se upologistèc. Gia to skopì autì perilamb�nei p�nw apì 250

entolèc mèsw twn opoÐwn mporoÔme na sqedi�soume polÔploka

trisdi�stata skhnik� apì apl� prwtarqik� stoiqeÐa. Par�llhla

qrhsimopoioÔme kai th biblioj kh Glut (OpenGL Utility Toolkit),

h opoÐa eÐnai mia biblioj kh me qr simec sunart seic gia thn

OpenGL. Tèloc qreiazìmaste kai to Tao Framework, ¸ste na

mporèsoume na qrhsimopoi soume thn OpenGL sthn Visual C#

sthn opoÐa anaptÔssoume thn efarmog  mac. Oi shmantikìterec

sunart seic pou qrhsimopoioÔme faÐnontai parak�tw mazÐ me to

apotèlesm� touc:

Sun�rthsh Apotèlesma

glLightfv(...) OrÐzontai par�metroi thc phg c fwtismoÔ (pq

jèsh, prosanatolismìc, qr¸ma, èntash, exasjènh-

sh)

gluPerspective(...) QrhsimopoioÔme prooptik  probol .

glMaterialfv(...) OrÐzontai par�metroi twn antikeimènwn h mprostin 

epif�neia, to qr¸ma, h l�myh, h antan�klash.

glutsolidCube(...) Sqedi�zetai ènac kÔboc. Qrhsimopoi¸ntac epiplèon

sunart seic mporoÔme na all�xoume to mègejoc tou

kai to sq ma tou, ¸ste na sqhmatÐsoume orjog¸nia

parallhlhpÐpeda.

gluLookAt(...) OrÐzoume pou brÐsketai to “m�ti” thc k�merac kai

proc poia meri� koit�ei.
Arqik� dhmiourgoÔme to pl�isio mèsa sto opoÐo ja brÐsketai
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to sqèdiì mac, orÐzontac par�llhla merikèc basikèc paramètrouc

sqetikèc me ta qr¸mata kai to b�joc probol c.

5.2 O exomoiwt c SRIsim

O exomoiwt c SRIsim èqei apojhkeumèno ton q�rth se èna tÔpou

.wld arqeÐo. EmeÐc kaloÔmaste na epexergastoÔme to arqeÐo, ¸ste

na fti�xoume ton dikì mac q�rth. To arqeÐo èqei th morf :

;; <filename>

;; <Comments>

width <number>

height <number>

origin <number> <number>

position <number> <number> <number>

;; line

<number> <number> <number> <number>

ìpou oi dÔo teleutaÐec grammèc epanalamb�nontai ìsec forèc

qrei�zetai prokeimènou na sumplhrwjeÐ o q�rthc. Sugkekrimèna

oi tèsseric arijmoÐ orÐzoun tic suntetagmènec twn �krwn tou

eujÔgrammou tm matoc pou sqedi�zoume k�je for�. 'Oso gia touc

arijmoÔc sthn arq  tou arqeÐou, autoÐ prosdiorÐzoun to mègejoc

tou q�rth kaj¸c kai plhroforÐec sqetikèc me th jèsh kai ton

prosanatolismì tou rompìt.

EmeÐc topojetoÔme tic timèc twn �krwn tou eujÔgrammou tm -

matoc se mia sun�rthsh pou èqoume dhmiourg sei, thn

public void CreateWall3d(float x1, float y1, float x2,

float y2, float height, float R, float G, float B)

h opoÐa dèqetai wc orÐsmata:

• tic 4 suntetagmènec dÔo shmeÐwn tou epipèdou A(x1, y1) kai

B(x2, y2)
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• mÐa tim  gia Ôyoc kai

• 3 timèc oi opoÐec orÐzoun to qr¸ma sth morf  RGB

To apotèlesma eÐnai h dhmiourgÐa enìc orjogwnÐou parallhlepipè-

dou me dosmèno Ôyoc kai qr¸ma sth jèsh, ¸ste to eujÔgrammo

tm ma AB na apoteleÐ th diag¸nio thc b�shc tou. Epilègoume wc

Ôyoc thn tim  900 kai qr¸ma mple gia touc toÐqouc, kokkinwpì

gia tic pìrtec kai gkri gia ta s¸mata jèrmanshc. 'Oson afor� to

qr¸ma tou ed�fouc, gia na eÐnai eukolìteroc o upologismìc thc

sqetik c apìstashc dÔo antikeimènwn me to m�ti, èqoume qrhsi-

mopoi sei diqrwmÐa se sqhmatismì skakièrac me dÔo apoqr¸seic

tou kìkkinou.

5.3 Fwtismìc

5.3.1 Fwtismìc sthn OpenGL

H OpenGL uposthrÐzei shmeiakèc, kateujuntikèc, makrinèc phgèc

kai perib�llonta fwtismì. MporoÔme na qrhsimopoi soume tou-

l�qiston okt¸ phgèc fwtismoÔ (GL LIGHT0, GL LIGHT1, ...,

GL LIGHT7). O fwtismìc prèpei na energopoihjeÐ sunolik�, ki

autì gÐnetai me th qr sh thc entol c glEnable(GL LIGHTING).

'Omwc kai k�je phg  prèpei na oristeÐ kai na energopoihjeÐ

qwrist�. H energopoÐhsh gÐnetai me entolèc tÔpou glEnable(GL LIGHTi)

kai h apenergopoÐhsh me entolèc tÔpou glDisable(GL LIGHTi),

ìpou i eÐnai o arijmìc thc epijumht c phg c fwtismoÔ. Sth

sunèqeia ja prèpei na prosdiorÐsoume xeqwrist� tic paramètrouc

thc k�je phg c. O prosdiorismìc touc gÐnetai me entolèc dÔo

tÔpwn:

• glLightfv(phg , par�metroc, di�nusma)

• glLightf(phg , par�metroc, tim )
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an�loga an oi par�metroi eÐnai dianusmatikèc   bajmwtèc. H

pr¸th par�metroc pou prèpei na oristeÐ eÐnai h jèsh thc phg c

(GL POSITION), h opoÐa eÐnai dianusmatik  par�metroc. Ed¸

èqoume dÔo epilogèc. MporoÔme eÐte na orÐsoume th fwtein  phg 

se k�poia sugkekrimènh jèsh eÐte na jewr soume ìti h fwtein 

phg  brÐsketai polÔ makri� kai na orÐsoume apl� thn kateÔjunsh

tou fwtìc. Sthn pr¸th perÐptwsh to di�nusma mac eÐnai thc

morf c (x, y, z, 1), ìpou x, y, kai z eÐnai oi suntetagmènec

thc jèshc thc fwtein c phg c, en¸ sth deÔterh perÐptwsh to

di�nusma èqei th morf  (x, y, z, 0),ìpou x, y, z eÐnai plèon èna

di�nusma pou deÐqnei thn kateÔjunsh tou fwtìc. Sth sunèqeia

prèpei na orÐsoume ta qarakthristik� tou fwtìc. Up�rqoun treic

sunist¸sec fwtìc. To perib�llon fwc (ambient light) eÐnai to

fwc pou parèqei omoiìmorfo fwtismì se èna q¸ro. Dhlad  h

èntash tou fwtìc se ìla ta shmeÐa tou q¸rou eÐnai h Ðdia. To fwc

diaqutik c an�klashc (diffuse light) eÐnai to fwc pou anakl�tai

proc ìlec tic kateujÔnseic, ìtan prospÐptei se k�poia epif�neia

kai to apotèlesma tou exart�tai apì thn k�je gwnÐa. Tèloc

up�rqei kai to fwc kateujuntik c an�klashc (specular light) ,

to opoÐo eÐnai san to fwc diaqutik c an�klashc, all� anakl�tai

me pio èntono kai omoiìmorfo trìpo. Kai ta trÐa eÐdh fwtìc mazÐ

mac dÐnoun thn entÔpwsh enìc trisdi�statou antikeimènou.

