

Winjobi


GRAPHICAL USER INTERFACE (GUI) DESIGN USING PYTHON

CASE STUDY: THE CALORIMETER CHECKLIST

Ifeoluwa O. Winjobi

Physics and Engineering Department

School of Science, Technology, Engineering and Mathematics

Benedict College,

1600 Harden Street,

Columbia, South Carolina 29204

Summer Internships in Science and Technology (SIST) program

[image: image15.png]Calorimeter checklist

please, £ill this form out every 2 hours and save it to the logbook:
in store/ run mo.i__ /. betueen stores / run no.i__ /.
no. of major alarms no. of disabled alarms

no.: of empty (wnite) trigger towers with /ieta/ < 16 from the L1 EM
tower occupancy:

give their
coordinates: ieta/iphi: _ /__
Cal Data Quality Monitor: +displayed run no. matches the current run
no.: YES/ NO

*is it updating: YES/NO

*which of the displayed plots do not match
the reference plots:

Cal Data Quality Monitor: METx no CH (zero bias): mean: ms:

Cal Data Quality Monitor: METy no CH (zero bias): mean: ms:

Cal Data Quality Monito:
naze/conerent noise:

number of events with: noon noise/purple





Supervisor:

Bill Lee

Particle Physics Division

Fermi National Accelerator Laboratory

Batavia, IL 60510





     
 [image: image2.png]








Abstract


This paper describes the design of a Graphic User Interface (GUI), for the calorimeter shifter in the D0 detector control room, using python programming language. This GUI will serve differently from the other D0 GUI's as it will work based on time (it is to be filled every two hours), and not on collision conditions in the control room, which is what other D0 GUI's are built on. This GUI asks for pertinent information related to the calorimeter operation, and posts this information to the logbook for documentation purposes. This GUI also serves as a tool to keep shifters busy during periods of no or limited activity in the control room.
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Figure 1: Request for the calorimeter GUI
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Figure 2: First GUI
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Figure 3: Improved GUI
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Figure 4: Improved GUI Two
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Introduction
Fermilab:

Fermi National Accelerator Laboratory (Fermilab) is a United States Department of Energy Laboratory that specializes in basic research at the frontiers of high energy particle physics.  Fermilab can be said to be a laboratory that does its experiments in various forms of ways such as the Mini Booster Neutrino experiment (MiniBooNE) and the SciBar Booster Neutrino experiment (SciBooNE), which are both neutrino experiments, and other various forms of fixed target experiments.


The main experiments carried out at Fermilab are the experiments utlizing the Tevatron, which is one of Fermilab's five accelerators. The Tevatron is a circular particle accelerator that accelerates protons and antiprotons in opposite directions, and this Tevatron accelerates the particles to energies of up to 1 TeV, which is why its name is coined Tevatron. With particles being accelerated in opposite directions in a circular accelerator, these particles  get to collide at some point/points, which is basically what is intended, as with collision comes the observation of smaller particles which is what the Fermilab research is all about, the discovery of smaller particles from previously known small particles (in this case, protons and antiprotons). To actually detect these smaller particles, two very large detectors were built at the points of collision of the protons and antiprotons to detect the particles generated as a result of these collisions, and these detectors are called CDF and D0.

The D0 Experiment/Detector.


The D0 experiment is a collaboration of over 600 scientists from all over the world, all with the same goal, to find what makes up known small particles, and in the case of D0 and Fermilab at large, find out what makes up protons and antiprotons, and by knowing this, study the interactions between the Standard Model particles. The D0 detector is a very large and expensive one, designed with the primary aim of stopping subatomic particles generated from the energy released by the proton/antiproton collisions, and the intersection region of this collision is very close to the center of the D0 detector. The D0 detector can be said to consist of four major parts, which are;

1.)
The Tracking System: Which records the tracks or trajectories of high energy particles produced during collisions. The tracking system itself is made up of different forms of detectors with silicon detectors closest to the collisions, outside the silicon detectors are the scintillating fibers which produces photons of light when particles pass through, and the whole tracking system is bodied in a powerful magnetic field which makes the particle tracks curved, and with this curvature, the particle’s momentum is deducible.


2.)
Calorimeter:
The D0 detector has a dense absorber that captures particles and measures 

their energies and this absorber is called a calorimeter, and the calorimeter can be 


described as an uranium metal soaked in liquefied argon, with the uranium causing 


particles to interact and lose energy and the argon detects the interactions, and gives out 


electrical signals that can be measured.


3.)
The Muon System:
On the outside of the calorimeter, which is the outermost layer of 


the detector is a detector that detects an unstable particle called the muon.  Being on the 


outermost layer, the muon system is very large and is the first thing seen when looking at 

the D0 detector.


4.)
Trigger System:
About 2.5 million proton-antiproton collisions happen every 


second in the D0 detector, and since it is not possible to record all these events, a 


trigger system was developed. This trigger is a system of fast electronics and computers 


that decides in real time if an event is interesting enough to store. With the trigger 


therefore, uninteresting events are not stored leading to a fewer number of events stored.


Events occurring are monitored in a place called the control room.

GRAPHICAL USER INTERFACE (GUI).

 
A GUI is a developed interface that makes interactions with computers more user friendly and less computer code oriented.  The design of a GUI is solely based on its intended use and therefore the best description of a GUI would be an interface that enables everyday computer users to communicate with their computer or programs without unknowing the underlying computer code. An example of a GUI is the gnome environment of the UBUNTU that communicates with the operating system on behalf of the user.


A very good every day example of a GUI is the Microsoft Windows operating system, that lets users select menu items using the mouse instead of using a text based interface.

