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ΔΔΙΙΑΑΓΓΩΩΓΓΗΗ  
 

 

 

 

1.1 ΔΙΑΓΩΓΗ 

Ζ θαηαλόεζε βαζηθώλ ελλνηώλ πνπ ζρεηίδνληαη κε ηνπο απηνκαηηζκνύο, ηελ 

κεραλνινγία, ηελ ειεθηξνληθή θαη ηε ζεσξία ηεο ξνκπνηηθήο είλαη βαζηθό ζηνηρείν 

ηεο εθπαίδεπζεο ελόο ηερλνιόγνπ κεραληθνύ, αλεμαξηήησο ηεο εηδηθόηεηάο ηνπ. 

Ηδαληθή πιαηθόξκα γηα ηελ θαηαλόεζε ησλ παξαπάλσ ελλνηώλ απνηεινύλ νη 

ξνκπνηηθέο ζπζθεπέο. 

Παξά ηελ ηερλνινγηθή εμέιημε θαη ηε κείσζε ηνπ θόζηνπο ηνπο, απηό παξακέλεη 

αξθεηά πςειό έηζη ώζηε δελ είλαη δπλαηή ε επξεία ρξήζε ηνπο ζε εξγαζηεξηαθό 

πεξηβάιινλ. Μηα ελαιιαθηηθή ιύζε είλαη ε ρξήζε εξγαιείσλ ινγηζκηθνύ, πνπ 

επηηξέπνπλ ηελ ξεαιηζηηθή ηνπο κειέηε θαη αλαπαξάζηαζε, κέζσ πξνζνκνίσζεο. 

Τπάξρεη κηα πνηθηιία εξγαιείσλ πξνζνκνίσζεο ηθαλά λα αληαπνθξηζνύλ ζηηο νινέλα 

απμαλόκελεο απαηηήζεηο γηα ηελ αλαπαξάζηαζε πξαγκαηηθώλ ζπζθεπώλ. 

ηελ παξνύζα πηπρηαθή εξγαζία, παξνπζηάδεηαη ε κνληεινπνίεζε ελόο 

πξαγκαηηθνύ βξαρίνλα θαη ε αλάπηπμε ελόο κνληέινπ ζε πεξηβάιινλ πξνζνκνίσζεο 

εηθνληθήο πξαγκαηηθόηεηαο. ηελ ζπλέρεηα παξνπζηάδεηαη γξαθηθό πεξηβάιινλ 

δηεπαθήο, πνπ αλαπηύρζεθε γηα ηελ ζεσξεηηθή κειέηε ηνπ επζέσο θαη ηνπ 

αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο γηα ηνλ βξαρίνλα, θαζώο θαη γηα ηνλ έιεγρν 

θίλεζεο ηόζν ηνπ πξνζνκνησκέλνπ όζν θαη ηνπ πξαγκαηηθνύ ζπζηήκαηνο. 

Ζ πηπρηαθή εξγαζία δνκείηαη σο εμήο: 

ην 2
ν
 θεθάιαην, παξνπζηάδεηαη κηα ζύληνκε επηζθόπεζε δηαζέζηκσλ ξνκπνηηθώλ 

ζπζθεπώλ, θαζώο θαη εξγαιείσλ πξνζνκνίσζεο γηα ηε δηδαζθαιία ζεκάησλ πνπ 

ζρεηίδνληαη κε ηε ξνκπνηηθή θαη ηνπο απηνκαηηζκνύο. 

ην 3
ν
 θεθάιαην, πεξηγξάθεηαη ν ηξόπνο αλάπηπμεο αληηθεηκέλσλ θαη εηθνληθώλ 

θόζκσλ κε ηε βνήζεηα ηεο γιώζζαο VRML, θαζώο θαη ν ηξόπνο ζύλδεζήο ηνπο κε ην 

ινγηζκηθό MATLAB. 

ην 4
ν
 θεθάιαην, πεξηγξάθεηαη αλαιπηηθά ην κνληέιν πξνζνκνίσζεο πνπ 

αλαπηύρζεθε γηα ηελ κειέηε ελόο πξαγκαηηθνύ, θαηαθόξπθνπ, αξζξσηνύ βξαρίνλα, 

ηεζζάξσλ βαζκώλ ειεπζεξίαο, θαζώο θαη ν ηξόπνο δηαζύλδεζήο ηνπ κε ην ινγηζκηθό 

MATLAB. 
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ην 5
ν
 θεθάιαην, πεξηγξάθεηαη αλαιπηηθά ην πεξηβάιινλ δηεπαθήο πνπ 

αλαπηύρζεθε γηα ηελ πξνζνκνίσζε θαη ηε κειέηε ηνπ επζέσο θαη ηνπ αληίζηξνθνπ 

θηλεκαηηθνύ πξνβιήκαηνο θαη ηνλ έιεγρν κε ηαπηόρξνλε εηθνληθή παξνπζίαζε ελόο 

πξαγκαηηθνύ, θαηαθόξπθνπ, αξζξσηνύ βξαρίνλα, ηεζζάξσλ βαζκώλ ειεπζεξίαο. 

Σέινο, παξαηίζεληαη παξαδείγκαηα, πνπ επηδεηθλύνπλ ηελ ζσζηή ιεηηνπξγία ηνπ 

ινγηζκηθνύ πνπ αλαπηύρζεθε. 
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2.1 ΔΙΑΓΩΓΗ 

 Γηα ηελ θαηαλόεζε ζεκάησλ πνπ ζρεηίδνληαη κε ηελ ξνκπνηηθή, ηνλ έιεγρν 

ζπζηεκάησλ, ηνλ πξνγξακκαηηζκό, θιπ, ππάξρνπλ δηαζέζηκεο ζην εκπόξην, πνιιέο 

δηαθνξεηηθέο επηινγέο ηόζν γηα πξαγκαηηθά ξνκπνηηθά ζπζηήκαηα, όζν θαη γηα 

εθαξκνγή θαη πξνζνκνίσζε ζε επίπεδν ινγηζκηθνύ. ην θεθάιαην απηό, ζα 

πεξηγξαθνύλ ελδεηθηηθέο δηαζέζηκεο ιύζεηο, ηόζν ζε επίπεδν πιηθνύ (hardware) όζν 

θαη ζε επίπεδν ινγηζκηθνύ (software). 

2.2 ΔΚΠΑΙΓΔΤΣΙΚΟΙ ΒΡΑΥΙΟΝΔ 

Πνιιώλ εηδώλ βξαρίνλεο, είλαη δηαζέζηκνη ζην εκπόξην γηα εθπαηδεπηηθή ρξήζε. 

Οη δηαθνξέο ηνπο επηθεληξώλνληαη ζην ηύπν, ζηνπο βαζκνύο ειεπζεξίαο, ζηα πιηθά 

θαηαζθεπήο, ζην κέγεζνο θαη ζηηο δπλαηόηεηεο ειέγρνπ ηνπο. Δλδεηθηηθά ζηελ 

ζπλέρεηα παξνπζηάδνληαη νη αθόινπζνη: 

Ο ξνκπνηηθόο βξαρίνλαο “Elekit” [1] [2] (ρήκα 2.1), έρεη πέληε βαζκνύο 

ειεπζεξίαο θαη είλαη θαηαζθεπαζηηθά απιόο. Ο έιεγρόο ηνπ πξαγκαηνπνηείηαη από 

έλαλ ελζύξκαην ειεγθηή (ρήκα 2.2), κε πέληε δηαθόπηεο θίλεζεο, έλα γηα θάζε 

ηκήκα (βάζε, ώκνο, αγθώλαο, θαξπόο θαη αξπάγε) θαη έρεη ζρεδηαζηεί γηα 

εθπαηδεπηηθνύο ζθνπνύο κε θόζηνο πνπ δελ μεπεξλά ηα 70 επξώ. 

 

 

σήμα 2.1 Δκπαιδεςηικόρ πομποηικόρ βπασίοναρ “Elekit” 
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σήμα 2.2 Ανάλςζη ελεγκηή ηος εκπαιδεςηικού πομποηικού βπασίονα “Elekit” 

 

Πξνδηαγξαθέο ξνκπνηηθνύ βξαρίνλα “Elekit” 

Bαζκνί ειεπζεξίαο 5 

Πεξηζηξνθή βάζεο (δεμηά θαη αξηζηεξά) πεξίπνπ 360° 

Αλύςσζε ώκνπ πεξίπνπ 120° 

Αλύςσζε αγθώλα πεξίπνπ 135° 

Πεξηζηξνθή θαξπνύ CW θαη CCW πεξίπνπ 340° 

Άλνηγκα θαη θιείζηκν αξπάγεο πεξίπνπ 50 mm 

Μέγηζην ύςνο βξαρίνλα 510 mm 

Μέγηζην κήθνο βξαρίνλα 360 mm 

Μέγηζην βάξνο αλύςσζεο πεξίπνπ 130 g 

Δλζύξκαηνο ειεγθηήο 5 δηαθνπηώλ θίλεζεο 

Πίνακαρ 2.1 Πποδιαγπαθέρ εκπαιδεςηικού πομποηικού βπασίονα “Elekit” 

 

Ο ξνκπνηηθόο βξαρίνλαο “EduBot 100 GP” [3] [4] (ρήκα 2.2), έρεη πέληε 

βαζκνύο ειεπζεξίαο, ζπλδέεηαη κε ηελ ζεηξηαθή ζύξα ηνπ ππνινγηζηή θαη ειέγρεηαη, 

κέζσ εηδηθνύ ινγηζκηθνύ ειέγρνπ (Robotica). Έρεη θαηαζθεπαζηεί από αληηζηαηηθό 

πιαζηηθό PVC (PolyVinyl Chloride) θαη έρεη πεξηζζόηεξεο δπλαηόηεηεο ειέγρνπ, από 

ηνλ “Elekit” . 

 

 

σήμα 2.3 Δκπαιδεςηικόρ πομποηικόρ βπασίοναρ “EduBot 100 GP” 
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Έρεη ζρεδηαζηεί γηα ηελ εθκάζεζε ηεο ξνκπνηηθήο θαη δίλεηαη ε δπλαηόηεηα ζην 

ρξήζηε, λα κπνξεί λα πξνγξακκαηίδεη θαη λα ειέγρεη ην βξαρίνλα, κε απιό ηξόπν, 

κέζσ ηνπ ινγηζκηθνύ ειέγρνπ Robotica. Αθόκα, κπνξεί λα ρξεζηκνπνηεζεί θαη ζε 

αζύξκαηεο θηλεηέο εθαξκνγέο. Έρεη πάξα πνιιέο εθαξκνγέο γηα εθπαηδεπηηθνύο 

ζθνπνύο θαη απηό νθείιεηαη, ζην πνιύ θαιό ινγηζκηθό ειέγρνπ θαη ζηελ ηδηαίηεξε 

θαηαζθεπή ηνπ, αθνύ κπνξνύλ λα ηνπνζεηεζνύλ θαη επηπξόζζεηα εμαξηήκαηα (όπσο 

αηζζεηήξεο, δηαθόπηεο, ξειέ, θσηνδίνδνη, θ.ά). Σν θόζηνο είλαη 1.200 επξώ. 

 

Πξνδηαγξαθέο ξνκπνηηθνύ βξαρίνλα “EduBot” 

Bαζκνί ειεπζεξίαο 5 

Πεξηζηξνθή βάζεο 180° max 170° nominal 

Αλύςσζε ώκνπ 180° max 170° nominal 

Αλύςσζε αγθώλα 180° max 170° nominal 

Πεξηζηξνθή θαξπνύ Roll θαη Pitch 180° max 170° nominal 

Βάξνο βξαρίνλα 1.5 kg 

Μέγηζην ύςνο βξαρίνλα 485 mm 

Μέγηζην κήθνο βξαρίνλα 372.5 mm 

Μέγηζην βάξνο αλύςσζεο πεξίπνπ 100 g 

εηξηαθή επηθνηλσλία 9-pin RS232 

Πίνακαρ 2.2 Πποδιαγπαθέρ εκπαιδεςηικού πομποηικού βπασίονα “EduBot 100 GP” 

 

Δθηόο από ηνπο παξαπάλσ, ζην εκπόξην ππάξρνπλ θαη άιινη βξαρίνλεο κε 

αληίζηνηρα ραξαθηεξηζηηθά όπσο: Scorbot-ER 9Pro [5], Lynx 5 [6] θαη Gridbots [7]. 

 

2.3 ΔΚΠΑΙΓΔΤΣΙΚΑ ΛΟΓΙΜΙΚΑ ΡΟΜΠΟΣΙΚΗ 

Πνιινί δηαθνξεηηθνί ηύπνη ινγηζκηθώλ, είλαη δηαζέζηκνη γηα εθπαηδεπηηθνύο θαη 

εξεπλεηηθνύο ζθνπνύο. Δλδεηθηηθά αλαθέξνληαη ηα παξαθάησ: 

Σν Webots [8], είλαη έλα παθέην ινγηζκηθνύ πνπ επηηξέπεη ηελ πξνζνκνίσζε 

ξνκπνηηθώλ ζπζηεκάησλ. Πξνζθέξεη έλα γξήγνξν πεξηβάιινλ δηακόξθσζεο 

πξσηνηύπσλ, πνπ επηηξέπεη ζην ρξήζηε λα δεκηνπξγεί ηξηζδηάζηαηνπο εηθνληθνύο 

θόζκνπο κε ηδηόηεηεο θπζηθήο, όπσο ε κάδα, νη ελώζεηο, ν ζπληειεζηήο ηξηβήο, θιπ. 

Ο ρξήζηεο κπνξεί λα πξνζζέζεη ελεξγά αληηθείκελα θαη ζπγθεθξηκέλα ξνκπνηηθέο 

ζπζθεπέο δηαθόξσλ ηύπσλ. 

Απηέο, κπνξνύλ λα εμνπιηζηνύλ κε δηαθνξεηηθέο ζπζθεπέο αηζζεηήξσλ θαη 

επελεξγεηώλ, όπσο αηζζεηήξεο απόζηαζεο, ξόδεο, θάκεξεο, servos, αηζζεηήξεο αθήο, 

θιπ. Ο ρξήζηεο κπνξεί λα πξνγξακκαηίζεη ξνκπνηηθέο ζπζθεπέο ζε πεξηβάιινλ 
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πξνζνκνίσζεο θαη ζηε ζπλέρεηα λα κεηαθέξεη ην ινγηζκηθό ζηηο πξαγκαηηθέο 

ζπζθεπέο όπσο ην Khepera, Hemisson, LEGO Mindstorms, Aibo, θιπ. 

 

 

σήμα 2.4 Γπαθικό πεπιβάλλον ηος λογιζμικού ελέγσος πομπόη Webots 

 

Σν Robotica [9], είλαη έλα ινγηζκηθό παθέην, γηα έιεγρν ξνκπνηηθώλ βξαρηόλσλ. 

Υξεζηκνπνηεί κηα ζεηξά από ιεηηνπξγίεο θαη νξηζκνύο, ηνπ πξνγξάκκαηνο 

καζεκαηηθώλ Mathematicasymbolic. Σν Robotica, κπνξεί λα ιεηηνπξγήζεη ζε 

πεξηβάιινλ Microsoft Windows θαη ζπλεξγάδεηαη κε ην πξόγξακκα Mathematica. Σν 

θύξην ραξαθηεξηζηηθό ηνπ Robotica, είλαη ε δπλαηόηεηα λα ππνινγίδεη, ζπκβνιηθά ή 

αξηζκεηηθά, ηηο θηλεκαηηθέο θαη δπλακηθέο εμηζώζεηο, ελόο ξνκπνηηθνύ ζπζηήκαηνο, 

ρξεζηκνπνηώληαο ηελ κέζνδν Denevit-Hartenburg. 

ην ρήκα 2.4, παξνπζηάδνληαη κεξηθέο ελδεηθηηθέο εηθόλεο, από ην γξαθηθό 

πεξηβάιινλ ηνπ Robotica [10]. 

 

 

σήμα 2.5.α Γπαθικό πεπιβάλλον ηος λογιζμικού ελέγσος βπασίονα Robotica 

 



ΚΔΦΑΛΑΗΟ 2 

 7  

 

σήμα 2.5.β Γπαθικό πεπιβάλλον ηος λογιζμικού ελέγσος βπασίονα Robotica 

 

Σν Microsoft Robotics Developer Studio [11], είλαη έλα ινγηζκηθό παθέην, γηα 

έιεγρν θαη πξνζνκνίσζε ξνκπόη. Σν παθέην απηό είλαη βαζηζκέλν ζην πεξηβάιινλ 

ησλ Microsoft Windows θαη ζρεδηάζηεθε έηζη ώζηε λα επηηξέπεη ζε νπνηνλδήπνηε 

ρξήζηε λα δεκηνπξγεί εθαξκνγέο γηα ησλ έιεγρν ξνκπνηηθώλ ζπζηεκάησλ. 

Υξεζηκνπνηεί, έλα γξαθηθό εξγαιείν πξνγξακκαηηζκνύ (visual programming tool) 

θαη θαζηζηά εύθνιε ηελ πξόζβαζε ζε αηζζεηήξεο θαη κεραληζκνύο θίλεζεο. 

Τπνζηεξίδεη έλα κεγάιν αξηζκό από γιώζζεο όπσο C#, Visual Basic, .NET, Jscript 

θαη IronPython. Αθόκα, εκπεξηέρεη θάπνηα ινγηζκηθά όπσο ην “Soccer Simulation” 

θαη ην “Sumo Competition” ηεο Microsoft. 

 

 

σήμα 2.6 Λογιζμικό πακέηο ελέγσος πομπόη Microsoft Robotics Developer Studio 
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σήμα 2.7 Γπαθικό πεπιβάλλον ηος λογιζμικού πακέηος ελέγσος και πποζομοίυζηρ 

πομπόη Microsoft Robotics Developer Studio 

 

 Σν “Player Project” [12], είρε ζαλ ζθνπό λα απνηειέζεη κηα πιαηθόξκα αλάπηπμεο 

ινγηζκηθώλ γηα ξνκπνηηθέο ζπζθεπέο θαη αηζζεηήξεο. Σν “Stage” ηνπ Player Project 

(Player/Stage), είλαη έλαο πξνζνκνησηήο πνιιαπιώλ ξνκπνηηθώλ ζπζθεπώλ (multiple 

robot simulator). Πξνζνκνηώλεη νκάδεο ξνκπνηηθώλ ζπζθεπώλ πνπ θηλνύληαη θαη 

αηζζάλνληαη ζε έλα 3D ραξηνγξαθεκέλν πεξηβάιινλ. Πνηθίια κνληέια αηζζεηήξσλ 

δηαηίζεληαη, όπσο ζόλαξ (sonar), ζαξσηέο απόζηαζεο ιέηδεξ (scanning laser 

rangefinder), θάκεξα θαη νδόκεηξν. 

 

 

σήμα 2.8 Γπαθικό πεπιβάλλον ηος λογιζμικού εθαπμογών Project (Player/Stage)
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ΚΚΔΔΦΦΑΑΛΛΑΑΙΙΟΟ  33  

ΓΓΛΛΩΩΑΑ  ΜΜΟΟΝΝΣΣΔΔΛΛΟΟΠΠΟΟΙΙΗΗΗΗ  ΔΔΙΙΚΚΟΟΝΝΙΙΚΚΗΗ  

ΠΠΡΡΑΑΓΓΜΜΑΑΣΣΙΙΚΚΟΟΣΣΗΗΣΣΑΑ  ((VVRRMMLL  ––  VVIIRRTTUUAALL  

RREEAALLIITTYY  MMOODDEELLIINNGG  LLAANNGGUUAAGGEE))  
 

 

 

 

3.1 ΔΙΑΓΩΓΗ 

ην θεθάιαην απηό ζα πεξηγξαθεί αλαιπηηθά ν ηξόπνο αλάπηπμεο εηθνληθώλ 

θόζκσλ κε ηελ βνήζεηα ηεο VRML (Virtual Reality Modeling Language - Γιώζζα 

Μνληεινπνίεζεο Δηθνληθήο Πξαγκαηηθόηεηαο), ηα βαζηθά ηεο ραξαθηεξηζηηθά, 

θαζώο θαη ν ηξόπνο αιιειεπίδξαζεο ησλ εηθνληθώλ θόζκσλ κε ην ινγηζκηθό 

MATLAB. 

3.2 ΓΔΝΙΚΑ ΓΙΑ ΣΗΝ VRML 

Ζ γιώζζα VRML, είλαη έλα πξόηππν δεκηνπξγίαο ηξηζδηάζηαησλ γξαθηθώλ γηα ην 

παγθόζκην ηζηό (World Wide Web). Πξόθεηηαη γηα ηνλ νξηζκό ελόο ζπγθεθξηκέλνπ 

ηύπνπ αξρείνπ (file format), πνπ πεξηέρεη κηα ASCII πεξηγξαθή ησλ ηξηζδηάζηαησλ 

ζθελώλ. Ζ VRML απνηέιεζε ηελ πξώηε νπζηαζηηθή πξνζπάζεηα γηα ηε δεκηνπξγία 

ηξηζδηάζηαηεο (3D) γιώζζαο, γηα ρξήζε, θπξίσο ζην δηαδίθηπν. [13] 

Με ηε ρξήζε ηεο VRML, ν πξνγξακκαηηζηήο είλαη ζε ζέζε λα πινπνίεη κηα 

αθνινπζία εηθόλσλ θαη λα αιιειεπηδξά κε απηέο. Γηα παξάδεηγκα, κπνξεί θαλείο λα 

παξαηεξεί έλα δσκάηην ελόο θηηξίνπ θαη ρξεζηκνπνηώληαο θαηάιιεια ρεηξηζηήξηα λα 

κεηαθηλείηαη ζην δσκάηην ζαλ λα επξόθεηην γηα πξαγκαηηθή πεξηπιάλεζή ηνπ κέζα 

ζην ρώξν. Γηα ηελ νξζή πινήγεζε κέζα ζε έλαλ ηέηνην ηξηζδηάζηαην θόζκν θαη γηα 

ηελ πξαθηηθή αλάγλσζε ελόο VRML αξρείνπ από ηνλ ππνινγηζηή, είλαη απαξαίηεηε 

ε ρξήζε ελόο θπιινκεηξεηή (browser) γηα εθαξκνγέο ηεο VRML. [14] 

Οη εθαξκνγέο ηεο VRML είλαη πνιιέο: επηρεηξήζεηο, δηαθεκίζεηο ζηνλ παγθόζκην 

ηζηό (e-commerce), ςπραγσγία, εθπαίδεπζε, επηθνηλσλία, αξρηηεθηνληθή θιπ. Μπνξεί 

λα ρξεζηκνπνηεζεί γηα ηε δεκηνπξγία ηξηζδηάζηαησλ αλαπαξαζηάζεσλ πνιύπινθσλ 

ζθελώλ, όπσο εηθνλνγξαθήζεηο, νξηζκνί πξντόλησλ θαη παξνπζηάζεηο εηθνληθήο 

πξαγκαηηθόηεηαο. Ζ VRML απνηειεί έλα αλεμάξηεην πξόηππν, πνπ κπνξεί λα 

ρξεζηκνπνηεζεί ζην δηαδίθηπν αλεμάξηεηα από ηελ ππνινγηζηηθή πιαηθόξκα, θαζώο 

θαη γηα ηνλ νξηζκό ηξηζδηάζηαησλ αληηθεηκέλσλ θαη ηελ παξακεηξνπνίεζε ησλ 

ραξαθηεξηζηηθώλ ηνπο (ζρήκα, ρξώκα, κέγεζνο, θιπ). [15] 
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Ζ πξώηε έθδνζε ηεο VRML παξνπζηάζηεθε ην Μάην ηνπ 1995 θαη βαζίζηεθε 

πάλσ ζε έλα ππνζύλνιν ηνπ 3D κνληέινπ ηεο Silicon Graphics, κε ηελ νλνκαζία 

Αλνηθηόο Δθεπξέηεο (Open Inventor). Σνλ Ηαλνπάξην ηνπ 1996 παξνπζηάζηεθε ε 

βειηησκέλε έθδνζε VRML 1.0c. Σν 1997 ε έθδνζε 2.0 ηεο VRML πξνηππνπνηήζεθε 

θαηά ISO (ISO/IEC 14772-1:1997) θαη κε ειάρηζηεο δηαθνξέο από ηελ έθδνζε 2.0 

νλνκάζηεθε VRML 97. Μεηαμύ ηεο πξώηεο θαη ηεο ηειεπηαίαο έθδνζεο 

κεζνιάβεζαλ ηνπιάρηζηνλ 47 πξόρεηξεο εθδόζεηο (drafts).  

H VRML97 είλαη αζύκβαηε κε ηελ VRML 1 θαη έρεη ηηο εμήο βειηηώζεηο: 

 απμεκέλεο δπλαηόηεηεο δηαδξαζηηθόηεηαο θαη αιιειεπίδξαζεο κε ηα κέξε ηνπ 

εηθνληθνύ θόζκνπ, 

 ππνζηήξημε JAVA θαη Javascript, 

 εληνιέο γηα ήρν, 

 θίλεζε θαη ππνζηήξημε video. 

Σν 1999 παξνπζηάζηεθε ην λέν πξόηππν X3D (ISO/IEC 19775-1) πνπ απνηειεί 

ππεξζύλνιν ηεο VRML θαη ελδεηθηηθά πεξηιακβάλεη: 

 ρξήζε XML, 

 πεξηζζόηεξεο εληνιέο, άξα θαη πεξηζζόηεξεο δπλαηόηεηεο, 

 πην απζηεξή δνκή θαη θαλνληθνπνίεζε, 

 δπλαηόηεηα παξαγσγήο θώδηθα ζε δπαδηθή κνξθή θαη ηαπηόρξνλε ζπκπίεζε 

(αθνύ ε VRML είλαη ζε κνξθή θεηκέλνπ). 