Sthn pr¸th eikìna èqoume mìno perib�llon fwc kai to anti-

keÐmeno faÐnetai disdi�stato. Sth dèuterh eikìna, èna kìkkino

fwc diaqutik c an�klashc fwtÐzei èna maÔro antikeÐmeno. Ed¸

arqÐzei kai faÐnetai h trisdi�stath morf  tou. Sthn trÐth

eikìna blèpoume mia trisdi�stath sfaÐra na fwtÐzetai mìno apì

perib�llon fwc. Sthn epìmenh eikìna prosjètoume kai fwc
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diaqutik c an�klashc kai tèloc sthn teleutaÐa eikìna èqoume

prosjèsei kai fwc kateujuntik c an�klashc.

Oi par�metroi gia tic parap�nw sunist¸sec tou fwtìc eÐnai

GL AMBIENT, GL DIFFUSE kai GL SPECULAR antÐstoiqa.

San di�nusma qrhsimopoioÔme ènan pÐnaka thc morf c (r, g, b, 1)

to opoÐo mac deÐqnei poio qr¸ma èqei h k�je sunist¸sa fwtismoÔ.

To fwc èqei thn idiìthta na e-

xasjeneÐ an�loga me thn apìstash.

H exasjènhsh aut  mporeÐ na eÐnai

eÐte stajer , eÐte grammik  eÐte

tetragwnik . Dhlad  eÐnai thc

morf c (a + bd + cd2)−1 ,ìpou d

eÐnai h apìstash kai oi suntelestèc

a,b,c orÐzontai qrhsimopoi¸ntac tic

paramètrouc

GL CONSTANT ATTENUATION,

GL LINEAR ATTENUATION kai

GL QUADRATIC ATTENUATION antÐstoiqa.

'Eqoume epÐshc th dunatìthta na orÐsoume kateujuntikèc phgèc

fwtismoÔ, ìpwc sto sq ma dÐpla, oi opìÐec ekpèmpoun fwc se

sten  perioq  gwni¸n. H koruf  Ps eÐnai h jèsh tou fwtìc, to

di�nusma Is orÐzetai apì thn par�metro GL SPOT DIRECTION

kai h gwnÐa u apì thn par�metro GL SPOT CUTOFF. Tèloc oi

fwteinèc phgèc den eÐnai oratèc. Gia na mporèsoume na “doÔme” mia

fwtein  phg  pou aktinoboleÐ (pq l�mpa), autì pou mporoÔme na

k�noume eÐnai na topojet soume èna antÐstoiqo antikeÐmeno sthn

Ðdia jèsh me thn phg .

5.3.2 UlopoÐhsh tou fwtismoÔ

Sto prìgramm� mac èqoume fti�xei mia sun�rthsh, thn InitLights(),

mèsa sthn opoÐa qeirizìmaste tic phgèc fwtismoÔ. Sugkekrimèna
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dhmiourgoÔme èxi kateujuntikèc fwteinèc phgèc sto tab�ni p�nw

apì touc diadrìmouc. Oi par�metroi gia tic sunist¸sec tou fwtìc

orÐzontai wc:

float[] lightAmbient = { 0.1f, 0.1f, 0.1f, 1.0f };

float[] lightDiffuse = { 1.0f, 1.0f, 1.0f, 1.0f };

float[] lightSpecular = { .1f, .1f, .1f, 1.0f };

tic opoÐec pern�me se k�je mia phg . Endeiktik� faÐnontai

parak�tw oi entolèc pou qrhsimopoioÔme gia thn fwtein  phg 

GL LIGHT1

Gl.glLightfv(Gl.GL_LIGHT1, Gl.GL_AMBIENT, lightAmbient);

Gl.glLightfv(Gl.GL_LIGHT1, Gl.GL_DIFFUSE, lightDiffuse);

Gl.glLightfv(Gl.GL_LIGHT1, Gl.GL_SPECULAR, lightSpecular);

Gl.glLightfv(Gl.GL_LIGHT1, Gl.GL_POSITION, lightPosition1);

en¸ epilègoume wc gwnÐa apokop c tic 40o me thn parak�tw entol 

Gl.glLightf(Gl.GL_LIGHT1, Gl.GL_SPOT_CUTOFF, 40f);

Tèloc energopoioÔme ton fwtismì kai k�je phg  qwrist�:

Gl.glEnable(Gl.GL_LIGHTING);

Gl.glEnable(Gl.GL_LIGHT1);

Gl.glEnable(Gl.GL_LIGHT2);

Gl.glEnable(Gl.GL_LIGHT3);

Gl.glEnable(Gl.GL_LIGHT4);

Gl.glEnable(Gl.GL_LIGHT5);

Th sun�rthsh aut  thn kaloÔme mèsa sth sun�rthsh Paint(),

dhlad  k�je for� pou prìkeitai na epanasqedi�soume thn eikìna

mac.
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5.4 Prìbleyh kÐnhshc

AparaÐthth proôpìjesh, gia na mporèsoume na sqedi�soume thn

trisdi�stath apeikìnish tou rompotikoÔ mac sust matoc mazÐ me

to perib�llon ergasÐac tou, eÐnai na gnwrÐzoume k�je stigm 

tic suntetagmènec kai ton prosanatolismì tou rompìt. K�ti

tètoio ja mporoÔse na sumbaÐnei mìno idanik� kaj¸c, ìpwc èqoume

proanafèrei, h qronakajustèrhsh sthn epikoinwnÐa tou qeirist 

me to rompìt de mac epitrèpei na lamb�noume tic timèc autèc,

ìso suqn� ja jèlame. O exomoiwt c mac stèlnei suneq¸c timèc

ki emeÐc tic lamb�noume amèswc, afoÔ sthn exomoÐwsh o qrìnoc

metafor�c twn plhrofori¸n eÐnai praktik� mhdenikìc. Autì

pou ja mporoÔsame na k�noume eÐnai na prosomoi¸soume k�poia

kajustèrhsh. Gia na to petÔqoume, dhmiourgoÔme mÐa our� (queue)

mèsa apì thn opoÐa pern�ne oi plhroforÐec, prin katal xoun sto

prìgramm� mac gia epexergasÐa. Sqhmatik� blèpoume th di�taxh

sthn parak�tw eikìna:

'Etsi h plhroforÐa thc jèshc kai tou prosanatolismoÔ tou rompot

èqei kajuster sei na èrjei kai ousiastik� autì pou blèpoume

sth grafik  diepaf  eÐnai to poÔ briskìtan to rompìt 2   3

deuterìlepta nwrÐtera. Blèpoume dhlad  kat� k�poion trìpo

to pareljìn. EmeÐc ìmwc, gnwrÐzontac thn entol  pou èqoume

d¸sei sto rompìt, xèroume se poio shmeÐo prospajeÐ na p�ei kai
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xèroume kai thn poreÐa pou prèpei na akolouj sei. 'Etsi mporoÔme

na sqedi�soume th jèsh sthn opoÐa ja èprepe na brÐsketai to

rompìt, h opoÐa eÐnai h jèsh sthn opoÐa brÐsketai, efìson den

èqoun parousiasteÐ probl mata kai epomènwc h jèsh sthn opoÐa

ja doÔme to rompìt se 2-3 deuterìlepta. Gia na diaqwrÐzetai

apì to pragmatikì rompìt, sunhjÐzetai mia tètoia apeikìnish na

sqedi�zetai me diakekommènec grammèc. Sthn efarmog  mac, efìson

eÐnai energopoihmènh h dunatìthta prìbleyhc kÐnhshc, h jèsh aut 

tou rompìt faÐnetai me pr�sino qr¸ma kai h jèsh, thc opoÐac tic

timèc l�bame teleutaÐa, apeikonÐzetai me kÐtrino qr¸ma.

