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CLAIMS 

 

1. A robo�c system comprising: 

a movement genera�on device; 

a tendon coupled to the movement genera�on device and to a robo�c manipulator, 

the tendon being configured to move the robo�c manipulator in response to the movement 

genera�on device; 

an end effector a%ached to the robo�c manipulator, a pose of the end effector 

being dependent on movement of the robo�c manipulator; 

a camera configured to generate an image of the end effector; a mul�-stage neural 

network including: 

a first percep�on block configured to receive the image and generate an image 

processing output representa�ve of a state of an object within the image, 

a policy block configured to generate command signals for movement of the end 

effector, the generated command signals being based on at least i) a goal for the end effector, ii) 

the image processing output and op�onally iii) a �me dependent internal state of the policy 

block, and 

a compensa�on block configured to provide an output for control of the movement 

genera�on device based both the command signals and the image processing output; and 

control logic configured to provide the goal for the end effector to the policy block, 

or to select the policy block based on the goal for the end effector. 

 

2. A robotic system comprising: 

an end effector; 

a movement generation device; 
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a movement coupling component coupled to the movement generation 

device and configured to move the end effector in response to the 

movement generation device; 

a camera configured to generate an image of the end effector; and 

a neural network configured to provide movement command signals to the 

movement generation device, the movement commands being 

configured to reach a goal in the movement of the end effector, the 

movement commands being compensated for variations in the 

movement coupling component based on the image and recurrent nodes 

of the neural network. 

3.The system of claim 1 or 2, wherein the robo�c manipulator and the movement 

genera�on device are separated by a robo�c joint, the robo�c joint being traversed by the 

tendon. 

 

 4.The system of clam 1, 2 or 3, wherein the end effector includes a gripping tool, a cu/ng 

tool, a pushing tool, a pulling tool, or a li0ing tool. 

5.. The system of claim 1-3 or 4, wherein the robo�c manipulator is a member of a 

plurality of robo�c manipulators configured to manipulate the end effector in six degrees of 

freedom. 

6. 

4. The system of claim 1-4 or 5, wherein the first percep�on block is configured to 

classify objects within the image. 

7. 

5. The system of claim 1-5 or 6, wherein the first percep�on block is configured to 

generate the image processing output based on a stereo image. 

8.  

6. The system of claim 1-6 or 7, wherein the first percep�on block is one of a 

plurality of percep�on blocks each associated with a different camera. 

 9.The system of claim 1-7 or 8, wherein the first perception block is one of a plurality 

of perception blocks, and further including a multiplex layer configured to pass 

outputs of the plurality of perception blocks to the policy block. 
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 10.The system of claim 9, wherein the plurality of percep�on blocks is configured to detect 

different image components within an image. 

 11.The system of claim 9 or 10, wherein the plurality of percep�on blocks is configured to 

process images obtained from different cameras. 

12.The system of claim 1-10 or 11 

7. The system of claim 1, wherein the first percep�on block is further configured to 

determine a spa�al rela�onship between the end effector and a target object. 

13. 

 8. The system of claim 1-11 or 12 wherein the first perception block and the policy 

block are trained separately. 

14.The system of claim 1-12 or 13, wherein the percep�on block includes recurrent 

layers whose states are dependent on previously processed images. 

 15.The system of claim 1-13 or 14 wherein the image processing output includes a 

representa�on of the object within a three-dimensional environment including mul�ple 

objects. 

16.The system of claim 1-14 or 15 

9. The system of claim 1, wherein the image processing output includes a 

representa�on of a distance between the end effector and an object within the image, and/or a 

distance between two objects within the image. 

17. 

 10. The system of claim 1-15 or 16, wherein the image processing output includes a 

representa�on of a change in state of an object within the image. 

 18.The system of claim 1-16 or 17, wherein the image processing output is configured to 

es�mate posi�ons of occluded objects within the image. 

19.The system of claim 1-17 or 18, wherein the image processing output includes a 

representa�on of an object within a three-dimensional environment. 

 20.The system of claim 1-18 or 19, wherein the image processing output includes a 

representa�on of a pose of an object within the image or a pose of the end effector. 

21.The system of claim 1-19 or 20 

11. The system of claim 1, wherein the first image processing layer is one of a 

plurality of percep�on blocks configured to process image data in parallel. 
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 22.The system of claim 1-20 or 21, wherein the policy block is one of a plurality of 

alterna�ve policy blocks, each of the plurality of policy blocks being configured to 

generate command signals for a different specific ac�on. 

