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Testing
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● Full test coverage for every version
● Repeatability
● Reusability of tests



Testing
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What is needed?
● FPGA design that aids testing
● Language to implement tests
● Test framework
● Method to access parameters (registers) of the system
● Management of a complex system

● Full test coverage for every version
● Repeatability
● Reusability of tests

→ Automated testing



Python!
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● Widely used
● Non-FPGA people also can contribute to testing
● Many libraries freely available 
● Interaction with scopes, signal generators
● Code re-use with FPGA-firmware verification: cocotb



pytest – Python test framework
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more information: https://docs.pytest.org

● Automatic test discovery ● Modular test setups

● Test parametrization ● Reporting

https://docs.pytest.org/


lowlevhw – Python hardware handling
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lowlevhw – Python hardware handling
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llrf_device['pid_ctrl:p_gain'].write(0.5)

bsp_id = llrf_device[0x4000_0000].read()

count = 10
samples = llrf_device['ddr']['daq_ch_1'].read(count)



lowlevhw – it is more!
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available at: https://gitlab.esss.lu.se/fpga/lowlevhw

● Providing some test helpers
● Register bank generator
● Documentation generator: console, markdown
● C-header generator
● Prototyping of algorithms before the implementation in the control system

https://gitlab.esss.lu.se/fpga/lowlevhw


Device Model for reusablity

FOOTNOTE 13DATE

● System level functionality, for example:
 Management of multiple boards
 control of timing receiver
 access to EPICS IOC

● General functions shared with other projects

● Application-specific functions

● Implementing low-level device access

● IP management
● Automatic IP detection in FPGA



Example – P component of PID controller
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def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
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def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

    # Execute test and acquire data
    dut.force_timing_pulse()
    time.sleep(0.01)
    measurement = dut['IQ_AFTER_CTRL'].read(test_length*4)
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def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

    # Execute test and acquire data
    dut.force_timing_pulse()
    time.sleep(0.01)
    measurement = dut['IQ_AFTER_CTRL'].read(test_length*4)

def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

    # Execute test and acquire data
    dut.force_timing_pulse()
    time.sleep(0.01)
    measurement = dut['IQ_AFTER_CTRL'].read(test_length*4)

    # Calculate expected value
    expected_value = max(-2.0, min(1.99999, k_p * ctrl_error))
    expected = [(expected_value, 0.0)] * len(measurement)

    # Compare measurement with expected value
    assert_waveform_allclose(measurement, expected, shifttol=0, atol=TOLERANCE)
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def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

    # Execute test and acquire data
    dut.force_timing_pulse()
    time.sleep(0.01)
    measurement = dut['IQ_AFTER_CTRL'].read(test_length*4)

def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

    # Execute test and acquire data
    dut.force_timing_pulse()
    time.sleep(0.01)
    measurement = dut['IQ_AFTER_CTRL'].read(test_length*4)

    # Calculate expected value
    expected_value = max(-2.0, min(1.99999, k_p * ctrl_error))
    expected = [(expected_value, 0.0)] * len(measurement)

    # Compare measurement with expected value
    assert_waveform_allclose(measurement, expected, shifttol=0, atol=TOLERANCE)

@pytest.mark.parametrize('ctrl_error', [-1.0, -0.5, 0.0, 0.01, 0.1, 0.5, 0.999])
@pytest.mark.parametrize('k_p', [0.0, 0.1, 0.2, 0.5, 0.9, 1.0, 2.0, 10.0, 100.0])

def test_k_p(self, idle_test_board, ctrl_error, k_p):

    # Local test setup
    dut = idle_test_board
    dut['LLRF_IQ_CTRL:IQ_CTRL_OUT_SOURCE'].write(0b111)    
    dut['LLRF_SP_CONFIG:CONSTANT_EN'].write(1)
    dut['LLRF_PI_FIXED_SP:CONST_SP'].write(lowlevhw.float_to_fixed(ctrl_error, 1, 15))
    dut['LLRF_PI_K'].write(lowlevhw.float_to_fixed(k_p, 8, 2)
    

    # Execute test and acquire data
    dut.force_timing_pulse()
    time.sleep(0.01)
    measurement = dut['IQ_AFTER_CTRL'].read(test_length*4)

    # Calculate expected value
    expected_value = max(-2.0, min(1.99999, k_p * ctrl_error))
    expected = [(expected_value, 0.0)] * len(measurement)

    # Compare measurement with expected value
    assert_waveform_allclose(measurement, expected, shifttol=0, atol=TOLERANCE)
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Conclusion
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For more information, contact me: christian.amstutz@ess.eu

● Some initial effort needed to implement Python libraries/models
● No bigger issues with LLRF during beam commissioning
● Used with other systems within the ESS FPGA Framework

mailto://christian.amstutz@ess.eu
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