'Etsi sto qrìno pou mesolabeÐ mèqri na l�boume tic nèec timèc thc

jèshc tou rompìt, mporoÔme na doÔme mia prìbleyh thc kÐnhshc

tou rompìt.
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5.5 Sqediasmìc thc apeikìnishc tou rompìt

5.5.1 To polugwnikì montèlo

H pio diadedomènh par�stash antikeimènwn eÐnai aut  pou gÐnetai

qrhsimopoi¸ntac polÔgwna. Ta polÔgwna eÐnai èna eÔqrhsto

sustatikì gia thn par�stash twn epifanei¸n twn antikeimènwn,

kai eidik� ìtan oi epif�neiec autèc eÐnai epÐpedec. 'Omwc akìma

kai sthn perÐptwsh pou èqoume na sqedi�soume epif�neiec mh

epÐpedwn polÔplokwn antikeimènwn, to polugwnikì montèlo eÐnai

èna qr simo ergaleÐo. O skopìc tou polugwnikoÔ montèlou

eÐnai na proseggistoÔn oi mh-epÐpedec epif�neiec apì èna sÔnolo

polug¸nwn. Kaj¸c prospajoÔme ìmwc na ulopoi soume aut n thn

prosèggish dhmiourgeÐtai to shmantikìtero er¸thma pou apasqoleÐ

autì to montèlo: “Pìsa polÔgwna prèpei na qrhsimopoihjoÔn;”

H ap�nthsh s' autì to er¸thma den eÐnai monodi�stath. Sun jwc

epilègoume ton arijmì twn polug¸nwn diaisjhtik�. DÔo pr�gmata

ìmwc pou prèpei na èqoume sto mualì mac eÐnai ìti:

• perioqèc me meg�lh kampulìthta prèpei na apoteloÔntai apì

megalÔtero arijmì polug¸nwn an� mon�da epif�neiac se

sqèsh me tic perissìtero epÐpedec perioqèc

• o arijmìc twn polug¸nwn enìc antikeimènou prèpei na exart�tai

apì to telikì mègejoc tou antikeimènou sthn eikìna.

Dhlad , se èna antikeÐmeno pou (parìlo pou mporeÐ na èqei meg�lo

mègejoc) brÐsketai makri� apì ton parathrht  kai sthn ojình

ja katalamb�nei mikrì mègejoc (mikrì arijmì eikonostoiqeÐwn)

den prèpei na qrhsimopoi soume polÔ meg�lo arijmì polug¸nwn.

Epeid  ìmwc de mporoÔme na xèroume ek twn protèrwn gia ìla ta

antikeÐmena an sthn probol  ja brÐskontai kont�   makri� apì

ton parathrht , autì pou mporoÔme na k�noume eÐnai na èqoume

apojhkeumèna dÔo montèla gia to Ðdio antikeÐmeno, èna me uyhl 
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an�lush kai èna me qamhl  kai na qrhsimopoioÔme k�je for� to

endeiknÔmeno sunart sei thc apìstashc.

5.5.2 To rompìt

JewroÔme ìti to montèlo tou rompìt mac apoteleÐtai apì èna

orjog¸nio parallhlepÐpedo sterewmèno se tèsseric rìdec. Gia

na sqedi�soume k�je komm�ti, ergazìmaste wc ex c:

5.5.2.1 Sqediasmìc tou s¸matoc tou rompìt Efìson qrhsi-

mopoi¸ntac to polugwnikì montèlo mporoÔme na sqedi�soume mìno

polÔgwna, o sqediasmìc tou orjogwnÐou parallhlepipèdou ja

gÐnei sqedi�zontac èxi orjog¸nia parallhlepÐpeda me 2 koinèc

korufèc an� dÔo, ta opoÐa ta apoteloÔn tic pleurèc tou parallh-

lepipèdou.

Efìson gnwrÐzoume k�je for� th

jèsh tou rompìt (x, y), to Ôyoc

tou kèntrou tou polug¸nou z kai

tic diast�seic tou (width, depth,

height), mporoÔme na upologÐsoume

tic jèseic twn koruf¸n tou.

Oi okt¸ korufèc eÐnai ta shmeÐa

(x±width/2, y±depth/2, z±height/2)

(7)

gia touc okt¸ dunatoÔc sunduasmoÔc + kai -. Sto dÐpla sq ma

apeikonÐzetai endeiktik� h mÐa koruf .

5.5.2.2 Sqediasmìc twn rod¸n Fantazìmaste thn k�je rìda

san èna daqtulÐdi (a), to opoÐo apoteleÐtai apì thn exwterik 

epif�neia (b), thn eswterik  epif�neia (g) kai ta komm�tia pou

en¸noun ta �kra twn dÔo aut¸n epifanei¸n metaxÔ touc (d).
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EÐnai gnwstì ìti peristrèfontac ènan kÔklo gÔrw apì to

kèntro tou dhmiourgoÔme mÐa sfaÐra. Genikìtera, peristrèfontac

mia eujeÐa gÔrw apì èna shmeÐo dhmiourgoÔme mia epif�neia,

en¸ peristrèfontac mia kleist  epif�neia gÔrw apì èna shmeÐo

mporoÔme na dhmiourg soume stere�. Me autìn ton trìpo dhmiour-

goÔme tic epif�neiec b, g kai d. Sugkekrimèna gia tic epif�neiec b

kai g peristrèfoume to eujÔgrammo tm ma thc parak�tw eikìnac,

en¸ gia thn epif�neia d

H peristrof  gÐnetai gia diakritèc timèc thc gwnÐac. Qrhsi-

mopoioÔme wc kb�nto th 1o kai gwnÐa peristrof c apì 0 ¸c

359o. O sqediasmìc tou k�je tm matoc k�je epif�neiac gÐne-

tai qrhsimopoi¸ntac thn entol  GL QUADS h opoÐa sqedi�zei

tetr�pleura, dojèntwn twn koruf¸n.
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5.6 Probol 

O kìsmoc mac, ìpwc kai to majhmatikì montèlo me to opoÐo prospa-

joÔme na ton anaparast soume, eÐnai trisdi�statoc. Par' ìl' aut�,

emeÐc kaloÔmaste na ton apeikonÐsoume se suskeuèc apeikìnishc

(ojình, ektupwt c) oi opoÐec eÐnai disdi�statec. Sunep¸c ja

prèpei me k�poion trìpo na prob�loume ta trisdi�stata antikeÐmena

se èna epÐpedo probol c. Oi probolèc diakrÐnontai se dÔo basikèc

kathgorÐec:

• Prooptik  probol . Se autì to eÐdoc probol c, h apìstash

tou kèntrou probol c apì to epÐpedo probol c eÐnai pepera-

smènh

• Par�llhlh probol . Ed¸ h apìstash tou kèntrou probol c

apì to epÐpedo probol c eÐnai �peirh.

Oi dÔo autèc kathgorÐec probol c èqoun k�poiec koinèc idiìthtec.

