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controlar 
impedância não é 
controlar força…

… nem controlar 
posição…

mas sim a relação 
entre eles.
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F = Mẍ+Bẋ+Kx

Inércia Amortecimento Rigidez

Controle de impedância
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vs.

Espaço de juntas vs. Espaço de tarefas
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VS.

Impedância ativa 
(espaço de tarefas)

Impedância passiva
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configuração 
cinemática

controle 
das juntas

⌧
<latexit sha1_base64="FllhGwTAs7fHWukuPik3hahEQfI=">AAACAXicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSYbkjlCGrty71V9wJ279Ev/Az3CmrdD6OBA4nHNfOUEshUXX/XAKK6tr6xvFzdLW9s7uXnn/oGl1YhhvMC21aQfUcikUb6BAydux4TQKJG8Fo+vcb91zY4VWdziOuR/RgRKhYBRzqYs06ZUrXtWdgri/yLdVgTnqvfJnt69ZEnGFTFJrO54bo59Sg4JJPil1E8tjykZ0wDsZVTTi1k+nt07ISab0SahN9hSSqbrYkdLI2nEUZJURxaH96eXiX14nwfDST4WKE+SKzRaFiSSoSf5x0heGM5TjjFBmRHYrYUNqKMMsnqUt+WzUWtrJYjT/k+ZZ1XOr3u15pXY1D6kIR3AMp+DBBdTgBurQAAZDeIQneHYenBfn1XmblRacec8hLMF5/wIMKJgV</latexit><latexit sha1_base64="FllhGwTAs7fHWukuPik3hahEQfI=">AAACAXicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSYbkjlCGrty71V9wJ279Ev/Az3CmrdD6OBA4nHNfOUEshUXX/XAKK6tr6xvFzdLW9s7uXnn/oGl1YhhvMC21aQfUcikUb6BAydux4TQKJG8Fo+vcb91zY4VWdziOuR/RgRKhYBRzqYs06ZUrXtWdgri/yLdVgTnqvfJnt69ZEnGFTFJrO54bo59Sg4JJPil1E8tjykZ0wDsZVTTi1k+nt07ISab0SahN9hSSqbrYkdLI2nEUZJURxaH96eXiX14nwfDST4WKE+SKzRaFiSSoSf5x0heGM5TjjFBmRHYrYUNqKMMsnqUt+WzUWtrJYjT/k+ZZ1XOr3u15pXY1D6kIR3AMp+DBBdTgBurQAAZDeIQneHYenBfn1XmblRacec8hLMF5/wIMKJgV</latexit><latexit sha1_base64="FllhGwTAs7fHWukuPik3hahEQfI=">AAACAXicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSYbkjlCGrty71V9wJ279Ev/Az3CmrdD6OBA4nHNfOUEshUXX/XAKK6tr6xvFzdLW9s7uXnn/oGl1YhhvMC21aQfUcikUb6BAydux4TQKJG8Fo+vcb91zY4VWdziOuR/RgRKhYBRzqYs06ZUrXtWdgri/yLdVgTnqvfJnt69ZEnGFTFJrO54bo59Sg4JJPil1E8tjykZ0wDsZVTTi1k+nt07ISab0SahN9hSSqbrYkdLI2nEUZJURxaH96eXiX14nwfDST4WKE+SKzRaFiSSoSf5x0heGM5TjjFBmRHYrYUNqKMMsnqUt+WzUWtrJYjT/k+ZZ1XOr3u15pXY1D6kIR3AMp+DBBdTgBurQAAZDeIQneHYenBfn1XmblRacec8hLMF5/wIMKJgV</latexit><latexit sha1_base64="FllhGwTAs7fHWukuPik3hahEQfI=">AAACAXicdVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSYbkjlCGrty71V9wJ279Ev/Az3CmrdD6OBA4nHNfOUEshUXX/XAKK6tr6xvFzdLW9s7uXnn/oGl1YhhvMC21aQfUcikUb6BAydux4TQKJG8Fo+vcb91zY4VWdziOuR/RgRKhYBRzqYs06ZUrXtWdgri/yLdVgTnqvfJnt69ZEnGFTFJrO54bo59Sg4JJPil1E8tjykZ0wDsZVTTi1k+nt07ISab0SahN9hSSqbrYkdLI2nEUZJURxaH96eXiX14nwfDST4WKE+SKzRaFiSSoSf5x0heGM5TjjFBmRHYrYUNqKMMsnqUt+WzUWtrJYjT/k+ZZ1XOr3u15pXY1D6kIR3AMp+DBBdTgBurQAAZDeIQneHYenBfn1XmblRacec8hLMF5/wIMKJgV</latexit>

pontos de 
contato

Formas de se controlar a 
impedância de um robô
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- Realimentação intrínseca da 
velocidade e sua compensação
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Controlador de admitância
“Controlador de impedância baseado em posição” 
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Controlador de admitância
“Controlador de impedância baseado em posição” 