Ζ VRML πνηέ δελ εμαπιώζεθε όζν αλακελόηαλ δηόηη: 

 όηαλ εκθαλίζηεθε απαηηνύζε αξθεηή επεμεξγαζηηθή ηζρύ από ηηο θάξηεο γξαθηθώλ 

(πιένλ νη απιέο ζύγρξνλεο θάξηεο γξαθηθώλ είλαη αξθεηά ηζρπξέο γηα λα 

απνδώζνπλ πνιύ ηθαλνπνηεηηθά έλαλ ζύλζεην εηθνληθό θόζκν) 

 ήηαλ αξθεηά πξσηνπνξηαθή ηδέα γηα ην γεληθόηεξν επίπεδν ρξεζηώλ ηνπ 

δηαδηθηύνπ νη νπνίνη, ηελ πεξίνδν πνπ παξνπζηάζηεθε ε VRML, δεηνύζαλ ηελ 

εύθνιε θαη γξήγνξε εύξεζε πιεξνθνξηώλ θαη ηελ απιόηεηα ζηελ επηθνηλσλία 

 ηα εκπνξηθά πξντόληα πινήγεζεο ζε εηθνληθνύο θόζκνπο θαη απεηθόληζεο 3D 

γξαθηθώλ δελ βξήθαλ απήρεζε ζην αγνξαζηηθό θνηλό κε απνηέιεζκα νη εηαηξίεο 

λα ζηξαθνύλ ζε άιιεο κνξθέο πξντόλησλ ινγηζκηθνύ θαη πιηθνύ. 

Χζηόζν, ε VRML είλαη κηα γιώζζα κε ηελ νπνία κπνξνύλ πνιύ εύθνια λα 

δεκηνπξγεζνύλ απιά ηξηζδηάζηαηα αληηθείκελα (θύβνο, θώλνο, θύιηλδξνο θαη 

ζθαίξα), λα θαιπθζνύλ κε ρξσκαηηζηέο πθέο (textures) θαη λα ελζσκαησζνύλ ζε 

άιια αληηθείκελα. Σν ίδην απιή παξακέλεη θαη ε κεηαθνξά, ε πεξηζηξνθή, ε 

κεγέζπλζε-ζκίθξπλζε, ν ρξσκαηηζκόο θαη ε επηθάιπςε ησλ αληηθεηκέλσλ κε πθέο. 

Οη ιόγνη γηα ηνπο νπνίνπο επηιέρζεθε ε VRML γηα ηελ ζπγθεθξηκέλε εξγαζία, 

αληί ηνπ λένπ πξνηύπνπ X3D είλαη νη εμήο: 

 Ζ πεξηγξαθή 3D αληηθεηκέλσλ κε ην πξόηππν X3D, βαζίδεηαη ζηε VRML, νπόηε ε 

γλώζε ηεο VRML είλαη πξναπαηηνύκελε. 



ΚΔΦΑΛΑΗΟ 3 

 11  

 Γηα ην πξόηππν X3D απαηηείηαη ρξήζε ηεο XML κε απνηέιεζκα λα εηζάγεηαη 

αθόκε έλα επίπεδν δπζθνιίαο γηα ηνλ κέζν ρξήζηε. 

 Ζ επθνιία δηαζύλδεζεο κνληέισλ VRML κε πξνεγκέλα ινγηζκηθά πξνζνκνίσζεο 

θαη ειέγρνπ ζε πξαγκαηηθό ρξόλν (π.ρ. MATLAB). [16] 

Σα αξρεία ηεο VRML νλνκάδνληαη εηθνληθνί θόζκνη θαη έρνπλ θαηάιεμε ".wrl" (ή 

αθόκα ".wrz" γηα λα δειώλεηαη όηη είλαη ζπκπηεζκέλα). Σα αξρεία απηά κπνξνύλ λα 

ζπγγξαθνύλ από έλα νπνηνλδήπνηε θεηκελνγξάθν (text editor) ή κπνξνύλ λα 

εμαρζνύλ από θάπνηα εθαξκνγή ηξηζδηάζηαηεο κνληεινπνίεζεο όπσο 3D Studio 

Max, V-Realm Builder, FormZ, θιπ.. Ζ δνκή ηνπο είλαη δελδξηθή θαη ηνπο επηηξέπεη 

ηελ αιιειεπίδξαζε θαη ηελ αιιειεμάξηεζε ησλ επηκέξνπο ηκεκάησλ ηνπο. 

Έλα αξρείν VRML απνηειείηαη από έλα δέλδξν θόκβσλ (VRML Tree). Οη 

επηκέξνπο θόκβνη κπνξεί λα είλαη:  

i. Κόκβνη ρήκα (Shape node), όπσο έλα ζύλνιν από πνιύγσλα, κία ζθαίξα, 

έλαο θύβνο, θ.α. 

ii. Κόκβνη Ηδηόηεηαο (Property node), όπσο έλα ζύλνιν από Normals, από 

Materials, έλα Light ή έλαο Transformation. 

iii. Κόκβνη ηύπνπ Οκάδαο (Group node), πνπ πεξηέρεη θόκβνπο παηδηά θ.ν.θ. 

ε έλα αξρείν ηύπνπ VRML, έλαο θόκβνο απνηειείηαη από έλα πξναηξεηηθό όλνκα, 

έλα ηύπν θόκβνπ θαη κηα ιίζηα από πεδία (fields) ή ηδηόηεηεο (properties). Πξνθαλώο, 

όηαλ δνζεί έλα όλνκα ζε θάπνην θόκβν, απηόο κπνξεί λα ρξεζηκνπνηεζεί ζηε 

ζπλέρεηα σο έρεη. [17] 

3.3 ΔΝΑΛΛΑΚΣΙΚΑ ΔΡΓΑΛΔΙΑ ΜΟΝΣΔΛΟΠΟΙΗΗ ΣΡΙΓΙΑΣΑΣΩΝ 

ΑΝΣΙΚΔΙΜΔΝΩΝ 

Γηα αλαπαξάζηαζε 3D αληηθεηκέλσλ, εθηόο από ηελ VRML είλαη δπλαηόλ λα 

ρξεζηκνπνηεζνύλ θαη ελαιιαθηηθέο γιώζζεο ή εξγαιεία. Δλδεηθηηθά αλαθέξνληαη ηα 

παξαθάησ: 

 Ζ 3DMLW (3D Mark-up Language for Web) [18] είλαη κηα γιώζζα αλνηρηνύ 

θώδηθα (open-source), πνπ βαζίδεηαη ζε αξρεία ηύπνπ XML θαη ρξεζηκνπνηείηαη 

γηα ηελ αλαπαξάζηαζε ηξηζδηάζηαησλ θαη δηζδηάζηαησλ αληηθεηκέλσλ, κε 

δπλαηόηεηεο αιιειεπίδξαζεο, γηα ηνλ παγθόζκην ηζηό. 

 Ζ COLLADA (COLLAborative Design Activity) [19] είλαη κηα γιώζζα 

πξνγξακκαηηζκνύ, πνπ βαζίδεηαη ζε έλα XML ζρήκα θαη έρεη θαηνρπξσζεί σο έλα 

δηεζλέο πξόηππν, γηα ηε δεκηνπξγία 3D εθαξκνγώλ ζην Γηαδίθηπν.  

 Ζ O3D [20] είλαη κηα γιώζζα αλνηρηνύ θώδηθα, ηύπνπ JavaScript API. 

Αλαπηύρζεθε από ηελ Google, γηα ηελ δεκηνπξγία 3D εθαξκνγώλ, κε δπλαηόηεηεο 

αιιειεπίδξαζεο, έηζη ώζηε νη ηξηζδηάζηαηεο εθαξκνγέο, λα ιεηηνπξγνύλ ζε έλα 

θπιινκεηξεηή ηζηνύ (web browser) ή ζε κηα XUL εθαξκνγή. Ζ O3D 

αλαπηύζζεηαη ζαλ έλα πεηξακαηηθό πξόζζεην (plug-in) γηα θπιινκεηξεηέο ηζηνύ. 
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 Ζ Universal 3D (U3D) [21] είλαη έλα ζπκπηεζκέλν πξόηππν αξρείνπ, πνπ 

ρξεζηκνπνηείηαη γηα δεδνκέλα 3D γξαθηθώλ. Ζ “3D Industry Forum” είρε νξίζεη ην 

πξόηππν απηό, γηα λα δηεπθνιύλεη ηελ αληαιιαγή δεδνκέλσλ. Σν πξόηππν απηό 

θαηνρπξώζεθε από ηελ “Ecma International” ηνλ Αύγνπζην ηνπ 2005 σο ECMA-

363, κε ζηόρν λα γίλεη έλα δηεζλέο πξόηππν γηα 3D δεδνκέλα όισλ ησλ εηδώλ. 

ηελ U3D κνξθή, κπνξνύλ λα εηζαρζνύλ 3D αληηθείκελα κε δπλαηόηεηεο 

αιιειεπίδξαζεο, ζε θείκελα ηύπνπ PDF θαη λα παξαηεξεζνύλ κέζσ ηνπ Acrobat 

Reader. 

 Ζ X3D [22] είλαη κηα γιώζζα πξνγξακκαηηζκνύ, πνπ έρεη θαηνρπξσζεί σο 

πξόηππν ISO (ISO/IEC 19775-1), ζεσξείηαη ππεξζύλνιν ηεο VRML θαη γηα ηελ 

αλαπαξάζηαζε εηθνληθώλ θόζκσλ, ρξεζηκνπνηεί αξρεία ηύπνπ XML. Σα 

ραξαθηεξηζηηθά ηεο X3D επεθηείλνπλ ηε VRML (π.ρ. Humanoid Animation, 

NURBS, GeoVRML, θιπ) θαη ηεο δίλνπλ ηελ ηθαλόηεηα λα θσδηθνπνηεί ηελ 

εηθόλα, ρξεζηκνπνηώληαο έλα XML ζπληαθηηθό αληίζηνηρν, ηνπ Αλνηρηνύ 

Δθεπξέηε ηεο VRML97. Αθόκα, εκπινπηίδεηαη θαη ην πεξηβάιινλ 

πξνγξακκαηηζκνύ ησλ εθαξκνγώλ (Application Programming Interface - APIs). 

3.4 ΥΔΓΙΑΜΟ ΔΙΚΟΝΙΚΩΝ ΚΟΜΩΝ ΜΔ ΥΡΗΗ ΣΟΤ V-REALM 

BUILDER 

Γηα ηνλ ζρεδηαζκό VRML αληηθεηκέλσλ, είλαη δπλαηόλ λα ρξεζηκνπνηεζεί ην 

πξόγξακκα κνληεινπνίεζεο εηθνληθώλ θόζκσλ, V-Realm Builder (Version 2.0). 

Σν V-Realm Builder είλαη έλα ηζρπξό πξνγξακκαηηζηηθό εξγαιείν, κε δπλαηόηεηα 

δεκηνπξγίαο 3D αληηθεηκέλσλ θαη “θόζκσλ”, πνπ ζηελ ζπλέρεηα κπνξνύλ λα 

παξαηεξεζνύλ, από έλα V-Realm θπιινκεηξεηή ή άιιν θπιινκεηξεηή ζπκβαηό κε 

VRML 2.0. Σν V-Realm Builder θαη ε VRML, δε δεκηνπξγήζεθαλ γηα λα 

αληηθαηαζηήζνπλ ηα ζεκεξηλά εξγαιεία κνληεινπνίεζεο, πνπ κπνξνύλ λα 

δεκηνπξγήζνπλ ξεαιηζηηθά αληηθείκελα, κε 5 ή 10 εθαηνκκύξηα πνιύγσλα. Σν V-

Realm Builder, ρξεζηκνπνηώληαο VRML, έρεη ην πιενλέθηεκα, λα ειαρηζηνπνηεί ην 

κέγεζνο ησλ αξρείσλ θαη λα παξέρεη έλα κέζν κνληεινπνίεζεο ζύλζεησλ 

αληηθεηκέλσλ, πνπ ρξεζηκνπνηνύλ κηθξό κέγεζνο αξρείσλ.  

Σν V-Realm Builder έρεη έλα θηιηθό γηα ηνλ ρξήζηε, γξαθηθό παξαζπξηθό 

πεξηβάιινλ, πνπ ηνπ δίλεη ηε δπλαηόηεηα ζρεδηαζκνύ θαη ειέγρνπ ελόο 3D θόζκνπ, 

ρξεζηκνπνηώληαο κόλν ην πνληίθη, αθνύ δελ είλαη απαξαίηεηε ε γξαθή θώδηθα (hand-

coding). Οη πεξηζζόηεξεο ζπλαξηήζεηο νινθιεξώλνληαη κε ην πνληίθη θαη ε ρξήζε 

ηνπ πιεθηξνινγίνπ είλαη πεξηνξηζκέλε, αθνύ πξαγκαηνπνηείηαη κόλν γηα ηηο 

ζπλαξηήζεηο πνπ απαηηνύλ είζνδν. Σν γξαθηθό πεξηβάιινλ (Graphical User Interface 

- GUI) πνπ δηαζέηεη ην V-Realm Builder, είλαη πξνζαξκνζκέλν εηδηθά ζηε VRML, κε 

ηζρπξέο επεκβαηηθέο ηθαλόηεηεο θαη ιόγσ ησλ άκεζσλ ζηηγκηαίσλ νπηηθώλ 

αλαδξάζεσλ, απινπνηεί ηε δηαδηθαζία δεκηνπξγίαο 3D θόζκσλ. [23] 
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3.5 ΔΓΚΑΣΑΣΑΗ ΚΑΙ ΑΡΥΙΚΟΠΟΙΗΗ ΣΟΤ V-REALM BUILDER 

Οη εηθνληθνί θόζκνη πνπ δεκηνπξγνύληαη κε ηελ βνήζεηα ηνπ V-Realm Builder, 

έρνπλ ηελ δπλαηόηεηα αιιειεπίδξαζεο θαη ειέγρνπ, από ην ινγηζκηθό MATLAB. Σν 

V-Realm Builder ζπλνδεύεη ην ινγηζκηθό MATLAB θαη κπνξεί λα εγθαηαζηαζεί 

κέζσ απηνύ. Πξνθεηκέλνπ λα γίλεη απηό, ζην Command Window ηνπ ινγηζκηθνύ  

MATLAB πιεθηξνινγνύληαη νη εληνιέο: vrinstall θαη -install editor ή γηα ιόγνπο 

ζπληνκίαο κπνξεί από ηελ αξρή λα πιεθηξνινγεζεί ε εληνιή: vrinstall('-

install','editor'). ηελ ζπλέρεηα εκθαλίδνληαη ζην Command Window ηνπ 

ινγηζκηθνύ MATLAB ηα εμήο: 

Starting editor installation…  

Done. 

Γηα λα ειεγρζεί εάλ είλαη επηηπρήο ε εγθαηάζηαζε, ζην Command Window ηνπ 

ινγηζκηθνύ MATLAB πιεθηξνινγνύληαη νη εληνιέο: vrinstall θαη -check ή γηα 

ιόγνπο ζπληνκίαο κπνξεί από ηελ αξρή λα δνζεί ε εληνιή: vrinstall('-check'). Δάλ ε 

εγθαηάζηαζε είλαη επηηπρήο, εκθαλίδνληαη ζην Command Window ηνπ ινγηζκηθνύ 

MATLAB ηα εμήο: 

VRML editor:    installed 

 Γηα ηελ εθθίλεζε ηνπ V-Realm Builder ζηα Microsoft Windows, πξέπεη λα 

εθηειεζηεί ην αξρείν “vrbuild2.exe”. [24] 

 Γηα λα ζρεδηαζηεί έλαο λένο θόζκνο κε ην V-Realm Builder, ζα πξέπεη ζην κελνύ 

ηνπ V-Realm Builder λα επηιεγεί ην File θαη κεηά ην New ή λα πιεθηξνινγεζεί 

Ctrl+N ή επηινγή ηνπ εηθνλίδην New (ρήκα 3.1, [A]). 

 

 
σήμα 3.1 Μενού έναπξηρ ηος V-Realm Builder 

 

ην αξηζηεξό παξάζπξν ηνπ V-Realm Builder, ππάξρεη έλα δέληξν θόκβσλ (ρήκα 

3.2, [A]) πνπ θαζνξίδεη ηελ ηεξαξρία ηνλ αληηθεηκέλσλ θαη ηηο ηδηόηεηέο ηνπο, όπσο ηε 

ζέζε ηνπο σο πξνο ηνλ θόζκν θαη σο πξνο άιια αληηθείκελα, κέγεζνο, ρξώκα, 

πεξηζηξνθή θιπ. ηα δεμηά πνπ είλαη ην βαζηθό παξάζπξν ηνπ εηθνληθνύ θόζκνπ 

(ρήκα 3.2, [B]), εκθαλίδεηαη έλαο άδεηνο εηθνληθόο θόζκνο πνπ ζα γεκίζεη κε ηα 

δηάθνξα αληηθείκελα πνπ ζα εηζαρζνύλ ζε απηόλ. Αθόκα, ππάξρνπλ θαη δηάθνξεο 

εξγαιεηνζήθεο γηα ηελ επεμεξγαζία ηνπ εηθνληθνύ θόζκνπ (ρήκα 3.2, [C]). 
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σήμα 3.2 Σο γπαθικό πεπιβάλλον ηος V-Realm Builder 

 

Ζ ηεξαξρία ελόο ηππηθνύ VRML δέληξνπ έρεη ηελ αθόινπζε δνκή. ηελ θνξπθή 

βξίζθεηαη ν εηθνληθόο θόζκνο θαη ζην ακέζσο ρακειόηεξν επίπεδν βξίζθνληαη 

δηάθνξνη θόκβνη (nodes). Κάζε θόκβνο (node) αληηπξνζσπεύεη έλα από ηα 

αληηθείκελα πνπ έρνπλ εηζαρζεί θαη απαξηίδνπλ ηνλ εηθνληθό θόζκν, καδί κε ηηο 

ηδηόηεηεο πνπ ην ραξαθηεξίδνπλ. Σα νκαδνπνηεκέλα ζηνηρεία θάζε θόκβνπ ιέγνληαη 

παηδηά (children). Γηα παξάδεηγκα, έλα θηίξην κηαο πόιεο, κπνξεί λα ζεσξεζεί ζαλ κηα 

νκάδα θόκβσλ πνπ έρεη σο παηδηά, παξάζπξα, πόξηεο θαη ηνίρνπο. Αθνύ απηά ηα 

νκαδνπνηεκέλα ζηνηρεία ηνπ θηηξίνπ, είλαη έλα κέξνο από ηελ κεγαιύηεξε δνκή ελόο 

θόζκνπ πνπ έρεη νξηζηεί, δειαδή ηελ πόιε. Γελ ππάξρεη θάπνην όξην, ζηνλ αξηζκό 

ηνλ παηδηώλ πνπ κπνξεί λα έρεη κηα νκάδα, αιιά όια ηα παηδηά κνηξάδνληαη 

ππνρξεσηηθά ηα ραξαθηεξηζηηθά ηνπ γνλέα (group node). 

3.6 ΔΙΑΓΩΓΗ ΚΑΙ ΔΠΔΞΔΡΓΑΙΑ ΑΝΣΙΚΔΙΜΔΝΩΝ ΣΟ V-REALM 

BUILDER 

Γηα ηελ εηζαγσγή ελόο ηξηζδηάζηαηνπ γεσκεηξηθνύ αληηθεηκέλνπ, ζηνλ εηθνληθό 

θόζκν, όπσο π.ρ. ελόο θπιίλδξνπ, πξέπεη ζηελ Geometery Node ToolBar (ρήκα 3.3, 

[A]) λα επηιεγεί, ην αληίζηνηρν επηζπκεηό εηθνλίδην. 

Μεηά ηελ εηζαγσγή ηνπ, ζηα αξηζηεξά θαίλεηαη ην δέληξν πνπ πεξηγξάθεη ηνλ 

θύιηλδξν (ρήκα 3.3, [B]). Πεξηέρεη πιεξνθνξίεο ηνπ αληηθεηκέλνπ (ρήκα 3.3, [C]) 

γηα ηε ζέζε ηνπ ζηνλ ρώξν, ην ζρήκα, ηελ εκθάληζε, ην πιηθό θαη ηε γεσκεηξία ηνπ 

(Transform, Shape, Appearance, Material θαη geometry αληίζηνηρα).  
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σήμα 3.3 Διζαγυγή ανηικειμένος ζηο V-Realm Builder 

 

Γηα λα ελσζεί έλα αληηθείκελν κε έλα άιιν, όπσο έλαο θύιηλδξνο κε έλα θύβν, ζα 

πξέπεη λα επηιεγεί ην children (παηδηά), από ην δέληξν ηνπ πξώηνπ αληηθεηκέλνπ, 

δειαδή ην θπιίλδξνπ (ρήκα 3.4, [A]) θαη κε ηνλ ίδην ηξόπν, λα εηζαρζεί από ηελ 

Geometery Node ToolBar ην δεύηεξν αληηθείκελν, δειαδή ν θύβνο. Όπσο θαίλεηαη 

παξαθάησ, έρεη εηζαρζεί ν θύβνο (ρήκα 3.4, [B]), πνπ είλαη πιένλ ζπλδεδεκέλνο, κε 

ηνλ θύιηλδξν. Με ηελ εηζαγσγή ηνπ θύβνπ, εκθαλίδεηαη απηόκαηα θαη ην VRML 

δέληξν ηνπ (ρήκα 3.4, [C]), πνπ εκπεξηέρεη ηηο πιεξνθνξίεο θαη ηα ραξαθηεξηζηηθά 

ηνπ. 

 

 

σήμα 3.4 Ένυζη ανηικειμένυν ζηο V-Realm Builder 
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Γηα ηελ επεμεξγαζία ησλ δηαζηάζεσλ ηνπ θύβνπ, πξέπεη ζην δέληξν ηνπ θύβνπ 

(ρήκα 3.5, [A]) λα αλνίμεη: 

i. Ο θόκβνο children, πνπ έρεη ηα ραξαθηεξηζηηθά ηνπ ζρήκαηνο ηνπ αληηθεηκέλνπ. 

ii. Ο θόκβνο Shape, πνπ έρεη ηα γεσκεηξηθά ραξαθηεξηζηηθά θαη ηα 

ραξαθηεξηζηηθά ηνπ πιηθνύ. 

iii. Ο θόκβνο geometry πνπ έρεη ην γεσκεηξηθό ζρήκα. 

iv. Ο θόκβνο Box πνπ είλαη ην ζρήκα πνπ είρε επηιεγεί παξαπάλσ. 

v. Σν size πνπ νξίδεη ην κέγεζνο ηνπ γεσκεηξηθνύ ζρήκαηνο ελόο αληηθεηκέλνπ. 

ηε ζπλέρεηα εκθαλίδεηαη έλα παξάζπξν κε όλνκα “Edit Vector 3” (ρήκα 3.5, 

[B]), γηα λα αιιάμνπλ νη ηηκέο θαηά ηνπο άμνλεο X, Y θαη Z. Όπσο θαίλεηαη 

παξαθάησ, ν θύβνο έρεη κεηαηξαπεί ζε έλα νξζνγώλην παξαιιειόγξακκν (ρήκα 3.5, 

[C]), ιόγσ ησλ αιιαγώλ πνπ έρεη ππνζηεί ζηηο δηαζηάζεηο ηνπ. 

 

 

σήμα 3.5 Δπεξεπγαζία διαζηάζευν ανηικειμένυν ζηο V-Realm Builder 

 

Γηα ηελ επεμεξγαζία ησλ ζρεηηθώλ ζέζεσλ ησλ αληηθεηκέλσλ θαη ζπγθεθξηκέλα, 

ηεο ζέζεο ηνπ δεύηεξνπ αληηθεηκέλνπ ζε ζρέζε κε ην πξώην, πξέπεη λα κεηαβιεζνύλ 

νη ηηκέο ηεο παξακέηξνπ Transform, ζην δέληξν ηνπ δεύηεξνπ αληηθεηκέλνπ (ρήκα 

3.6, [A]). Γειαδή, ζην Transform ηνπ δέληξνπ, ηνπ νξζνγώληνπ παξαιιεινγξάκκνπ, 

πξέπεη λα επηιεγεί ην translation, πνπ νξίδεη ηε ζέζε ησλ αληηθεηκέλσλ (Transform  

translation). ην παξάζπξν πνπ ζα εκθαληζηεί (ρήκα 3.6, [B]) πξέπεη λα αιιαρζνύλ 

νη ηηκέο θαηά ηνπο άμνλεο X, Y θαη Z. Όπσο θαίλεηαη, ην αληηθείκελν έρεη 

ηνπνζεηεζεί ζηελ θνξπθή ηνπ θπιίλδξνπ θαη πξνο ηα δεμηά (ρήκα 3.6, [C]). 
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σήμα 3.6 Δπεξεπγαζία θέζηρ ανηικειμένυν ζηο V-Realm Builder 

 

Γηα ηελ επεμεξγαζία ηεο γσλίαο θαη ηνπ άμνλα πεξηζηξνθήο ησλ αληηθεηκέλσλ, 

ζπγθεθξηκέλα ηνπ δεύηεξνπ αληηθεηκέλνπ ζε ζρέζε κε ην πξώην, ζα πξέπεη ζην 

Transform ηνπ δέληξνπ, ηνπ νξζνγώληνπ παξαιιεινγξάκκνπ (ρήκα 3.7.α, [A]), λα 

επηιεγεί ην rotation πνπ νξίδεη ηηο γσλίεο θαη ηνλ άμνλα πεξηζηξνθήο 

(Transformrotation). Θα εκθαληζηεί έλα παξάζπξν κε όλνκα “Edit Rotation” 

(ρήκα 3.7.α, [B]), γηα λα επηιεγεί ε γσλία θαη ν άμνλαο πεξηζηξνθήο ηνπ 

αληηθεηκέλνπ. Όπσο θαίλεηε παξαθάησ, ην αληηθείκελό έρεη πεξηζηξαθεί σο πξνο 

άιιν άμνλα (ρήκα 3.7.α, [C]). πγθεθξηκέλα, ν δηακνξθσκέλνο θύβνο έρεη 

πεξηζηξαθεί 90° σο πξνο ηνλ Y άμνλα. 

