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Introduction and Methodology Forward Kinematics Inverse Kinematics

Forward kinematics is a method used in robotics to 4 T m—— Inverse kinematics is a computational technique used in
determine the position and orientation of the end- = At itei T A robotics to determine the joint angles required to achieve
effector (such as a robot arm or a character's hand) o a desired position and orientation of the end-effector. It
based on the given joint angles or configurations of essentially works backwards from the desired end
the system. It essentially calculates how the parts Ko tiskti & lhiaia position, calculating the joint configurations needed to
of a mechanism move relative to each other,

reach that position, considering constraints and limitations
tracing the path from the base to the end-effector

of the system.
in a sequential manner.

The focus of our capstone was to design a pick and place controller
along with a GitHub tutorial to help educate robotic enthusiasts on
the robotic and mathematical concepts behind our project.

Actuator 6 frame

The design of the pick and place controller required us to use an
existing arm (Kinova Gen 3 Robotic Arm with 7 DOF) and
implement code to allow the arm to detect, pick up, and place a cube.
It's based off an existing project involving a 6 DOF robot arm [1].

AcAtua?t(_)Ar 44 f[_ame

Numerical inverse kinematics as opposed to analytical
inverse kinematics uses an iterative technique. Quadratic
Aewiaters Fonpni error term E = %2 e'W.e describes the error between the
current end-effector pose and desired end-effector pose.

Developing the relationship between the robot's

The project is broken into two parts, one part focusing on the o & | .
joint positions and the end effector's pose includes:

pick and place controller, and the other focusing on the GitHub
Tutorial.

1. Define Elementary Transformation Matrices

2. Define Transformation Matrices from Joint to
Joint

3. Input Desired Joint Angles

4. Output end-effector orientation

The three numerical Inverse Kinematics (IK) techniques we
are using to minimize the error function are:

The tutorial is designed for 1st and 2nd year mechanical Actuator 2 frame

engineering students to learn about all the robotics behind the design
of our pick and place controller. Because it is designed for 1st and
2nd years, the content will be designed for them in mind and thus it
will not go too far into the derivations and origins of certain

Actuator 1 frame

Z

T 1. Newton-Raphson
2. Gauss-Newton
3. Levenberg-Marquardt methods (Wampler, Sugihara and

Base frame )

equations. Figure 1: Schematic of the 7DOF Kinova Chan)
Robot Arm and the Joint Offsets [2]

Jupyter Notebook Tutorial Usability Survey Conclusion

_ _ _ . , Our Capstone journey immersed us in the complexities of robotic
Ou.r comprehgnswe Jupyter No.tebook tutorial Prowdes a step-by-step To measure the succe§s and usability of t.he Jupyter Notebook§ tutorial, we control and programming, culminating in the successful creation of
guide jco Iearnmg the m.athematlcal theory a.nd pick and place controller conducted a survey W|th a §ma | surve.y 5|z§ to give an approp.rlate measure Pick-and-Place controller for the Kinova Gen3 Robotic arm, alongside an
execution of our interactive Python programming. of the I.evel of complexity m. the engme.e.rmg an.d mathematical concepts. interactive educational tutorial on Jupyter notebooks.

From this feedback, the tutorial was modified to fit user's needs.

The Jupyter Notebooks act as an interactive gateway for users to gain This comprehensive resource empowers robotics enthusiasts with a

iCi ‘ iti ' ' The figures below quantify survey results based on a user response scale : : :
:oroflcflen]ccy . n eldltmg a.nd b e>.<ecut|ng Python  code  while - % L '(’:h " be ' y - g i pt' systematic understanding of fundamental concepts and practical
rating from 1 -5 wi e label descriptions varying for each question. : : : : : : : :
SRS TLERITEEL COFORpis i (OoeilEs, 5 P yins 9 implementation techniques, including serial link manipulators. By
h _ | ] d d d ] h ] h f h h ] f h Usability Survey Results for Jupyter Notebook Tutorial COndUCting mU|t|p|e waves Of pUbI|C SurveyS, we iteratively reﬁnEd and
— . d Ki ics f . .
T Edj[Uijrclja | IS |V|be |.nt0 t Fee madln pa rtS, ea; Ol (\jN bIC ILZ Urt e; § 100 Part 1 Forward Kinematics from 10 Responses Figure 3: Averaged Usability enhanced the tUtorlaI based on Valuable feed baCk, ensurlng an
SAzertecel e shesaalens o Previels & mele eEElze BrEEeoni @ T e B R o «»  Survey Responses For optimized learning experience for all learners.
information. The three topics of each part include: Sx = _ as :
£ S a0 Jupyter Notebook Tutorial
L 4 K _ £ I I on Forward Kinematics As technology advances, robotics promises to revolutionize our lives,
- Forward Kinematics R _ seamlessly integrating into daily tasks and enhancing efficiency across
iy itHu obotic Arms ython .ipynb F.K. P.K

e

nverse Kinematics
3. Design and Implementation of
the Pick and Place Controller

Background Questions for Users M Pre-Tutorial B Post-Tutorial

industries, from autonomous vehicles to smart manufacturing and

Rating of Overall Organization and Structure of beyond. This innovation will shape a future where intelligent machines

. Figure 4: Final Surve . . . . .
Jupyter Notebook Tutorial from 10 Responses 8 SUIVEY coexist harmoniously with humanity, leading to unprecedented
Results for Organization —
possibilities and progress.

I and Structure for Jupyter
5)

The project scope and Jupyter Notebooks can
be found on our project's GitHub repository.
Scan the QR code in figure 2 for access.
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Figu re 2: PrOjeCt GitHub QR code User Responses from Poor (1) to Excellent (5
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