Fext
<latexit sha1_base64="lz7Rxv68UU/pKPURYD+VPqCZico=">AAACBHicdVDLSgMxFM34rPVVdekmWARXZVoFXRYFcVnBPqAdSia904ZmJkNyRyxDt+7d6i+4E7f+h3/gZ5hpK1gfBwKHc+4rx4+lMOi6787C4tLyympuLb++sbm1XdjZbRiVaA51rqTSLZ8ZkCKCOgqU0Io1sNCX0PSHF5nfvAVthIpucBSDF7J+JALBGVqpedlN4Q7H3UKxXHInoO4v8mUVyQy1buGj01M8CSFCLpkx7bIbo5cyjYJLGOc7iYGY8SHrQ9vSiIVgvHRy7pgeWqVHA6Xti5BO1O8dKQuNGYW+rQwZDsxPLxP/8toJBmdeKqI4QYj4dFGQSIqKZn+nPaGBoxxZwrgW9lbKB0wzjjahuS3ZbFRKmrlo/ieNSql8XKpcnxSr57OQcmSfHJAjUianpEquSI3UCSdD8kAeyZNz7zw7L87rtHTBmfXskTk4b5+Pi5l/</latexit>

✓1ref
<latexit sha1_base64="tFdryyj2jA0crbh7HdAEuiGTZMY=">AAACD3icdVDLSsNAFJ34rO+oSzeDRXAVkthq3BXduFSwKrQlTKY3dnCSCTM3Qgn9CPdu9RfciVs/wT/wM0xqBRU9MHA4577mRJkUBl33zZqanpmdm68tLC4tr6yu2esbF0blmkObK6n0VcQMSJFCGwVKuMo0sCSScBndHFf+5S1oI1R6jsMMegm7TkUsOMNSCm27iwNAFhZeWGiIR6PQrrtO87DZ3A+o6/jN4NCvSLDX8AKfeo47Rp1McBra792+4nkCKXLJjOl4boa9gmkUXMJosZsbyBi/YdfQKWnKEjC9Ynz5iO6USp/GSpcvRTpWv3cULDFmmERlZcJwYH57lfiX18kxDnqFSLMcIeWfi+JcUlS0ioH2hQaOclgSxrUob6V8wDTjWIb1Y0s1G5WSporm6//0f3LhO96e45816q2jSUg1skW2yS7xyAFpkRNyStqEk1tyTx7Io3VnPVnP1stn6ZQ16dkkP2C9fgDjQJ4L</latexit>

✓2ref
<latexit sha1_base64="B4DoOCfYbRJoXMOqQ1/aUL8e12I=">AAACD3icdVDLSsNAFJ34rO+oSzeDRXAVkthq3BXduFSwKrQlTKY3dnCSCTM3Qgn9CPdu9RfciVs/wT/wM0xqBRU9MHA4577mRJkUBl33zZqanpmdm68tLC4tr6yu2esbF0blmkObK6n0VcQMSJFCGwVKuMo0sCSScBndHFf+5S1oI1R6jsMMegm7TkUsOMNSCm27iwNAFhZ+WGiIR6PQrrtO87DZ3A+o6/jN4NCvSLDX8AKfeo47Rp1McBra792+4nkCKXLJjOl4boa9gmkUXMJosZsbyBi/YdfQKWnKEjC9Ynz5iO6USp/GSpcvRTpWv3cULDFmmERlZcJwYH57lfiX18kxDnqFSLMcIeWfi+JcUlS0ioH2hQaOclgSxrUob6V8wDTjWIb1Y0s1G5WSporm6//0f3LhO96e45816q2jSUg1skW2yS7xyAFpkRNyStqEk1tyTx7Io3VnPVnP1stn6ZQ16dkkP2C9fgDk4Z4M</latexit>

