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Abstract

Many people with motor disabilities are unable to complete activities of daily 

living (ADLs) without assistance. However, there are very few options for using 

robotic manipulation technologies to help these people perform the manipulation 

tasks required by ADLs. To this end, the Helping Hands lab has developed a 

robotic system consisting of a robot arm mounted to an assistive mobility device 

which enables users to grasp and manipulate novel objects in complex 

environments. Using grasp detection algorithms we can achieve a success rate of 

90% in a non-mobile scenario and 72% in a mobile scenario. This project explores 

the potential of under actuated grippers, such as the Yale Open Hand, to improve 

these grasping success rates.

Problem Description

Difficulty with performing activities of daily lives has risen in the lives of 

various generations all around the world (ADLs). One of these activities is 

picking up simple objects, whether it be due to their inability to reach the object 

or due to lack of motor ability in limbs and joints. A new generation of 

lightweight and human-safe robot and robot systems are being developed to aid 

those with difficulty. However, one of many problems within these systems is 

the Grasp Pose Detection software (GPD), which only runs with a top down 

orientation. This orientation pose system will not work with objects that are 

usually picked up at a horizontal orientation, typically found on a shelf. 

Moreover, some robotic arms are designed with a standard, two finger gripper. 

With this type of gripper it is nearly impossible to pick up flatter objects as well 

as object that lack much volume and width, or objects that are wider than the 

limit if the gripper. Moreover, the gripper has a definite shape, form factor, and 

grasping trajectory. With these limitations, some irregular and unusually shaped 

objects are difficult to pick up. An example would be a book or a loose piece of 

paper, both of which cannot simply be picked with the standard, fixed grip of 

most robotic arms. Recently, Yale developed the Yale Open Hand system Model 

O, a robotic hand with three “fingers” that each have three joints. By developing 

software to reconfigure current 3D imaging and deep space learning, assistive 

robotic arms could be easily refined to pick up various objects at a higher 

success rate compared to current standard robotic arms. By integrating Belief 

Space Learning and a new approach to perception-for-grasping, this project aims 

to develop a new grasping technique with new manual parts. 

Model O vs Standard Gripper

For this selected project, the Model O Yale Open Hand system was readily 

available and was used to demonstrate improvement in efficiency, productivity, 

and usage. Compared to the standard gripper, the Model O hand design features 

tendon-driven under actuated fingers, which can adaptively conform to the 

surface of objects without the explicit need for sensors or complicated feedback 

systems. Casting flexure joints and fingertips increases robustness and 

minimizes the required number of fasteners. It includes three independently 

driven, under actuated fingers, as well as a fourth motor that controls abduction 

and adduction. This allows the hand to transition between power-grasping and 

precision-grasping configurations. This design offers a low-cost alternative to 

expensive research hands available commercially. 

Actuators: 4x Dynamixel RX-28/MX-28

Base Height: 90mm

Base Diameter: 100-125mm

Weight: 750g

Holding Force: 11-13N

Figure 1&2 Structural build and CAD design of the 

Yale Model O Open Hand
Figure 3 Structural build and component design of 

the BAXTER Standard Gripper

Methods

Mechanical

Mounting the Model O Hand

• Design and CAD a mount that could 

easily be 3D printer

• 3D Print the mount for the Yale

• Secure the Yale Open Hand Model O 

system onto the Baxter right arm

• Analyze the design and fixing process to 

ensure maximum security and efficiency

• Test the variety of angles and orientations 

to ensure the Model O complies with 

shifting and movement from Baxter

Experimentation

• Using the standard gripper, perform a 

success rate experiment of collecting and 

picking up various objects by running the 

python script set in place

• Orient cameras and sensors to detect 

objects on table placed 2 feet away from 

Baxter

• Enable Baxter and begin performing tasks

• Repeat with Model O Hand

Computational
Building Python Script

• To plan the trajectories and motion of Baxter, an IK 

Solver was used

• After importing the necessary functions and 

packages, the script was written to allow for simple 

motion, plug and swap of values, and to enable 

gripping without calibration

Establishing Script to Run Grasp Process

• After enabling BAXTER, RVIZ was launched and 

ran

• RVIZ was used to determine the X, Y, and Z 

coordinates of objects on the table in front of 

BAXTER

• Once the coordinates were saved, they were 

plugged into a python script

• The script was later programmed to preform a set 

of planned functions

• First, the BAXTER arm would go into its home 

position

• Afterwards, the right arm would navigate on the 

shortest trajectory and pathway to the object 

programmed to pick up

• The arm would reach a pre-grasp position, wait, 

open its gripper (standard or Model O) and proceed 

to the grasping position

• After a one second wait, the gripper would pick up 

the object and retreat back to its home position. 