Merikèc apì autèc anafèrontai parak�tw:

• Oi eujeÐec prob�llontai se eujeÐec

• Oi apost�seic, en gènei, all�zoun

• EujeÐec pou stic treic diast�seic eÐnai par�llhlec (all� ìqi

par�llhlec me to epÐpedo probol c) den prob�llontai se

par�llhlec eujeÐec all� se eujeÐec pou tèmnontai se k�poio

shmeÐo fug c

• H gwnÐa metaxÔ dÔo eujei¸n all�zei, ektìc an to epÐpedo twn

eujei¸n eÐnai par�llhlo proc to epÐpedo probol c.

5.6.1 Prooptik  probol 

JewroÔme ìti to kèntro probol c brÐsketai p�nw ston arnhtikì

z-�xona, sto shmeÐo K̄(0, 0,−d) kai ìti to QU eÐnai to epÐpedo

probol c ìpwc sto parak�tw sq ma.
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Gia na upologÐsoume thn probol  enìc shmeÐou P̄ (x, y, z) tou

trisdi�statou q¸rou p�nw sto epÐpedo QU, fèrnoume to eujÔgram-

mo tm ma K̄P̄ . To shmeÐo tom c autoÔ tou eujÔgrammou tm matoc

me to QU epÐpedo eÐnai to zhtoÔmeno shmeÐo P̄ ′. Oi suntetagmènec

x′ kai y′ tou shmeÐou probol c brÐskontai qrhsimopoi¸ntac thn

omoiìthta twn trig¸nwn K̄P̄ ′1P̄
′
2 ∼ K̄P̄1P̄2 kai K̄P̄ ′2P̄

′
3 ∼ K̄P̄2P̄3

'Ena shmantikì qarakthristikì thc prooptik c probol c eÐnai ìti

to mègejoc tou antikeimènou eÐnai antistrìfwc an�logo me thn

apìstas  tou apì to epÐpedo probol c, ìpwc faÐnetai kai sto

parak�tw sq ma.
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Par' ìl' aut� h prooptik  probol  prosomoi�zei kal� ton trìpo

me ton opoÐo to anjr¸pino m�ti antilamb�netai to b�joc. An t¸ra

jèloume na diathr soume tic apost�seic analloÐwtec, mporoÔme na

qrhsimopoi soume thn par�llhlh probol .

5.6.2 Par�llhlh probol 

'Opwc proeÐpame, sthn par�llhlh probol  h apìstash tou kèntrou

probol c apì to epÐpedo probol c eÐnai �peirh. Ja mporoÔsame

loipìn na jewr soume ìti h par�llhlh probol  eÐnai mia upoperÐ-

ptwsh thc prooptik c probol c, ìtan to shmeÐo K brÐsketai sto

(0, 0,−∞). Se aut n thn perÐptwsh, qrhsimopoi¸ntac touc Ðdiouc

tÔpouc p�li, upologÐzoume ìti h par�llhlh probol  enìc shmeÐou

P̄ (x, y, z) p�nw sto epÐpedo QU eÐnai to shmeÐo P̄ ′(x, y, 0). Aut 

eÐnai h orjog¸nia probol , sthn opoÐa h dieÔjunsh probol c eÐnai

k�jeth sto epÐpedo QU.
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Genikìtera, orjog¸nia par�llhlh probol  èqoume ìtan h dèsmh

twn aktÐnwn probol c eÐnai k�jeth se k�poio apì ta epÐpeda

QU, UQ   QZ, dhlad  ìtan h dèsmh twn aktÐnwn èqei th

dieÔjunsh k�poiou apì touc �xonec suntetagmènwn. Up�rqei kai

h axonometrik  par�llhlh probol , sthn opoÐa ja anaferjoÔme

mìno onomastik�, sthn opoÐa to epÐpedo probol c den eÐnai k�jeto

se kanènan �xona suntetagmènwn.

Sthn efarmog  mac dÐnetai h dunatìthta na doÔme to perib�llon:

• Apì mÐa k�mera h opoÐa brÐsketai p�nw sto rompìt (prooptik 

probol )

• Apì èna shmeÐo yhl� p�nw apì to rompìt (k�toyh)
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6 Sumper�smata - Mellontikèc ergasÐec

Sth diplwmatik  aut  ergasÐa perigr�yame stoiqeÐa thc eikonik c

kai thc epauxhmènhc pragmatikìthtac kai d¸same èmfash stic

efarmogèc thc sthn thlerompotik . Pio sugkekrimèna, eÐdame

efarmogèc stic opoÐec h qr sh thlerompotik c epibohj�ei ton

�njrwpo sto na fèrei eic pèrac orismènec ergasÐec.

Sth sunèqeia sqedi�same merik� komm�tia miac grafik c diepa-

f c anjr¸pou - upologist  h opoÐa qrhsimopoieÐtai ston thlepro-

grammatismì enìc mobile robot. Sugkekrimèna dhmiourg same

èna disdi�stato q�rth gÔrw apì thn jèsh tou rompìt, o opoÐoc

dhmiourgeÐtai paÐrnontac plhroforÐec apì tic endeÐxeic twn sonars

tou rompìt. 'Omwc, toul�qiston sto prìgramma tou exomoiwt  tou

rompìt, oi endeÐxeic autèc den eÐnai polÔ akribeÐc. Sugkekrimèna,

k�poioi diag¸nioi aisjht rec, kat� �takta qronik� diast mata,

dÐnoun timèc megalÔterec apì tic pragmatikèc. 'Etsi o q�rthc pou

dhmiourgeÐtai den eÐnai ìso akrib c ja jèlame na eÐnai. EpÐshc,

lamb�nontac th jèsh kai ton prosanatolismì tou rompìt k�je

stigm  kai gnwrÐzontac to q�rth, mporèsame na fti�xoume mia

metaballìmenh eikìna, h opoÐa mac deÐqnei k�je stigm  ti ja

blèpame jewrhtik� apì mia k�mera h opoÐa brÐsketai p�nw sto

rompìt.

Se mia peraitèrw melèth ja mporoÔsan na qrhsimopoihjoÔn

kai �lla qarakthristik� tou perib�llontoc kÐnhshc tou rompìt,

¸ste na apoktoÔme mia akribèsterh ektÐmhsh tou q¸rou autoÔ.

Enallaktik� ja mporoÔsame na qrhsimopoi soume apostasiìmetra

laser me stìqo na mei¸soume se meg�lo bajmì ta sf�lmata kai

to jìrubo twn metr sewn. 'Etsi h ektÐmhsh thc jèshc tou

rompìt ja  tan pio axiìpisth kai oi q�rtec mac kai h eikìna ja

antikatìptrize perissìtero tic pragmatikèc eikìnec. Mia akìmh

ergasÐa pou ja mporoÔse na gÐnei, ja  tan mia efarmog  h
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opoÐa ja sugkrÐnei thn trisdi�stath eikìna pou dhmiourgeÐtai, me

thn eikìna thn opoÐa lamb�noume apì thn k�mera pou brÐsketai

p�nw sto rompìt. Apì th sÔgkrish aut  ja mporoÔsame na

antilhfjoÔme an up�rqoun sf�lmata stic timèc thc jèshc pou

lamb�noume. EpÐshc ja mporoÔsame na diapist¸soume tuqìn

allagèc pou èqoun gÐnei sto perib�llon kÐnhshc tou rompìt,

ìpwc gia par�deigma di�fora antikeÐmena pou èqoun topojethjeÐ

sto q¸ro   akìmh kai domikèc allagèc. Tèloc, ja mporoÔse

h kÐnhsh thc k�merac thc efarmog c sthn epilog  “Dunatìthta

eleÔjerhc kÐnhshc” na gÐnetai mèsw enìc spaceball, antÐ na

gÐnetai mèsw tou plhktrologÐou. To spaceball eÐnai èna mhq�nhma

san mouse, me to opoÐo mporoÔme na d¸soume entolèc ston

upologist . 'Enac tÔpoc spaceball faÐnetai sthn parak�tw eikìna.
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8 Pararthmata