 

 

σήμα 3.7.α Δπεξεπγαζία γυνίαρ και άξονα πεπιζηποθήρ ανηικειμένυν ζηο V-Realm 

Builder 

 

Γηα λα επηιεγεί ν ίδηνο άμνλαο πεξηζηξνθήο θαη γηα ηα δπν αληηθείκελα, ζα πξέπεη 

ζην Transform ηνπ δέληξνπ, ηνπ θπιίλδξνπ (ρήκα 3.7.β, [A]), λα επηιεγεί ην rotation 

πνπ νξίδεη ηηο γσλίεο θαη ηνλ άμνλα πεξηζηξνθήο (Transformrotation) θαη ζην 

παξάζπξν πνπ ζα εκθαληζηεί κε όλνκα “Edit Rotation” (ρήκα 3.7.β, [B]) λα επηιεγεί 

ν επηζπκεηόο άμνλαο (Y άμνλαο). Αλ δελ επηιεγεί θνηλόο άμνλαο πεξηζηξνθήο, ην 

αληηθείκελν ζα πεξηζηξέθεηαη σο πξνο δύν άμνλεο θαη ε θίλεζε δελ ζα είλαη νκαιή. 
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σήμα 3.7.β Δπεξεπγαζία γυνίαρ και άξονα πεπιζηποθήρ ανηικειμένυν ζηο V-Realm 

Builder 

 

Γηα λα επηιεγεί ην ίδην θέληξν θαη γηα ηα δπν αληηθείκελα, πξέπεη ζην Transform 

ηνπ δέληξνπ, ηνπ νξζνγώληνπ παξαιιεινγξάκκνπ (ρήκα 3.8, [A]), λα επηιεγεί ην 

center, πνπ νξίδεη ην θέληξν ελόο αληηθεηκέλνπ θαη ζην παξάζπξν πνπ εκθαλίδεηαη 

(ρήκα 3.7, [B]), λα κεηαβιεζνύλ νη ηηκέο ηνπ θέληξνπ θαηά ηνπο άμνλεο X, Y θαη Z. 

Όπσο θαίλεηαη, ην θέληξν ηνπ αληηθείκελνπ έρεη κεηαηνπηζηεί (ρήκα 3.8, [C]). 

 

 

σήμα 3.8 Δπεξεπγαζία κένηπος ανηικειμένυν ζηο V-Realm Builder 

 

Σα αληηθείκελα εκθαλίδνληαη κε κηα απόρξσζε ηνπ γθξη, απηό ζπκβαίλεη γηαηί δελ 

έρνπλ νξηζζεί αθόκα ρξώκαηα γηα ηα αληηθείκελα. Γηα ηελ εηζαγσγή ρξσκάησλ, ζα 

πξέπεη ζηε Mode View ToolBar (ρήκα 3.9, [A]), λα επηιεγεί ην πξώην εηθνλίδην πνπ 

είλαη ε Βηβιηνζήθε Τιηθώλ (Material Library), γηα ηελ επηινγή ελόο κνλόρξσκνπ 

πιηθνύ. Σν ηξίην εηθνλίδην είλαη ε Βηβιηνζήθε Τθήο (Texture Library) θαη έρεη ηε 

δπλαηόηεηα επηινγήο έηνηκσλ ρξσκαηηζηώλ ζρεδίσλ πθήο (Texture).  
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σήμα 3.9 Οπιζμόρ σπυμάηυν από ηο Mode View ToolBar ηος V-Realm Builder 

 

ην παξάζπξν πνπ ζα εκθαληζηεί πξέπεη λα επηιεγεί ρξώκα από ηελ “Item List:” 

(ρήκα 3.10, [A]) θαη ζηε ζπλέρεηα από ηελ ζθαίξα-δεηγκαηνιόγην (ρήκα 3.10, [B]), 

λα ηνπνζεηεζεί ζην αληηθείκελν (drag and drop). 

 

 

σήμα 3.10 Διζαγυγή σπυμάηυν ανηικειμένυν ζηο V-Realm Builder 

 

Πξνθεηκέλνπ λα ειεγρζνύλ ηα αληηθείκελα ελόο εηθνληθνύ θόζκνπ, είλαη αλαγθαίν 

λα ραξαθηεξίδνληαη από θάπνην όλνκα αλαθνξάο. Γηα λα γίλεη ε κεηνλνκαζία ησλ 

αληηθεηκέλσλ απηώλ, πξέπεη ζην δέληξν ηνπο, λα επηιεγεί ην Transform θαη κεηά λα 

επηιεγεί μαλά, γηα λα κπνξεί λα νλνκαζηεί από ην πιεθηξνιόγην. Θέησ A1 ην όλνκα 

ηνπ θύβνπ θαη A2 ην όλνκα ηνπ παξαιιεινγξάκκνπ. ην δέληξν δελ ρξεηάδεηαη λα 

νλνκαζηεί θαη ν εηθνληθόο θόζκνο, δειαδή ην New World θαζώο ζα νλνκαζηεί 

απηόκαηα κόιηο απηόο απνζεθεπηεί. 

 

 

σήμα 3.11 Μεηονομαζία ανηικειμένυν ζηο V-Realm Builder 
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Γηα λα απνζεθεπηεί ν εηθνληθόο θόζκνο πνπ έρεη δεκηνπξγεζεί, πξέπεη ζην κελνύ 

ηνπ V-Realm Builder, λα επηιεγεί ην File θαη κεηά ζην Save ή Ctrl+S ή λα επηιεγεί ην 

εηθνλίδην Save (ρήκα 3.9, [B]). Σν όλνκα κπνξεί λα αιιαρζεί ή λα κείλεη απηό πνπ 

ήδε ππάξρεη σο πξνεπηινγή (vrml1). Έηζη, δεκηνπξγείηε έλα αξρείν κε θαηάιεμε .wrl 

(π.ρ. vrml1.wrl) από ηε ιέμε world. 

3.7 ΔΛΔΓΥΟ ΔΙΚΟΝΙΚΩΝ ΚΟΜΩΝ ΜΔΩ SIMULINK 

Οη εηθνληθνί θόζκνη πνπ δεκηνπξγνύληαη κε ηε ρξήζε ηνπ V-Realm Builder, είλαη 

δπλαηόλ λα ειεγρζνύλ κέζσ ηνπ ινγηζκηθνύ Simulink. Σν Simulink είλαη έλα γξαθηθό 

πεξηβάιινλ κνληεινπνίεζεο θαη πξνζνκνίσζεο γξακκηθώλ θαη κε γξακκηθώλ 

ζπζηεκάησλ. Απνηειεί ηκήκα ηνπ ινγηζκηθνύ  MATLAB θαη δηαθνξνπνηείηαη από 

απηό, ζην όηη δηαζέηεη, έλα παξαζπξηθό γξαθηθό πεξηβάιινλ (GUI) πνπ κε ηελ 

βνήζεηα απηνύ, έλαο ρξήζηεο κπνξεί λα δεκηνπξγήζεη δηθά ηνπ κνληέια. Γηα ηελ 

αιιειεπίδξαζή ηνπ κε ηνπο εηθνληθνύο θόζκνπο, ρξεζηκνπνηείηαη ε βηβιηνζήθε 

εηθνληθήο πξαγκαηηθόηεηαο (Virtual Reality Toolbox library) ηνπ Simulink. Ζ 

βηβιηνζήθε εηθνληθήο πξαγκαηηθόηεηαο, παξέρεη ινγηθά (block) δηαγξάκκαηα γηα 

απεπζείαο ζύλδεζε ησλ ζεκάησλ ηνπ ινγηζκηθνύ πξνζνκνίσζεο κε εηθνληθνύο 

θόζκνπο. 

Γηα ηελ δεκηνπξγία ελόο κνληέινπ πξνζνκνίσζεο (Simulink Model) ην νπνίν έρεη 

θαηάιεμε .mdl (από ηελ ιέμε model), ζα πξέπεη ζην θεληξηθό κελνύ ηνπ ινγηζκηθνύ 

MATLAB λα επηιεγεί FileNewModel θαη λα απνζεθεπηεί κε έλα επηζπκεηό 

όλνκα. πγθεθξηκέλα, “demo1.mdl”. 

 

 

σήμα 3.12 Γημιοςπγία Μονηέλος πποζομοίυζηρ ζηο λογιζμικό MATLAB 

 

Γηα λα γίλεη θαηαλνεηόο ν ηξόπνο ζύλδεζεο εηθνληθώλ θόζκσλ, κε κνληέια 

πξνζνκνίσζεο πνπ έρνπλ αλαπηπρζεί ζην ινγηζκηθό Simulink, ζα πεξηγξαθεί 

αλαιπηηθά ν ηξόπνο ζύλδεζεο ηνπ θόζκνπ πνπ αλαπηύρζεθε ζηηο πξνεγνύκελεο 

παξαγξάθνπο, κε έλα κνληέιν απηνύ ηνπ ηύπνπ. 

Με ηελ ρξήζε ηνπ δηαγξάκκαηνο VR Sink (ρήκα 3.13, [A]), είλαη δπλαηή ε 

εγγξαθή δεδνκέλσλ από ην κνληέιν πξνζνκνίσζεο, ζηνλ εηθνληθό θόζκν. Γηα λα 

εληνπηζηεί ην δηάγξακκα απηό, ηνπνζεηείηαη ζην θπιινκεηξεηή ηεο Βηβιηνζήθεο ηνπ 

ινγηζκηθνύ Simulink (Simulink Library Browser), ε ιέμε θιεηδί “VR Sink” (ρήκα 
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3.13, [B]). Γίλεηαη ε αλαδήηεζε ηνπ VR Sink θαη όηαλ απηό βξεζεί, ηνπνζεηείηαη ζην 

κνληέιν πξνζνκνίσζεο. 

 

 

σήμα 3.13 Άνοιγμα ηος θςλλομεηπηηή ηηρ βιβλιοθήκηρ ηος λογιζμικού Simulink από 

ηο λογιζμικό MATLAB 

 

Οη παξάκεηξνη ειέγρνπ, κπνξνύλ λα επηιερζνύλ, κέζα από ην πεξηβάιινλ 

πξνζνκνίσζεο. Μεηά από ηελ επηινγή ησλ παξακέηξσλ, ην ινγηζκηθό Simulink 

ελεκεξώλεη ην δηάγξακκα (VR Sink) κε εηζόδνπο θαη εμόδνπο, πνπ αληηζηνηρνύλ 

ζηνπο επηιεγκέλνπο θόκβνπο ηνπ εηθνληθνύ θόζκνπ. Αθνύ ζπλδεζνύλ ζηηο εηζόδνπο 

ηα θαηάιιεια ζήκαηα, ν ρξήζηεο κπνξεί λα παξαθνινπζεί ηε πξνζνκνίσζε κε έλα 

ινγηζκηθό αλαπαξάζηαζεο VRML (VRML viewer).  

Όιεο νη ηδηόηεηεο ησλ VRML θόκβσλ, παξαηίζεληαη ηεξαξρηθά ζε κνξθή δέληξνπ. 

Όηαλ εηζαρζεί ζην VR Sink έλαο εηθνληθόο θόζκνο, ζαξώλεηαη απηόκαηα γηα 

δηαζέζηκνπο VRML θόκβνπο, πνπ κπνξνύλ λα νξηζηνύλ σο είζνδνη ηνπ 

δηαγξάκκαηνο θαη λα νδεγεζνύλ ζε απηέο, ηα ζήκαηα πνπ παξάγνληαη από ην 

ινγηζκηθό Simulink. 

πγθεθξηκέλα γηα ηνλ έιεγρν ησλ δπν αληηθεηκέλσλ πνπ πεξηγξάθνληαη ζηηο 

πξνεγνύκελεο παξαγξάθνπο, ηνπνζεηείηαη έλα VR Sink. Γηα λα εκθαληζηεί ην 

παξάζπξν ηδηνηήησλ “Parameters: VR Sink”, ζα πξέπεη λα αλνηρηεί ην VR Sink 

(ρήκα 3.14, [A]). ηα αξηζηεξά ηνπ παξαζύξνπ “Parameters: VR Sink”, ππάξρεη έλα 

πιαίζην (panel) κε ην όλνκα “World properties”. Μέζα ζε απηό, ππάξρεη άιιν έλα, κε 

ην όλνκα “Source file” (ρήκα 3.14, [B]). ην Source file, πξέπεη λα επηιεγεί ην 

“Browse”, γηα λα αλαδεηεζεί θαη λα βξεζεί, ην αξρείν ηνπ εηθνληθνύ θόζκνπ πνπ ζα 

ρξεζηκνπνηεζεί (vrml1.wrl). ηα δεμηά ηνπ παξαζύξνπ “Parameters: VR Sink”, 

ππάξρεη ην πιαίζην “VRML Tree”, ζην νπνίν εκθαλίδεηαη, ην VRML δέληξν ηνπ 

εηθνληθνύ θόζκνπ (ρήκα 3.14, [C]). Γηα λα επηιερζνύλ νη παξάκεηξνη ειέγρνπ ηνπ 

θόζκνπ, ζα πξέπεη λα επεθηαζνύλ (expand) ηα Transform επηιέγνληαο ηα εηθνλίδηα κε 
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ην “+” (ρήκα 3.14, [D]) θαη από εθεί λα επηιερζνύλ νη είζνδνη, ζπγθεθξηκέλα, ηα 

“rotation (SFRotation)”. 

 

 

σήμα 3.14 Παπάθςπο ιδιοηήηυν ηος VR Sink διαγπάμμαηορ 

 

Γηα λα επηηεπρζεί ε θίλεζε ησλ αληηθεηκέλσλ, πξέπεη λα ηνπνζεηεζνύλ δνκηθά 

ηκήκαηα (ρήκα 3.15, [A]), πνπ λα ζπλδένληαη κε ηηο εηζόδνπο ηνπ VR Sink θαη 

δίλνπλ ηηο ηηκέο γηα ηελ θίλεζε ησλ αληηθεηκέλσλ.  

 

  

σήμα 3.15 Γιαγπάμμαηα και ηο Μονηέλο πποζομοίυζηρ ζηο λογιζμικό MATLAB 
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Γηα λα θηλεζεί πεξηζηξνθηθά νιόθιεξν ην αληηθείκελν ή κόλν ην νξζνγώλην 

παξαιιειόγξακκν, δίλνληαη ηηκέο από δύν “Slider Gain” δηαγξάκκαηα (έλα γηα ηελ 

θάζε πεξηζηξνθηθή θίλεζε), πνπ έρνπλ ηε δπλαηόηεηα λα πνιιαπιαζηάδνπλ ην ζήκα 

εηζόδνπ, αλάινγα κε ηελ ζέζε πνπ βξίζθεηαη ε κπάξα νιίζζεζεο (Slider). Γηα ηνλ 

έιεγρν ηεο πιήξνπο πεξηζηξνθήο (360°) ηνπ θάζε αληηθεηκέλνπ, ηα Slider Gain 

ξπζκίδνληαη κε όξην από -180 έσο 180. Οη ηηκέο ησλ Slider Gain είλαη ζε αθηίληα. Γηα 

ηελ κεηαηξνπή ησλ αθηηλίσλ ζε κνίξεο, ηνπνζεηείηαη ζηελ είζνδν ησλ Slider Gain 

δηαγξακκάησλ, έλα “Constant” δηάγξακκα ίζν κε π/180, ην νπνίν έρεη ηελ ηδηόηεηα, 

λα δίλεη έλα ζήκα εμόδνπ. Απηό ζηελ ζπλέρεηα πνιιαπιαζηάδεηαη κε ην απνηέιεζκα 

ησλ Slider Gain δηαγξακκάησλ θαη νδεγείηαη ζηελ έμνδό ηνπο. Πξηλ νδεγεζεί ην 

ζήκα ζην VR Sink, ηνπνζεηείηαη αλάκεζα ζηελ έμνδν ησλ Slider Gain δηαγξακκάησλ 

θαη ηελ είζνδν ηνπ VR Sink δηαγξάκκαηνο, έλα “VR Signal Expander” γηα ηελ 

επέθηαζε ηνπ ζήκαηνο 

Γηα ηελ έλαξμε ηεο πξνζνκνίσζεο, πξέπεη ζην κελνύ ηνπ Simulink Model 

(κνληέινπ πξνζνκνίσζεο) ηνπ ινγηζκηθνύ MATLAB, λα επηιεγεί ην Simulation θαη 

κεηά ην Start ή Ctrl+T ή λα επηιεγεί ην εηθνλίδην Start simulation (ρήκα 3.15, [B]). 

Γηα λα εκθαληζηεί ν εηθνληθόο θόζκνο (ρήκα 3.16, [A]), πξέπεη λα επηιερζεί ην 

VR Sink. Γηα ηνλ έιεγρν ηνπ εηθνληθνύ θόζκνπ ππάξρνπλ ηα Slider Gain, πνπ 

αλνίγνληάο ηα εκθαλίδνληαη νη κπάξεο νιίζζεζεο. Ζ πεξηζηξνθή ηνπ θάζε 

αληηθεηκέλνπ ζηνλ εηθνληθό θόζκν, είλαη αλάινγε ησλ ηηκώλ ηεο κπάξαο νιίζζεζεο. 

Με ηελ κπάξα νιίζζεζεο ηνπ παξαζύξνπ πνπ έρεη νλνκαζηεί “rotation 1”, κπνξεί λα 

ειεγρζεί ε πεξηζηξνθή νιόθιεξνπ ηνπ αληηθεηκέλνπ (ρήκα 3.16, [B]). Με ηελ 

κπάξα νιίζζεζήο ηνπ παξαζύξνπ πνπ έρεη νλνκαζηεί “rotation 2”, κπνξεί λα ειεγρζεί 

ε πεξηζηξνθή κόλν ηνπ νξζνγώληνπ παξαιιεινγξάκκνπ, ηνπ αληηθεηκέλνπ (ρήκα 

3.16, [C]).   

 

 

σήμα 3.16 Μπάπερ ολίζθηζηρ ηος Μονηέλος πποζομοίυζηρ και πποβολή από ειδικό 

λογιζμικό πποζομοίυζηρ ηος λογιζμικού MATLAB 
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ΥΥΔΔΓΓΙΙΑΑΜΜΟΟ  ΠΠΡΡΩΩΣΣΟΟΣΣΤΤΠΠΟΟΤΤ  

ΡΡΟΟΜΜΠΠΟΟΣΣΙΙΚΚΟΟΤΤ  ΒΒΡΡΑΑΥΥΙΙΟΟΝΝΑΑ  ΔΔ  ΔΔΙΙΚΚΟΟΝΝΙΙΚΚΟΟ  

ΠΠΔΔΡΡΙΙΒΒΑΑΛΛΛΛΟΟΝΝ  
 

 

 

 

4.1 ΔΙΑΓΩΓΗ 

ην θεθάιαην απηό, ζα πεξηγξαθεί αλαιπηηθά ν ηξόπνο κε ηνλ νπνίν 

κνληεινπνηήζεθε έλαο πξαγκαηηθόο ξνκπνηηθόο βξαρίνλαο, πνπ έρεη αλαπηπρζεί θαη 

θαηαζθεπαζηεί ζην Σκήκα Ζιεθηξνληθήο ηνπ A.T.E.I. Κξήηεο [25]. Πξόθεηηαη γηα 

έλα θαηαθόξπθν, αξζξσηό βξαρίνλα, ηεζζάξσλ βαζκώλ ειεπζεξίαο. Έρεη 

θαηαζθεπαζηεί από αινπκίλην θαη θέξεη πέληε θηλεηήξεο ηύπνπ ζέξβν (servo) πνπ 

είλαη ππεύζπλνη γηα ηελ θίλεζή ηνπ. Αλαιπηηθά, ππάξρεη έλαο θηλεηήξαο ζηε βάζε, 

έλαο ζε θάζε άξζξσζε θαη έλαο ζην άθξν εξγαζίαο. Ζ θίλεζε ηνπ βξαρίνλα, 

ειέγρεηαη από έλα ειεγθηή ηύπνπ “SSC-32 Ver 2.0”. Ο ειεγθηήο ησλ 

ζεξβνθηλεηήξσλ, δέρεηαη εληνιέο κέζσ ηεο ζεηξηαθήο ζύξαο ηνπ ππνινγηζηή από έλα 

εηδηθά ζρεδηαζκέλν ινγηζκηθό, πνπ έρεη δεκηνπξγεζεί κε ην ινγηζκηθό MATLAB. Ο 

βξαρίνλαο θαη νη δηαζηάζεηο ηνπ παξνπζηάδνληαη παξαθάησ (ρήκα 4.1). 

 

 

σήμα 4.1 Ο Ρομποηικόρ Βπασίοναρ 
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4.2 ΑΝΑΠΣΤΞΗ ΔΙΚΟΝΙΚΟΤ ΜΟΝΣΔΛΟΤ 

Γηα ηελ αλάπηπμε ηνπ εηθνληθνύ κνληέινπ ηνπ βξαρίνλα, ρξεζηκνπνηήζεθε ην 

ινγηζκηθό V-Realm Builder. Έγηλε πξνζπάζεηα γηα ηελ αθξηβέζηεξε κεηαθνξά ηνπ 

βξαρίνλα ζηνλ εηθνληθό θόζκν, ιακβάλνληαο ππόςε ηηο δπζθνιίεο αλαπαξάζηαζεο 

νξηζκέλσλ ζρεδηαζηηθώλ ιεπηνκεξεηώλ. Γηα λα είλαη πην εύθνινο ν ζρεδηαζκόο, 

έγηλαλ νη θαηάιιειεο απινπνηήζεηο θαη αθαηξέζεθαλ ζρεδηαζηηθέο ιεπηνκέξεηεο, 

όπσο ηα θαιώδηα θαη ηα εμαξηήκαηα ηνπ ειεγθηή ησλ ζεξβνθηλεηήξσλ.  

4.2.1 ρεδηαζκόο βάζεο ηνπ βξαρίνλα κε ην V-Realm Builder 

Γηα ην ζρεδηαζκό ηεο βάζεο ηνπ βξαρίνλα, επηιέγνληαη από ηελ εξγαιεηνκπάξα 

γεσκεηξηθώλ αληηθεηκέλσλ (Geometry Node ToolBar), αληηθείκελα ζρήκαηνο θνπηηνύ 

(box) θαη θπιίλδξνπ (cylinder). Σα αληηθείκελα απηά δηακνξθώλνληαη εηζάγνληαο ηηο 

αλάινγεο δηαζηάζεηο. 

 

 

σήμα 4.2 σεδιαζμόρ βάζηρ εικονικού βπασίονα 

 

4.2.2 ρεδηαζκόο αξζξώζεσλ ηνπ βξαρίνλα κε ην V-Realm Builder 

Γηα ην ζρεδηαζκό ηεο πξώηεο άξζξσζεο ηνπ βξαρίνλα, δεκηνπξγείηαη αξρηθά κηα 

βάζε ζηήξημεο, ζηελ νπνία ηνπνζεηείηαη ν ζεξβνθηλεηήξαο (ρήκα 4.3, [Α]) θαη ζηα 

άθξα απηνύ, ζπλδένληαη δπν εηδηθά θνκκέλεο ιάκεο (ρήκα 4.3, [B]). Όια ηα 

αληηθείκελα πνπ ρξεζηκνπνηήζεθαλ γηα ην ζρεδηαζκό ηνπ εηθνληθνύ βξαρίνλα, 

απνηεινύληαη από έλα ζύλνιν κηθξόηεξσλ γεσκεηξηθώλ ζρεκάησλ. Όπσο θαίλεηαη, 

ζπλδέεηαη ε πξώηε άξζξσζε, κε ηελ βάζε (ρήκα 4.3, [C]). 
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σήμα 4.3 σεδιαζμόρ ππώηηρ άπθπυζηρ ηος εικονικού βπασίονα 

 

Γηα ην ζρεδηαζκό ηεο δεύηεξεο άξζξσζεο ηνπ βξαρίνλα, δεκηνπξγείηαη αξρηθά 

έλαο ζεξβνθηλεηήξαο (ρήκα 4.4.α, [Α]), ν νπνίνο ηνπνζεηείηαη ζην άθξν ηεο πξώηεο 

άξζξσζεο (ρήκα 4.4.α, [B]). 

 

    

σήμα 4.4.α σεδιαζμόρ δεύηεπηρ άπθπυζηρ ηος εικονικού βπασίονα 
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ηα άθξα ηνπ ζεξβνθηλεηήξα, ζπλδένληαη δπν εηδηθά θνκκέλεο ιάκεο (ρήκα 

4.4.β, [C]). Όπσο θαίλεηαη, ζπλδέεηαη ε δεύηεξε άξζξσζε, κε ηελ πξώηε (ρήκα 

4.4.β, [D]). 

 

   

σήμα 4.4.β σεδιαζμόρ δεύηεπηρ άπθπυζηρ ηος εικονικού βπασίονα 

 

Γηα ην ζρεδηαζκό ηεο ηξίηεο άξζξσζεο ηνπ βξαρίνλα, ηνπνζεηείηαη ζην άθξν ηεο 

δεύηεξεο άξζξσζεο έλαο ζεξβνθηλεηήξαο. ηα άθξα ηνπ ζεξβνθηλεηήξα, ζπλδέεηαη 

κηα εηδηθά θνκκέλε ιάκα, ζε ζρήκα “Π” (ρήκα 4.5, [A]). Όπσο θαίλεηαη, ζπλδέεηαη 

ε ηξίηε άξζξσζε, κε ηελ δεύηεξε (ρήκα 4.5, [B]). 