23.The system of claim 1-21 or 22 

12. The system of claim 1, wherein the policy block is one of a plurality of alterna�ve 

policy blocks, each of the plurality of policy blocks being configured to generate command 

signals for a different class of ac�ons. 

24. 

13. The system of claim 1-22 or 23, wherein the policy block is configured to send 

command signals to the compensa�on block, the command signals being to move the end 

effector a specific distance. 

25.  

14. The system of claim 1-23 or 24, wherein the policy block includes recurrent 

layers configured to make the genera�on of command signals dependent on prior states of the 

policy block. 

26. 

 15. The system of claim 1-24 or 25, wherein the policy block is configured to receive 

outputs of mul�ple percep�on blocks 

 27.The system of claim 1-25 or 26, wherein the command signals include a movement 

distance of the end effector or a force to be applied by the end effector. 

28.The system of claim 1-26 or 27, wherein the policy block is configured to send 

command signals to the compensa�on block, the command signals being generated for 

calibra�on of the compensa�on block. 

29. 

16. The system of claim 1-27 or 28, wherein policy block is configured to process 

output generated using the first percep�on block based on at least a) a prior state of the policy 

block and b) an output of the compensa�on block. 

30. 

17. The system of claim 1-28 or 29, wherein the policy block is configured to 

receive image processing output based on images received from mul�ple cameras, and to 

generate the command signals based on the mul�ple images. 

31. 

18. The system of claim 1-29 or 302, wherein the goal is a calibra�on of the 

compensa�ng block. 
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32.The 

19. A robo�c system of claim 1-30 or 31, whereincomprising: 

 an end effector; 

a movement genera�on device; 

a movement component coupled to the goal ismovement genera�on device and 

configured to move the end effector to a posi�on rela�vein response to an object, to grip the 

object and/or to move the object.movement genera�on device; 

 33.The system of claim 1-31 or 32, wherein the goal is to avoid contact between the end 

effector and a moving object. 

 34.The system of claim 1-32 or 33, wherein the goal includes movement of the 
camera. 

35.The system of claim 1-33 or 34a camera configured to generate an image of 

the end effector; 

a neural network configured to provide movement command signals to the 

movement genera�on device, the movement commands being configured to reach a goal in the 

movement of the end effector, the movement commands being compensated for varia�ons in 

the movement component based on the image and recurrent nodes of the neural network. 

 

20. The system of claim 1, wherein the compensa�on block is configured to 

determine a result of a prior output for control of the movement genera�on devices based on 

the image processing output. 

36. 

21. The system of claim 1-34 or 35, wherein the compensa�on block is configured 

to compensate for changes in the length of the tendon or the robot manipulator, by adap�ng the 

output for control of the movement genera�on device. 

37. 

22. The system of claim 1-35 or 36, wherein the compensa�on block is configured 

to compensate for changes in a strength of a spring or strength of the movement genera�on 

device, by adap�ng the output for control of the movement genera�on device. 

38. 

23. The system of claim 1-36 or 37, wherein the compensa�on block is configured 

to compensate for weight of an object li0ed by the end effector, by adap�ng the output for 

control of the movement genera�on device. 

39. 
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24. The system of claim 1-37 or 38, wherein the compensa�on block is configured 

to compensate by adap�ng the output for control of the movement genera�on device, using the 

image processing output.  

 40.The system of claim 1-38 or 39, wherein the output for control of the movement 

genera�on device includes a selected voltage or current, or a digital value. 

41.The system of claim 1-39 or 40 

25. The system of claim 1, wherein the compensa�on block includes a state 

representa�ve of a prior response of the robo�c manipulator to the output of the compensa�ng 

layer. 

42. 

 26. The system of claim 1-40 or 4119, wherein the control logic is configured to 

generate the goal based on a set of received instruc�ons. 
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 43.The system of claim 1-42 or 43, wherein the control logic is configured to generate 

the goal based on a task, the goal being one of a series of goals needed to complete 

the task. 

 44.A method of controlling a robot, the method comprising: 

capturing an image using a camera, the image including an is to move the end 

effector connected to a robo�c manipulator; 

processing the captured image to produce a representation of objects 

within the image; applying a policy to the representation of objects to 

produce command signals, the 

production of command signals being based on at least a goal and the 

representation of objects; 

compensating for a change in response to of the robotic manipulator to 

command signals, to produce compensated control signals, the 

compensation being based on prior command signals and the 

representation of objects; and 

activating the robot using the compensated control signals. 

 45.The method of claim 44, further comprising determining if the goal has been achieved 

based on the representa�on of objects, and reques�ng a new goal. 