8.1 K¸dikac C

8.1.1 FrmSonarMap

public partial class FrmSonarmap : Form

{

double[] mapx = new double[10000] ;

double[] mapy = new double[10000] ;

int mapsize=0;

int writepose;

int StatheriThesiX=100;

int StatheriThesiY=100;

int PosoVlepeiStotetragwno = 2500;

double a;

int i;

double[] simeiox ={ 0, 0, 0, 0, 0, 0, 0, 0 };

double[] simeioy ={ 0, 0, 0, 0, 0, 0, 0, 0 };

private RobotPose _robotPose;

public RobotPose robotPose

{

get { return _robotPose; }

set { _robotPose = value; }

}

public FrmSonarmap()

{

InitializeComponent();

_robotPose = new RobotPose(5, 583, 0);

}

private void Form1_Load(object sender, EventArgs e)

{

}

private int [] _SonarAngles = { -90, -50, -30, -10, 10, 30, 50, 90 };

private int[] _Sonars = new int[8];

public void setSonars(int[] value)

{

for (int i = 0; i < _Sonars.Length; i++)

{

_Sonars[i] = value[i] / 55;

}

if (_Sonars[0] == 0)
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return;

Refresh();

}

private void Form1_Paint(object sender, PaintEventArgs e)

{

Pen pen = new Pen(Color.Red);

e.Graphics.FillEllipse(pen.Brush, Convert.ToInt64(StatheriThesiX-5),

Convert.ToInt64(StatheriThesiY-5), 10, 10);

pen.Color = Color.DarkGray;

e.Graphics.DrawEllipse(pen, Convert.ToInt64(StatheriThesiX - Math.Sqrt

(PosoVlepeiStotetragwno)), Convert.ToInt64(StatheriThesiY - Math.Sqrt

(PosoVlepeiStotetragwno)), Convert.ToInt64(Math.Sqrt(PosoVlepeiStotetragwno)

* 2), Convert.ToInt64(Math.Sqrt(PosoVlepeiStotetragwno) * 2));

pen.Color = Color.Black;

for (i = 0; i < _Sonars.Length; i++)

if (_Sonars[i]<2750/55)

{

writepose=mapsize;

for(int j=1; j<mapsize;j++)

if (mapx[j] * mapx[j] + mapy[j] * mapy[j] == 0)

{

writepose = j;

break;

}

simeiox[i] = _robotPose.X / 55 + _Sonars[i] * Math.Cos(Math.PI / 180 *

(_robotPose.Theta - _SonarAngles[i]));

simeioy[i] = _robotPose.Y / 55 + _Sonars[i] * Math.Sin(Math.PI / 180 *

(_robotPose.Theta - _SonarAngles[i]));

int count=0;

for (int j = 1; j < mapsize; j++)

{

if ((mapx[j] - simeiox[i]) * (mapx[j] - simeiox[i]) + (mapy[j] -

simeioy[i]) * (mapy[j] - simeioy[i]) < 30)

count++;

}

if (count < 5)

{

mapx[writepose] = simeiox[i];

mapy[writepose] = simeioy[i];

if (writepose == mapsize)

mapsize++;

}

Console.Write(mapsize);

}
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for (i=1;i<mapsize;i++)

if ((mapx[i] - _robotPose.X / 55) * (mapx[i] - _robotPose.X / 55) + (mapy[i]

- _robotPose.Y / 55) * (mapy[i] - _robotPose.Y / 55) < PosoVlepeiStotetragwno)

e.Graphics.DrawEllipse(pen, Convert.ToInt64(StatheriThesiX-_robotPose.X/55

+mapx[i]), Convert.ToInt64(StatheriThesiY-_robotPose.Y/55+mapy[i]), 2, 2);

else

{

mapx[i] = 0;

mapy[i] = 0;

}

}

8.1.2 Fdm3dvision

public partial class Frm3dvision : Form

{

double navx,navy,navth; //metavlites gia to free navigation

double navth2, navz; // metavlites gia to free navigation

double oldrobotx = 0, oldroboty = 0, oldrobotth = 0, countb = 0,predx=0,predy=0,predth=0;

double oldrobotx2 = 0, oldroboty2 = 0, oldrobotth2 = 0;

Queue<double> bufferx = new Queue<double>();

Queue<double> buffery = new Queue<double>();

Queue<double> bufferth = new Queue<double>();

int delay = 100;

private RobotPose _robotPose;

public RobotPose robotPose

{

get { return _robotPose; }

set { _robotPose = value; }

}

private void InitLights()

{

float[] colorWhite ={ 1f, 1f, 1f, 1f };

float[] lightAmbient = { 0.1f, 0.1f, 0.1f, 1.0f };

float[] lightDiffuse = { 1.0f, 1.0f, 1.0f, 1.0f };

float[] lightSpecular = { .1f, .1f, .1f, 1.0f };

float[] lightPosition = { 3000.0f, 5000.0f, 800.0f, 1.0f };

float[] lightPosition1 = { 3000.0f, 3000.0f, 800.0f, 1.0f };

float[] lightPosition2 = { 5000.0f, 3000.0f, 800.0f, 1.0f };

float[] lightPosition3 = { 9000.0f, 3000.0f, 800.0f, 1.0f };

float[] lightPosition4 = { 1000.0f, 5000.0f, 800.0f, 1.0f };

float[] lightPosition5 = { 1000.0f, 7000.0f, 800.0f, 1.0f };
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float[] lightPosition6 = { 1380.0f, 12000.0f, 800.0f, 1.0f };

Gl.glLightfv(Gl.GL_LIGHT0, Gl.GL_AMBIENT, lightAmbient);

Gl.glLightfv(Gl.GL_LIGHT0, Gl.GL_DIFFUSE, lightDiffuse);

Gl.glLightfv(Gl.GL_LIGHT0, Gl.GL_SPECULAR, lightSpecular);

Gl.glLightfv(Gl.GL_LIGHT0, Gl.GL_POSITION, lightPosition);

Gl.glLightf(Gl.GL_LIGHT0, Gl.GL_SPOT_CUTOFF, 40f);

Gl.glLightfv(Gl.GL_LIGHT1, Gl.GL_AMBIENT, lightAmbient);

Gl.glLightfv(Gl.GL_LIGHT1, Gl.GL_DIFFUSE, lightDiffuse);

Gl.glLightfv(Gl.GL_LIGHT1, Gl.GL_SPECULAR, lightSpecular);

Gl.glLightfv(Gl.GL_LIGHT1, Gl.GL_POSITION, lightPosition1);

Gl.glLightf(Gl.GL_LIGHT1, Gl.GL_SPOT_CUTOFF, 40f);

Gl.glLightfv(Gl.GL_LIGHT2, Gl.GL_AMBIENT, lightAmbient);

Gl.glLightfv(Gl.GL_LIGHT2, Gl.GL_DIFFUSE, lightDiffuse);

Gl.glLightfv(Gl.GL_LIGHT2, Gl.GL_SPECULAR, lightSpecular);

Gl.glLightfv(Gl.GL_LIGHT2, Gl.GL_POSITION, lightPosition2);

Gl.glLightf(Gl.GL_LIGHT2, Gl.GL_SPOT_CUTOFF, 40f);

Gl.glLightfv(Gl.GL_LIGHT3, Gl.GL_AMBIENT, lightAmbient);

Gl.glLightfv(Gl.GL_LIGHT3, Gl.GL_DIFFUSE, lightDiffuse);

