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Outline

* What do | mean by
“integrated”? With the help of
stable and simple Python
libraries, you can:

* Control and operate the Analysis
equipment on your test bench.

* Read and capture data from
your research apparatus.

* Provide a usable graphical
interface for the experimenter.

* Analyze your data.
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60 Seconds of Background: The Plot
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* Prototype electronics for the
ATLAS Liquid Argon (LAr)
Calorimeter in the HL-LHC era
are being developed.

* Need a high-speed, wide-
range, radiation-hard analog-
to-digital converted (ADC)
being developed for signals.



60 Seconds of Background: The Cast
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60 Seconds of Background: The Stage
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* Nearly every modern lab device
on the market offers digital
control through GPIB, LAN,

and/or some other standard.

* This allows for both automated
testing, as well as remote control.

* And with python, this can often
be a rather trivial amount of
effort.



Controlling the Test Bench

* First, we will try to control our
signal generator with PyVISA

* Physically connect the device to
the computer with an Ethernet

cable.
[ #2830 Vg £C
| e Tasks
: 1. Connect to device with TCP.
- 2. Read the current state.
P s 3. Change the input voltage and

frequency.
4. Verify the changes.




Controlling the Test Bench




Controlling the Test Bench

* The same process was done to
control the power supply.

* For example, if your system gets
into some strange state, and you
need to power cycle the system, —
you can perform this task
remotely.

e Additionally, we took readings R e -
from the temperature sensor A
using Keysight’s scripts.




Reading Data

e Communicating with your USB

devices is extremely straightforward Instrument

with pySerial. Control
* Encapsulates access for the serial

port.

* Includes backends for all ope(atinﬁ
systems, automatically choosing the ez Python
appropriate one. Jelkl Libraries

* The developer-facing APl remains
consistent irrespective of backend.

* Simple file-like access with read () o
and write () functions. e




Reading Data

bcuments/chuck/ X & serial_demo - Jupyter Notebook X & visa_control_demo - Jupyter Not X ‘ -+

(& ® localhost:8888/notebooks/Documents/chuck/serial_demo.ipynb

: J u pyte I se rial_demo (unsaved changes)

File Edit View Insert Cell Kernel Widgets

B+ < & B 4 ¥ MRun B C » cCcode

%run -m serial.tools.list ports

COM1 !

COM17
COM18

3 ports found

Trusted

Q & ¢

f" Logout

4 | Python 3 O

»
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Reading Data

block = Thread.block()

coluta. logger.addTraceback("{@} -

fifo.write(BAMessage)

time.sleep(0.01)

Thread.block{block)
True

{1}".format{port, "

".join({messagelList)) )

* For this set of commands,
what does the developer see?
Justwrite ().

* Waiting for this task to
complete will hold the GUI,
read/write operations are
performed in a background
thread.

* For safety, | have implemented
mutex access to the Serial
objects.
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Reading Data

B Anaconda Powershell Prompt (Anaconda3)

Number of samples requested 10624 X

. . fe 00 00 006 00 ff
* After creating the serial <~ fe 00 00 00 04 ff
:  <- fe 1b 00 08 40 ff
connection, we pass commands ARSI

that the board’s firmware e s s
understands. e
* Then read back any data in the  [FFEREFTENEI TEVEE

USB buffer. 4‘399

00’



Reading Data

Bl Anaconda Powershell Prompt (Anaconda3)

. Number of samples requested 10624
Tells the FPGA to listen s - fe 00 @0 00 00 ff
. 00 00 60 04 T
1b 66 08 40 ff
‘92', ‘ca’, '10°

Read 1024 points b, 107, “ca’,

s | 'é:ld'

- 3 e L PR
10°, '60°', '96', 'bf', '40°',
Move data to buffer A - 'bf', "4e’, 'ba’, "40’, |
‘DA A0, "h2 ., 49 . dZ

‘00", '€

00",

‘00",




User Interface

instrument * [n many cases, your users may

S not be comfortable with doing
their own software development
(nor should they).

Data Python * For our chip, we could not rely on
Analysis Libraries . : .
users being able to write scripts.

* Enter, PyQt.

User
Interface



Serial
Connect

Data-taking

User Interface

Immediate Display

Data-storage
= O X

COLUTA Page tabs
File
Control tion Run Instrumentation Global Channel 1 Channel 2 3 Channel 4 Channel 5 Channel 6 Channel 7 Channel 8 Miscellaneous
Board Connection Data Aquisition Data Display
Number of
FIFO A FIFOB
Sl i ssssasssssssssssssssssssssssssss
DoFFT [ 40000 | 33383332882338283338882228283332822
COM17 COM18 Save HDF5 @ sesesese desscescssscses eesee
Take AD121 Take Dual ittt 0085000088 80 H
i S e = R
Save CSV D 28 38000 - cecessssssess: e0000000000000
C ™Y Y
Take Single Take Samples Plot Channel [framed <] 3 Ssasasesttcasasasesstssstsatest,
Connect/Reset ‘ = ki Increment O 8 36000 g;égggsggggggggg mssssssiggggggf
ions - i 2 $333ssesecasnnttsssessatanttttes
Reset Pulse ’
Scan COM Ports ‘ Delay O 33331 33“3338333388 33333333333 33
. RepetOota [ 34000 - fﬁffﬁﬁfgf§§§§§§§§§§3§§§§§§§§§
- Test Button Samples 0 s 0 5EE!5..5!!5:5555555355555555“’55
Save FRAME1? Save FRAMES?
Config File ' Global v T T T
| [] save ch1? [] save chs? 0 200 400 600 800 1000
Load Configuration ‘ [] save ch2? [] save che?
# Comment box [] save Ch3? [] save ch7? 0
.Jconfig/COLUTA.cfg ‘ [[] save ch4? [] save chs? 5
Save Configuration | —50 -
)
0% D Enabled E' -75 =
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User-friendly checkboxes,
drop-down menus, and

ser Interface text entry. All are converted

to commands to the chip.