BAXTER Arm

Unlike a traditional UR Arm, a BAXTER Arm has 7 

degrees of freedom (7 joints). This allows for 

somewhat more complex functions and 

configurations. BAXTER was configured to reach a 

home position, pre-grasp, and then grasp position.

Results

Trial One Trial Two Trial Three

180 100% 100% 100%

135 0% 100% 100%

90 0% 0% 0%
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Standard Gripper: Cube

Trial One Trial Two Trial Three

90 100% 100% 100%

135 100% 50% 0%

180 100% 100% 100%
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Yale Model O Open Hand System: Cube

90 135 180

Trial One 0% 0% 0%

Trial Two 0% 0% 0%

Trial Three 0% 0% 0%
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Standard Gripper: Book

90 135 180

Trial One 100% 100% 100%

Trial Two 0% 50% 100%

Trial Three 100% 100% 100%
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Yale Model O Open Hand System: Book
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*All results were recorded based off of the completion of the assigned task. If the gripper was successful in grasping 

the object at different orientations and grasp poses, it earned a 100% completion rate. If dropped after grabbed, it 

earned a 50%. If failed to grab all together, it earned a 0%. 

Results Cont.

Future Plans
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The research to find an effective grasping method will continue. To further 

advance this project, different grasping techniques could be implemented and 

studied to monitor which technique is most effective. Moreover, experimenting 

with different objects and platforms would allow for a more seasonal and detailed 

visualization to the most effective grasping method, technique, and orientation for 

all objects. With Belief Space Planning and multi-joint hand systems, grasping 

techniques could be improved and developed for a substantial amount of fields in 

life and science.

Primarily, the next step of this project would be to 

incorporate this project (physical and computational 

system) into the assistive robotic scooter project that 

is currently in the works. Alternatively, our work will 

primarily be used to develop the current in place 

models. This work and technique involving mutli-

finger grasping could be used for Amazon, NASA, 

and Google Inc.

In conclusion, our new grasping technique of multi-surrounding space usage was 

far more effective than the standard grasping techniques. This is primarily seen 

between the success rates of the different grasping techniques, one that revolves 

around the surrounding and one that is contingent upon itself. In grasping a simple 

block, the standard gripper failed to pick up the block at a 90 degree orientation 

successfully. However, the Model O hand along with multi-surrounding techniques 

achieved a 100% grasping rate with only one failure in the second trial of the 135 

degree orientation. Moreover, the newly developed technique achieved a 

homogenous 100% grasping rate for picking up an irregular object such as a book 

at both 180 and 90 degree orientations, with one partial completion at a 135 degree 

orientation. Compared to its standard counter-part, the original gripper failed to 

grasp the book completely. This is primarily due to the under actuated fingers. With 

the Model O, the hands have a larger finger-span and can easily slide along any 

surface. However, the original gripper is restricted to the size of the object as well 

as the orientation it comes in at due to its limitations. 

Figure 4. Flowchart of procedure in setting up objects location and 

confirming IK Solver results to begin grasping experiment

Figure 5. Experiment layout with objects position 18 inches 

in front of the BAXTER 

Figure 6. 3D Printer Yale Model O Hand Mount for the 

BAXTER right arm

Figure 7. RVIZ visual of object detection via camera sensor 

on left side of BAXTER 

Figure 8. BAXTER in Sleep position which each 

joint and angle of freedom are highlighted.
Figure 9. Baxter in pre-grasp position, 5 inches 

above grasping position

Figure 10. Baxter in home 

position with mounted 

YALE Model O Open Hand 

Figure 11. Success rate of each degree orientation for picking 

up a cube with the standard gripper for three trials

Figure 12. Success rate of each degree orientation for 

picking up a cube with the Model O Hand for three trials

Figure 13. Success rate of each degree orientation for 

picking up a book with the standard gripper for three trials

Figure 15. Success rate of each degree orientation for 

picking up a ball with the standard gripper for three trials

Figure 17. Amazon Robotic Arm used for 

grasping and picking up large packages

Figure 16. Success rate of each degree orientation for 

picking up a ball with the Model O Hand for three trials

Figure 14. Success rate of each degree orientation for 

picking up a book with the Model O Hand for three trials

Conclusion