Gl.glLightfv(Gl.GL_LIGHT3, Gl.GL_SPECULAR, lightSpecular);

Gl.glLightfv(Gl.GL_LIGHT3, Gl.GL_POSITION, lightPosition3);

Gl.glLightf(Gl.GL_LIGHT3, Gl.GL_SPOT_CUTOFF, 40f);

Gl.glLightfv(Gl.GL_LIGHT4, Gl.GL_AMBIENT, lightAmbient);

Gl.glLightfv(Gl.GL_LIGHT4, Gl.GL_DIFFUSE, lightDiffuse);

Gl.glLightfv(Gl.GL_LIGHT4, Gl.GL_SPECULAR, lightSpecular);

Gl.glLightfv(Gl.GL_LIGHT4, Gl.GL_POSITION, lightPosition4);

Gl.glLightf(Gl.GL_LIGHT4, Gl.GL_SPOT_CUTOFF, 40f);

Gl.glLightfv(Gl.GL_LIGHT5, Gl.GL_AMBIENT, lightAmbient);

Gl.glLightfv(Gl.GL_LIGHT5, Gl.GL_DIFFUSE, lightDiffuse);

Gl.glLightfv(Gl.GL_LIGHT5, Gl.GL_SPECULAR, lightSpecular);

Gl.glLightfv(Gl.GL_LIGHT5, Gl.GL_POSITION, lightPosition5);

Gl.glLightf(Gl.GL_LIGHT5, Gl.GL_SPOT_CUTOFF, 40f);

Gl.glLightfv(Gl.GL_LIGHT6, Gl.GL_AMBIENT, lightAmbient);

Gl.glLightfv(Gl.GL_LIGHT6, Gl.GL_DIFFUSE, lightDiffuse);

Gl.glLightfv(Gl.GL_LIGHT6, Gl.GL_SPECULAR, lightSpecular);

Gl.glLightfv(Gl.GL_LIGHT6, Gl.GL_POSITION, lightPosition6);

Gl.glEnable(Gl.GL_LIGHTING);

Gl.glEnable(Gl.GL_LIGHT0);

Gl.glEnable(Gl.GL_LIGHT1);

Gl.glEnable(Gl.GL_LIGHT2);

Gl.glEnable(Gl.GL_LIGHT3);

Gl.glEnable(Gl.GL_LIGHT4);

Gl.glEnable(Gl.GL_LIGHT5);

Gl.glEnable(Gl.GL_LIGHT6);
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Gl.glPushMatrix();

Gl.glTranslatef(lightPosition[0], lightPosition[1], 850f);

Gl.glScalef(100f, 100f, 50f);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorWhite);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorWhite);

Glut.glutSolidSphere(1, 10, 10);

Gl.glPopMatrix();

Gl.glPushMatrix();

Gl.glTranslatef(lightPosition1[0], lightPosition1[1], 850f);

Gl.glScalef(100f, 100f, 50f);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorWhite);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorWhite);

Glut.glutSolidSphere(1, 10, 10);

Gl.glPopMatrix();

Gl.glPushMatrix();

Gl.glTranslatef(lightPosition2[0], lightPosition2[1], 850f);

Gl.glScalef(100f, 100f, 50f);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorWhite);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorWhite);

Glut.glutSolidSphere(1, 10, 10);

Gl.glPopMatrix();

Gl.glPushMatrix();

Gl.glTranslatef(lightPosition3[0], lightPosition3[1], 850f);

Gl.glScalef(100f, 100f, 50f);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorWhite);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorWhite);

Glut.glutSolidSphere(1, 10, 10);

Gl.glPopMatrix();

Gl.glPushMatrix();

Gl.glTranslatef(lightPosition4[0], lightPosition4[1], 850f);

Gl.glScalef(100f, 100f, 50f);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorWhite);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorWhite);

Glut.glutSolidSphere(1, 10, 10);

Gl.glPopMatrix();

Gl.glPushMatrix();

Gl.glTranslatef(lightPosition5[0], lightPosition5[1], 850f);

Gl.glScalef(100f, 100f, 50f);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorWhite);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorWhite);

Glut.glutSolidSphere(1, 10, 10);

Gl.glPopMatrix();

Gl.glPushMatrix();

Gl.glTranslatef(lightPosition6[0], lightPosition6[1], 850f);

Gl.glScalef(100f, 100f, 50f);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorWhite);
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Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorWhite);

Glut.glutSolidSphere(1, 10, 10);

Gl.glPopMatrix();

}

public Frm3dvision()

{

_robotPose = new RobotPose(5, 583, 0);

Glut.glutInit();

Gl.glEnable(Gl.GL_DEPTH_TEST);

Glut.glutInitDisplayMode(Glut.GLUT_SINGLE | Glut.GLUT_RGB | Glut.GLUT_DEPTH);

InitializeComponent();

simpleOpenGlControl1.InitializeContexts();

Gl.glClearColor(0.0f, 0.0f, 0.0f, 0.0f);

Gl.glClearDepth(1.0);

Gl.glClear(Gl.GL_COLOR_BUFFER_BIT | Gl.GL_DEPTH_BUFFER_BIT);

Gl.glMatrixMode(Gl.GL_PROJECTION);

Gl.glLoadIdentity();

Glu.gluPerspective(90, 1, 1, 100000);

Glut.glutSpaceballMotionFunc(checkspaceball);

InitLights();

}

void checkspaceball(int x,int y,int z)

{

label3.Text = Convert.ToString(x);

label2.Text = Convert.ToString(y);

label1.Text = Convert.ToString("");

}

private void Frm3dvision_Load(object sender, EventArgs e)

{

label1.Visible = false;

label2.Visible = false;

label3.Visible = false;

label15.Visible = false;

label16.Visible = false;

label17.Visible = false;

trackBar1.Visible = false;

button1.Visible = false;

button2.Visible = false;

button3.Visible = false;

button4.Visible = false;

}

public void CreateWall(float x1, float y1, float x2, float y2, float height, float R, float G, float B)

{

float[] colorBlueW ={ 0f, 0f, 1f, 1f };

float[] colorGreyW ={ 0.3f, 1f, 0.3f, 1f };
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float[] colorDoorW ={ 1f, .3f, .5f, 1f };

float[] matSpecular = { .1f, .1f, .1f, 1.0f };

float[] matAmbient = { .05f, .05f, .05f, 1.0f };

float x, y, len;

int ii,jj;

x = x2 - x1;

y = y2 - y1;

len = Convert.ToInt64(Math.Sqrt(x * 2 + y * 2));

if ((x1 > 950 - 900 && x2 < 1460 - 900) || (x1 > 950 - 900 && x2 < 2560 - 900 &&

y1 > 6950 - 5200 && y2 < 7660 - 5200))

{

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorGreyW);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_SPECULAR, matSpecular);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorGreyW);

}

else if ((y1 == 2250 && y2 == 2250) || (y1 == 5150 && y2 == 5150) || (x1 == 3350 - 900 &&

x2 == 3350 - 900))

{

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorDoorW);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_SPECULAR, matSpecular);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorDoorW);

}

else

{

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorBlueW);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_SPECULAR, matSpecular);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorBlueW);

}

Gl.glBegin(Gl.GL_QUADS);

Gl.glColor3f(R, G, B);

Gl.glNormal3f(0f,0f,1f);

Gl.glVertex3f(x1, y1, 0.0f);

Gl.glVertex3f(x2, y2, 0.0f);

Gl.glVertex3f(x2, y2, height);

Gl.glVertex3f(x1, y1, height);

Gl.glEnd();