 

    

σήμα 4.5 σεδιαζμόρ ηπίηηρ άπθπυζηρ ηος εικονικού βπασίονα 

 

4.2.3 ρεδηαζκόο άθξνπ εξγαζίαο ηνπ βξαρίνλα κε ην V-Realm Builder 

Γηα ην ζρεδηαζκό ηνπ άθξνπ εξγαζίαο ηνπ βξαρίνλα, ηνπνζεηείηαη ζην άθξν ηεο 

ηξίηεο άξζξσζεο, κηα αξπάγε κε έλαλ ελζσκαησκέλν ζεξβνθηλεηήξα (ρήκα 4.6, 

[A]). Όπσο θαίλεηαη, ζπλδέεηαη ε αξπάγε, κε ηελ ηξίηε άξζξσζε (ρήκα 4.6, [B]). 
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σήμα 4.6 σεδιαζμόρ άκπος επγαζίαρ ηος εικονικού βπασίονα 

 

4.2.4 ρεδηαζκόο δαπέδνπ ηνπ βξαρίνλα κε ην V-Realm Builder 

Γηα ην ζρεδηαζκό ηνπ δαπέδνπ ηνπ βξαρίνλα, δεκηνπξγείηαη κηα επηθάλεηα πνπ 

ρσξίδεηαη ζε ηεηξάγσλα πέληε εθαηνζηώλ (ρήκα 4.7, [A]), γηα λα αλαπαξηζηάηαη κε 

κεγαιύηεξε αθξίβεηα, ε θίλεζε ηνπ βξαρίνλα πάλσ ζην δάπεδν. ην δάπεδν 

ηνπνζεηήζεθε θαη έλα εκηθύθιην (ρήκα 4.7, [B]) πνπ δείρλεη ηα όξηα ηηο έθηαζεο ηνπ 

βξαρίνλα. Σν δάπεδν απηό ηνπνζεηείηαη ζηνλ βξαρίνλα (ρήκα 4.7, [C]). 

 

   

σήμα 4.7 σεδιαζμόρ δαπέδος ηος εικονικού βπασίονα 

 

4.2.5 Οξηζκόο θόληνπ ηνπ βξαρίνλα κε ην V-Realm Builder 

Γηα ηνλ νξηζκό θόληνπ ηνπ βξαρίνλα, επηιέγεηαη από ηελ γεληθή εξγαιεηνκπάξα 

(Common Node ToolBar), ην εηθνλίδην “Insert Background” (εηζαγσγή θόληνπ) 

(ρήκα 4.8, [A]) θαη απηόκαηα εηζάγεηαη θόλην, κε απνρξώζεηο νπξαλνύ θαη Γήο 

(κπιε θαη πξάζηλν). 
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σήμα 4.8 Διζαγυγή θόνηος με ηο V-Realm Builder 

 

 

σήμα 4.9 Οπιζμόρ θόνηος ηος εικονικού βπασίονα 

 

4.2.6 Πξνζζήθε ζρεδηαζηηθώλ ιεπηνκεξεηώλ ηνπ βξαρίνλα κε ην V-Realm 

Builder 

Γηα λα είλαη ην κνληέιν ηνπ εηθνληθνύ βξαρίνλα ξεαιηζηηθό, αλαπηύρζεθαλ θαη 

πξνζηέζεθαλ, κηα ζεηξά από ζρεδηαζηηθέο ιεπηνκέξεηεο (Πίλαθαο 4.1), όπσο απηέο 

ππάξρνπλ ζην πξαγκαηηθό ζύζηεκα. 

 

 
ρεδηαζηηθέο ιεπηνκέξεηεο ρήκαηα 

A Βίδεο ζηήξημεο ηεο βάζεο ηνπ βξαρίνλα (ρήκα 4.10.β, [A]) 

B Διεγθηήο ησλ ζεξβνθηλεηήξσλ ηνπ βξαρίνλα (ρήκα 4.10.α, [B]) 

C Βίδεο ζηήξημεο ηνπ ειεγθηή ηνπ βξαρίνλα (ρήκα 4.10.γ, [C]) 

D 
Βίδεο ζηήξημεο ηεο βάζεο ηνπ ζεξβνθηλεηήξα, ηεο 

πξώηεο άξζξσζεο κε ηε βάζε ηνπ βξαρίνλα 

(ρήκα 4.10.β & γ, 

[D]) 

E 
Μεγάιεο βίδεο ζηήξημεο ηεο βάζεο ηνπ ζεξβνθηλεηήξα, 

ηεο πξώηεο άξζξσζεο ηνπ βξαρίνλα 
(ρήκα 4.10.γ, [E]) 

F 
Μηθξέο βίδεο ζηήξημεο ηεο βάζεο ηνπ ζεξβνθηλεηήξα, ηεο 

πξώηεο άξζξσζεο ηνπ βξαρίνλα 
(ρήκα 4.10.β, [F]) 

G 
Φήθηξα ηνπ ζεξβνθηλεηήξα, ηεο πξώηεο άξζξσζεο ηνπ 

βξαρίνλα 
(ρήκα 4.10.β, [G]) 
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H 
Βίδεο ζηήξημεο ηνπ άθξνπ ηνπ ζεξβνθηλεηήξα ηεο πξώηεο 

άξζξσζεο ηνπ βξαρίνλα κε ηε ιάκα 
(ρήκα 4.10.β, [H]) 

I 
Βίδεο ζηήξημεο ηνπ ζεξβνθηλεηήξα ηεο δεύηεξεο 

άξζξσζεο ηνπ βξαρίνλα, κε ην άθξν ηεο πξώηεο  
(ρήκα 4.10.α, [I]) 

J 
Βίδεο ζηήξημεο ησλ άθξσλ ηνπ ζεξβνθηλεηήξα, ηεο 

δεύηεξεο άξζξσζεο ηνπ βξαρίνλα κε ηηο ιάκεο 
(ρήκα 4.10.α, [J]) 

K 
Βίδεο ζηήξημεο ηνπ ζεξβνθηλεηήξα ηεο ηξίηεο άξζξσζεο 

ηνπ βξαρίνλα, κε ην άθξν ηεο δεύηεξεο 
(ρήκα 4.10.α, [K]) 

L 
Βίδεο ζηήξημεο ησλ άθξσλ ηνπ ζεξβνθηλεηήξα ηεο ηξίηεο 

άξζξσζεο ηνπ βξαρίνλα, κε ηε ιάκα ζρήκαηνο “Π” 
(ρήκα 4.10.α, [L]) 

M 
Άμνλεο X, Y θαη Z γηα ηελ θαιύηεξε θαηαλόεζε, ηεο 

θίλεζεο ηνπ βξαρίνλα 
(ρήκα 4.10.α, [M]) 

Πίνακαρ 4.1 σεδιαζηικέρ Λεπηομέπειερ Δικονικού Βπασίονα 

 

 

σήμα 4.10.α Πποζθήκη ζσεδιαζηικών λεπηομεπειών ηος εικονικού βπασίονα 
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σήμα 4.10.β Πποζθήκη ζσεδιαζηικών λεπηομεπειών ηος εικονικού βπασίονα 

 

 

σήμα 4.10.γ Πποζθήκη ζσεδιαζηικών λεπηομεπειών ηος εικονικού βπασίονα 

 

4.2.7 Οξηζκόο Viewpoint ηνπ βξαρίνλα κε ην V-Realm Builder 

Γηα ηελ θαιύηεξε παξαθνινύζεζε ηνπ εηθνληθνύ βξαρίνλα, νξίδνληαη ζηνλ 

εηθνληθό θόζκν, δηαθνξεηηθά ζεκεία παξαηήξεζεο (Viewpoints). Γηα ηελ επηινγή 

ηνπο, έγηλε αξρηθά πεξηήγεζε κε ρξήζε ηεο εξγαιεηνκπάξαο πινήγεζεο (Mode View 

ToolBar) θαη επηιέρζεθαλ ηα θαιύηεξα. Γηα ηνλ νξηζκό ηνπο, επηιέγεηαη από ηελ 
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γεληθή εξγαιεηνκπάξα, ην εηθνλίδην “Access/Edit Viewpoint” (πξόζβαζε/εηζαγσγή 

ζεκείνπ παξαηήξεζεο) (ρήκα 4.11, [A]). 

 

 

σήμα 4.11 Διζαγυγή Viewpoint 

 

   

   

   

  

σήμα 4.12 Viewpoint ηος εικονικού βπασίονα με ηο V-Realm Builder 

 

4.3 ΤΝΓΔΗ ΣΟΤ ΔΙΚΟΝΙΚΟΤ ΚΟΜΟΤ ΜΔ ΣΟ SIMULINK 

Πξνθεηκέλνπ λα θηλεζεί ν βξαρίνλαο ζηνλ εηθνληθό θόζκν κε ηξόπν αλάινγν ηνπ 

πξαγκαηηθνύ, δεκηνπξγήζεθε έλα κνληέιν πξνζνκνίσζεο κε ρξήζε Simulink, κε 

ηξόπν αλάινγν απηνύ πνπ πεξηγξάθεθε ζηελ παξάγξαθν 3.6. 
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σήμα 4.13 Σο Μονηέλο πποζομοίυζηρ και ηο ςποζύζηημά ηος για ηον εικονικό 

βπασίονα 
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Σν κνληέιν πξνζνκνίσζεο πνπ δεκηνπξγήζεθε, έρεη ηε δπλαηόηεηα λα θηλεί 

ξεαιηζηηθά, όια ηα ηκήκαηα ηνπ εηθνληθνύ βξαρίνλα (βάζε, αξζξώζεηο θαη αξπάγε) 

(ρήκα 4.13). Γηα λα ζπλδεζεί ν εηθνληθόο βξαρίνλαο κε ην κνληέιν πξνζνκνίσζεο, 

ρξεζηκνπνηείηαη έλα VR Sink δηάγξακκα (ρήκα 4.13, [A]), πνπ έρεη ηε δπλαηόηεηα 

εγγξαθήο δεδνκέλσλ, από ην κνληέιν πξνζνκνίσζεο ζηνλ εηθνληθό θόζκν. 

Ο έιεγρνο ησλ ηκεκάησλ ηνπ εηθνληθνύ βξαρίνλα, γίλεηαη κέζσ ησλ Slider Gain 

(ρήκα 4.13, [B]) δηαγξακκάησλ, πνπ έρνπλ ηελ ηδηόηεηα λα πνιιαπιαζηάδνπλ ην 

ζήκα εηζόδνπ ηνπο, αλάινγα κε ηελ ζέζε πνπ βξίζθεηαη ε κπάξα νιίζζεζήο (Slider) 

ηνπο θαη λα ην νδεγνύλ ζηελ έμνδό ηνπο.  

Γηα ηνλ έιεγρν πεξηζηξνθήο, ηεο βάζεο θαη ησλ αξζξώζεσλ ηνπ εηθνληθνύ 

βξαρίνλα (ρήκα 4.13, [C]), ξπζκίζηεθαλ αληίζηνηρα ηα ηέζζεξα πξώηα Slider Gain, 

κε όξηα πεξηζηξνθήο ίδηα κε ηνπ πξαγκαηηθνύ βξαρίνλα. Γηα ηνλ έιεγρν ηεο θίλεζεο, 

ησλ άθξσλ ηεο αξπάγεο, ην πέκπην Slider Gain ξπζκίζηεθε, κε όξην από 0 έσο 100. 

Οη έμνδνη ησλ Slider Gain νδεγνύληαη ζηηο εηζόδνπο ηνπ ππνζπζηήκαηνο (ρήκα 

4.13, [D]) θαη νη έμνδνη ηνπ ππνζπζηήκαηνο ζηηο εηζόδνπο ηνπ VR Sink. Οη ηέζζεξηο 

πξώηεο είζνδνη ηνπ ππνζπζηήκαηνο είλαη ζπλδεδεκέλεο κε έλα VR Signal Expander 

(ρήκα 4.13, [E]), πνπ έρεη ηελ ηδηόηεηα λα επεθηείλεη ην ζήκα εηζόδνπ θαη λα νδεγεί 

ην επεθηακέλν ζήκα ζηελ έμνδν, δειαδή ζηηο ηέζζεξεηο πξώηεο αληίζηνηρεο εμόδνπο 

ηνπ ππνζπζηήκαηνο. Δίλαη ζεκαληηθό λα αλαθεξζεί όηη ε ηηκή ηνπ ζήκαηνο γηα ηελ 

πεξηζηξνθή ελόο αληηθεηκέλνπ, πξέπεη λα είλαη ζε κνίξεο θαη λα επεθηαζεί, πξηλ 

νδεγεζεί ζην VR Sink. 

Ζ πέκπηε είζνδνο ηνπ ππνζπζηήκαηνο είλαη ζπλδεδεκέλε κε κηα ζεηξά ινγηθώλ 

δηαγξακκάησλ (Constant, Sum, Mux, Gain θαη VR Signal Expander) (ρήκα 4.13, 

[F]), πνπ είλαη ππεύζπλα γηα ηελ θίλεζε ησλ άθξσλ ηεο αξπάγεο θαη γηα ηελ 

πεξηζηξνθή ελόο κηθξνύ ηκήκαηνο, γηα αηζζεηηθνύο ιόγνπο θαη ξεαιηζηηθόηεξε 

θίλεζε (ρήκα 4.13, [G]). Οη έμνδνη απηήο ηεο ζεηξάο ησλ ινγηθώλ δηαγξακκάησλ, 

είλαη νη ηξεηο ηειεπηαίεο έμνδνη ηνπ ππνζπζηήκαηνο. Δίλαη ζεκαληηθό λα αλαθεξζεί 

όηη ην ζήκα γηα ηελ θίλεζε ελόο αληηθεηκέλνπ, απνηειείηαη από ηξεηο ηηκέο, νη νπνίεο 

αλαπαξηζηνύλ ηηο ζπληεηαγκέλεο ηνπ αληηθεηκέλνπ ζηνλ εηθνληθό θόζκν, σο πξνο 

ηνπο άμνλεο X, Y θαη Z. Γηα απηό ηνπνζεηείηαη έλαο πνιππιέθηεο (Mux) ηξηώλ 

εηζόδσλ, ν νπνίνο δέρεηαη ηηο ηηκέο απηέο θαη αθνύ θάλεη ηελ πνιππιεμία, νδεγεί ην 

ζήκα εμόδνπ ηνπ, ζηηο εηζόδνπο ηνπ VR Sink. 

Γηα ηελ θίλεζε ησλ άθξσλ ηεο αξπάγεο, έρνπλ ηνπνζεηεζεί εζσηεξηθά ηνπ 

ππνζπζηήκαηνο, πξηλ ηελ πέκπηε θαη ηελ έθηε έμνδν, από έλαο πνιππιέθηεο. Οη 

έμνδνη απηνί ζπλδένληαη κε ηελ πέκπηε θαη ηελ έθηε αληίζηνηρε είζνδν ηνπ VR Sink. 

Ο θάζε πνιππιέθηεο έρεη κηα κόλν κεηαβιεηή ηηκή, γηαηί ε θίλεζε ησλ άθξσλ ηεο 

αξπάγεο είλαη σο πξνο έλα κόλν άμνλα. Ζ ηηκή απηή νξίδεηαη κε ηελ πξόζζεζε ηνπ 

ζήκαηνο εμόδνπ ηνπ πέκπηνπ Slider Gain θαη ελόο ζπληειεζηή γηα ηε ζέζε ηνπ 

αληηθεηκέλνπ ζε ζρέζε κε ηνλ άμνλα θαηεύζπλζήο ηνπ. Ζ πξόζζεζε απηή γίλεηαη 

κέζσ ηνπ Sum δηαγξάκκαηνο, πνπ έρεη ηελ ηδηόηεηα λα πξνζζέηεη ηηο ηηκέο πνπ 

δέρεηαη ζηηο εηζόδνπο ηνπ θαη λα νδεγεί ην άζξνηζκά ηνπο ζηελ έμνδό ηνπ. Οη 
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ππόινηπεο δπν ηηκέο ηνπ πνιππιέθηε είλαη ζηαζεξέο θαη δίλνληαη κέζσ δηαγξακκάησλ 

ηύπνπ Constant. 

Γηα ηελ πεξηζηξνθή ηνπ κηθξνύ ηκήκαηνο, έρεη ηνπνζεηεζεί έλα Signal Expander 

ζην εζσηεξηθό ηνπ ππνζπζηήκαηνο, πξηλ ηελ έβδνκε έμνδν. Ζ έμνδνο απηή είλαη 

ζπλδεδεκέλε κε ηελ έβδνκε είζνδν ηνπ VR Sink. Γηα λα νξηζηεί ε επαηζζεζία 

πεξηζηξνθήο ηνπ κηθξνύ απηνύ ηκήκαηνο, έρεη ηνπνζεηεζεί κπξνζηά από ην Signal 

Expander έλα Gain, πνπ έρεη ηελ ηδηόηεηα λα πνιιαπιαζηάδεη ην ζήκα εηζόδνπ ηνπ, 

κε κηα ηηκή πνπ έρεη επηιεγεί. Σν Gain απηό έρεη ζαλ είζνδν ηελ έμνδν ηνπ πέκπηνπ 

Slider Gain θαη ε ηηκή πνπ έρεη επηιεγεί είλαη κηα κεηαβιεηή ε νπνία έρεη ππνινγηζηεί 

εκπεηξηθά. 

Γηα ηνλ έιεγρν ηεο θίλεζεο ηνπ βξαρίνλα ρξεζηκνπνηνύληαη νη κπάξεο νιίζζεζεο 

ησλ πέληε Slider gain. Σν r1 (ρήκα 4.14, [A]) είλαη ππεύζπλν γηα ηελ πεξηζηξνθή 

ηεο βάζεο, ην r2 (ρήκα 4.14, [B]) γηα ηελ πεξηζηξνθή ηεο πξώηεο άξζξσζεο, ην r3 

(ρήκα 4.14, [C]) γηα ηελ πεξηζηξνθή ηεο δεύηεξεο άξζξσζεο, ην r4 (ρήκα 4.14, 

[D]) γηα ηελ πεξηζηξνθή ηεο ηξίηεο άξζξσζεο θαη ην gripper (ρήκα 4.14, [E]) γηα 

ηελ θίλεζε ηνπ άθξνπ εξγαζίαο. 

 

 

σήμα 4.14 Σο Μονηέλο πποζομοίυζηρ και ηα Slider για ηην κίνηζη ηος εικονικού 

βπασίονα μέζυ ηος Simulink 
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ΚΚΔΔΦΦΑΑΛΛΑΑΙΙΟΟ  55  

ΈΈιιεεγγρρννοο  ΒΒξξααρρίίννλλαα  ααππόό  ΤΤππννιιννγγηηζζηηήή  
 

 

 

 

5.1 ΔΙΑΓΩΓΗ 

ην θεθάιαην απηό, ζα κειεηεζεί θαη ζα αλαιπζεί, ην πξόβιεκα πξνζδηνξηζκνύ 

ηνπ ηειηθνύ ζεκείνπ δξάζεο, σο πξνο ην ζύζηεκα βάζεο, δεδνκέλσλ ησλ ηηκώλ, ησλ 

κεηαβιεηώλ θαη ησλ αξζξώζεσλ (επζύ θηλεκαηηθό), θαζώο θαη ην πξόβιεκα εύξεζεο 

ησλ θαηάιιεισλ ηηκώλ, ησλ κεηαβιεηώλ ησλ αξζξώζεσλ, πνπ επηηπγράλνπλ, κηα 

δεδνκέλε ηνπνζέηεζε ηνπ ξνκπνηηθνύ εξγαιείνπ, σο πξνο έλα ζύζηεκα αλαθνξάο 

(αληίζηξνθν θηλεκαηηθό) [26], γηα ην ξνκπνηηθό βξαρίνλα πνπ έρεη πεξηγξαθεί 

αλαιπηηθά, ζηα πξνεγνύκελα θεθάιαηα. Με βάζε ηελ αλάιπζε απηή, αλαπηύρζεθε 

θαη πεξηγξάθεηε έλα γξαθηθό πεξηβάιινλ δηεπαθήο πνπ επηηξέπεη ζηνλ ρξήζηε: 

i. Να κειεηήζεη ην βξαρίνλα ζε πξνζνκνίσζε γηα ην επζύ θαη ην αληίζηξνθν 

θηλεκαηηθό πξόβιεκα. 

ii. Να ειέγμεη έλα πξαγκαηηθό ξνκπνηηθό βξαρίνλα γηα ην επζύ θαη ην αληίζηξνθν 

θηλεκαηηθό πξόβιεκα. 

5.2 ΔΤΘΤ ΚΙΝΗΜΑΣΙΚΟ ΠΡΟΒΛΗΜΑ 

Σν επζύ θηλεκαηηθό πξόβιεκα, ζπλίζηαηαη ζηνλ ππνινγηζκό ηεο ζέζεο θαη ηνπ 

πξνζαλαηνιηζκνύ ηνπ άθξνπ εξγαζίαο, σο πξνο έλα ζηαζεξό ζύζηεκα αλαθνξάο κε 

ζπγθεθξηκέλε ηηκή. Ζ θίλεζε θαη ν έιεγρνο ηνπ βξαρίνλα θαη ζπγθεθξηκέλα ηνπ 

άθξνπ εξγαζίαο, επηηπγράλεηαη κε ηελ ηνπνζέηεζε ηνπηθώλ ζπζηεκάησλ 

ζπληεηαγκέλσλ ζε θάζε άξζξσζε ηνπ ξνκπόη. Ζ αξρή θάζε ηνπηθνύ ζπζηήκαηνο 

ζπληεηαγκέλσλ, ζεσξείηαη παθησκέλε ζηελ αληίζηνηρε άξζξσζε θαη ην ζύζηεκα 

ζπληεηαγκέλσλ θηλείηαη όπσο θηλείηαη ν επόκελνο ζύλδεζκνο. Ζ δηαδηθαζία κε ηελ 

νπνία ηνπνζεηνύληαη ηα ηνπηθά ζπζηήκαηα ζπληεηαγκέλσλ, είλαη γλσζηή σο 

αιγόξηζκνο Denavit-Hartenberg. Βάζεη ηνπ αιγόξηζκνπ απηνύ, θάζε ηνπηθό ζύζηεκα 

ζπληεηαγκέλσλ, είλαη ηνπνζεηεκέλν θαη πξνζαλαηνιηζκέλν κε ζπγθεθξηκέλν ηξόπν 

ζε ζρέζε κε ην πξνεγνύκελν ζύζηεκα ζπληεηαγκέλσλ. Γηα ην ιόγν απηό, κεηά ηελ 

ηνπνζέηεζε ησλ ηνπηθώλ ζπζηεκάησλ ζπληεηαγκέλσλ, θαηαζθεπάδεηαη ν πίλαθαο 

ηηκώλ, γλσζηόο σο πίλαθαο παξακέηξσλ Denavit-Hartenberg. Κάζε ζύζηεκα 

ζπληεηαγκέλσλ, ζεσξείηαη (ζρεηηθώο) θηλνύκελν ζε ζρέζε κε ην πξνεγνύκελό ηνπ, ην 

νπνίν ιακβάλεηαη (ζηηγκηαία) σο αθίλεην ζύζηεκα ζπληεηαγκέλσλ (ζηηγκηαίν 

ζύζηεκα αλαθνξάο). πλεπώο, γηα θάζε ηνπηθό ζύζηεκα ζπληεηαγκέλσλ, πθίζηαηαη 

έλαο νκνγελήο πίλαθαο κεηαζρεκαηηζκνύ (δηαζηάζεσλ 4 × 4) πνπ κεηαζρεκαηίδεη 
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(θαη ηαπηίδεη) ην ηξέρσλ ηνπηθό (θηλνύκελν) ζύζηεκα, ζε ζρέζε κε ην (ακέζσο 

πξνεγνύκελν) θαη (ζηηγκηαία) αθίλεην ζύζηεκα ζπληεηαγκέλσλ. Ο κεηαζρεκαηηζκόο 

απηόο δίλεηαη από ηε ζρέζε: 

𝑇𝑖 
𝑖−1 = 𝑡𝑟𝑠𝑙  

0
0
𝑟𝑖

 . 𝑟𝑜𝑡𝑧 𝜃𝑖 . 𝑡𝑟𝑠𝑙  
𝑑𝑖
0
0
 . 𝑟𝑜𝑡𝑥 𝑎𝑖  

όπνπ νη ηηκέο 𝑟𝑖 , 𝜃𝑖 , 𝑑𝑖  θαη 𝑎𝑖 , ιακβάλνληαη από ηελ i γξακκή ηνπ πίλαθα ηηκώλ 

Denavit-Hartenberg. 

 

 

σήμα 5.1 Σοποθέηηζη ζςζηημάηυν αξόνυν ηος πομποηικού βπασίονα 

 

Ο ζπλνιηθόο πίλαθαο νκνγελνύο κεηαζρεκαηηζκνύ πξνθύπηεη από ην γηλόκελν ησλ 

κεηαζρεκαηηζκώλ θάζε άξζξσζεο θαη ππνινγίδεηαη ζύκθσλα κε ηελ παξαθάησ 

ζρέζε: 

𝑇𝑚 
0 = 𝑇1 

0 ∗ 𝑇2 
1 ∗ … ∗ 𝑇𝑚−1 ∗ 𝑇𝑚 

𝑚−1
 

𝑚−2  

όπνπ m ν αξηζκόο ηεο ηειεπηαίαο άξζξσζεο. 