COLUTA
File

Control Radiation Run Instrumentation Global Channel 1 Channel 2 Channel 3 Channel 4  Channel 5 Channel 7

TS XS nRST

Clock Invert 640 TS Disable []

TSXSVT

Clock Delay 640 | 3 | TS TP12 Select |Global TP

TS XS VBOT Ground [iligh-Z

BGP Trimp Up I 5 Chior ITP1=GND; TP2=GND TS XS Thru h-Z

TS Dout Select [,3 o 1Tp1=GND; TP2=GND} TS XS SEU Select
BGP Trim Down I 3 J Ch4 or {TP1=VDD_BGP; TP2=VDD_CLK}
TS DI Select |ChS or {TP1=GND; TP2=GND} TS XS Reset Mod AN
Ché or {TP1=GND; TP2=VDDD_DDPU} .
BGP External Start [] Ch7 or {TP1=GND; TP2=GND}
TS DI Pass |Ch or {TP1=GND; TP2=GND} TS XS Reset Manual
BGP Select IBIAS |BGP v
TS XS LR TAP1
TS DI Logic | 128 ’
BGP Select Amp Source BGP v TS XS LR TAP2 8
TSDIIO l 128 ‘
BGP Select VREFP | RDAC v TSXSLRPS 156,25 kHz
TS IOA Swin Front-end v |
BGP Select VREFN |RDAC v ToRERitiode I
TsioaFeue [ TS XS GT Mode Internal
BGP Enable VREFP [] :
TS I0A FEG x(16/16)+1 V| | TS XS GT Manual Hold Count
BGP Enable VREFN
TS I0A BEG /1 ol | TSXsGTLen 0.8388 s

BGP RDAC CODE VREFP I 5 |

TS IOA FE Enable TS XS CMP Pol VIN>VT
BGP RDAC CODE VM | 23 | | 15108 BE Enable TS XS AMP Pol I0A_VOUTN
TSMADCTRST  |Active
BGP RDAC CODE VREFN |58 | | Tstoaca E \
TSMADC CLKPS  |divide by 1
| | Tsioasas s ’

BGP FDBK CODE VREFP | 45

Configure Global

Ready




Data Analysis

* Analysis should be performed in

multiple stages at different levels " Control
of detail.
1. Immediate feedback to the user
while experimentation is in _—
progress. Analysis

2. Detailed analysis from an
organized set of data.

User

Interface




Data Analysis

* When experimenting, it is
ideal—and perhaps even
necessary—to have rapid
feedback for preliminary
analysis.

* Not only can we use
matplotlib to show
preliminary plots of the
data, but we can also
perform simple analysis.

* |n this case, we use scipy.fft
to perform the check.

Save Txt
Save C3V

Plot Channel

Increment
Pulse Delay

Reset Pulse
Delay

RepeatData
Taking

e FRAME1?

O
O

frame1l

O
O

]

Save FRAMES?
[] save chs?
[] save ch&?
[] save ch7?
[] save chs?

] Enabled

ADC Counts

Data Display

T T T T T
200 400 600 800 1000

5

10
Freq. [Hz]

15
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Data Analysis

* For long periods of
data-taking, it makes
sense to have
continually-updating
plots.

* Yet another
straightforward
implementation with
matplotlib + PyQt for
dynamic plots.
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https://gitlab.cern.ch/coluta/COLUTA65/-/blob/master/monitoring.py#L70

Data Analysis

e Different tasks call for l HDF5
different tools: for

complicated collider-physics
event data, things like ROOT Test 0 Test 1
(and all the surrounding
python infrastructure—

| |
I I I I
pyROOT, uproot, etc.) may be
necessary. DeviceO Devicel DeviceO Devicel
| | | |

 What if your data is a small

set of Smgle_Str?eam data data data data
measurements: array array array array

* HDF5 may be an answer.

21



Data Analysis

* There’s a package for that, too!

* H5PY is a user-friendly tool to read and write files in the HDFS5 file
format.

* Navigate the data hierarchy in a python-dictionary way.
* Demo: read hdf5.ipynb




Ssummary

With python librarie:
everything-in-one.

1. Control your equ
PyVISA (or anott
manufacturer-pr
library)

2. Read data over L
pySerial.

3. Build an easy-to-
to-use UX in PyQ

4. Analyzedatainr
well as store dat:
friendly formats

ColutaGUl.py 109 k8 [B

""Main class for the COLUTA GUI

name: ColutaGUI.py
author: C. D. Burton
email: burton@utexas.edu
date: 7 August 2018

# Pyt libraries

from PyQtS import uic,QtWidgets,(tCore,QtGuil
from PyQt5.QtCore import QThread,QTimer
# Python libraries

import numpy as np

import binascii

import time

import glob

import os,sys

# Custom libraries

import colutaMod

import serialMod

import monitoring

import chipConfiguration as CC

import configparser

import dataParser

import Thread

import status

import instrumentControlMod

import pxiControl as pc

import psuControl

from datetime import datetime

from logger import Logging

from radiationTest import RadiationTest
from collections import defaultdict
from lxiControl import 1lxiControl

Python
Libraries



Lake Granby,
Colorado
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