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ROBOTIC ARM SYSTEM OVERVIEW

Control system developed fully in-house

Collaboration:
Control Group
Data Collection and Analysis Group
Mechanical Group

MS Beamline Scientist




WHY AUTOMATED SAMPLE CHANGING?

Higher Beamline Efficiency
Automated sample exchange reduces changeover time from minutes to seconds
More science per hour of beam time

Overnight Operation
No need for users or beamline staff to stay awake to manually change samples
Predefined sample queue can be executed automatically without human intervention

Continuous data collection, even outside normal working hours




SYSTEM ARCHITECTURE

Robot & Hand Status and Control
Tarough Stream Device

ZEE I~ State trar;sit;or;s

Fingers Gripper

Commands and
Y.

Burn the Program On the Controller
(States with Actions)
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Beamline Layout —»

Emergency Buttons PSS
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Safety layers i} %




STATE MACHINE - PYTHON

Synonyms:
SC: Sample Container
SS: Sample Stage
GS: Gripper Status
SP: Sample on Pickup Position in SC
SD: Scan Done
SDP: Sample in Drop Position
SO: Sample in Operation
NS: Next Sample
NC: Notification Confirmation
Spin: Spinner

Notes:

- Black arrows: normal operation

- Red arrows: problem

- In normal operation, Daq should be running,
in case of problems it is not.

0. Check Error signal equals 0
1. Force camera sensors to Disable
2. Force Gripper sensor to Enable
3. Enable Operation

4. Servo On

5. Automatic mode

6. Run the program

7. Crucial Exp. check flag

Input from DAQ

. Output to DAQ

trans from
GS: holding
SS: Free

GS: holding pin: stopped

SS: Free

Drop to
sS

I

I

I
I;g._py:rse sC i SP: Free

e I §S: GS: Not holding
Spin: stopped J 55: Occupied . SS: Not free
GS: Not Holging N S / SDP: Yes
/

/

SP: Occupied
GS: Not holding
SS: Free

Reset NC
to None

(~——Set-NE-& wait

for feedback SP: Free

GS: Not holding
SS: Not free
Spin: stopped

SP: Occupied
GS: Not holdingg 77 NS e
SS: Free
SDP: Yes

o !
e ! A GS: not Holding
’ \ SS: Free
/ A4 N
/
SP: Occupied SP: Occupied
A

SD:Done

Spin: stopp

Drop to

SC SS: Qccupied

trans from
SS to SC

SP: Free
GS: holding
SS: Free




STATE DESIGN PATTERN

Context ginterface»
State
- state <> >
— + doThis()
+ Context(initialState) + doThat()
+ changeState(state)
+ doThis() ‘&."
+ doThat() \ 5
ConcreteStates B
this.state = state state.doThis() - context =
state.setContext(this)
+ setContext(context) B
Client F---------- =| + doThis()
+ doThat()

initialState = new ConcreteState()
context = new Context(initialState)
context doThis()

// Current state may have been

// changed by context or the state
// object itself.

Figure: State Design Pattern
Source: refactoring.guru

J/f A state may issue state
/f transition in context.
state = new Other5tate()
context.changeState(state)




GUI -

QT

Robot

Control I

~ Operation — Enable - Disable

Status | Enabled Status

Servo —@r— Off

Hand —{7}— —

Servo On Status | Hand Open

~ State

Manual \_ Automatic

Error Level No Error
Error Message, No Error

~ Program —|m}— Stop — )

Loaded Program SAMPLECHANGE
Program run status  RUN

— Environment

carentstate: [HERE PickFromSC ¢a| Ready |da| Drop ToSC
: 1
Operation Mode| M L ¥
PETEEOD COCEIL ana Transition From Transitior From
Override 70 ScTo Ss Ss To Sc
4 1+
» >
~ Controller Error Reset —) ~ Process Eror ——————————————— Reset ——
Error Number | O Error Type No Error

Error Notified | No

Error Message

Python Sequencer HeartBeat

NCAAAATERATERTL

Enable

Sample Container Free Free | Occupy Home
Sample Stage Free Free | Occupy
Gripper Status Not Holding v
Scan Status Running Done |Running
Sample in operation | No No | Yes
Crucial Experiment | No No | Yes
Sample In Drop Positic Idle @
Splnner Moving ®