 

𝑡𝑟𝑠𝑙 𝜃 =  

1
0
0
0

  0
  1
  0
  0

  0
  0
  1
  0

  𝑥
  𝑦
  𝑧
  1

  

𝑟𝑜𝑡𝑧 𝜃 =  

cos 𝜃 

sin 𝜃 
0
0

  − sin 𝜃 

  cos 𝜃 
  0
  0

  0
  0
  1
  0

   0
   0
   0
   1
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𝑟𝑜𝑡𝑥 𝜃 =  

1
0
0
0

  0
  cos 𝜃 

  sin 𝜃 
  0

0
  − sin 𝜃 

  cos 𝜃 
  0

   0
   0
   0
   1

  

 

Πίλαθεο κεηαζρεκαηηζκνύ θάζε άξζξσζεο ηνπ Αξζξσηνύ Ρνκπνηηθνύ Βξαρίνλα 

(Α.Ρ.Β.): 

 

𝑇1 
0 =  

− sin 𝜃1 

cos 𝜃1 
0
0

  0
  0

  −1
  0

  − cos 𝜃1 

  − sin 𝜃1 
  0
  0

   0
   0
   𝐴
   1

  

𝑇𝐴 
1 =  

sin 𝜃2 

−cos 𝜃2 
0
0

  cos 𝜃2 

  sin 𝜃2 
  0
  0

  0
  0
  1
  0

   sin 𝜃2 ∗ 𝐿1
   −cos 𝜃2 ∗ 𝐿1

   0
   1

  

𝑇2 
𝐴 =  

0
1
0
0

 −1
  0
  0
  0

  0
  0
  1
  0

  0
  𝑥
  0
  1

  

𝑇3 
2 =  

cos 𝜃3 

sin 𝜃3 
0
0

 − sin 𝜃3 

  cos 𝜃3 
  0
  0

  0
  0
  1
  0

   cos 𝜃3 ∗ 𝐿2
   sin 𝜃3 ∗ 𝐿2

   0
   1

  

𝑇4 
3 =  

cos 𝜃4 

sin 𝜃4 
0
0

 − sin 𝜃4 

  cos 𝜃4 
  0
  0

  0
  0
  1
  0

   cos 𝜃4 ∗ 𝐿3
   sin 𝜃4 ∗ 𝐿3

   0
   1

  

 

πλνιηθόο πίλαθαο νκνγελνύο κεηαζρεκαηηζκνύ: 𝑇 = 𝑇1 
0 ∗ 𝑇𝐴 

1 ∗ 𝑇2 
𝐴 ∗ 𝑇3 ∗ 𝑇4 

3
 

2  

5.3 ΑΝΣΙΣΡΟΦΟ ΚΙΝΗΜΑΣΙΚΟ ΠΡΟΒΛΗΜΑ 

Σν αληίζηξνθν θηλεκαηηθό πξόβιεκα, ζπλίζηαηαη ζηνλ ππνινγηζκό ησλ ηηκώλ ησλ 

παξακέηξσλ ησλ αξζξώζεσλ ηνπ βξαρίνλα, γηα δνζκέλε ζέζε θαη πξνζαλαηνιηζκό 

ηνπ άθξνπ εξγαζίαο. Ο ππνινγηζκόο ηνπ έγηλε κε γεσκεηξηθή κέζνδν, 

ρξεζηκνπνηώληαο ηξηγσλνκεηξηθέο εμηζώζεηο, γηα ηελ ηαρύηεξε εθηέιεζε ηνπ 

ινγηζκηθνύ επίιπζεο ηνπ αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο. 
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σήμα 5.2 Πλάγια ότη ηος βπασίονα 

 

Σκήκα Σηκή 

Α 0.1047 m 

L1 0.2910 m 

L2 0.2720 m 

L3 0.0770 m 

δ 0.0220 m 

Πίνακαρ 5.1 Γνυζηέρ ηιμέρ 
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σήμα 5.3 Κάηοτη ηος βπασίονα 

 

Γηα ηηο γσλίεο ζ2, ζ3, ζ4 έρνπκε: 2 3 4 2 3 490 180 90o o o            
 

 

Γηα ην Τ έρνπκε: 
2 2

1 0.2918Y L m    

 
1 1cos( ) cos( / ) 4.3234oY w L w a L Y     

 

Γηα ην m έρνπκε: 
2 2m x y 

 

 

Όκσο: 2 2 2 3sin( ) cos( )Y w L m       

Γηα θάζε γλσζηό x, y 

 

Γηα ην θαηαθόξπθν ηκήκα έρνπκε: 

2 2 2 3 3

2 2 2 3 3

cos( ) sin( )

cos( ) sin( )

A Y w L L Z

Y w L Z L A n

  

  

      

        

Όπνπ n γλσζηό γηα θάζε Ε, ηα (L3 θαη Α δίλνληαη ζηνλ πίλαθα 3.3.1) 

 

πάκε ηα εκίηνλα θαη ζπλεκίηνλα ησλ αζξνηζκάησλ: 

2 2 2 3

2 2 2 3

sin( ) cos( )

cos( ) sin( )

Y w L m

Y w L n

  

  

    


      

 

Έρνληαο ηηο εθθξάζεηο m θαη n, ηηο πςώλνπκε ζην ηεηξάγσλν θαη κεηά ηηο 

πξνζζέηνπκε γηα λα βξνύκε ην ζ3: 
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2 22

2 2 2 3 2 2 2 3

2 2

2 22
2 2 2 3

2 2 2 3

2 2

2 2 2 2 3 2

sin( ) cos( ) 2 sin( ) cos( )

2 cos( ) sin( )cos( ) sin( )

2 sin( ) cos( ) cos( ) sin(

Y w L Y L w

m n

Y L wY w L

Y L Y L w w

     

    

    

           
   

       
                

             2 2

2 3) m n     

2 2 2 2
2 2 2 2 2

2 2 3 3

2

2 2 2 2 2 2 2 2

2 2
3 3

2 2

2 sin( ) sin( )
2

sin sin
2 2

m n Y L
Y L Y L w m n w

Y L

m n Y L m n Y L
w a w a

Y L Y L

 

 

  
           

 

        
       

      

 

 

πλερίδνπκε γηα ηε γσλία ζ2: 

2 2 2 2 3 2 2 3

2 2 2 2 3 2 2 3

2 2 3 2 2 3

2 2 3 2 2 3

( ) ( )

( ) ( )

w w

w w

w w

w w

Y S C Y C S L C C L S S m

Y C C Y S S L S C L C S n

S Y C L S C Y S L C m

S Y S L C C Y C L S n

            


            

        


           

 

Όπνπ 
2 2cos( ), sin( )wC S x   θηι. 

 

Λύλνπκε ηελ πξώηε σο πξνο C2 θαη αληηθαζηζηνύκε ζηε δεύηεξε: 

2 2 3
2

2 3

( )

w

m S Y Cw L S
C

Y S L C

   


  
 

2 2 3

2 2 3 2 3

2 3

2

2 2 3 2 2 3 2 3 3 3

2 2

2 2 3 2 3 2 2 3 2 3

( )
( ) ( )

( ) [ ( )] ( ) ( )

( ) ( ) ( ) ( )

(

w

w w

w

w w w w

w w w w

w

m S Y C L S
S Y S L C Y C L S n

Y S L C

S Y S L C m S Y C L S Y C L S n Y S L C

S Y S L C m Y C L S S Y C L S n Y S L C

m Y C L

    
           

  

                    

                    

  

22

2 3 2 3 2 2 3 2 3
) ( ) [( ) ( ) ]

kL

w w w

k L

S n Y S L C S Y S L C Y C L S               
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2 22 2 2 2
sin

m k n L m k n L
S a

L k k L


     
  

 

 
 
 

 

 

Γηα ηε γσλία Θ1 έρνπκε: 

Αλ 
10 0ox     

Αλ 0y   θαη 
10 90ox      

Αλ 0y   θαη 
10 90ox    

 

 

Γηα όιεο ηηο άιιεο πεξηπηώζεηο: 1 tan
x

a
y


 

   
   

ην ζεκείν απηό έρνπκε βξεη όιεο ηηο απαξαίηεηεο γσλίεο γηα ηε ιύζε ηνπ 

αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο. 

5.4 ΠΡΟΟΜΟΙΩΗ ΚΑΙ ΔΛΔΓΥΟ ΒΡΑΥΙΟΝΑ ΑΠΟ ΤΠΟΛΟΓΙΣΗ 

Γηα λα κειεηεζεί ν ηξόπνο  ιεηηνπξγίαο ηνπ βξαρίνλα, αλαπηύρζεθε γξαθηθό 

πεξηβάιινλ δηεπαθήο (Graphical User Interface - GUI), κε ρξήζε ηνπ ινγηζκηθνύ 

MATLAB. Σν γξαθηθό πεξηβάιινλ επηηξέπεη ζην ρξήζηε λα ειέγρεη ην βξαρίνλα ζε 

πξαγκαηηθέο ζπλζήθεο ή ζε ζπλζήθεο πξνζνκνίσζεο, ρξεζηκνπνηώληαο ην επζύ ή ην 

αληίζηξνθν θηλεκαηηθό πξόβιεκα. 

5.4.1 Κεληξηθό Μελνύ Δπηινγήο ζε Γξαθηθό Πεξηβάιινλ Γηεπαθήο 

Γηα ηελ επηινγή πξνζνκνίσζεο ή πξαγκαηηθήο ιεηηνπξγίαο, αξρηθά, αλαπηύρζεθε 

έλα γξαθηθό πεξηβάιινλ δηεπαθήο όπσο απηό παξνπζηάδεηαη ζην ρήκα 5.4. 

Γηα ηελ επηινγή πξνζνκνίσζεο ηνπ επζέσο θηλεκαηηθνύ πξνβιήκαηνο, επηιέγεηαη 

ην “Forward Kinematics Simulation Mode” θαη γηα ηελ πξνζνκνίσζε ηνπ 

αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο, επηιέγεηαη ην “Inverse Kinematics 

Simulation Mode”. Οη αληίζηνηρεο επηινγέο ππάξρνπλ θαη γηα ηελ πξαγκαηηθή 

ιεηηνπξγία. 

Γηα ηελ έμνδν από ην θεληξηθό κελνύ επηινγώλ, επηιέγεηαη ην θνπκπί “Exit”. 
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σήμα 5.4 Κενηπική γπαθική διεπαθή 

 

5.4.2 Αλάπηπμε γξαθηθνύ πεξηβάιινληνο δηεπαθήο γηα ηελ κειέηε ηνπ επζέσο 

θηλεκαηηθνύ πξνβιήκαηνο ζε πεξηβάιινλ πξνζνκνίσζεο 

Γηα ηελ κειέηε ηνπ επζέσο θηλεκαηηθνύ πξνβιήκαηνο ζε πεξηβάιινλ 

πξνζνκνίσζεο, αλαπηύρζεθε ην γξαθηθό πεξηβάιινλ δηεπαθήο πνπ παξνπζηάδεηαη 

παξαθάησ (ρήκα 5.5). 

Με ηελ ρξήζε ηνπ γξαθηθνύ πεξηβάιινληνο δηεπαθήο, ν ρξήζηεο έρεη ηελ 

δπλαηόηεηα λα εηζάγεη ηηο ηηκέο ησλ αξζξώζεσλ θαη λα ππνινγίδεη ηηο ζπληεηαγκέλεο 

ηνπ άθξνπ εξγαζίαο. Αθόκα, ππνινγίδεηαη ν ζπλνιηθόο πίλαθαο νκνγελνύο 

κεηαζρεκαηηζκνύ. 

Σν γξαθηθό πεξηβάιινλ δηεπαθήο γηα ηελ κειέηε ηνπ επζέσο θηλεκαηηθνύ 

πξνβιήκαηνο, ζε πεξηβάιινλ πξνζνκνίσζεο, αλαιύεηαη παξαθάησ (Πίλαθαο 5.2): 

 

 

Αλάιπζε γξαθηθνύ πεξηβάιινληνο δηεπαθήο 

A 

ηελ πεξηνρή [A], ν ρξήζηεο έρεη ηε δπλαηόηεηα λα πιεθηξνινγεί ηηο 

επηζπκεηέο ηηκέο ησλ γσληώλ, γηα ηελ θίλεζε ηνπ εηθνληθνύ βξαρίνλα ή κπνξεί 

λα δώζεη ηηο ηηκέο απηέο, από ηηο κπάξεο νιίζζεζεο (sliders). 

B 

ηελ πεξηνρή [B], ν ρξήζηεο έρεη ηε δπλαηόηεηα λα ειέγμεη ην άλνηγκα ή ην 

θιείζηκν ηεο αξπάγεο ηνπ άθξνπ εξγαζίαο ηνπ εηθνληθνύ βξαρίνλα, 

πιεθηξνινγώληαο ηελ επηζπκεηή ηηκή (0-100) ή θηλώληαο ηελ κπάξα 

νιίζζεζεο. Αθόκα, δηαζέηεη θνπκπηά “Open” θαη “Close” γηα ηελ πιήξε 

έθηαζε θαη ην θιείζηκν αληίζηνηρα. 

C 
ηελ πεξηνρή [C], εκθαλίδεηαη ν ζπλνιηθόο πίλαθαο νκνγελνύο 

κεηαζρεκαηηζκνύ, ηνπ εηθνληθνύ βξαρίνλα. 
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D 
ηελ πεξηνρή [D], εκθαλίδνληαη νη ηηκέο ησλ ζπληεηαγκέλσλ ηνπ εηθνληθνύ 

βξαρίνλα. 

E ηελ πεξηνρή [E], εκθαλίδνληαη νη ηηκέο ησλ γσληώλ ηνπ εηθνληθνύ βξαρίνλα. 

F 
ηελ πεξηνρή [F], ν ρξήζηεο έρεη ηελ δπλαηόηεηα κέζσ ηνπ θνπκπηνύ 

“Simulate!”, λα δώζεη εληνιή γηα ηελ πξνζνκνίσζε ηνπ εηθνληθνύ βξαρίνλα. 

G 

ηελ πεξηνρή [G], ν ρξήζηεο έρεη ηελ δπλαηόηεηα κέζσ ηνπ θνπκπηνύ “Start 

point”, λα δώζεη εληνιή ζηνλ εηθνληθνύ βξαρίνλα λα επηζηξέςεη ζηελ αξρηθή 

ηνπ ζέζε (Home position). 

H 
ηελ πεξηνρή [H], ν ρξήζηεο έρεη ηελ δπλαηόηεηα κέζσ ηνπ θνπκπηνύ “Exit”, 

λα εμέιζεη από ηε γξαθηθή δηεπαθή ρξήζηε. 

I 

Σέινο, ζηελ πεξηνρή [I], ππάξρεη κελνύ γηα πξνζνκνίσζε ή πξαγκαηηθή 

θίλεζε ηνπ βξαρίνλα, επηιέγνληαο ην επζύ ή ην αλάζηξνθν θηλεκαηηθό 

πξόβιεκα (Kinematics), κελνύ πιεξνθνξηώλ (Help) θαη κελνύ εμόδνπ. 

Πίνακαρ 5.2 Ανάλςζη γπαθικού πεπιβάλλονηορ διεπαθήρ 

 

 

σήμα 5.5 Γπαθική διεπαθή σπήζηη πποζομοίυζηρ εςθέυρ κινημαηικού πποβλήμαηορ 
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5.4.3 Αλάπηπμε γξαθηθνύ πεξηβάιινληνο δηεπαθήο γηα ηελ κειέηε ηνπ 

αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο ζε πεξηβάιινλ πξνζνκνίσζεο 

Γηα ηελ κειέηε ηνπ αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο ζε πεξηβάιινλ 

πξνζνκνίσζεο, αλαπηύρζεθε ην γξαθηθό πεξηβάιινλ δηεπαθήο πνπ παξνπζηάδεηαη 

παξαθάησ (ρήκα 5.6). 

Με ηελ ρξήζε ηνπ γξαθηθνύ πεξηβάιινληνο δηεπαθήο, ν ρξήζηεο έρεη ηε 

δπλαηόηεηα λα εηζάγεη ηηο ηηκέο ησλ ζπληεηαγκέλσλ ηνπ άθξνπ εξγαζίαο. Γηα θάζε 

ηηκή ζπληεηαγκέλσλ (X, Y θαη Z), ππνινγίδνληαη νη ηηκέο ησλ αξζξώζεσλ, ηνπ 

εηθνληθνύ βξαρίνλα θαη ν ζπλνιηθόο πίλαθαο νκνγελνύο κεηαζρεκαηηζκνύ. 

 

 

σήμα 5.6 Γπαθική διεπαθή σπήζηη πποζομοίυζηρ ανηίζηποθος κινημαηικού 

πποβλήμαηορ 

 

5.4.4 Αλάπηπμε γξαθηθνύ πεξηβάιινληνο δηεπαθήο γηα ηελ κειέηε ηνπ επζέσο 

θηλεκαηηθνύ πξνβιήκαηνο ζε πξαγκαηηθό πεξηβάιινλ 

Γηα ηελ κειέηε ηνπ επζέσο θηλεκαηηθνύ πξνβιήκαηνο ζε πξαγκαηηθό πεξηβάιινλ, 

αλαπηύρζεθε ην γξαθηθό πεξηβάιινλ δηεπαθήο, πνπ παξνπζηάδεηαη ζην ρήκα 5.7. 

Οη δηαθνξέο ηνπ γξαθηθνύ πεξηβάιινληνο δηεπαθήο, γηα ηελ κειέηε ηνπ επζέσο 

θηλεκαηηθνύ πξνβιήκαηνο ζε πξαγκαηηθό πεξηβάιινλ, από όηη ζε πεξηβάιινλ 

πξνζνκνίσζεο, είλαη ε πξνζζήθε ηνπ θνπκπηνύ “Move Robot” (ρήκα 5.5, [A]) θαη ε 

πξνζζήθε ζην κελνύ, ηεο επηινγήο “Serial Port” (ρήκα 5.7, [B]) γηα ηελ επηινγή ηεο 

ζεηξηαθήο ζύξαο. 
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ε απηό ην πεξηβάιινλ δηεπαθήο, ν ρξήζηεο εηζάγεη ηηο ηηκέο ησλ γσληώλ πνπ 

επηζπκεί θαη παηώληαο ην θνπκπί “Move Robot” γίλνληαη νη απαξαίηεηεο ελέξγεηεο 

γηα ηελ πξαγκαηνπνίεζε ηεο θίλεζεο ηνπ πξαγκαηηθνύ βξαρίνλα. Γειαδή, νξίδεηαη 

κηα ζεηξηαθή ζύξα ζηελ ζπλέρεηα ελεξγνπνηείηαη θαη κέζσ απηήο, δίλνληαη νη εληνιέο 

θίλεζεο ηνπ βξαρίνλα. Όηαλ νινθιεξσζεί ε θίλεζε ηνπ βξαρίνλα, ε ζεηξηαθή 

απελεξγνπνηείηαη θαη δηαγξάθεηαη κέρξη ηελ επόκελε θνξά πνπ ζα γίλεη επηινγή 

θίλεζεο. 

Ο ρξήζηεο έρεη ηε δπλαηόηεηα παξαηήξεζεο ηεο ιεηηνπξγίαο ηνπ βξαρίνλα κέζσ 

ηνπ ινγηζκηθνύ αλαπαξάζηαζεο ζε VRML. Διέγρεη ηε ζέζε ζηελ νπνία ζα θηλεζεί ν 

βξαρίνλαο θαη αλ απηή είλαη ε επηζπκεηή ηόηε επηιέγεη ηελ εληνιή θίλεζεο “Move 

Robot”. 

 

 

σήμα 5.7 Γπαθική διεπαθή σπήζηη εςθέυρ κινημαηικού πποβλήμαηορ 

 

5.4.5 Αλάπηπμε γξαθηθνύ πεξηβάιινληνο δηεπαθήο γηα ηελ κειέηε ηνπ 

αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο ζε πξαγκαηηθό πεξηβάιινλ 

Γηα ηελ κειέηε ηνπ αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο ζε πξαγκαηηθό 

πεξηβάιινλ, αλαπηύρζεθε ην γξαθηθό πεξηβάιινλ δηεπαθήο πνπ παξνπζηάδεηαη 

παξαθάησ (ρήκα 5.8). 
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ε απηό ην πεξηβάιινλ δηεπαθήο, ν ρξήζηεο εηζάγεη ηηο ηηκέο ησλ ζπληεηαγκέλσλ 

πνπ επηζπκεί λα θηλεζεί ην άθξν εξγαζίαο ηνπ πξαγκαηηθνύ βξαρίνλα θαη παηώληαο 

ην θνπκπί “Move Robot”, γίλνληαη νη απαξαίηεηεο ελέξγεηεο, γηα ηελ πξαγκαηνπνίεζε 

ηεο θίλεζήο ηνπ, αληίζηνηρα κε ηελ δηαδηθαζία γηα ην επζύ θηλεκαηηθό πξόβιεκα. 

 

 

σήμα 5.8 Γπαθική διεπαθή σπήζηη ανηίζηποθος κινημαηικού πποβλήμαηορ 

 

5.5 ΠΑΡΑΓΔΙΓΜΑΣΑ 

Γηα λα επηδεηρζεί ε ζσζηή ιεηηνπξγία ηνπ ινγηζκηθνύ πνπ αλαπηύρζεθε, 

εθηειέζηεθαλ δηάθνξα πεηξάκαηα πνπ παξνπζηάδνληαη αλαιπηηθά ζηελ ζπλέρεηα. 
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σήμα 5.7 Σο Simulink Model και ο εικονικόρ κόζμορ 

 

5.5.1 Πεηξακα 1: Μειέηε ηνπ επζέσο θηλεκαηηθνύ πξνβιήκαηνο ζε πεξηβάιινλ 

πξνζνκνίσζεο 

Γηα ηελ πξνζνκνίσζε ηνπ επζέσο θηλεκαηηθνύ πξνβιήκαηνο, πξέπεη λα επηιεγεί ην 

“Forward Kinematics Simulation Mode” είηε από ηελ θεληξηθή δηεπαθή (Main Menu) 

είηε από ην KinematicsSimulation ModeForward Kinematics Simulation Mode 

ηνπ κελνύ ηεο ήδε ππάξρνπζαο δηεπαθήο (ρήκα 5.10, [A]). 

Δπηιέγνληαο ην Start point (ρήκα 5.10, [B]), ν εηθνληθόο βξαρίνλαο πεγαίλεη ζηε 

ζέζε εθθίλεζεο πνπ ηνπ έρεη νξηζηεί. 

 

   

σήμα 5.11 Πποζομοίυζη ηος εςθέυρ  κινημαηικού με ηον εικονικό βπασίονα ζηην 

απσική ηος θέζη 
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Αιιάδνληαο ηηο ηηκέο ησλ αξζξώζεσλ Joint1, Joint2, Joint3 θαη Joint4 ζε 20,90,-90 

θαη 0 αληίζηνηρα (ρήκα 5.11, [A]), ν εηθνληθόο βξαρίνλαο νδεγείηαη ζε κηα άιιε 

ζέζε. Γηα λα αιιάμεη ην ζεκείν παξαηήξεζεο ηνπ εηθνληθνύ βξαρίνλα πξέπεη λα 

επηιεγεί δηαθνξεηηθό Viewpoint (ρήκα 5.11, [B]). ην πείξακα απηό επηιέρζεθε ην 

ηέηαξην Viewpoint. 

 

 

σήμα 5.11 Πποζομοίυζη ηος εςθέυρ κινημαηικού με διαθοπεηικό ζημείο 

παπαηήπηζηρ 

 

5.5.2 Πείξακα 2: Μειέηε ηνπ αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο ζε 

πεξηβάιινλ πξνζνκνίσζεο 

Γηα ηελ πξνζνκνίσζε ηνπ αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο πξέπεη λα 

επηιεγεί ην “Inverse Kinematics Simulation Mode” είηε από ηελ θεληξηθή δηεπαθή 

(Main Menu) είηε από ην KinematicsSimulation ModeInverse Kinematics 

Simulation Mode ηνπ κελνύ ηεο ήδε ππάξρνπζαο δηεπαθήο (ρήκα 5.12, [A]). 

Αιιάδνληαο ηηο ηηκέο ησλ ζπληεηαγκέλσλ θαηά άμνλα X, Y θαη Z ζε -0.15, 0.25 

θαη 0.05 αληίζηνηρα (ρήκα 5.12, [B]), ν εηθνληθόο βξαρίνλαο νδεγείηαη ζε κηα άιιε 

ζέζε. Γηα ηελ επηβεβαίσζε ηεο θίλεζεο ηνπ άθξνπ εξγαζίαο ηνπ εηθνληθνύ βξαρίνλα 

ζύκθσλα κε ηηο ζπληεηαγκέλεο πνπ δόζεθαλ, κπνξεί λα ρξεζηκνπνηεζεί ην δάπεδν ην 

νπνίν απνηειείηαη από ηεηξάγσλα ησλ 0.05 m. 
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σήμα 5.12 Πποζομοίυζη ηος ανηίζηποθος κινημαηικού πποβλήμαηορ 

 

5.5.3 Πείξακα 3: Μειέηε ηνπ επζέσο θηλεκαηηθνύ πξνβιήκαηνο ζε πξαγκαηηθό 

πεξηβάιινλ 

Γηα ηελ πξαγκαηηθή θίλεζε ηνπ βξαρίνλα ρξεζηκνπνηώληαο ην επζύ θηλεκαηηθό 

πξόβιεκα πξέπεη λα επηιεγεί ην “Forward Kinematics Real Mode” είηε από ηελ 

θεληξηθή δηεπαθή (Main Menu) είηε από ην KinematicsReal ModeForward 

Kinematics Real ηνπ κελνύ ηεο ήδε ππάξρνπζαο δηεπαθήο (ρήκα 5.13, [A]). 

Αιιάδνληαο ηηο ηηκέο ησλ αξζξώζεσλ Joint1, Joint2, Joint3 θαη Joint4 ζε 10,-35,30 

θαη 90 αληίζηνηρα, ν εηθνληθόο βξαρίνλαο νδεγείηαη ζε κηα άιιε ζέζε (ρήκα 5.13). 

Γηα λα θηλεζεί θαη ν πξαγκαηηθόο βξαρίνλαο (ρήκα 5.14) πξέπεη λα επηιεγεί ην Move 

Robot (ρήκα 5.13, [B]). 

