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Background: The Timing System Upgrade
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• EVG & EVR

• Event Generator (EVG) sends event codes to Event Receiver (EVR)

• EVR generates trigger pulse to accelerator devices (BPM, magnet, etc.)

• Current Landscape: 

• KEK LINAC relies on a large, distributed timing system with over 100 
Event Receivers (EVRs).

• The VME platform is becoming obsolete; key components like the 
MVME5500/MVME6100 CPU are being discontinued.

• We are migrating our timing system from VME to the modern MicroTCA (MTCA) 
standard. This necessitates rigorous validation of all new hardware.



Timing system at KEK LINAC
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VME chassis

• 21 timing stations
• 3 VME EVGs
• ~10 ps of EVR 

output jitter
• More than 100 EVRs

• MRF VME EVRs
• MRF PXI EVRs
• SINAP EVRs
• Home-made EVRs

Overview of timing stations at LINAC



Event Timing Modules: Evolving System
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• Hardware Diversity: 
• MRF provides various of products across 
several HW form factors, e.g., VME, 
CPCI/PXI, PCIe, PMC, MTCA 

• Constant Evolution: The timing 
modules are a moving target.
• New Features: Newer module series (e.g., 
the 300-series) add advanced 
capabilities like delay compensation, 
segmented data buffer and flip-flop 
output.

• Frequent Updates: Continuous firmware 
and EPICS driver releases introduce 
improvements and bug fixes that require 
re-validation.

From To Note

VME-EVG-230 VME-EVR-230 In Ope

VME-EVG-230 VME-EVR-230RF In Ope

VME-EVG-230 PXI-EVR-230 In Ope

VME-EVG-230 Home-made EVR In Ope

VME-EVG-230 MTCA-EVR-300RF ??

VME-EVG-230 MTCA-EVR-300U ??

VME-EVG-230 VME-EVR-300 ??

MTCA-EVM-300 MTCA-EVR-300U 〇

MTCA-EVM-300 MTCA-EVR-300RF 〇

MTCA-EVM-300 VME-EVR-300 〇

MTCA-EVM-300 VME-EVR-230RF ??

MTCA-EVM-300 VME-EVR-230 ??

MTCA-EVM-300 PXI-EVR-230 ??

MTCA-EVM-300 Home-made EVR ??



Challenge 
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• The Upgrade Challenge: 
• We are in a long-term transition, phasing out obsolete VME hardware. 

• This results in a complex, mixed-generation environment where legacy 
and new modules must operate together.

• The Bottleneck: 
• Manually testing hundreds of timing modules in this dynamic 
environment is time-consuming, prone to human error, and lacks 
repeatability. 

• An automated solution is beneficial: 
• Develop a robust, automated, and reliable Site Acceptance Test (SAT) 
suite.

• Increase test coverage and consistency.

• Reduce manual intervention and testing time.

• Generate automated test reports for validation and records.



Test Automation Utility Architecture

Thursday, Aug 7, 2025 6

Pytest/Server

IOC/MTCA CPU IOC/Raspi

Picoscope

USB3.0

MTCA EVR

MTCA backplane

• Hardware:
• MicroTCA

• VadaTech Chassis: VT814
• VadaTech MCH: UTC004
• VadaTech CPU: AMC725
• MRF MTCA-EVR-300RF

• Raspberry Pi 
• Picoscope

• Software:
• uv for python management
• Pytest

• Workflow: pytest script sends commands 
via EPICS Channel Access (CA) to both 
the EVR and Picoscope to execute and 
verify tests.

• Why pytest? Fixtures for resource 
management, powerful assert statements, 
extensive plugins (e.g., pytest-html 
for reports), and simple syntax

Trigger



Framework design
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• Framework Logic: Leveraging pytest 
fixtures to manage connections and 
hardware states.

• IOCBase: A base class for inheritance

• EVRDevice: Establishes connection to the EVR 
IOC, ensures it's in a known state.

• ScopeDevice: Connects to the Picoscope IOC, 
configures capture settings (trigger, voltage 
range, timebase).

• Test Organization:
• test_basic.py: For basic functions, EVR status 
checks, event code reception etc.

• test_fpout.py: For validation of front-panel 
trigger output  generation.

• test_fpinp.py: For validation of interrupt from 
front-panel input signal.

IOCBase

get_pv
put_pv

monitor_pv

EVRDevice

get_pv
put_pv

monitor_pv
Start_ioc

ScopeDevice

get_pv
put_pv

monitor_pv



Configurable Tests
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• Tests are described in a Human-readable 
configuration YAML file

• Config items
• PV prefix for EVR IOC and Picoscope IOC

• Whether start a new IOC using python 
subprocess or using existing one?

• If start IOC using python, where is binary 
program for IOC, start command, startup path?

• Which EVR output port connect to which 
Picoscope channel? E.g., front panel universal 
output 1 connect to Picoscope channel A

• Using PV Access or Channel Access to connect 
to IOC (python module confliction, still 
working on)



Basic EVR function tests
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• Verify basic functions of the EVR.

• Use @pytest.mark.parametrize to define multiple sets of arguments 
and fixtures at the test function.

• Test item examples:
• Event Code Receiving: Configure an event code counter to a specific event and 
verify event rate.

• Heartbeat & Status: Poll status PVs to ensure the module is alive and 
reporting no errors.



EVR IO validation
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• Confirm that receiving a specific event code produces the correct 
electrical pulse at the physical output ports. 

• This requires synchronizing an action (sending an event) with a 
measurement (capturing a waveform).

•  Method:

• Configure: Set up the EVR to output a pulse (with different 
pulse width) on a specific channel for a given event code.

• Arm: Arm the Picoscope to trigger on the expected pulse.

• Execute: Send the event command to the event receiver via 
EPICS.

• Verify: The Picoscope triggers, captures the waveform, and the 
test script fetches and analyzes the data.



EPICS driver for Picoscope 
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• Raspberry Pi 5
• Although AMC725 has 2 mini-USB, A 
portable Raspi is preferred

• Picoscope 3405D, 4-ch, 100 
MHz, 8-bit at 1 GS/s
• Only require USB & Linux Support

• Software
• Picoscope Linux drivers and API 
for 32-bit Raspberry Pi OS

• Asynps3000a epics module (C++) 
based on asynPortDriver

IOC for Picoscope



OPI for Picoscope IOC
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• EVR

• Point 2 



Test Examples
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• Point 1

• Point 2 

Test of consecutive trigger from 
sequence of events



GitLab Automation
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1. Hardware installation and cable connection

2. Add new tests/new config

3. Push commits to GitLab

4. Specify IOC name using GitLab CI/CD variables

5. GitLab Runner picks up the task
1. Prepare environment

2. Login to MTCA server

3. (Optional) start IOC

4. Run tests

5. Collect and upload artifacts to GitLab

6. Examine test report



GitLab Automation
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GitLab Automation
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Example Test Report
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Example failed test command line output

Example failed test HTML report



Example Test Report
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Example successful test HTML report



Achievements & Future Work
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• Achievements
• Efficiency: Reduced SAT execution time from several hours manually to 
several minutes automatically. 

• Reliability: Eliminated human error, ensuring every new module is 
tested against the exact same criteria.

• Traceability: Automatically generated HTML reports provide a 
permanent, time-stamped record of test results for every device.

• Scalability: The framework is easily extendable to timing modules 
other than MTCA form factor.

• Future Enhancements
• Developing a GUI wrapper (e.g., using Python) for easier usage by 
technicians.

• Expanding the test library to cover long-term stability and stress 
tests.
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