}

string b;

string[] c = new string[10];

float DimWidth;

float DimHeight;

private void simpleOpenGlControl1_Paint(object sender, PaintEventArgs e)

{
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bufferx.Enqueue(_robotPose.X);

buffery.Enqueue(_robotPose.Y);

bufferth.Enqueue(_robotPose.Theta);

if (checkBox1.Checked == true)

{

label5.Visible = true;

label6.Visible = true;

label7.Visible = true;

label8.Visible = true;

label9.Visible = true;

label10.Visible = true;

label11.Visible = true;

label12.Visible = true;

label13.Visible = true;

label14.Visible = true;

}

else

{

label5.Visible = false;

label6.Visible = false;

label7.Visible = false;

label8.Visible = false;

label9.Visible = false;

label10.Visible = false;

label11.Visible = false;

label12.Visible = false;

label13.Visible = false;

label14.Visible = false;

}

Glut.glutSpaceballMotionFunc(checkspaceball);

Gl.glClearColor(0.0f, 0.0f, 0.0f, 0.0f);

Gl.glClearDepth(1.0);

Gl.glClear(Gl.GL_COLOR_BUFFER_BIT | Gl.GL_DEPTH_BUFFER_BIT);

Gl.glEnable(Gl.GL_DEPTH_TEST);

Gl.glLightModeli(Gl.GL_LIGHT_MODEL_TWO_SIDE, Gl.GL_TRUE);

InitLights();

float[] colorBlueP ={ 0f, 0f, 1f, 1f };

float[] colorRedP ={ 1f, 0f, 0f, 1f };

float[] colorRed2P ={ 0.5f, 0f, 0f, 1f };

float[] colorRobP ={ 0f, 1f, 1f, 1f };

float[] colorCeilP ={ 0.7f, 0.7f, 0.7f, 1f };

float[] colorDarkP ={ 0.1f, 0.1f, 0.1f, 1f };
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//---------------------------------------------------------------------------------

int radi, iii, jjj;

double how1 = 100; //height of wheel (x2)

double how2 = 50; //inner height of wheel (x2)

double wow = 30; //width of wheel (x2)

int dis1 = 150; //apostasi apo rodes mikos (x2)

int dis2 = 100; //apostasi apo rodes platos (x2)

float[] colorwheelsR ={ 1f, 1f, 0f, 1f };

float[] matSpecular = { .1f, .1f, .1f, 1.0f };

float[] matAmbient = { .05f, .05f, .05f, 1.0f };

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorwheelsR);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_SPECULAR, matSpecular);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorwheelsR);

//**********************start I****************

if (countb > delay)

{

oldrobotx = bufferx.Dequeue();

oldroboty = buffery.Dequeue();

oldrobotth = bufferth.Dequeue();

for (iii = -dis1; iii <= dis1; iii = iii + 2 * dis1)

for (jjj = -dis2; jjj <= dis2; jjj = jjj + 2 * dis2)

{

Gl.glPushMatrix();

Gl.glTranslatef((float)(oldrobotx + iii), (float)(oldroboty + jjj), 0f);

Gl.glRotatef((float)(oldrobotth), 0f, 0f, 1f);

Gl.glBegin(Gl.GL_QUADS);

for (radi = 0; radi <= 360; radi++)

{

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f((float)(Math.Cos(Math.PI / 180 * (radi))), 0f,

(float)(Math.Sin(Math.PI / 180 * (radi))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * radi))),

(float)(-wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * radi))),

(float)(+wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glNormal3f((float)(Math.Cos(Math.PI / 180 * (radi - 1))), 0f,

(float)(Math.Sin(Math.PI / 180 * (radi - 1))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(+wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(-wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

}

Gl.glEnd();

Gl.glBegin(Gl.GL_QUADS);

for (radi = 0; radi <= 360; radi++)

{

Gl.glColor3f(1f, 1f, 0f);
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Gl.glNormal3f((float)(Math.Cos(Math.PI / 180 * (radi))), 0f,

(float)(Math.Sin(Math.PI / 180 * (radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * radi))),

(float)(-wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * radi))),

(float)(+wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glNormal3f((float)(Math.Cos(Math.PI / 180 * (radi - 1))), 0f,

(float)(Math.Sin(Math.PI / 180 * (radi - 1))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(+wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(-wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

}

Gl.glEnd();

Gl.glBegin(Gl.GL_QUADS);

for (radi = 0; radi <= 360; radi++)

{

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f(0f, 1f, 0f);

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * radi))), (float)(wow),

(float)(how1 + how1 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * radi))), (float)(wow),

(float)(how1 + how2 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

}

Gl.glEnd();

Gl.glBegin(Gl.GL_QUADS);

for (radi = 0; radi <= 360; radi++)

{

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f(0f, -1f, 0f);

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * radi))), (float)(-wow),

(float)(how1 + how1 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * radi))), (float)(-wow),

(float)(how1 + how2 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(-wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(-wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

}

Gl.glEnd();

Gl.glPopMatrix();

}

Gl.glPushMatrix();

Gl.glTranslatef((float)(oldrobotx), (float)(oldroboty), 0f);

Gl.glRotatef((float)(oldrobotth), 0f, 0f, 1f);
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Gl.glBegin(Gl.GL_QUADS);

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f(0f, 0f, 1f);

Gl.glVertex3f((float)(-dis1 - how1), (float)(-dis2 - wow), (float)(2 * how1));

Gl.glVertex3f((float)(-dis1 - how1), (float)(+dis2 + wow), (float)(2 * how1));

Gl.glVertex3f((float)(+dis1 + how1), (float)(+dis2 + wow), (float)(2 * how1));

Gl.glVertex3f((float)(+dis1 + how1), (float)(-dis2 - wow), (float)(2 * how1));

Gl.glEnd();

Gl.glPopMatrix();

//**********************stop I****************

}

//**********************************************start*****************************************************

if (checkBox2.Checked == true)

{

float[] colorwheelsZ ={ 0f, 1f, 0f, 1f };

Gl.glPushMatrix();

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorwheelsZ);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_SPECULAR, matSpecular);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorwheelsZ);

for (iii = -dis1; iii <= dis1; iii = iii + 2 * dis1)

for (jjj = -dis2; jjj <= dis2; jjj = jjj + 2 * dis2)

{

Gl.glPushMatrix();

Gl.glTranslatef((float)(_robotPose.X + iii), (float)(_robotPose.Y + jjj), 0f);

Gl.glRotatef((float)(_robotPose.Theta), 0f, 0f, 1f);

Gl.glBegin(Gl.GL_QUADS);

for (radi = 0; radi <= 360; radi++)

{

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f((float)(Math.Cos(Math.PI / 180 * (radi))), 0f,

(float)(Math.Sin(Math.PI / 180 * (radi))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * radi))),

(float)(-wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * radi))),

(float)(+wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glNormal3f((float)(Math.Cos(Math.PI / 180 * (radi - 1))), 0f,

(float)(Math.Sin(Math.PI / 180 * (radi - 1))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(+wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(-wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

}

Gl.glEnd();

Gl.glBegin(Gl.GL_QUADS);

for (radi = 0; radi <= 360; radi++)

{

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f((float)(Math.Cos(Math.PI / 180 * (radi))), 0f,

(float)(Math.Sin(Math.PI / 180 * (radi))));
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Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * radi))),

(float)(-wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * radi))),

(float)(+wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glNormal3f((float)(Math.Cos(Math.PI / 180 * (radi - 1))), 0f,

(float)(Math.Sin(Math.PI / 180 * (radi - 1))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(+wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(-wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

}

Gl.glEnd();

Gl.glBegin(Gl.GL_QUADS);

for (radi = 0; radi <= 360; radi++)

