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Today’s Talk

Pybotics and Calibration

Impedance Control Calibration
Hardware-in-the-loop Optimization Architecture
Evolutionary Motion Control Optimization
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Pybotics and Calibration
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What’s the difference?




Why calibrate?



Low accuracy
Low precision

High accuracy
Low precision

Low accuracy
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Robot Surgery



Kinematic Parameters
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Pybotics

e Replacement for
MATLAB toolboxes
that were the norm in
robotics calibration

e Access the scientific
compute and ML
packages of the
Python ecosystem




github.com/engnadeau/pybotics




Dynamics

Kinematics

Trajectory
Generation,
Algorithms,

Al/ML

Calibration
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Calibration Process

Measure Poses Optimize Model
Collect a dataset of joint Minimize the errors between With a second dataset,
configurations and Cartesian the calculated FK model and validate the optimized model

poses in the workspace the actual Cartesian poses performs as expected



Optimization Cycle

Update Model

Modify the kinematic
parameters to reduce the
errors
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Calculate FK

Compute the expected
Cartesian pose of a model
given a set joint angles

Calculate Errors

Difference between the
actual and expected
Cartesian pose



Optimization Vector

Kinematic Chain

Modified
Denavit-Hartenberg
parameters of the robot

Tool Frame

Transform from last joint
to TCP

World Frame

Transform from the
world origin to the robot
base



Measurement

Tools



Measurement
Process




import pandas as pd

from pybotics.optimization import OptimizationHandler, optimize_accuracy
from pybotics.robot import Robot

from scipy.optimize import least_squares

COde from sklearn.model_selection import train_test_split
# load robot model

robot = Robot()
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# load joint measures

11 joints = pd.read_csv("joints.csv")

12 positions = pd.read_csv("positions.csv")

13

14 # split data into training and test sets

15 train_joints, test_joints = train_test_split(joints)
16 train_positions, test_positions = train_test_split(positions)
17

18 # initialize calibration handler

19 handler = OptimizationHandler(robot)

20

21 # run optimization

22 result = least_squares(

23 fun=optimize_accuracy,

24 x0=handler.generate_optimization_vector(),

25 args=(handler, train_joints, train_positions),
26 )

27

28 # get calibrated robot
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calibrated_robot = handler.robot



Impedance Control
Self-Calibration of a
Collaborative Robot
Using Kinematic
Coupling
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Calibration Validation
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Low-cost, robust, and
simple

|deal for force-controlled
robotic systems



Hardware In
the Loop



Update Model Training Data

Predictions Model
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syntax = "proto3";

service RobotService {
rpc Move (Joints) returns (SessionResult) {

}
}

message SessionResult {
int32 status = 1;

}

message Joints {
repeated double joints = 1;

}



import grpc
from robot_control_pb2_grpc import RobotStub

class ControllerClient:
def __init__(self) -> None:
self.stub = None
self.channel = None
self.host = "172.31.1.147"
self.port = 30000

def connect(self):
self.channel = grpc.insecure_channel(f"{self.host}:{self.port}")
self.stub = RobotStub(self.channel)



from controller_client import ControllerClient
from robot_control_pb2 import SessionResult
from scipy.optimize import differential_evolution

client = ControllerClient()
def cb_objective(x):

"""Objection function callback"""
session_result = client.stub.RunSession(x) # type:

session_value = evaluate_result(session_result) # type:

return value

client.connect()

result = differential_evolution(cb_objective, bounds)



syntax = "proto3";

service RobotService {
rpc Poke (SessionSettings) returns (SessionResult) {

}









Evolutionary Motion
Control Optimization In
Physical Human-Robot
Interaction
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(1) Initialize Population
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2) Mutate (3) Crossover (4) Evaluate Fitness
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5) Update Population
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