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• I02, I03, I04:
• Rigaku Actor system
• Mitsubishi robot arm
• 2 dewars, each with 5 unipucks of 16 

samples
• 160 samples total

• I04-1, I24:
• Irelec CATS system
• Staubli robot arm
• 9 unipucks
• 144 samples total

Pre-2015 Scenario
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• 2 different robot systems to support
• In house knowledge was wide but shallow

• 2 companies to deal with for upgrades and maintenance
• Improvements are slow and costly
• Very poor integration with Diamond software

• EPICS completely bypassed
• Dependent on API's provided by OEMs

• 30s+ exchange time
• 95s dry time
• Slow to recover from errors
• No space for capacity increases

Pre-2015 Scenario
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• First purchase – large Dewar
• Manufactured by Cryotherm

• Designed at DESY for 23 unipucks, 368 samples

• New longer robot arm needed
• Used Mitsubishi arm procured, used 

with existing controller

• Omron PLC controller for all the I/O
• Built up organically as new needs identified

• LN2 fill control box discarded
• Dewar would overfill regularly

• Brought control onto the PLC

Improvements – Hardware -
Stage 1
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Improvements – Hardware – Stage 1

• Overhead camera needed to locate hole in 
Dewar lid
• Omron vision system controls

• Added another camera to read pin barcodes
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Improvements – Mitsubishi layer

• Mitsubishi programs rewritten from scratch

• MELFA BASIC V

• Hierarchical structure

• All pin positions calculated once then stored

• Same code across multiple beamlines
• Different setups accommodated via config program

• Movement speeds, times etc set as variables

• Knowledge in house
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Improvements – Epics layer

• Mitsubishi provided the 
communications protocol 
documentation

• StreamDevice used to bring into 
EPICS

• Rapid updating over TCP/IP 
Ethernet

• Basic top level GUI with main 
programs and status

• Knowledge in house
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Improvements – Epics layer

• IO very accessible, 
overridable if you dig down

• Common robot variables 
given PVs, all variables 
accessible via Watch 
Window

• Full control of PLC settings 
eg LN2 fill levels and 
parameters
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Improvements – Epics layer – Teaching Screen

• Controls for moving the robotic arm

• Can store positions from the robot 
arm

• Can manually edit positions (with 
care)

• Very fast, only loads / saves changed 
positions
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Improvements – Hardware –
Stage 1 (ctd)
• Compressed air drier

• Dry times reduced from 95s to 30s

• Whole system built onto a tabletop
• Robot controller and PLC controller via 

accessible drawer

• Electrical connectors all on one panel

• Keyence Laser scanner to stop robot if 
anyone approaches
• Alternatively use the hutch locked signal

• Deployed on I03 Jan 2015
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Improvements – Hardware – Stage 2

• Dewar baseplate redesigned to hold 
30 pucks, 480 samples

• Larger Dewar bought to hold 
37 pucks, 592 samples

• New model Mitsubishi arms bought
• Have collaborative modes if needed

• Goniometer pin sensor integrated

• Air blower on barcode reader

• Dewar drain tap interlocked to LN2 
fill
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Current Situation - I03/I04/I04-1/I24 (MX)

• Mitsubishi RV-7FLM Robot Arm

• Large Dewar with 37 pucks, 592 samples

• ~15s exchange time

• ~30s dry time, every 90 mins, done straight after a load

• SPINE pins only
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Current Situation
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Gripper

• Have used Rigaku grippers (manufactured 
by Oceaneering) since Diamond opened

• Simon Morton of ALS shared their gripper 
with us

• Slight modifications to use Schunk crash 
protection, now used on I03, I04-1 and I19

• Means we can now repair in house instead 
of returning to Rigaku
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Exchange Times and Throughput
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Current Situation – I19

• Mitsubishi RV-6S Robot Arm 
(older model)

• 2 Dewars, each with 7 
pucks, 224 samples

• Running same code on both 
Mitsubishi and EPICS levels
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Current situation - VMXi

• Completely automated in situ 
beamline, samples in trays

• Mitsubishi RV-2FM Robot Arm

• Conveyer belt controlled by 
robot as 7th axis

• Moves between 2 Formulatrix
Imagers and entry port into 
mini-hutch

• Different Mitsubishi code as 
much simpler

• Same EPICS control
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Current Situation - XChem

• Very high throughput Fragment Screening program

• Shifter helps user fish crystals at high speed (100 / hour) 
(oxfordlabtech.com)

• Dedicated I04-1 beamline for multiple days per week

• Multipin to be used in future to increase capacity
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Logistics

• >70% visits fully remote in 2019

• Ever increasing shipments to 
Diamond

• Users needed an easier way to 
send Dewars

• Diamond needed an easier way to 
manage Dewars
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Logistics

• Dewar shipping to Diamond 
can be booked through 
Synchweb/ISPyB

• Users can track the Dewar as 
we pull info from DHL API

• Staff can track all incoming 
Dewars
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Dewar Scanning

• Once on site, Dewar barcodes are scanned as they move around the 
ring
• Stores-In → Dewar Storage → Beamlines → Dewar Storage → Stores-Out

• Users can track Dewar around synchrotron
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Dewar Store

• Stores over 100 Dewars

• Brings each to easy access height

• Barcode scanner to track each Dewar’s 
location
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Dewar Store
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Dewar Organisation

• Dewar store has prompts to refill 
LN2, or prepare for dispatch

• Diamond staff are emailed the 
names and locations of Dewars 
the day before experiments
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Puck Organisation

• Even before Covid, we often had pucks 
from multiple visits on the beamline 
simultaneously

• With responsive scheduling and limited 
staff on site, even more important to keep 
track of pucks and samples

• Pucks have been barcoded using a laser 
etcher for the last few years
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Puck Scanning

• Beamline staff scan the barcode, and a 
laser pointer instructs us where to load or 
unload the puck from

• Automatically assigns pucks to positions 
in ISPyB database

• Creates visits in unattended data 
collections mode
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Future Work

• Diamond-II upgrade

• New endstations

• Faster detectors

Higher capacity

Higher throughput
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Improvements – Hardware – Stage 1
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Current Situation – I23

• Low throughput in vacuum beamline

• Screen samples on I03

• Pins on adapter to make them SPINE compatible

• Heat conduction from goniometer is a problem
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Current situation - VMXi
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