{

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f(0f, 1f, 0f);

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * radi))), (float)(wow),

(float)(how1 + how1 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * radi))), (float)(wow),

(float)(how1 + how2 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

}

Gl.glEnd();

Gl.glBegin(Gl.GL_QUADS);

for (radi = 0; radi <= 360; radi++)

{

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f(0f, -1f, 0f);

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * radi))), (float)(-wow),

(float)(how1 + how1 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * radi))), (float)(-wow),

(float)(how1 + how2 * (Math.Sin(Math.PI / 180 * radi))));

Gl.glVertex3f((float)(how2 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(-wow), (float)(how1 + how2 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

Gl.glVertex3f((float)(how1 * (Math.Cos(Math.PI / 180 * (radi + 1)))),

(float)(-wow), (float)(how1 + how1 * (Math.Sin(Math.PI / 180 * (radi + 1)))));

}

Gl.glEnd();

Gl.glPopMatrix();

}

Gl.glPushMatrix();

Gl.glTranslatef((float)(_robotPose.X), (float)(_robotPose.Y), 0f);

Gl.glRotatef((float)(_robotPose.Theta), 0f, 0f, 1f);
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Gl.glBegin(Gl.GL_QUADS);

Gl.glColor3f(1f, 1f, 0f);

Gl.glNormal3f(0f, 0f, 1f);

Gl.glVertex3f((float)(-dis1 - how1), (float)(-dis2 - wow), (float)(2 * how1));

Gl.glVertex3f((float)(-dis1 - how1), (float)(+dis2 + wow), (float)(2 * how1));

Gl.glVertex3f((float)(+dis1 + how1), (float)(+dis2 + wow), (float)(2 * how1));

Gl.glVertex3f((float)(+dis1 + how1), (float)(-dis2 - wow), (float)(2 * how1));

Gl.glEnd();

Gl.glPopMatrix();

Gl.glPopMatrix();

}

//************************************************stop***************************************************

StreamReader sr = new StreamReader(@"C:\Users\J’anos\diplomatiki\progr5\lab_ntua.wld", Encoding.Default);

for (int i = 0; i < 2; i++)

{

b = sr.ReadLine();

}

b = sr.ReadLine();

c = b.Split(’ ’);

DimWidth = Convert.ToInt64(c[1]);

b = sr.ReadLine();

c = b.Split(’ ’);

DimHeight = Convert.ToInt64(c[1]);

for (int i = 4; i < 6; i++)

{

b = sr.ReadLine();

}

while (!sr.EndOfStream)

{

sr.ReadLine();

b = sr.ReadLine();

c = b.Split(’ ’);

CreateWall(Convert.ToInt64(c[0]) - 900, Convert.ToInt64(c[1]) - 5200,

Convert.ToInt64(c[2]) - 900, Convert.ToInt64(c[3]) - 5200, 900.0f, 0f, 1f, 0f);

}

//---------------------------------------------------------------------------------

float[] lightAmbientP = { 0.2f, 0.2f, 0.2f, 1.0f };

float[] lightDiffuseP = { 1.0f, 1.0f, 1.0f, 1.0f };

float[] lightSpecularP = { .5f, .5f, .5f, 1.0f };

Gl.glShadeModel(Gl.GL_SMOOTH);

// skakiera

Gl.glNormal3f(0f, 0f, 1f);

for (int i = 0; i < (int)(DimWidth / 1000); i++)

for (int j = 0; j < (int)(DimHeight / 1000); j++)
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{

Gl.glPushMatrix();

Gl.glTranslatef(Convert.ToInt64(500 + 1000 * i), Convert.ToInt64(500 + 1000 * j), 0.0f);

Gl.glScalef(Convert.ToInt64(1000), Convert.ToInt64(1000), 1f);

double k;

k = i + j;

if ((Math.Ceiling(k / 2)) == (Math.Floor(k / 2)))

{

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorRed2P);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorRed2P);

}

else

{

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorRedP);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorRedP);

}

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_SPECULAR, lightSpecularP);

Glut.glutSolidCube(1);

Gl.glPopMatrix();

}

//skakiera

if (radioButton1.Checked)

{

Gl.glPushMatrix();

Gl.glTranslatef(Convert.ToInt64(DimWidth / 2), Convert.ToInt64(DimHeight / 2), 900.0f);

Gl.glScalef(Convert.ToInt64(DimWidth), Convert.ToInt64(DimHeight), 1f);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_DIFFUSE, colorCeilP);

Gl.glMaterialfv(Gl.GL_FRONT_AND_BACK, Gl.GL_AMBIENT, colorCeilP);

Glut.glutSolidCube(1);

Gl.glPopMatrix();

Gl.glMatrixMode(Gl.GL_MODELVIEW);

Gl.glEnable(Gl.GL_RESCALE_NORMAL);

Gl.glLoadIdentity();

if (checkBox1.Checked == false)

Glu.gluLookAt(oldrobotx, oldroboty, 300, oldrobotx + 1 * Math.Sin(Math.PI / 180

* (90 - oldrobotth)), oldroboty + 1 * Math.Cos(Math.PI / 180 * (90 - oldrobotth)),

299.99, Math.Sin(Math.PI / 180 * (90 - oldrobotth)), Math.Cos(Math.PI / 180

* (90 - oldrobotth)), 0);

else

Glu.gluLookAt(navx, navy, navz, navx + 1 * Math.Sin(Math.PI / 180 * (90 - navth))

* Math.Cos(Math.PI / 180 * navth2), navy + 1 * Math.Cos(Math.PI / 180 * (90 - navth))

* Math.Cos(Math.PI / 180 * navth2), navz - 0.01 + Math.Sin(Math.PI / 180 * navth2),

Math.Sin(Math.PI / 180 * (90 - navth)) * Math.Cos(Math.PI / 180 * navth2),

Math.Cos(Math.PI / 180 * (90 - navth)) * Math.Cos(Math.PI / 180 * navth2),

Math.Sin(Math.PI / 180 * navth2));

}
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else if (radioButton2.Checked)

{

Gl.glMatrixMode(Gl.GL_MODELVIEW);

Gl.glEnable(Gl.GL_RESCALE_NORMAL);

Gl.glLoadIdentity();

if (checkBox1.Checked == false)

Glu.gluLookAt(oldrobotx, oldroboty, trackBar2.Value, oldrobotx, oldroboty + 10, 0, 0, 1, 0);

else

Glu.gluLookAt(navx, navy, trackBar2.Value, navx, navy + 10, 0, 0, 1, 0);

}

if (countb < delay+2)

{

countb++;

}

}

private void simpleOpenGlControl1_KeyDown(object sender, KeyEventArgs e)

{

if (e.KeyCode == Keys.A)

navx=navx-50;

else if (e.KeyCode == Keys.D)

navx=navx+50;

else if (e.KeyCode == Keys.W)

navy = navy + 50;

else if (e.KeyCode == Keys.S)

navy = navy - 50;

else if (e.KeyCode == Keys.Q)

navth = navth + 5;

else if (e.KeyCode == Keys.E)

navth = navth - 5;

else if (e.KeyCode == Keys.I)

navz = navz + 10;

else if (e.KeyCode == Keys.K)

navz = navz - 10;

else if (e.KeyCode == Keys.O)

navth2 = navth2 + 5;

else if (e.KeyCode == Keys.L)

navth2 = navth2 - 5;

}

private void checkBox1_CheckedChanged(object sender, EventArgs e)

{

navx = _robotPose.X;

navy = _robotPose.Y;

navth = _robotPose.Theta;

navz = 300;

navth2 = 0;

}

}
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