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Denavit–Hartenberg notace

▶ Metoda pro p̌rǐrazeńı soǔradnicových soustav těles̊um v kinematických řetězćıch

▶ Představena Jacquesem Denavitem a Richardem Hartenbergem v roce 1955

▶ Minimálńı reprezentace

▶ Někdy použ́ıvána v robotice
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Motivace

▶ Uvažujme FK pro planárńı 2-DoF manipulátor
φ1, φ2 → T ∈ SE(2)

▶ T1 = Ty(l0)

▶ T2 = R(φ1)

▶ T3 = R(φ2)

▶ T = T1T2T3
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Motivace
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▶ Uvažujme FK pro planárńı 2-DoF manipulátor
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Motivace

▶ Uvažujme FK pro planárńı 2-DoF manipulátor
φ1, φ2 → T ∈ SE(2)

▶ T1 = Ty(l0)
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Denavit–Hartenberg parametry

▶ Podobná struktura, ale pro prostorové manipulátory

▶ Čty̌ri parametry pro každou transformaci

▶ Tx(a), Tz(d), Rx(α), Rz(θ)
▶ TDH = Rz(θ)Tz(d)Rx(α)Tx(a)

▶ Který z následuj́ıćıch je roven TDH?

1. TDH = Tz(d)Rz(θ)Tx(a)Rx(α)
2. TDH = Rx(α)Tx(a)Rz(θ)Tz(d)

▶ Můžeme vytvǒrit libovolnou SE(3) transformaci pomoćı DH?

▶ Ne, pouze 4 stupně volnosti
▶ Navrženo pro otev̌rené kinematické řetězce s rotačńımi a posuvnými klouby

▶ Soǔradnicové systémy muśı být vhodně uḿıstěny

▶ osa z je v ose rotace/posunu
▶ x1 je kolmá na z0 a z1
▶ x1 prot́ıná z0 a z1
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▶ Tx(a), Tz(d), Rx(α), Rz(θ)
▶ TDH = Rz(θ)Tz(d)Rx(α)Tx(a)
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▶ Soǔradnicové systémy muśı být vhodně uḿıstěny
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1. TDH = Tz(d)Rz(θ)Tx(a)Rx(α)

ano, TxRx = RxTx

2. TDH = Rx(α)Tx(a)Rz(θ)Tz(d)

▶ Můžeme vytvǒrit libovolnou SE(3) transformaci pomoćı DH?
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▶ Ne, pouze 4 stupně volnosti
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▶ osa z je v ose rotace/posunu
▶ x1 je kolmá na z0 a z1
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▶ Podobná struktura, ale pro prostorové manipulátory
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▶ osa z je v ose rotace/posunu
▶ x1 je kolmá na z0 a z1
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▶ Tx(a), Tz(d), Rx(α), Rz(θ)
▶ TDH = Rz(θ)Tz(d)Rx(α)Tx(a)
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Počátečńı a koncová transformace

▶ Nemůžeme vytvǒrit libovolnou SE(3) transformaci pomoćı DH
▶ Namontovat gripper na jiné ḿısto
▶ Definovat jinou referenčńı soustavu

▶ Obvykle definujeme počátečńı a koncovou transformaci
▶ T = T 1

DHT
2
DH...T

n
DH

▶ TFK = TbaseTTee
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Čty̌ri posuvné klouby

▶ Vy̌rešte FK pomoćı DH notace
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Osa z je v ose rotace/posunu
▶ Kde bude osa z ?

1. černá
2. žlutá
3. r̊užová
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Pozor na orientaci
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Známe:
▶ x1 je kolmá na z0 a z1
▶ x1 prot́ıná z0 a z1

▶ Osa x prvńı soǔradnicové soustavy:

1. osa smě̌ruje z obrazovky
2. osa smě̌ruje do obrazovky
3. obě možnosti jsou správné
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Známe x a z,
můžeme určit počátek a y
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Některé soǔradnicové soustavy
mohou být ’mimo’ robota
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Chyb́ı pouze posledńı
soǔradnicová soustava
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Máme 6 soǔradnicových soustav
▶ Počátečńı transformace
▶ 4 DH transformace
▶ Koncová transformace

▶ Zbývá určit DH parametry
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Př́ıklad: prostorový robot v rovině xyz=rgb

▶ Počátečńı transformace: Ty(−l1)Ry(90
◦)

Typ kloubu θ d a α

P 0 d1 0 90◦

P 0 d2 − l3 0 90◦

P 0 d3 − l2 0 90◦

P 0 d4 0 0

▶ Muśıme zahrnout pomocnou
soǔradnicovou soustavu p̌red gripperem
▶ x1 neńı kolmá na z0 a z1

▶ Koncová transformace: Ry(90
◦)Rx(180

◦)
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Závěr

▶ Co je DH notace
▶ TDH = Rz(θ)Tz(d)Rx(α)Tx(a)
▶ Navrženo pro otev̌rené kinematické řetězce s rotačńımi a posuvnými klouby

▶ Jak p̌rǐradit soǔradnicové soustavy