 



ΚΔΦΑΛΑΗΟ 5 

 51  

 

σήμα 5.13 Ππαγμαηική κίνηζη μέζυ ηος εςθέυρ κινημαηικού πποβλήμαηορ 

 

 

σήμα 5.14 Κίνηζη ηος ππαγμαηικού βπασίονα 

 

Πξηλ ηελ πξώηε θίλεζε ηνπ πξαγκαηηθνύ βξαρίνλα, πξέπεη λα γίλεηαη ε επηινγή 

ηεο ζεηξηαθήο ζύξαο από ην κελνύ ηεο δηεπαθήο Serial PortSelect Serial Port 

(ρήκα 5.13, [A]). 
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σήμα 5.15 Δπιλογή ζειπιακήρ θύπαρ 

 

5.5.4 Πείξακα 4: Μειέηε ηνπ αληίζηξνθνπ θηλεκαηηθνύ πξνβιήκαηνο ζε 

πξαγκαηηθό πεξηβάιινλ 

Γηα ηελ πξαγκαηηθή θίλεζε ηνπ βξαρίνλα ρξεζηκνπνηώληαο ην αληίζηξνθν 

θηλεκαηηθό πξόβιεκα πξέπεη λα επηιεγεί ην “Inverse Kinematics Real Mode” είηε 

από ηελ θεληξηθή δηεπαθή (Main Menu) είηε από ην KinematicsReal 

ModeInverse Kinematics Real Mode ηνπ κελνύ ηεο ήδε ππάξρνπζαο δηεπαθήο 

(ρήκα 5.16, [A]). 

Αιιάδνληαο ηηο ηηκέο ησλ ζπληεηαγκέλσλ θαηά άμνλα X, Y θαη Z ζε -0.20, 0.10 

θαη 0.25 αληίζηνηρα, ν εηθνληθόο βξαρίνλαο νδεγείηαη ζε κηα άιιε ζέζε (ρήκα 5.16). 

Αθόκα, γηα ηελ θίλεζε ησλ άθξσλ ηεο αξπάγεο κπνξνύλ λα δνζνύλ ηηκέο από ην 0 

έσο ην 100, όπνπ ζηελ ηηκή 0 ηα άθξα ηεο αξπάγεο είλαη αλνηρηά θαη ζηελ ηηκή 100 

ηα άθξα είλαη θιεηζηά. πγθεθξηκέλα, επηιέρζεθε ε ηηκή 50 (ρήκα 5.16, [B]). Γηα λα 

θηλεζεί θαη ν πξαγκαηηθόο βξαρίνλαο (ρήκα 5.17) πξέπεη λα επηιεγεί ην Move 

Robot. 
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σήμα 5.16 Ππαγμαηική κίνηζη μέζυ ηος εςθέυρ κινημαηικού πποβλήμαηορ 

 

 

σήμα 5.17 Κίνηζη ηος ππαγμαηικού βπασίονα 
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ΜΟΝΣΔΛΟ ΠΡΟΟΜΟΙΩΗ (SIMULINK MODEL) 

 

 

Κεληξηθό κνληέιν πξνζνκνίσζεο γηα ηνλ έιεγρν ηνπ βξαρίνλα 

 

 

Τπνζύζηεκα θεληξηθνύ κνληέινπ πξνζνκνίσζεο γηα ηελ επέθηαζε ησλ ζεκάησλ ησλ 

πεξηζηξνθηθώλ θηλήζεσλ θαη ηνλ έιεγρν ηνπ άθξνπ εξγαζίαο 

 

 

Τπνζύζηεκα ειέγρνπ ηνπ άθξνπ εξγαζίαο 
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ΚΩΓΙΚΔ 

forward_simulation.m 

Σν forward_simulation.m δεκηνπξγεί ηε γξαθηθή δηεπαθή γηα ηελ πξνζνκνίσζε 

ηνπ εηθνληθνύ βξαρίνλα, ρξεζηκνπνηώληαο ην επζύ θηλεκαηηθό πξόβιεκα. 

 

function varargout = forward_simulation(varargin) 
% FORWARD_SIMULATION M-file for forward_simulation.fig 
%      FORWARD_SIMULATION, by itself, creates a new 

FORWARD_SIMULATION or raises the existing 
%      singleton*. 
% 
%      H = FORWARD_SIMULATION returns the handle to a new 

FORWARD_SIMULATION or the handle to 
%      the existing singleton*. 
% 
%      FORWARD_SIMULATION('CALLBACK',hObject,eventData,handles,...) 

calls the local 
%      function named CALLBACK in FORWARD_SIMULATION.M with the given 

input arguments. 
% 
%      FORWARD_SIMULATION('Property','Value',...) creates a new 

FORWARD_SIMULATION or raises the 
%      existing singleton*.  Starting from the left, property value 

pairs are 
%      applied to the GUI before forward_simulation_OpeningFcn gets 

called.  An 
%      unrecognized property name or invalid value makes property 

application 
%      stop.  All inputs are passed to forward_simulation_OpeningFcn 

via varargin. 
% 
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows 

only one 
%      instance to run (singleton)". 
% 
% See also: GUIDE, GUIDATA, GUIHANDLES 

  
% Edit the above text to modify the response to help 

forward_simulation 

  
% Last Modified by GUIDE v2.5 25-Sep-2009 19:34:15 

  
% Begin initialization code - DO NOT EDIT 
gui_Singleton = 1; 
gui_State = struct('gui_Name',       mfilename, ... 
                   'gui_Singleton',  gui_Singleton, ... 
                   'gui_OpeningFcn', @forward_simulation_OpeningFcn, 

... 
                   'gui_OutputFcn',  @forward_simulation_OutputFcn, 

... 
                   'gui_LayoutFcn',  [] , ... 
                   'gui_Callback',   []); 
if nargin && ischar(varargin{1}) 
    gui_State.gui_Callback = str2func(varargin{1}); 
end 
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if nargout 
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 
else 
    gui_mainfcn(gui_State, varargin{:}); 
end 
% End initialization code - DO NOT EDIT 

  

  
% --- Executes just before forward_simulation is made visible. 
function forward_simulation_OpeningFcn(hObject, eventdata, handles, 

varargin) 
% This function has no output args, see OutputFcn. 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
% varargin   command line arguments to forward_simulation (see 

VARARGIN) 

  
% Choose default command line output for forward_simulation 
handles.output = hObject; 

  
% Update handles structure 
guidata(hObject, handles); 

  
% UIWAIT makes forward_simulation wait for user response (see 

UIRESUME) 
% uiwait(handles.figure1 

  
%Initialization of the robot's position 

  
temp1=(get(handles.slider1,'value')); 
set(handles.edit1,'String',temp1); 
set(handles.edit9,'String',temp1); 

  
temp2=(get(handles.slider2,'value')); 
set(handles.edit2,'String',temp2); 
set(handles.edit10,'String',temp2); 

  
temp3=(get(handles.slider3,'value')); 
set(handles.edit3,'String',temp3); 
set(handles.edit11,'String',temp3); 

  
temp4=(get(handles.slider4,'value')); 
set(handles.edit4,'String',temp4); 
set(handles.edit12,'String',temp4); 

  
temp5=(get(handles.slider5,'value')); 
set(handles.edit5,'String',temp5); 

  
[handles] = Total_Transformation_Matrix(handles); 

  

  
% --- Outputs from this function are returned to the command line. 
function varargout = forward_simulation_OutputFcn(hObject, eventdata, 

handles)  
% varargout  cell array for returning output args (see VARARGOUT); 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
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% handles    structure with handles and user data (see GUIDATA) 

  
% Get default command line output from handles structure 
varargout{1} = handles.output; 

  

  
% --- Total trasformation matrix. 
function [handles] = Total_Transformation_Matrix(handles) 

  
th1=(get(handles.slider1,'value')); 
th1=round(th1); 

  
th2=(get(handles.slider2,'value')); 
th2=round(th2); 

  
th3=(get(handles.slider3,'value')); 
th3=round(th3); 

  
th4=(get(handles.slider4,'value')); 
th4=round(th4); 

  
gripper=(get(handles.slider5,'value')); 
gripper=round(gripper); 

  
result=forward_calc([th1 th2 th3 th4],gripper); 

  
set(handles.text17,'string',num2str(result.T(1,1),'%6.4f')); 
set(handles.text18,'string',num2str(result.T(1,2),'%6.4f')); 
set(handles.text19,'string',num2str(result.T(1,3),'%6.4f')); 
set(handles.text20,'string',num2str(result.T(1,4),'%6.4f')); 
set(handles.text21,'string',num2str(result.T(2,1),'%6.4f')); 
set(handles.text22,'string',num2str(result.T(2,2),'%6.4f')); 
set(handles.text23,'string',num2str(result.T(2,3),'%6.4f')); 
set(handles.text24,'string',num2str(result.T(2,4),'%6.4f')); 
set(handles.text25,'string',num2str(result.T(3,1),'%6.4f')); 
set(handles.text26,'string',num2str(result.T(3,2),'%6.4f')); 
set(handles.text27,'string',num2str(result.T(3,3),'%6.4f')); 
set(handles.text28,'string',num2str(result.T(3,4),'%6.4f')); 

  

  
% --- Joint 1 slider movement. 
function slider1_Callback(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp1=(get(handles.slider1,'value')); 

  
set(handles.edit1,'String',temp1); 
set(handles.edit9,'String',temp1); 

  
[handles] = Total_Transformation_Matrix(handles); 

  
pushbutton1_Callback(hObject, eventdata, handles); 
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% --- Executes during object creation, after setting all properties. 
function slider1_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Joint 2 slider movement. 
function slider2_Callback(hObject, eventdata, handles) 
% hObject    handle to slider2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp2=(get(handles.slider2,'value')); 

  
set(handles.edit2,'String',temp2); 
set(handles.edit10,'String',temp2); 

  
[handles] = Total_Transformation_Matrix(handles); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider2_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Joint 3 slider movement. 
function slider3_Callback(hObject, eventdata, handles) 
% hObject    handle to slider3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 
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temp3=(get(handles.slider3,'value')); 

  
set(handles.edit3,'String',temp3); 
set(handles.edit11,'String',temp3); 

  
[handles] = Total_Transformation_Matrix(handles); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider3_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Joint 4 slider movement. 
function slider4_Callback(hObject, eventdata, handles) 
% hObject    handle to slider4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp4=(get(handles.slider4,'value')); 

  
set(handles.edit4,'String',temp4); 
set(handles.edit12,'String',temp4); 

  
[handles] = Total_Transformation_Matrix(handles); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider4_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 
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% --- Gripper slider movement. 
function slider5_Callback(hObject, eventdata, handles) 
% hObject    handle to slider5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp5=(get(handles.slider5,'value')); 

  
set(handles.edit5,'String',temp5); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function slider5_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Simulate! pushbutton. 
function pushbutton1_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
temp1=(get(handles.slider1,'value')); 
temp2=(get(handles.slider2,'value')); 
temp3=(get(handles.slider3,'value')); 
temp4=(get(handles.slider4,'value')); 
temp5=(get(handles.slider5,'value')); 

  
set(handles.edit9,'String',temp1); 
set(handles.edit10,'String',temp2); 
set(handles.edit11,'String',temp3); 
set(handles.edit12,'String',temp4); 

  
opts = simset('SrcWorkspace','current'); 

  
value_1=temp1; 
value_2=temp2; 
value_3=temp3; 
value_4=temp4; 
value_5=temp5; 

  
sim('gui_roboarm',[],opts); 
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[handles] = Total_Transformation_Matrix(handles); 

  

  
% --- Start point pushbutton. 
function pushbutton2_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit1,'string','0'); 
set(handles.edit9,'string','0'); 
set(handles.edit2,'string','28'); 
set(handles.edit10,'string','28'); 
set(handles.edit3,'string','38'); 
set(handles.edit11,'string','38'); 
set(handles.edit4,'string','24'); 
set(handles.edit12,'string','24'); 
set(handles.edit5,'string','0'); 
set(handles.slider1,'value',0); 
set(handles.slider2,'value',28); 
set(handles.slider3,'value',38); 
set(handles.slider4,'value',24); 
set(handles.slider5,'value',0); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Exit pushbutton. 
function pushbutton3_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
delete(forward_simulation); 

  

  
% --- Open gripper pushbutton. 
function pushbutton4_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit5,'string','0'); 
set(handles.slider5,'value',0); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Close gripper pushbutton. 
function pushbutton5_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit5,'string','100'); 
set(handles.slider5,'value',100); 

  
pushbutton1_Callback(hObject, eventdata, handles); 
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% --- Joint 1 edit. 
function edit1_Callback(hObject, eventdata, handles) 
% hObject    handle to edit1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit1 as text 
%        str2double(get(hObject,'String')) returns contents of edit1 

as a double 

  
n=str2double(get(handles.edit1,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between -90 and 90 

degrees.','Invalid value','modal'); 
    temp1=(get(handles.slider1,'value')); 
    set(handles.edit1,'String',temp1); 
else 
    if (n>90 || n<-90) 
        errordlg('You must enter a value between -90 and 90 

degrees.','Invalid value','modal'); 
        temp1=(get(handles.slider1,'value')); 
        set(handles.edit1,'String',temp1); 
    else 
        set(handles.slider1,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit1_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Joint 2 edit. 
function edit2_Callback(hObject, eventdata, handles) 
% hObject    handle to edit2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit2 as text 
%        str2double(get(hObject,'String')) returns contents of edit2 

as a double 

  
n=str2double(get(handles.edit2,'string')); 

  
if isnan(n) 
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    errordlg('You must enter a numeric value between -50 and 90 

degrees.','Invalid value','modal'); 
    temp2=(get(handles.slider2,'value')); 
    set(handles.edit2,'String',temp2); 
else 
    if (n>90 || n<-50) 
        errordlg('You must enter a value between -50 and 90 

degrees.','Invalid value','modal'); 
        temp2=(get(handles.slider2,'value')); 
        set(handles.edit2,'String',temp2); 
    else 
        set(handles.slider2,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit2_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Joint 3 edit. 
function edit3_Callback(hObject, eventdata, handles) 
% hObject    handle to edit3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit3 as text 
%        str2double(get(hObject,'String')) returns contents of edit3 

as a double 

  
n=str2double(get(handles.edit3,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between -90 and 80 

degrees.','Invalid value','modal'); 
    temp3=(get(handles.slider3,'value')); 
    set(handles.edit3,'String',temp3); 
else 
    if (n>80 || n<-90) 
        errordlg('You must enter a value between -90 and 80 

degrees.','Invalid value','modal'); 
        temp3=(get(handles.slider3,'value')); 
        set(handles.edit3,'String',temp3); 
    else 
        set(handles.slider3,'value',n); 
    end 
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end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit3_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Joint 4 edit. 
function edit4_Callback(hObject, eventdata, handles) 
% hObject    handle to edit4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit4 as text 
%        str2double(get(hObject,'String')) returns contents of edit4 

as a double 

  
n=str2double(get(handles.edit4,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between -90 and 90 

degrees.','Invalid value','modal'); 
    temp4=(get(handles.slider4,'value')); 
    set(handles.edit4,'String',temp4); 
else 
    if (n>90 || n<-90) 
        errordlg('You must enter a value between -90 and 90 

degrees.','Invalid value','modal'); 
        temp4=(get(handles.slider4,'value')); 
        set(handles.edit4,'String',temp4); 
    else 
        set(handles.slider4,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit4_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
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%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Gripper edit. 
function edit5_Callback(hObject, eventdata, handles) 
% hObject    handle to edit5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit5 as text 
%        str2double(get(hObject,'String')) returns contents of edit5 

as a double 

  
n=str2double(get(handles.edit5,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between 0 and 

100.','Invalid value','modal'); 
    temp5=(get(handles.slider5,'value')); 
    set(handles.edit5,'String',temp5); 
else 
    if (n>100 || n<0) 
        errordlg('You must enter a value between 0 and 100.','Invalid 

value','modal'); 
        temp5=(get(handles.slider5,'value')); 
        set(handles.edit5,'String',temp5); 
    else 
        set(handles.slider5,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit5_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Total transformation matrix X coordinate text. 
function text20_Callback(hObject, eventdata, handles) 
% hObject    handle to text20 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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% Hints: get(hObject,'String') returns contents of text20 as text 
%        str2double(get(hObject,'String')) returns contents of text20 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function text20_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to text20 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Total transformation matrix Y coordinate text. 
function text24_Callback(hObject, eventdata, handles) 
% hObject    handle to text24 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of text24 as text 
%        str2double(get(hObject,'String')) returns contents of text24 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function text24_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to text24 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Total transformation matrix Z coordinate text. 
function text28_Callback(hObject, eventdata, handles) 
% hObject    handle to text28 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of text28 as text 
%        str2double(get(hObject,'String')) returns contents of text28 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
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function text28_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to text28 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th1 edit. 
function edit9_Callback(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit9 as text 
%        str2double(get(hObject,'String')) returns contents of edit9 

as a double 

     
    temp1=(get(handles.slider1,'value')); 

  
    set(handles.edit9,'String',temp1); 

  
% --- Executes during object creation, after setting all properties. 
function edit9_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th2 edit. 
function edit10_Callback(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit10 as text 
%        str2double(get(hObject,'String')) returns contents of edit10 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit10_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
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% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th3 edit. 
function edit11_Callback(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit11 as text 
%        str2double(get(hObject,'String')) returns contents of edit11 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit11_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th4 edit. 
function edit12_Callback(hObject, eventdata, handles) 
% hObject    handle to edit12 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit12 as text 
%        str2double(get(hObject,'String')) returns contents of edit12 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit12_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit12 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
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    set(hObject,'BackgroundColor','white'); 
end 

  

  
% -------------------------------------------------------------------

- 
function Help_Callback(hObject, eventdata, handles) 
% hObject    handle to Help (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
open('user_guide.pdf'); 

  

  
% -------------------------------------------------------------------

- 
function Kinematics_Callback(hObject, eventdata, handles) 
% hObject    handle to Kinematics (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Simulation_Mode_Callback(hObject, eventdata, handles) 
% hObject    handle to Simulation_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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forward_calc.m 

Σν forward_calc.m ππνινγίδεη ην επζύ θηλεκαηηθό πξόβιεκα θαη ην ζπλνιηθό 

πίλαθα κεηαζρεκαηηζκνύ. 

 

function [result]=forward_calc(TH,gripper) 

  
% Get the angle values. 
th1=TH(1);, th2=TH(2);, th3=TH(3);, th4=TH(4); 

  
% Lengths definition. 
 A=0.1047;, L1=0.2910;, x=0.0220;, L2=0.2720;, L3=0.0770; 

  
% Convert degrees to radians. 
th1=th1*pi/180;, th2=th2*pi/180;, th3=th3*pi/180;, th4=th4*pi/180; 

  
%% Direct kinematic problem formulation. 

  
T01=[ -sin(th1)   0   -cos(th1)   0; 
       cos(th1)   0   -sin(th1)   0; 
       0         -1    0          A; 
       0          0    0          1]; 

  
T1A=[  sin(th2)   cos(th2)     0   sin(th2)*L1; 
      -cos(th2)   sin(th2)     0  -cos(th2)*L1; 
       0          0            1   0; 
       0          0            0   1]; 

  
TA2=[  0  -1   0   0; 
       1   0   0   x; 
       0   0   1   0; 
       0   0   0   1]; 

  
T23=[  cos(th3)   -sin(th3)   0   cos(th3)*L2; 
       sin(th3)    cos(th3)   0   sin(th3)*L2; 
       0           0          1   0; 
       0           0          0   1]; 

  
T34=[  cos(th4)  -sin(th4)    0   cos(th4)*L3; 
       sin(th4)   cos(th4)    0   sin(th4)*L3; 
       0          0           1   0;... 
       0          0           0   1]; 

  
% Total transformation matrix. 
T=T01*T1A*TA2*T23*T34; 

  
% L1 vertical part. 
T0A=T01*T1A; 
% L1 horizontal part. 
T02=T01*T1A*TA2; 
% L2. 
T03=T01*T1A*TA2*T23; 
% L3. 
T04=T01*T1A*TA2*T23*T34; 

  
% These are the coordinates of the gripper points with respect to 

coonrdinate system #4. 
At=[ 0      0    0.02*(0.01*gripper)   1]'; 
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Ab=[-0.03   0    0.02*(0.01*gripper)   1]'; 
B= [-0.03   0    0.03                  1]'; 
C= [-0.03   0   -0.03                  1]'; 
Dt=[ 0      0   -0.02*(0.01*gripper)   1]'; 
Db=[-0.03   0   -0.02*(0.01*gripper)   1]'; 

  
% The new coordinates with respect to coordinate system #0. 
Atn=T04*At; 
Abn=T04*Ab; 
Bn =T04*B; 
Cn =T04*C; 
Dtn=T04*Dt; 
Dbn=T04*Db; 

  
result.T01=T01; 
result.T0A=T0A; 
result.T02=T02; 
result.T03=T03; 
result.T04=T04; 
result.Atn=Atn; 
result.Abn=Abn; 
result.Bn=Bn; 
result.Cn=Cn; 
result.Dtn=Dtn; 
result.Dbn=Dbn; 

  
% Final total transformation matrix. 
result.T=T; 
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forward_real.m 

Σν forward_real.m δεκηνπξγεί ηε γξαθηθή δηεπαθή γηα ηελ πξαγκαηηθή θίλεζε ηνπ 

βξαρίνλα, ρξεζηκνπνηώληαο ην επζύ θηλεκαηηθό πξόβιεκα. 

 

 function varargout = forward_real(varargin) 
% FORWARD_REAL M-file for forward_real.fig 
%      FORWARD_REAL, by itself, creates a new FORWARD_REAL or raises 

the existing 
%      singleton*. 
% 
%      H = FORWARD_REAL returns the handle to a new FORWARD_REAL or 

the handle to 
%      the existing singleton*. 
% 
%      FORWARD_REAL('CALLBACK',hObject,eventData,handles,...) calls 

the local 
%      function named CALLBACK in FORWARD_REAL.M with the given input 

arguments. 
% 
%      FORWARD_REAL('Property','Value',...) creates a new 

FORWARD_REAL or raises the 
%      existing singleton*.  Starting from the left, property value 

pairs are 
%      applied to the GUI before forward_real_OpeningFcn gets called.  

An 
%      unrecognized property name or invalid value makes property 

application 
%      stop.  All inputs are passed to forward_real_OpeningFcn via 

varargin. 
% 
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows 

only one 
%      instance to run (singleton)". 
% 
% See also: GUIDE, GUIDATA, GUIHANDLES 

  
% Edit the above text to modify the response to help forward_real 

  
% Last Modified by GUIDE v2.5 28-Sep-2009 17:37:33 

  
% Begin initialization code - DO NOT EDIT 
gui_Singleton = 1; 
gui_State = struct('gui_Name',       mfilename, ... 
                   'gui_Singleton',  gui_Singleton, ... 
                   'gui_OpeningFcn', @forward_real_OpeningFcn, ... 
                   'gui_OutputFcn',  @forward_real_OutputFcn, ... 
                   'gui_LayoutFcn',  [] , ... 
                   'gui_Callback',   []); 
if nargin && ischar(varargin{1}) 
    gui_State.gui_Callback = str2func(varargin{1}); 
end 

  
if nargout 
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 
else 
    gui_mainfcn(gui_State, varargin{:}); 
end 
% End initialization code - DO NOT EDIT 
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% --- Executes just before forward_real is made visible. 
function forward_real_OpeningFcn(hObject, eventdata, handles, 

varargin) 
% This function has no output args, see OutputFcn. 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
% varargin   command line arguments to forward_real (see VARARGIN) 

  
% Choose default command line output for forward_real 
handles.output = hObject; 

  
% Update handles structure 
guidata(hObject, handles); 

  
% UIWAIT makes forward_real wait for user response (see UIRESUME) 
% uiwait(handles.figure1 

  
%Initialization of the robot's position 

  
temp1=(get(handles.slider1,'value')); 
set(handles.edit1,'String',temp1); 
set(handles.edit9,'String',temp1); 

  
temp2=(get(handles.slider2,'value')); 
set(handles.edit2,'String',temp2); 
set(handles.edit10,'String',temp2); 

  
temp3=(get(handles.slider3,'value')); 
set(handles.edit3,'String',temp3); 
set(handles.edit11,'String',temp3); 

  
temp4=(get(handles.slider4,'value')); 
set(handles.edit4,'String',temp4); 
set(handles.edit12,'String',temp4); 

  
temp5=(get(handles.slider5,'value')); 
set(handles.edit5,'String',temp5); 

  
[handles] = Total_Transformation_Matrix(handles); 

  

  
% --- Outputs from this function are returned to the command line. 
function varargout = forward_real_OutputFcn(hObject, eventdata, 

handles)  
% varargout  cell array for returning output args (see VARARGOUT); 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Get default command line output from handles structure 
varargout{1} = handles.output; 

  

  
% --- Total trasformation matrix. 
function [handles] = Total_Transformation_Matrix(handles) 

  
th1=(get(handles.slider1,'value')); 
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th1=round(th1); 

  
th2=(get(handles.slider2,'value')); 
th2=round(th2); 

  
th3=(get(handles.slider3,'value')); 
th3=round(th3); 

  
th4=(get(handles.slider4,'value')); 
th4=round(th4); 

  
gripper=(get(handles.slider5,'value')); 
gripper=round(gripper); 

  
result=forward_calc([th1 th2 th3 th4],gripper); 

  
set(handles.text17,'string',num2str(result.T(1,1),'%6.4f')); 
set(handles.text18,'string',num2str(result.T(1,2),'%6.4f')); 
set(handles.text19,'string',num2str(result.T(1,3),'%6.4f')); 
set(handles.text20,'string',num2str(result.T(1,4),'%6.4f')); 
set(handles.text21,'string',num2str(result.T(2,1),'%6.4f')); 
set(handles.text22,'string',num2str(result.T(2,2),'%6.4f')); 
set(handles.text23,'string',num2str(result.T(2,3),'%6.4f')); 
set(handles.text24,'string',num2str(result.T(2,4),'%6.4f')); 
set(handles.text25,'string',num2str(result.T(3,1),'%6.4f')); 
set(handles.text26,'string',num2str(result.T(3,2),'%6.4f')); 
set(handles.text27,'string',num2str(result.T(3,3),'%6.4f')); 
set(handles.text28,'string',num2str(result.T(3,4),'%6.4f')); 

  