✓3ref
<latexit sha1_base64="jL2p1OSP36yaHFBGJlhocFBRB3M=">AAACD3icdVDLSsNAFJ34tr6iLt0MFsFVSFKrcSe6calgVWhLmExv7OAkE2ZuhBL6Ee7d6i+4E7d+gn/gZ5i0FVT0wMDhnPuaE2VSGHTdd2tqemZ2bn5hsba0vLK6Zq9vXBqVaw4trqTS1xEzIEUKLRQo4TrTwJJIwlV0e1L5V3egjVDpBQ4y6CbsJhWx4AxLKbTtDvYBWVg0wkJDPByGdt11mofN5n5AXcdvBod+RYLGnhf41HPcEepkgrPQ/uj0FM8TSJFLZkzbczPsFkyj4BKGtU5uIGP8lt1Au6QpS8B0i9HlQ7pTKj0aK12+FOlI/d5RsMSYQRKVlQnDvvntVeJfXjvHOOgWIs1yhJSPF8W5pKhoFQPtCQ0c5aAkjGtR3kp5n2nGsQzrx5ZqNiolTRXN1//p/+TSd7yG45/v1Y+OJyEtkC2yTXaJRw7IETklZ6RFOLkjD+SRPFn31rP1Yr2OS6esSc8m+QHr7RPmgp4N</latexit>
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Controlador de impedância
“Controlador de impedância baseado em força” 
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Controlador de impedância
“Controlador de impedância baseado em força” 

⌧3ref
<latexit sha1_base64="b1yI9EPlrCfXzmYPT41+hSwP3PQ=">AAACC3icdVDLSsNAFJ34rPVVdelmsAiuQpK2mu6KblxWsA9oa5lMJ+3QSSbM3Agl9BPcu9VfcCdu/Qj/wM8waStY0QMDh3Pua44XCa7Bsj6MldW19Y3N3FZ+e2d3b79wcNjUMlaUNagUUrU9opngIWsAB8HakWIk8ARreeOrzG/dM6W5DG9hErFeQIYh9zklkEp3XSBxPyn1E8X86bRfKFpmpVqpnLvYMp2KW3Uy4pbKtutg27RmKKIF6v3CZ3cgaRywEKggWndsK4JeQhRwKtg03401iwgdkyHrpDQkAdO9ZHb1FJ+mygD7UqUvBDxTf3YkJNB6EnhpZUBgpH97mfiX14nBd3sJD6MYWEjni/xYYJA4iwAPuGIUxCQlhCqe3orpiChCIQ1qaUs2G6QUOovm+//4f9J0TLtkOjflYu1yEVIOHaMTdIZsdIFq6BrVUQNRpNAjekLPxoPxYrwab/PSFWPRc4SWYLx/Ac9XnPw=</latexit>

⌧2ref
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Controlador de impedância

Hogan, N. (1985). Impedance control: An approach to manipulation: Part II—
Implementation. Journal of dynamic systems, measurement, and control, 107(1), 8-16.

“Controlador de impedância baseado em força” 
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Qual arquitetura 
escolher?
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Prós e contras
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Prós e contras
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Arquitetura clássica
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M M
Actuator 

Dynamics
Velocity Source 

(Admittance)
Transmission 
(Impedance)

Load 
(Admittance)

𝑓

𝜏

Cadeia de atuação
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Rigidez da transmissão

24
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Realimentação intrínseca da velocidade
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Natural velocity feedback:

it does not depend on 

the actuation system!

Boaventura, T., et al. On the role of load motion compensation in high-performance force control. IROS, 2012

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Co
nc

lu
sã

o
Co

nt
ro

le 
de

 im
pe

dâ
nc

ia
Co

nt
ro

le 
de

 fo
rç

a

ARCLab SEM5950/0586 — Prof. Dr. Thiago Boaventura

Realimentação intrínseca da velocidade
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Electric 
actuation

Hydraulic 
actuation

Open-loop torque/force dynamics

Boaventura, T., et al. On the role of load motion compensation in high-performance force control. IROS, 2012
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Boaventura, T., et al. On the role of load motion compensation in high-performance force control. IROS, 2012

Realimentação intrínseca da velocidade

27

It does not depend 
on the actuation 

Zero limits the response.
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Compensação de velocidade baseada em modelo
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Boaventura, T., et al. On the role of load motion compensation in high-performance force control. IROS, 2012
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Compensação de velocidade baseada em modelo
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Hydraulic 
actuation

Feedforward command:

Boaventura, T., et al. On the role of load motion compensation in high-performance force control. IROS, 2012
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Compensação de velocidade baseada em modelo
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Boaventura, T., et al. On the role of load motion compensation in high-performance force control. IROS, 2012
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Compensação de velocidade baseada em modelo
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Compensação de velocidade baseada em modelo
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Calanca, A., et al. (2016). A review of algorithms for compliant control of stiff and fixed-
compliance robots. IEEE/ASME Transactions on Mechatronics

https://www.youtube.com/watch?v=GjKy3EFs3g8

Talk on "Interaction Control for Contact Robotics" by Neville Hogan
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