Expert Close

Expert =
~ XYZ Jogging ~ Joint Jogging
- X + 359.40 - J1 + 2251
= Y < r 148.96 < J2 + 1078
| | + 369.37 = J3 + 99.66
Roll 179.92 - | Ja + 0.00
Pitch 0.00 = J5 + 69.64
Yaw -68.15 - J6 + -89.34
Send Command
Response
‘ Power Reset Close




GUI - QT CPP

Lambda function

void MainWindow: :on_btnPickSampleContainer_clicked()

{
int gripperHolding = 1;
it (this->gripperstatus-»get() == gripperHolding})
1

Q5tring message = "Robot is holding a sample‘nPicking command will Open the hand and may drop the sample!‘nAre you sure you want to command the picking?”;

OPEN_UI{this-»confirmationDialog, FormConfirmation, message, [1{){ Client::writePV({"ROBOT:ChangeState™, "Pick SC"

ent: :writePV{"ROBOT:ChangeState™, "Pick 5C"};

Algorithms
sc_states({"Pick SC", "Pick 5C Done",
"Drop 5C","Drop SC Done™,
"TRANSITION TO SC", "TRANSITION TO SC Done™,

"Ready”, "Ready Done"}’

auto sc_it = std::find(this-»sc_states.begi



SAFETY

Safety planes & Joint limits

User defined area for protecting the sample container

Connected with PSS

A fixed path is defined for the robot following the predefined states

Continuity circuit and cameras for sample protection and validation
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Joint Limit (MEJAR)

- [mm,deg] +
- n: 10.00 190.00
2: 0.00 70.00
13 70.00 120.00
14 : -10.00 110.00
15: 40.00 120.00
6:| -105.00 -85.00
17 : | -10000.00 | 10000.00
18:| -10000.00 | 10000.00




Al INTEGRATION

Auto-sample
tray mapping

Real-time safety
layer that detects
misplaced dynamic
objects and
prevents collisions.




Al FLOW

| D | | |

Initial model trained on a preliminary Prototype model Integration with robotic
dataset, with ongoing data collection trained and validated. control software and EPICS
to improve accuracy. planned after final testing
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Data set collected at different light conditions Samples in place detected



PART 2

ORBIT CORRECTION




INTRODUCTION

Goal: Keep the electron beam centered on the ideal orbit

There are several factors that can deviate the orbit from its golden state
Temperature changes
Ground motion
Vibrations

Power supply fluctuations (tiny current changes)




SYSTEM OVERVIEW

Feedforward Controller

Golden Orbit + Controller Correctors Machine

Estimator BPM



IMPLEMENTATION

Orbit Correction was implemented using MATLAB running at 0.2 Hz

We reimplemented the system from scratch using C language:

Faster correction (can run at 8Hz now)

It makes a basis for the fast orbit feedback.

Several parts of the system software can be added/upgraded to get better performance
Feedforward controller
Feedback controller
Estimator
Weights and Regularization

Logger module for investigations.

Postmortem feature with 3D plot generation in GUI.




THE EQUATION

Ax = R Al = USVt Ax
Al =R™1 Ax =V §71 Ut Ax
Al(65x 1) =V(65x65) * §71(65x96) * Cz(96x96) * Ut(96x96) * Ax(96x|)

*We Do truncation on the singular values to minimize the impact of the
BPM noise on orbit stability



Enzrgy Level
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TESTING

Testing is conducted at different conditions:
Insertion devices gaps closed
Insertion devices gaps closing
Undulator shift at Minimum and Maximum positions

Undulator Shifting (during motion)

We analyzed the global orbit status and conducted detailed analysis on BPMs
located around the insertion devices.




RESULTS

Orbit X RMS (mm) vs Frequency (Shift at -15)
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RMS VS PEAK

Orbit X (mm) - RMS vs MAX (Static IDs)
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PERFORMANCE OPTIMIZATION

Remove EPICS layer (Hardware purchase required)
Code Optimization
Utilize GPU for matrix multiplication

Deploy on system on chip (SOC)
CPU + FPGA




THANK YOU
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