  
% --- Joint 1 slider movement. 
function slider1_Callback(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp1=(get(handles.slider1,'value')); 

  
set(handles.edit1,'String',temp1); 
set(handles.edit9,'String',temp1); 

  
[handles] = Total_Transformation_Matrix(handles); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function slider1_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 



ΠΑΡΑΡΣΖΜΑΣΑ  

 79  

if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Joint 2 slider movement. 
function slider2_Callback(hObject, eventdata, handles) 
% hObject    handle to slider2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp2=(get(handles.slider2,'value')); 

  
set(handles.edit2,'String',temp2); 
set(handles.edit10,'String',temp2); 

  
[handles] = Total_Transformation_Matrix(handles); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider2_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Joint 3 slider movement. 
function slider3_Callback(hObject, eventdata, handles) 
% hObject    handle to slider3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp3=(get(handles.slider3,'value')); 

  
set(handles.edit3,'String',temp3); 
set(handles.edit11,'String',temp3); 

  
[handles] = Total_Transformation_Matrix(handles); 

  
pushbutton1_Callback(hObject, eventdata, handles) 
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% --- Executes during object creation, after setting all properties. 
function slider3_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Joint 4 slider movement. 
function slider4_Callback(hObject, eventdata, handles) 
% hObject    handle to slider4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp4=(get(handles.slider4,'value')); 

  
set(handles.edit4,'String',temp4); 
set(handles.edit12,'String',temp4); 

  
[handles] = Total_Transformation_Matrix(handles); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider4_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Gripper slider movement. 
function slider5_Callback(hObject, eventdata, handles) 
% hObject    handle to slider5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  



ΠΑΡΑΡΣΖΜΑΣΑ  

 81  

temp5=(get(handles.slider5,'value')); 

  
set(handles.edit5,'String',temp5); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function slider5_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Simulate! pushbutton. 
function pushbutton1_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
temp1=(get(handles.slider1,'value')); 
temp2=(get(handles.slider2,'value')); 
temp3=(get(handles.slider3,'value')); 
temp4=(get(handles.slider4,'value')); 
temp5=(get(handles.slider5,'value')); 

  
set(handles.edit9,'String',temp1); 
set(handles.edit10,'String',temp2); 
set(handles.edit11,'String',temp3); 
set(handles.edit12,'String',temp4); 

  
opts = simset('SrcWorkspace','current'); 

  
value_1=temp1; 
value_2=temp2; 
value_3=temp3; 
value_4=temp4; 
value_5=temp5; 

  
sim('gui_roboarm',[],opts); 

  
[handles] = Total_Transformation_Matrix(handles); 

  

  
% --- Start point pushbutton. 
function pushbutton2_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit1,'string','0'); 
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set(handles.edit9,'string','0'); 
set(handles.edit2,'string','28'); 
set(handles.edit10,'string','28'); 
set(handles.edit3,'string','38'); 
set(handles.edit11,'string','38'); 
set(handles.edit4,'string','24'); 
set(handles.edit12,'string','24'); 
set(handles.edit5,'string','0'); 
set(handles.slider1,'value',0); 
set(handles.slider2,'value',28); 
set(handles.slider3,'value',38); 
set(handles.slider4,'value',24); 
set(handles.slider5,'value',0); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Exit pushbutton. 
function pushbutton3_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
delete(forward_real); 

  

  
% --- Open gripper pushbutton. 
function pushbutton4_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit5,'string','0'); 
set(handles.slider5,'value',0); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Close gripper pushbutton. 
function pushbutton5_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit5,'string','100'); 
set(handles.slider5,'value',100); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Move robot pushbutton. 
function pushbutton6_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton6 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
%% serial communication 
[handles] = forward_serial(handles); 
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% --- Joint 1 edit. 
function edit1_Callback(hObject, eventdata, handles) 
% hObject    handle to edit1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit1 as text 
%        str2double(get(hObject,'String')) returns contents of edit1 

as a double 

  
n=str2double(get(handles.edit1,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between -90 and 90 

degrees.','Invalid value','modal'); 
    temp1=(get(handles.slider1,'value')); 
    set(handles.edit1,'String',temp1); 
else 
    if (n>90 || n<-90) 
        errordlg('You must enter a value between -90 and 90 

degrees.','Invalid value','modal'); 
        temp1=(get(handles.slider1,'value')); 
        set(handles.edit1,'String',temp1); 
    else 
        set(handles.slider1,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit1_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Joint 2 edit. 
function edit2_Callback(hObject, eventdata, handles) 
% hObject    handle to edit2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit2 as text 
%        str2double(get(hObject,'String')) returns contents of edit2 

as a double 

  
n=str2double(get(handles.edit2,'string')); 

  
if isnan(n) 
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    errordlg('You must enter a numeric value between -50 and 90 

degrees.','Invalid value','modal'); 
    temp2=(get(handles.slider2,'value')); 
    set(handles.edit2,'String',temp2); 
else 
    if (n>90 || n<-50) 
        errordlg('You must enter a value between -50 and 90 

degrees.','Invalid value','modal'); 
        temp2=(get(handles.slider2,'value')); 
        set(handles.edit2,'String',temp2); 
    else 
        set(handles.slider2,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit2_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Joint 3 edit. 
function edit3_Callback(hObject, eventdata, handles) 
% hObject    handle to edit3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit3 as text 
%        str2double(get(hObject,'String')) returns contents of edit3 

as a double 

  
n=str2double(get(handles.edit3,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between -90 and 80 

degrees.','Invalid value','modal'); 
    temp3=(get(handles.slider3,'value')); 
    set(handles.edit3,'String',temp3); 
else 
    if (n>80 || n<-90) 
        errordlg('You must enter a value between -90 and 80 

degrees.','Invalid value','modal'); 
        temp3=(get(handles.slider3,'value')); 
        set(handles.edit3,'String',temp3); 
    else 
        set(handles.slider3,'value',n); 
    end 



ΠΑΡΑΡΣΖΜΑΣΑ  

 85  

end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit3_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Joint 4 edit. 
function edit4_Callback(hObject, eventdata, handles) 
% hObject    handle to edit4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit4 as text 
%        str2double(get(hObject,'String')) returns contents of edit4 

as a double 

  
n=str2double(get(handles.edit4,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between -90 and 90 

degrees.','Invalid value','modal'); 
    temp4=(get(handles.slider4,'value')); 
    set(handles.edit4,'String',temp4); 
else 
    if (n>90 || n<-90) 
        errordlg('You must enter a value between -90 and 90 

degrees.','Invalid value','modal'); 
        temp4=(get(handles.slider4,'value')); 
        set(handles.edit4,'String',temp4); 
    else 
        set(handles.slider4,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit4_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
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%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Gripper edit. 
function edit5_Callback(hObject, eventdata, handles) 
% hObject    handle to edit5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit5 as text 
%        str2double(get(hObject,'String')) returns contents of edit5 

as a double 

  
n=str2double(get(handles.edit5,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between 0 and 

100.','Invalid value','modal'); 
    temp5=(get(handles.slider5,'value')); 
    set(handles.edit5,'String',temp5); 
else 
    if (n>100 || n<0) 
        errordlg('You must enter a value between 0 and 100.','Invalid 

value','modal'); 
        temp5=(get(handles.slider5,'value')); 
        set(handles.edit5,'String',temp5); 
    else 
        set(handles.slider5,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit5_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Total transformation matrix X coordinate text. 
function text20_Callback(hObject, eventdata, handles) 
% hObject    handle to text20 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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% Hints: get(hObject,'String') returns contents of text20 as text 
%        str2double(get(hObject,'String')) returns contents of text20 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function text20_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to text20 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Total transformation matrix Y coordinate text. 
function text24_Callback(hObject, eventdata, handles) 
% hObject    handle to text24 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of text24 as text 
%        str2double(get(hObject,'String')) returns contents of text24 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function text24_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to text24 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Total transformation matrix Z coordinate text. 
function text28_Callback(hObject, eventdata, handles) 
% hObject    handle to text28 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of text28 as text 
%        str2double(get(hObject,'String')) returns contents of text28 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
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function text28_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to text28 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th1 edit. 
function edit9_Callback(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit9 as text 
%        str2double(get(hObject,'String')) returns contents of edit9 

as a double 

     
    temp1=(get(handles.slider1,'value')); 

  
    set(handles.edit9,'String',temp1); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit9_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
function edit10_Callback(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit10 as text 
%        str2double(get(hObject,'String')) returns contents of edit10 

as a double 

  

  
% --- Angle th2 edit. 
function edit10_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
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% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th3 edit. 
function edit11_Callback(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit11 as text 
%        str2double(get(hObject,'String')) returns contents of edit11 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit11_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th4 edit. 
function edit12_Callback(hObject, eventdata, handles) 
% hObject    handle to edit12 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit12 as text 
%        str2double(get(hObject,'String')) returns contents of edit12 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit12_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit12 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
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    set(hObject,'BackgroundColor','white'); 
end 

  

  
% -------------------------------------------------------------------

- 
function Help_Callback(hObject, eventdata, handles) 
% hObject    handle to Help (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
open('user_guide.pdf'); 

  

  
% -------------------------------------------------------------------

- 
function Kinematics_Callback(hObject, eventdata, handles) 
% hObject    handle to Kinematics (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Simulation_Mode_Callback(hObject, eventdata, handles) 
% hObject    handle to Simulation_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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forward_serial.m 

Σν forward_serial.m ρξεζηκνπνηείηαη γηα ην επζύ θηλεκαηηθό θαη είλαη ππεύζπλν 

γηα ηε ζεηξηαθή επηθνηλσλία ηνπ ππνινγηζηή, κε ηνλ πξαγκαηηθό βξαρίνλα θαη ηνλ 

έιεγρν ησλ πέληε ζεξβνθηλεηήξσλ ηνπ. 

 

function [handles] = forward_serial(handles) 

  
%% Create serial port 

  
s=serial('COM1'); 
s.BaudRate = 115200; 
s.Terminator = 'CR/LF'; 
fopen(s); 
%Sport=instrfind 

  
%% Servo move 

  
% Servo motor #1 
angle1 = (get(handles.edit1,'string')); 
angle1 = str2double(angle1); 

  
x= 0.1*(angle1)+10; 
pwm1 = -93.04*x + 2347.9; 
pwm1=round(pwm1) 

  
servo1 = sprintf('#0 P%d T3000',pwm1); 
fprintf(s,servo1); 

  
% Servo motor #2 
angle2 = (get(handles.edit2,'string')); 
angle2 = str2double(angle2); 

  
pwm2 = 8.7932*angle2 + 1375.1; 
pwm2=round(pwm2) 

  
servo2 = sprintf('#1 P%d T3000',pwm2); 
fprintf(s,servo2); 

  
% Servo motor #3 
angle3 = (get(handles.edit3,'string')); 
angle3 = str2double(angle3); 

  
pwm3 = -9.765*angle3 + 1537.3; 
pwm3=round(pwm3) 

  
servo3 = sprintf('#2 P%d T3000',pwm3); 
fprintf(s,servo3); 

  
% Servo motor #4 
angle4 = (get(handles.edit4,'string')); 
angle4 = str2double(angle4); 

  
pwm4 = -10.3*angle4 + 1508.8; 
pwm4=round(pwm4) 

  
servo4 = sprintf('#3 P%d T3000',pwm4); 
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fprintf(s,servo4); 

  
% Servo motor #5 
angle5 = (get(handles.edit5,'string')); 
angle5 = str2double(angle5); 

  
pwm5 = 11.65*angle5 + 1335.14; 
pwm5=round(pwm5) 

  
servo5 = sprintf('#4 P%d T3000',pwm5); 
fprintf(s,servo5); 

  
%% Delete serial port 

  
fclose(s); 
delete(s); 
%Sport=instrfind 
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inverse_simulation.m 

Σν inverse_simulation.m δεκηνπξγεί ηε γξαθηθή δηεπαθή γηα ηελ πξνζνκνίσζε 

ηνπ εηθνληθνύ βξαρίνλα, ρξεζηκνπνηώληαο ην αληίζηξνθν θηλεκαηηθό πξόβιεκα. 

 

function varargout = inverse_simulation(varargin) 
% INVERSE_SIMULATION M-file for inverse_simulation.fig 
%      INVERSE_SIMULATION, by itself, creates a new 

INVERSE_SIMULATION or raises the existing 
%      singleton*. 
% 
%      H = INVERSE_SIMULATION returns the handle to a new 

INVERSE_SIMULATION or the handle to 
%      the existing singleton*. 
% 
%      INVERSE_SIMULATION('CALLBACK',hObject,eventData,handles,...) 

calls the local 
%      function named CALLBACK in INVERSE_SIMULATION.M with the given 

input arguments. 
% 
%      INVERSE_SIMULATION('Property','Value',...) creates a new 

INVERSE_SIMULATION or raises the 
%      existing singleton*.  Starting from the left, property value 

pairs are 
%      applied to the GUI before inverse_simulation_OpeningFcn gets 

called.  An 
%      unrecognized property name or invalid value makes property 

application 
%      stop.  All inputs are passed to inverse_simulation_OpeningFcn 

via varargin. 
% 
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows 

only one 
%      instance to run (singleton)". 
% 
% See also: GUIDE, GUIDATA, GUIHANDLES 

  
% Edit the above text to modify the response to help 

inverse_simulation 

  
% Last Modified by GUIDE v2.5 25-Sep-2009 19:32:10 

  
% Begin initialization code - DO NOT EDIT 
gui_Singleton = 1; 
gui_State = struct('gui_Name',       mfilename, ... 
                   'gui_Singleton',  gui_Singleton, ... 
                   'gui_OpeningFcn', @inverse_simulation_OpeningFcn, 

... 
                   'gui_OutputFcn',  @inverse_simulation_OutputFcn, 

... 
                   'gui_LayoutFcn',  [] , ... 
                   'gui_Callback',   []); 
if nargin && ischar(varargin{1}) 
    gui_State.gui_Callback = str2func(varargin{1}); 
end 

  
if nargout 
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 
else 
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    gui_mainfcn(gui_State, varargin{:}); 
end 
% End initialization code - DO NOT EDIT 

  

  
% --- Executes just before inverse_simulation is made visible. 
function inverse_simulation_OpeningFcn(hObject, eventdata, handles, 

varargin) 
% This function has no output args, see OutputFcn. 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
% varargin   command line arguments to inverse_simulation (see 

VARARGIN) 

  
% Choose default command line output for inverse_simulation 
handles.output = hObject; 

  
% Update handles structure 
guidata(hObject, handles); 

  
% UIWAIT makes inverse_simulation wait for user response (see 

UIRESUME) 
% uiwait(handles.figure1 

  
%Initialization of the robot's position 
pushbutton2_Callback(hObject, eventdata, handles) 

  

  
% --- Outputs from this function are returned to the command line. 
function varargout = inverse_simulation_OutputFcn(hObject, eventdata, 

handles)  
% varargout  cell array for returning output args (see VARARGOUT); 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Get default command line output from handles structure 
varargout{1} = handles.output; 

  

  
% --- Total trasformation matrix. 
function [handles] = inverse(handles) 
xx=(get(handles.slider1,'value')); 
yy=(get(handles.slider2,'value')); 
zz=(get(handles.slider3,'value')); 

  
gripper=(get(handles.slider4,'value')); 

  
angles=inverse_simple_calc(xx,yy,zz); 
global result; 
result=forward_calc([angles],gripper); 

  
set(handles.text1,'string',num2str(result.T(1,1),'%6.4f')); 
set(handles.text2,'string',num2str(result.T(1,2),'%6.4f')); 
set(handles.text3,'string',num2str(result.T(1,3),'%6.4f')); 
set(handles.text4,'string',num2str(result.T(1,4),'%6.4f')); 
set(handles.text5,'string',num2str(result.T(2,1),'%6.4f')); 



ΠΑΡΑΡΣΖΜΑΣΑ  

 95  

set(handles.text6,'string',num2str(result.T(2,2),'%6.4f')); 
set(handles.text7,'string',num2str(result.T(2,3),'%6.4f')); 
set(handles.text8,'string',num2str(result.T(2,4),'%6.4f')); 
set(handles.text9,'string',num2str(result.T(3,1),'%6.4f')); 
set(handles.text10,'string',num2str(result.T(3,2),'%6.4f')); 
set(handles.text11,'string',num2str(result.T(3,3),'%6.4f')); 
set(handles.text12,'string',num2str(result.T(3,4),'%6.4f')); 

  
set(handles.edit5,'string',num2str(angles(1),'%6.4f')); 
set(handles.edit6,'string',num2str(angles(2),'%6.4f')); 
set(handles.edit7,'string',num2str(angles(3),'%6.4f')); 
set(handles.edit8,'string',num2str(angles(4),'%6.4f')); 

  
%% 

  

  
% --- Axis X slider movement. 
function slider1_Callback(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp1=(get(handles.slider1,'value')); 

  
set(handles.edit1,'String',temp1); 
set(handles.edit9,'String',temp1); 
set(handles.text4,'string',temp1); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function slider1_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Axis Y slider movement. 
function slider2_Callback(hObject, eventdata, handles) 
% hObject    handle to slider2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 
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temp2=(get(handles.slider2,'value')); 

  
set(handles.edit2,'String',temp2); 
set(handles.edit10,'String',temp2); 
set(handles.text8,'string',temp2); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function slider2_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Axis Z slider movement. 
function slider3_Callback(hObject, eventdata, handles) 
% hObject    handle to slider3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp3=(get(handles.slider3,'value')); 

  
set(handles.edit3,'String',temp3); 
set(handles.edit11,'String',temp3); 
set(handles.text12,'string',temp3); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider3_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Gripper slider movement. 
function slider4_Callback(hObject, eventdata, handles) 
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% hObject    handle to slider4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp4=(get(handles.slider4,'value')); 
set(handles.edit4,'String',temp4); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider4_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Simulate! pushbutton. 
function pushbutton1_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
[handles] = inverse(handles); 

  
temp1=str2double(get(handles.edit5,'string')); 
temp2=str2double(get(handles.edit6,'string')); 
temp3=str2double(get(handles.edit7,'string')); 
temp4=str2double(get(handles.edit8,'string')); 
temp5=str2double(get(handles.edit4,'string')); 

  
opts = simset('SrcWorkspace','current'); 

  
value_1=temp1; 
value_2=temp2; 
value_3=temp3; 
value_4=temp4; 
value_5=temp5; 

  
sim('gui_roboarm',[],opts); 

  

  
% --- Start point pushbutton. 
function pushbutton2_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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set(handles.edit1,'string','0'); 
set(handles.edit9,'string','0'); 
set(handles.edit2,'string','0.2667'); 
set(handles.edit10,'string','0.2667'); 
set(handles.edit3,'string','0.0258'); 
set(handles.edit11,'string','0.0258'); 
set(handles.edit4,'string','0'); 
set(handles.slider1,'value',0); 
set(handles.slider2,'value',0.2667); 
set(handles.slider3,'value',0.0258); 
set(handles.slider4,'value',0); 

  
set(handles.edit5,'string','0'); 
set(handles.edit6,'string','28'); 
set(handles.edit7,'string','38'); 
set(handles.edit8,'string','24'); 

  
set(handles.text1,'string','0.0000'); 
set(handles.text2,'string','0.0000'); 
set(handles.text3,'string','-1.0000'); 
set(handles.text4,'string','0.0000'); 
set(handles.text5,'string','0.0000'); 
set(handles.text6,'string','-1.0000'); 
set(handles.text7,'string','0.0000'); 
set(handles.text8,'string','0.2667'); 
set(handles.text9,'string','-1.0000'); 
set(handles.text10,'string','0.0000'); 
set(handles.text11,'string','0.0000'); 
set(handles.text12,'string','0.0258'); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Exit pushbutton. 
function pushbutton3_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
delete(inverse_simulation); 

  

  
% --- Close gripper pushbutton. 
function pushbutton4_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit4,'string','100'); 
set(handles.slider4,'value',100); 

  
temp1=str2double(get(handles.edit5,'string')); 
temp2=str2double(get(handles.edit6,'string')); 
temp3=str2double(get(handles.edit7,'string')); 
temp4=str2double(get(handles.edit8,'string')); 
temp5=str2double(get(handles.edit4,'string')); 

  
opts = simset('SrcWorkspace','current'); 
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value_1=temp1; 
value_2=temp2; 
value_3=temp3; 
value_4=temp4; 
value_5=temp5; 

  
sim('gui_roboarm',[],opts); 

  

  
% --- Open gripper pushbutton. 
function pushbutton5_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit4,'string','0'); 
set(handles.slider4,'value',0); 

  
temp1=str2double(get(handles.edit5,'string')); 
temp2=str2double(get(handles.edit6,'string')); 
temp3=str2double(get(handles.edit7,'string')); 
temp4=str2double(get(handles.edit8,'string')); 
temp5=str2double(get(handles.edit4,'string')); 

  
opts = simset('SrcWorkspace','current'); 

  
value_1=temp1; 
value_2=temp2; 
value_3=temp3; 
value_4=temp4; 
value_5=temp5; 

  
sim('gui_roboarm',[],opts); 

  

  
% --- Axis X slider edit. 
function edit1_Callback(hObject, eventdata, handles) 
% hObject    handle to edit1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit1 as text 
%        str2double(get(hObject,'String')) returns contents of edit1 

as a double 

  
n=str2double(get(handles.edit1,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between -0.55 and 0.55 

degrees.','Invalid value','modal'); 
    temp1=(get(handles.slider1,'value')); 
    set(handles.edit1,'String',temp1); 
else 
    if (n>0.55 || n<-0.55) 
        errordlg('You must enter a value between -0.55 and 0.55 

degrees.','Invalid value','modal'); 
        temp1=(get(handles.slider1,'value')); 
        set(handles.edit1,'String',temp1); 
    else 
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        set(handles.slider1,'value',n); 
    end 
end 

  
temp1=(get(handles.slider1,'value')); 

  
set(handles.edit9,'String',temp1); 
set(handles.text4,'string',temp1); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit1_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis Y slider edit. 
function edit2_Callback(hObject, eventdata, handles) 
% hObject    handle to edit2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit2 as text 
%        str2double(get(hObject,'String')) returns contents of edit2 

as a double 

  
n=str2double(get(handles.edit2,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between 0.1 and 0.55 

degrees.','Invalid value','modal'); 
    temp2=(get(handles.slider2,'value')); 
    set(handles.edit2,'String',temp2); 
else 
    if (n>0.55 || n<0.1) 
        errordlg('You must enter a value between 0.1 and 0.55 

degrees.','Invalid value','modal'); 
        temp2=(get(handles.slider2,'value')); 
        set(handles.edit2,'String',temp2); 
    else 
        set(handles.slider2,'value',n); 
    end 
end 

  
temp2=(get(handles.slider2,'value')); 

  
set(handles.edit10,'String',temp2); 
set(handles.text8,'string',temp2); 
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pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit2_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis Z slider edit. 
function edit3_Callback(hObject, eventdata, handles) 
% hObject    handle to edit3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit3 as text 
%        str2double(get(hObject,'String')) returns contents of edit3 

as a double 

  
n=str2double(get(handles.edit3,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between 0 and 0.72 

degrees.','Invalid value','modal'); 
    temp3=(get(handles.slider3,'value')); 
    set(handles.edit3,'String',temp3); 
else 
    if (n>0.72 || n<0) 
        errordlg('You must enter a value between 0 and 0.72 

degrees.','Invalid value','modal'); 
        temp3=(get(handles.slider3,'value')); 
        set(handles.edit3,'String',temp3); 
    else 
        set(handles.slider3,'value',n); 
    end 
end 

  
temp3=(get(handles.slider3,'value')); 

  
set(handles.edit11,'String',temp3); 
set(handles.text12,'string',temp3); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit3_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
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% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Gripper edit. 
function edit4_Callback(hObject, eventdata, handles) 
% hObject    handle to edit4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit4 as text 
%        str2double(get(hObject,'String')) returns contents of edit4 

as a double 
n=str2double(get(handles.edit4,'string')); 
if isnan(n) 
    errordlg('You must enter a numeric value between 0 and 

100.','Invalid value','modal'); 
    temp4=(get(handles.slider4,'value')); 
    set(handles.edit4,'String',temp4); 
else 
    if (n>100 || n<0) 
        errordlg('You must enter a value between 0 and 100.','Invalid 

value','modal'); 
        temp4=(get(handles.slider4,'value')); 
        set(handles.edit4,'String',temp4); 
    else 
        set(handles.slider4,'value',n); 
    end 
end 
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit4_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th1 edit. 
function edit5_Callback(hObject, eventdata, handles) 
% hObject    handle to edit5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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% Hints: get(hObject,'String') returns contents of edit5 as text 
%        str2double(get(hObject,'String')) returns contents of edit5 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit5_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th2 edit. 
function edit6_Callback(hObject, eventdata, handles) 
% hObject    handle to edit6 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit6 as text 
%        str2double(get(hObject,'String')) returns contents of edit6 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit6_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit6 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th3 edit. 
function edit7_Callback(hObject, eventdata, handles) 
% hObject    handle to edit7 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit7 as text 
%        str2double(get(hObject,'String')) returns contents of edit7 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
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function edit7_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit7 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th4 edit. 
function edit8_Callback(hObject, eventdata, handles) 
% hObject    handle to edit8 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit8 as text 
%        str2double(get(hObject,'String')) returns contents of edit8 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit8_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit8 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis X edit. 
function edit9_Callback(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit9 as text 
%        str2double(get(hObject,'String')) returns contents of edit9 

as a double 

  
    temp1=(get(handles.slider1,'value')); 

  
    set(handles.edit9,'String',temp1); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit9_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
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% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis Y edit. 
function edit10_Callback(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit10 as text 
%        str2double(get(hObject,'String')) returns contents of edit10 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit10_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis Z edit. 
function edit11_Callback(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit11 as text 
%        str2double(get(hObject,'String')) returns contents of edit11 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit11_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
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if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% -------------------------------------------------------------------

- 
function Help_Callback(hObject, eventdata, handles) 
% hObject    handle to Help (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
open('user_guide.pdf'); 

  

  
% -------------------------------------------------------------------

- 
function Kinematics_Callback(hObject, eventdata, handles) 
% hObject    handle to Kinematics (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Simulation_Mode_Callback(hObject, eventdata, handles) 
% hObject    handle to Simulation_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Real_Mode_Callback(hObject, eventdata, handles) 
% hObject    handle to Real_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Forward_Kinematics_Real_Mode_Callback(hObject, eventdata, 

handles) 
% hObject    handle to Forward_Kinematics_Real_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Inverse_Kinematics_Real_Mode_Callback(hObject, eventdata, 

handles) 
% hObject    handle to Inverse_Kinematics_Real_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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% -------------------------------------------------------------------

- 
function Forward_Kinematics_Simulation_Mode_Callback(hObject, 

eventdata, handles) 
% hObject    handle to Forward_Kinematics_Simulation_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Inverse_Kinematics_Simulation_Mode_Callback(hObject, 

eventdata, handles) 
% hObject    handle to Inverse_Kinematics_Simulation_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Exit_Callback(hObject, eventdata, handles) 
% hObject    handle to Exit (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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inverse_simple_calc.m 

Σν inverse_simple_calc.m ππνινγίδεη ην αληίζηξνθν θηλεκαηηθό πξόβιεκα. 