 46.The method of claim 44 or 45, further comprising receiving a task and dividing the task 

into a set of goals, the goal being a member of the set of goals. 

 47.The method of claim 44, 45 or 46, wherein the camera is a%ached to a robo�c 

manipulator under control of the compensated control signals. 

 48.The method of claim 44-46 or 47, wherein the camera is a stereoscopic camera. 

 49.The method of claim 44-47 or 48, wherein the representa�on of objects within the 

image includes a three-dimensional representa�on. 
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 50.The method of claim 44-48 or 49, wherein the representation of objects 

within the image includes a representation of theposi�on rela�ve positions of 

the end effector and to an object, to be manipulated bygrip the end effector. 

 51.A method of calibrating a robot, the method comprising: 
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generating first control signals; 

providing the first control signals to a robot, the first control signals optionally 

being configured to generate an expected movement of an end effector 

attached to the robot; 

capturing an image showing a response of the robot to the control signals; 

generating second control signals; 

changing a state of the recurrent neural network responsive to the image and the 

expected movement; and 

generating second control signals; 

compensating the second control signals to produce compensated control 

signals using the recurrent neural network, the compensation being 

responsive to the changed state of the recurrent neural network, the 

compensation being configured to reduce a difference between the 

expected movement and a movement of the end effector indicated by 

the image. 

 52.The system or method of claim 51, further comprising generating further 

control signals configured to train the recurrent neural network to produce 

compensated control signals that result in an expected movement of the end 

effector. 

 53.The system or method of claim 51 or 52, wherein the further control signals are 

generated over a period of at least a week, so as to adjust the recurrent neural 

network for changes in the robot that occur over a week or more. 

 54.A robotic system comprising: 

an end effector comprising: 

a digit having at least three segments separated by at least first and 

second joints, the three segments including a proximal segment, 
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a medial segment and a distal segment, the proximal segment 

being attached to a robotic manipulator via a third joint, 
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a first transmission configured to flex the third joint, 

a second transmission configured to flex both the first and second 

joints, wherein the relative angles of the first and second joints 

are dependent on contact between an object and the medial 

segment or between the object and the distal segment, and 

a first elastic element configured to extend the first joint; one or 

more movement generation devices configured to move the first 

and second transmission independently; 

a camera configured to generate an image of the end effector; and 

a neural network configured to provide movement command signals to the 

movement generation device, the movement command signals being 

compensated for variations in relative movements of the first and 

second joints, the compensation being based on the image. 

 55.The system or method of claim 1-53 or 54, further comprising a second elas�c 

element configured to extend the third joint. 

 56.The system or method of claim 1-54 55, further comprising a fixed base 

configured to support the end effector, the one or more movement 

generations devices being disposed in the base. 

 57.The system or method of claim 1-55 or 56, wherein the end effector includes 

mul�ple digits, each of the mul�ple digits having at least one joint. 

 58.The system or method of claim -56 or 57, wherein the mul�ple digits are each 

supported by the same robo�c manipulator. 

 59.The system or method of claim 157 or 58, wherein the neural network is 

configured to compensate for contact between the medial segment and the 

object, by processing the image. 
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 60.The system or method of claim 1-58 or 59, wherein the neural network is configured to 

operate responsive to results of previous movement command signals using recurrent 

or memory enabled nodes. 

 61.The system or method of claim 1-59 or 60, further comprising memory storage 

configured to store long-term memory data, the long-term memory data including data 

configured to change a state of the neural network responsive to an identity of an 

object within the image. 

 62.The system or method of claim 1-60 or 61, wherein the movement command signals are 

configured to reach a goal for the movement of the end effector. 

 63.The system or method of claim 1-61 or 62, wherein the digit includes at least one 

pressure sensor and the neural network is further configured to provide the 

movement command signals based on a signal generated by the at least one 

pressure sensor. 

 64.The system or method of claim 1-62 or 63, wherein the movement command signals are 

compensated for varia�ons in a length of the second transmission. 

 65.A method of controlling a mul�-joint robo�c end effector, the method comprising: 

moving a first transmission to flex a first joint; 

capturing an image of a digit of the end effector, the first joint separating the digit of 

the end effector from a robotic manipulator, the digit including at least three 

segments separated by at least second and third joints, the three segments 

including a proximal segment, a medial segment and a distal segment, the 

proximal segment being attached to a robotic manipulator by the first joint; 

generating command signals configured /or to move the distal segment to a desired 

location;object.  

 