 

function [angles]=inverse_simple_calc(xx,yy,zz) 

  
% th1 evaluation. 
if yy==0 & xx<0, th1= 90;,                 end 
if yy==0 & xx>0, th1=-90;,                 end 
if yy~=0,        th1=-atan(xx/yy)*180/pi;, end 

  
% Lengths definition. 

  
A=0.1047;, L1=0.2910;, d=0.0220;, L2=0.2720;, L3=0.0770; 

  
Y=sqrt(L1^2+d^2); 

  
w=acos(L1/Y)*180/pi; 

  
px=sqrt(xx^2+yy^2);, py=zz+L3-A; 

  
th3=w-asin((px^2+py^2-Y^2-L2^2)/2/Y/L2)*180/pi; 

  
K=Y*cos(w*pi/180)-L2*sin(th3*pi/180); 
L=Y*sin(w*pi/180)+L2*cos(th3*pi/180); 

  
th2=asin((px*K-py*L)/(L^2+K^2))*180/pi; 

  
th4=90-th2-th3; 

  
angles=[th1 th2 th3 th4]; 
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inverse_real.m 

Σν inverse_real.m δεκηνπξγεί ηε γξαθηθή δηεπαθή γηα ηελ πξαγκαηηθή θίλεζε ηνπ 

βξαρίνλα, ρξεζηκνπνηώληαο ην αληίζηξνθν θηλεκαηηθό πξόβιεκα. 

 

function varargout = inverse_real(varargin) 
% INVERSE_REAL M-file for inverse_real.fig 
%      INVERSE_REAL, by itself, creates a new INVERSE_REAL or raises 

the existing 
%      singleton*. 
% 
%      H = INVERSE_REAL returns the handle to a new INVERSE_REAL or 

the handle to 
%      the existing singleton*. 
% 
%      INVERSE_REAL('CALLBACK',hObject,eventData,handles,...) calls 

the local 
%      function named CALLBACK in INVERSE_REAL.M with the given input 

arguments. 
% 
%      INVERSE_REAL('Property','Value',...) creates a new 

INVERSE_REAL or raises the 
%      existing singleton*.  Starting from the left, property value 

pairs are 
%      applied to the GUI before inverse_real_OpeningFcn gets called.  

An 
%      unrecognized property name or invalid value makes property 

application 
%      stop.  All inputs are passed to inverse_real_OpeningFcn via 

varargin. 
% 
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows 

only one 
%      instance to run (singleton)". 
% 
% See also: GUIDE, GUIDATA, GUIHANDLES 

  
% Edit the above text to modify the response to help inverse_real 

  
% Last Modified by GUIDE v2.5 30-Sep-2009 22:58:31 

  
% Begin initialization code - DO NOT EDIT 
gui_Singleton = 1; 
gui_State = struct('gui_Name',       mfilename, ... 
                   'gui_Singleton',  gui_Singleton, ... 
                   'gui_OpeningFcn', @inverse_real_OpeningFcn, ... 
                   'gui_OutputFcn',  @inverse_real_OutputFcn, ... 
                   'gui_LayoutFcn',  [] , ... 
                   'gui_Callback',   []); 
if nargin && ischar(varargin{1}) 
    gui_State.gui_Callback = str2func(varargin{1}); 
end 

  
if nargout 
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 
else 
    gui_mainfcn(gui_State, varargin{:}); 
end 
% End initialization code - DO NOT EDIT 
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% --- Executes just before inverse_real is made visible. 
function inverse_real_OpeningFcn(hObject, eventdata, handles, 

varargin) 
% This function has no output args, see OutputFcn. 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
% varargin   command line arguments to inverse_real (see VARARGIN) 

  
% Choose default command line output for inverse_real 
handles.output = hObject; 

  
% Update handles structure 
guidata(hObject, handles); 

  
% UIWAIT makes inverse_real wait for user response (see UIRESUME) 
% uiwait(handles.figure1 

  
%Initialization of the robot's position 
pushbutton2_Callback(hObject, eventdata, handles) 

  

  
% --- Outputs from this function are returned to the command line. 
function varargout = inverse_real_OutputFcn(hObject, eventdata, 

handles)  
% varargout  cell array for returning output args (see VARARGOUT); 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Get default command line output from handles structure 
varargout{1} = handles.output; 

  

  
% --- Total trasformation matrix. 
function [handles] = inverse(handles) 
xx=(get(handles.slider1,'value')); 
yy=(get(handles.slider2,'value')); 
zz=(get(handles.slider3,'value')); 

  
gripper=(get(handles.slider4,'value')); 

  
angles=inverse_simple_calc(xx,yy,zz); 
global result; 
result=forward_calc([angles],gripper); 

  
set(handles.text1,'string',num2str(result.T(1,1),'%6.4f')); 
set(handles.text2,'string',num2str(result.T(1,2),'%6.4f')); 
set(handles.text3,'string',num2str(result.T(1,3),'%6.4f')); 
set(handles.text4,'string',num2str(result.T(1,4),'%6.4f')); 
set(handles.text5,'string',num2str(result.T(2,1),'%6.4f')); 
set(handles.text6,'string',num2str(result.T(2,2),'%6.4f')); 
set(handles.text7,'string',num2str(result.T(2,3),'%6.4f')); 
set(handles.text8,'string',num2str(result.T(2,4),'%6.4f')); 
set(handles.text9,'string',num2str(result.T(3,1),'%6.4f')); 
set(handles.text10,'string',num2str(result.T(3,2),'%6.4f')); 
set(handles.text11,'string',num2str(result.T(3,3),'%6.4f')); 
set(handles.text12,'string',num2str(result.T(3,4),'%6.4f')); 
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set(handles.edit5,'string',num2str(angles(1),'%6.4f')); 
set(handles.edit6,'string',num2str(angles(2),'%6.4f')); 
set(handles.edit7,'string',num2str(angles(3),'%6.4f')); 
set(handles.edit8,'string',num2str(angles(4),'%6.4f')); 

  
%% 

  

  
% --- Axis X slider movement. 
function slider1_Callback(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp1=(get(handles.slider1,'value')); 

  
set(handles.edit1,'String',temp1); 
set(handles.edit9,'String',temp1); 
set(handles.text4,'string',temp1); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function slider1_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Axis Y slider movement. 
function slider2_Callback(hObject, eventdata, handles) 
% hObject    handle to slider2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp2=(get(handles.slider2,'value')); 

  
set(handles.edit2,'String',temp2); 
set(handles.edit10,'String',temp2); 
set(handles.text8,'string',temp2); 

  
pushbutton1_Callback(hObject, eventdata, handles); 
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% --- Executes during object creation, after setting all properties. 
function slider2_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Axis Z slider movement. 
function slider3_Callback(hObject, eventdata, handles) 
% hObject    handle to slider3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp3=(get(handles.slider3,'value')); 

  
set(handles.edit3,'String',temp3); 
set(handles.edit11,'String',temp3); 
set(handles.text12,'string',temp3); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider3_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Executes on slider movement. 
function slider4_Callback(hObject, eventdata, handles) 
% hObject    handle to slider4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'Value') returns position of slider 
%        get(hObject,'Min') and get(hObject,'Max') to determine range 

of slider 

  
temp4=(get(handles.slider4,'value')); 
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set(handles.edit4,'String',temp4); 

  
pushbutton1_Callback(hObject, eventdata, handles) 

  

  
% --- Executes during object creation, after setting all properties. 
function slider4_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to slider4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: slider controls usually have a light gray background. 
if isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor',[.9 .9 .9]); 
end 

  

  
% --- Simulate! pushbutton. 
function pushbutton1_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
[handles] = inverse(handles); 

  
temp1=str2double(get(handles.edit5,'string')); 
temp2=str2double(get(handles.edit6,'string')); 
temp3=str2double(get(handles.edit7,'string')); 
temp4=str2double(get(handles.edit8,'string')); 
temp5=str2double(get(handles.edit4,'string')); 

  
opts = simset('SrcWorkspace','current'); 

  
value_1=temp1; 
value_2=temp2; 
value_3=temp3; 
value_4=temp4; 
value_5=temp5; 

  
sim('gui_roboarm',[],opts); 

  

  
% --- Start point pushbutton. 
function pushbutton2_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit1,'string','0'); 
set(handles.edit9,'string','0'); 
set(handles.edit2,'string','0.2667'); 
set(handles.edit10,'string','0.2667'); 
set(handles.edit3,'string','0.0258'); 
set(handles.edit11,'string','0.0258'); 
set(handles.edit4,'string','0'); 
set(handles.slider1,'value',0); 
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set(handles.slider2,'value',0.2667); 
set(handles.slider3,'value',0.0258); 
set(handles.slider4,'value',0); 

  
set(handles.edit5,'string','0'); 
set(handles.edit6,'string','28'); 
set(handles.edit7,'string','38'); 
set(handles.edit8,'string','24'); 

  
set(handles.text1,'string','0.0000'); 
set(handles.text2,'string','0.0000'); 
set(handles.text3,'string','-1.0000'); 
set(handles.text4,'string','0.0000'); 
set(handles.text5,'string','0.0000'); 
set(handles.text6,'string','-1.0000'); 
set(handles.text7,'string','0.0000'); 
set(handles.text8,'string','0.2667'); 
set(handles.text9,'string','-1.0000'); 
set(handles.text10,'string','0.0000'); 
set(handles.text11,'string','0.0000'); 
set(handles.text12,'string','0.0258'); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Exit pushbutton. 
function pushbutton3_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
delete(inverse_real); 

  

  
% --- Close gripper pushbutton. 
function pushbutton4_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit4,'string','100'); 
set(handles.slider4,'value',100); 

  
temp1=str2double(get(handles.edit5,'string')); 
temp2=str2double(get(handles.edit6,'string')); 
temp3=str2double(get(handles.edit7,'string')); 
temp4=str2double(get(handles.edit8,'string')); 
temp5=str2double(get(handles.edit4,'string')); 

  
opts = simset('SrcWorkspace','current'); 

  
value_1=temp1; 
value_2=temp2; 
value_3=temp3; 
value_4=temp4; 
value_5=temp5; 

  
sim('gui_roboarm',[],opts); 
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% --- Open gripper pushbutton. 
function pushbutton5_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit4,'string','0'); 
set(handles.slider4,'value',0); 

  
temp1=str2double(get(handles.edit5,'string')); 
temp2=str2double(get(handles.edit6,'string')); 
temp3=str2double(get(handles.edit7,'string')); 
temp4=str2double(get(handles.edit8,'string')); 
temp5=str2double(get(handles.edit4,'string')); 

  
opts = simset('SrcWorkspace','current'); 

  
value_1=temp1; 
value_2=temp2; 
value_3=temp3; 
value_4=temp4; 
value_5=temp5; 

  
sim('gui_roboarm',[],opts); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Move robot pushbutton. 
function pushbutton6_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton6 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Serial communication 
[handles] = inverse_serial(handles); 

  

  
% --- Axis X slider edit. 
function edit1_Callback(hObject, eventdata, handles) 
% hObject    handle to edit1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit1 as text 
%        str2double(get(hObject,'String')) returns contents of edit1 

as a double 

  
n=str2double(get(handles.edit1,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between -0.55 and 0.55 

degrees.','Invalid value','modal'); 
    temp1=(get(handles.slider1,'value')); 
    set(handles.edit1,'String',temp1); 
else 
    if (n>0.55 || n<-0.55) 
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        errordlg('You must enter a value between -0.55 and 0.55 

degrees.','Invalid value','modal'); 
        temp1=(get(handles.slider1,'value')); 
        set(handles.edit1,'String',temp1); 
    else 
        set(handles.slider1,'value',n); 
    end 
end 

  
temp1=(get(handles.slider1,'value')); 

  
set(handles.edit9,'String',temp1); 
set(handles.text4,'string',temp1); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit1_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis Y slider edit. 
function edit2_Callback(hObject, eventdata, handles) 
% hObject    handle to edit2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit2 as text 
%        str2double(get(hObject,'String')) returns contents of edit2 

as a double 

  
n=str2double(get(handles.edit2,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between 0.1 and 0.55 

degrees.','Invalid value','modal'); 
    temp2=(get(handles.slider2,'value')); 
    set(handles.edit2,'String',temp2); 
else 
    if (n>0.55 || n<0.1) 
        errordlg('You must enter a value between 0.1 and 0.55 

degrees.','Invalid value','modal'); 
        temp2=(get(handles.slider2,'value')); 
        set(handles.edit2,'String',temp2); 
    else 
        set(handles.slider2,'value',n); 
    end 
end 
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temp2=(get(handles.slider2,'value')); 

  
set(handles.edit10,'String',temp2); 
set(handles.text8,'string',temp2); 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit2_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis Z slider edit. 
function edit3_Callback(hObject, eventdata, handles) 
% hObject    handle to edit3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit3 as text 
%        str2double(get(hObject,'String')) returns contents of edit3 

as a double 

  
n=str2double(get(handles.edit3,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between 0 and 0.72 

degrees.','Invalid value','modal'); 
    temp3=(get(handles.slider3,'value')); 
    set(handles.edit3,'String',temp3); 
else 
    if (n>0.72 || n<0) 
        errordlg('You must enter a value between 0 and 0.72 

degrees.','Invalid value','modal'); 
        temp3=(get(handles.slider3,'value')); 
        set(handles.edit3,'String',temp3); 
    else 
        set(handles.slider3,'value',n); 
    end 
end 

  
temp3=(get(handles.slider3,'value')); 

  
set(handles.edit11,'String',temp3); 
set(handles.text12,'string',temp3); 

  
pushbutton1_Callback(hObject, eventdata, handles); 
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% --- Executes during object creation, after setting all properties. 
function edit3_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Gripper edit. 
function edit4_Callback(hObject, eventdata, handles) 
% hObject    handle to edit4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit4 as text 
%        str2double(get(hObject,'String')) returns contents of edit4 

as a double 

  
n=str2double(get(handles.edit4,'string')); 

  
if isnan(n) 
    errordlg('You must enter a numeric value between 0 and 

100.','Invalid value','modal'); 
    temp4=(get(handles.slider4,'value')); 
    set(handles.edit4,'String',temp4); 
else 
    if (n>100 || n<0) 
        errordlg('You must enter a value between 0 and 100.','Invalid 

value','modal'); 
        temp4=(get(handles.slider4,'value')); 
        set(handles.edit4,'String',temp4); 
    else 
        set(handles.slider4,'value',n); 
    end 
end 

  
pushbutton1_Callback(hObject, eventdata, handles); 

  

  
% --- Executes during object creation, after setting all properties. 
function edit4_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 
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% --- Angle th1 edit. 
function edit5_Callback(hObject, eventdata, handles) 
% hObject    handle to edit5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit5 as text 
%        str2double(get(hObject,'String')) returns contents of edit5 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit5_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th2 edit. 
function edit6_Callback(hObject, eventdata, handles) 
% hObject    handle to edit6 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit6 as text 
%        str2double(get(hObject,'String')) returns contents of edit6 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit6_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit6 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th3 edit. 
function edit7_Callback(hObject, eventdata, handles) 
% hObject    handle to edit7 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit7 as text 
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%        str2double(get(hObject,'String')) returns contents of edit7 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit7_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit7 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Angle th4 edit. 
function edit8_Callback(hObject, eventdata, handles) 
% hObject    handle to edit8 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit8 as text 
%        str2double(get(hObject,'String')) returns contents of edit8 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit8_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit8 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis X edit. 
function edit9_Callback(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit9 as text 
%        str2double(get(hObject,'String')) returns contents of edit9 

as a double 

     
    temp1=(get(handles.slider1,'value')); 

  
    set(handles.edit9,'String',temp1); 
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% --- Executes during object creation, after setting all properties. 
function edit9_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis Y edit. 
function edit10_Callback(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit10 as text 
%        str2double(get(hObject,'String')) returns contents of edit10 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit10_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Axis Z edit. 
function edit11_Callback(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit11 as text 
%        str2double(get(hObject,'String')) returns contents of edit11 

as a double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit11_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns 

called 
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% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% -------------------------------------------------------------------

- 
function Help_Callback(hObject, eventdata, handles) 
% hObject    handle to Help (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
open('user_guide.pdf'); 

  

  
% -------------------------------------------------------------------

- 
function Kinematics_Callback(hObject, eventdata, handles) 
% hObject    handle to Kinematics (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Serial_Port_Callback(hObject, eventdata, handles) 
% hObject    handle to Serial_Port (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Simulation_Mode_Callback(hObject, eventdata, handles) 
% hObject    handle to Simulation_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Real_Mode_Callback(hObject, eventdata, handles) 
% hObject    handle to Real_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Forward_Kinematics_Real_Mode_Callback(hObject, eventdata, 

handles) 
% hObject    handle to Forward_Kinematics_Real_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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% -------------------------------------------------------------------

- 
function Inverse_Kinematics_Real_Mode_Callback(hObject, eventdata, 

handles) 
% hObject    handle to Inverse_Kinematics_Real_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Forward_Kinematics_Simulation_Mode_Callback(hObject, 

eventdata, handles) 
% hObject    handle to Forward_Kinematics_Simulation_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Inverse_Kinematics_Simulation_Mode_Callback(hObject, 

eventdata, handles) 
% hObject    handle to Inverse_Kinematics_Simulation_Mode (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  

  
% -------------------------------------------------------------------

- 
function Exit_Callback(hObject, eventdata, handles) 
% hObject    handle to Exit (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
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inverse_serial.m 

Σν forward_serial.m ρξεζηκνπνηείηαη γηα ην αληίζηξνθν θηλεκαηηθό θαη είλαη 

ππεύζπλν, γηα ηε ζεηξηαθή επηθνηλσλία ηνπ ππνινγηζηή κε ηνλ πξαγκαηηθό βξαρίνλα 

θαη ηνλ έιεγρν ησλ πέληε ζεξβνθηλεηήξσλ ηνπ. 

 

function [handles] = inverse_serial(handles) 

  
%% Create serial port 

  
s=serial('COM1'); 
s.BaudRate = 115200; 
s.Terminator = 'CR/LF'; 
fopen(s); 
%Sport=instrfind 

  
%% Servo move 

  
% Servo motor #1 
angle1 = (get(handles.edit5,'string')); 
angle1 = str2double(angle1); 

  
x= 0.1*(angle1)+10; 
pwm1 = -93.04*x + 2347.9; 
pwm1=round(pwm1) 

  
servo1 = sprintf('#0 P%d T3000',pwm1); 
fprintf(s,servo1); 

  
% Servo motor #2 
angle2 = (get(handles.edit6,'string')); 
angle2 = str2double(angle2); 

  
pwm2 = 8.7932*angle2 + 1375.1; 
pwm2=round(pwm2) 

  
servo2 = sprintf('#1 P%d T3000',pwm2); 
fprintf(s,servo2); 

  
% Servo motor #3 
angle3 = (get(handles.edit7,'string')); 
angle3 = str2double(angle3); 

  
pwm3 = -9.765*angle3 + 1537.3; 
pwm3=round(pwm3) 

  
servo3 = sprintf('#2 P%d T3000',pwm3); 
fprintf(s,servo3); 

  
% Servo motor #4 
angle4 = (get(handles.edit8,'string')); 
angle4 = str2double(angle4); 

  
pwm4 = -10.3*angle4 + 1508.8; 
pwm4=round(pwm4) 

  
servo4 = sprintf('#3 P%d T3000',pwm4); 
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fprintf(s,servo4); 

  
% Servo motor #5 
angle5 = (get(handles.edit4,'string')); 
angle5 = str2double(angle5); 

  
pwm5 = 11.65*angle5 + 1335.14; 
pwm5=round(pwm5) 

  
servo5 = sprintf('#4 P%d T3000',pwm5); 
fprintf(s,servo5); 

  
%% Delete serial port 

  
fclose(s); 
delete(s); 
%Sport=instrfind 
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serial_port.m 

Σν serial_port.m ρξεζηκνπνηείηαη γηα ηελ επηινγή ζεηξηαθήο ζύξαο ζηνλ 

ππνινγηζηή. 

 

function serial_port(hObject, eventdata, handles) 
prompt = {'Enter Communication Port Number:'}; 
dlg_title = 'Select Serial Port'; 
num_lines = 1; 
def = {'1'}; 
options.Resize='on'; 

  
commport = inputdlg(prompt,dlg_title,num_lines,def,options); 
commport = str2double(commport); 

  
if isnan(commport) 
    errordlg('Invalid Serial Port.','Bad Input','modal'); 
    commport = 1; 
end 

  
if (commport <1 || commport >16) 
    errordlg('Enter serial between 1 and 16.','Bad Input','modal'); 
else 
    commport = num2str(commport); 
    msgbox(['COM',commport,' Selected'],'Selected serial','modal'); 
end 
%% 
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gui_robot.m 

Σν gui_robot.m δεκηνπξγεί ηε γξαθηθή δηεπαθή ηνπ θεληξηθνύ κελνύ επηινγήο, γηα 

ηελ πξνζνκνίσζε ή ηελ πξαγκαηηθή ιεηηνπξγία ηνπ εηθνληθνύ βξαρίνλα. 

 

function varargout = gui_robot(varargin) 
% GUI_ROBOT M-file for gui_robot.fig 
%      GUI_ROBOT, by itself, creates a new GUI_ROBOT or raises the 

existing 
%      singleton*. 
% 
%      H = GUI_ROBOT returns the handle to a new GUI_ROBOT or the 

handle to 
%      the existing singleton*. 
% 
%      GUI_ROBOT('CALLBACK',hObject,eventData,handles,...) calls the 

local 
%      function named CALLBACK in GUI_ROBOT.M with the given input 

arguments. 
% 
%      GUI_ROBOT('Property','Value',...) creates a new GUI_ROBOT or 

raises the 
%      existing singleton*.  Starting from the left, property value 

pairs are 
%      applied to the GUI before gui_robot_OpeningFcn gets called.  

An 
%      unrecognized property name or invalid value makes property 

application 
%      stop.  All inputs are passed to gui_robot_OpeningFcn via 

varargin. 
% 
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows 

only one 
%      instance to run (singleton)". 
% 
% See also: GUIDE, GUIDATA, GUIHANDLES 

  
% Edit the above text to modify the response to help gui_robot 

  
% Last Modified by GUIDE v2.5 10-Nov-2009 13:17:38 

  
% Begin initialization code - DO NOT EDIT 
gui_Singleton = 1; 
gui_State = struct('gui_Name',       mfilename, ... 
                   'gui_Singleton',  gui_Singleton, ... 
                   'gui_OpeningFcn', @gui_robot_OpeningFcn, ... 
                   'gui_OutputFcn',  @gui_robot_OutputFcn, ... 
                   'gui_LayoutFcn',  [] , ... 
                   'gui_Callback',   []); 
if nargin && ischar(varargin{1}) 
    gui_State.gui_Callback = str2func(varargin{1}); 
end 

  
if nargout 
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 
else 
    gui_mainfcn(gui_State, varargin{:}); 
end 
% End initialization code - DO NOT EDIT 
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% --- Executes just before gui_robot is made visible. 
function gui_robot_OpeningFcn(hObject, eventdata, handles, varargin) 
% This function has no output args, see OutputFcn. 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
% varargin   command line arguments to gui_robot (see VARARGIN) 

  
% Choose default command line output for gui_robot 
handles.output = hObject; 

  
% Update handles structure 
guidata(hObject, handles); 

  
% UIWAIT makes gui_robot wait for user response (see UIRESUME) 
% uiwait(handles.figure1); 

  
% Load the background image into Matlab 
backgroundImage = importdata('robot.jpg'); 

  
% Select the axes 
axes(handles.axes1); 

  
% Place image onto the axes 
image(backgroundImage); 

  
% Remove the axis tick marks 
axis off 

  
%% 

  

  
% --- Outputs from this function are returned to the command line. 
function varargout = gui_robot_OutputFcn(hObject, eventdata, handles)  
% varargout  cell array for returning output args (see VARARGOUT); 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Get default command line output from handles structure 
varargout{1} = handles.output; 

  
set(hObject,'Visible','on'); 

  
%% 

  

  
% --- Forward kinematics simulation mode pushbutton. 
function pushbutton1_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
delete(gui_robot); 
forward_simulation 

  
%% 
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% --- Inverse kinematics simulation mode pushbutton. 
function pushbutton2_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
delete(gui_robot); 
inverse_simulation 

  
%% 

  

  
% --- Forward kinematics real mode pushbutton. 
function pushbutton3_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
delete(gui_robot); 
forward_real 

  
%% 

  

  
% --- Inverse kinematics real mode pushbutton. 
function pushbutton4_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
delete(gui_robot); 
inverse_real 

  
%% 

  

  
% --- Exit pushbutton. 
function pushbutton5_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton5 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
delete(gui_robot); 

  
%% 

 