Image 1: Graphical User Interface (GUI)
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The D0 Control Room.

The D0 control room, houses different computers monitoring different processes in the D0 detector. It should be stated that the detector has at least 800,000 channels where particles can fly off, and all these channels are monitored every second. It should also be stated however, that the monitoring of these channels is not done by the use of the naked eye to check for particles, but achieved by the design of various complex trigger systems, that communicates with various GUI's they are designed to communicate with.


Generally, each channel is meant to have its own trigger and its own GUI, but considering the fact that there are over 800,000 channels, similar channels have being designed to work and communicate using same GUI's. With this arrangement of similar channels using the same GUI, the number of GUI's needed to monitor detector activities or processes in the control room is greatly reduced. Even with the arrangement, there still exist many non similar channels, leading to the design of many GUI's for monitoring these channels. Another form of grouping is also used to reduce the number of computers necessary for monitoring these channels and this grouping is based on what part of the detector the channels are located. For example, similar channels in the calorimeter could be grouped with another batch of similar channels in the same calorimeter. It should however be noted that this grouping helps reduce the number of computers needed for monitoring and not the number of GUI's needed.  


With the grouping in place, actual humans are needed to monitor the designed GUI's and take note of interesting occurrences in the detector. The humans in charge of monitoring these various GUI's are called the “SHIFTERS”. With the pluralization of the word shifter, a question first jumps to the mind, if these processes have being trimmed down to few GUI's why do we need “SHIFTERS” to monitor the GUI's, why not just one shifter ? The trimming by the way of grouping various channels was able to reduce the number of necessary GUI's to approximately 70 GUI's which is definitely few when compared with the initial 800,000 GUI's, but these 70 GUI's cannot be monitored by one person and therefore the need for more than one person. 
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Image 2:D0 Control Room
SHIFTER.


As earlier stated, shifters are the people who monitor the control room GUI's and take note  of events in the detector. Shifters are classified based on the channel group they monitor. For example, a CalMuo shifter monitors the calorimeter and muon systems, the trigger shifter monitoring the trigger systems and the tracking shifter monitoring the tracking systems. There other shifters such as the Captain who is in charge of all shifters in the control room, as he also helps monitor their own systems.


My project entailed writing a program for the CalMuo shifter.
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Image 3:D0 Control Room showing the captain and the calmuo shifter
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BACKGROUND INFORMATION

The control room is a very lovely place to be when it is bustling with activities, but during periods of no activity, for example, periods when there is no beam, or there is no problem with the detector components, the control room appears as a graveyard and everything gets really boring, this causing the shifters to do other things not relating to the laboratory's objective, such as sleeping while on shift or listening to music, amongst other things. To rectify this problem it was decided that a form be filled out every two hours, entries in this form relating to the status of some events in the detector. By making sure this is filled every 2 hours, the risk of a shifter actually sleeping during shifts is minimized, while the answers to the questions asked on the form are to be posted to D0s e-logbook, so it could be there as reference for other shifters. The document detailing the needed GUI is shown below.
Figure 1: Typed out request for the calorimeter GUI

D0s E-Logbook.


Fermilab's D0 has a database that stores different occurrences in the detector such as a glitch in 
software being used, or a crack in the detector or whatever any shifter deems fits into the database. To write into this database though, a Java based GUI was developed for the control room where each shifters could select their group name and include whatever they want to include in the logbook in any manner they want. This could be text, plots, anything could be included in this reports in any format. With this flexibility comes the problem of ambiguity, shifters could write reports using personal acronyms nobody else understood, and in general, reports were not standardized. A standard report was needed from the shifters for the bi-hourly report so another GUI was essential to achieve this goal. 

PROJECT.

It was therefore decided that a new GUI be designed, and specifically a python written GUI, to complement the other numerous D0 python GUIs. The typed out request describing what was needed in the new GUI is shown on the next page. With this request I wrote about 30 lines of code and was able to come out with a basic GUI, relating to the request, this basic GUI is shown below.
Figure 2: First GUI
With the understanding as to how to create a simple GUI, I delved into books explaining GUI design using python and was able to go farther and design a GUI on the D0 GUI framework, this GUI was however not as sharp looking or as colorful as wanted, as it was not easily noticeable on the screen with the dull background. The GUI obtained is shown in Fig. 3
Figure 3: Improved GUI
[image: image3.jpg]hd Calorimeter Checklist | =]t

View Help

Calorimeter Checklist
(In Store / Run #) B Between Stores Run #

Nurmber of Major Alarms: Number of Disabled Alarms:

# of empty (white) trigger towers with fieta/ < 16 from the L1 EM tower ocupancy:

ieta iphi

Give their coordinates:

Displayed Run # matches currentrun # ~ Yes ~, No
Cal Data Quality Monitor:

s itupdating ~ Yes ~, No

Cal Data Quality Monitor: MET: no CH (zero bias).
Cal Data Quality Monitor: METy no CH (zero bias).

Cal Data Guality Monitor:  Number of events with noon noise/ purple haze/ coherent noise: |

Cal Data Quality Monitor:
Please, note irregularities in the following 2D plots every 2 hours, and select the irregular plots to copy into the logbook in'case of troubles:

{ METxno CH(ZB)  { METyno CH(ZB) I METxno CH (jets) i METyno CH jets) 1 MET vs Event No
1 cell occupancy 2D CH1 (ZB) I cell mean energy 2D CH1 (Z8)
1 cell oceupancy 2D CH1 (jets) i cell mean energy 2D CH] (jets)
i cell occupancy 2D EM3 (ZB) 1 cell mean energy 2D EM3 (Z8)

1 cell occupancy 2D EMa(jets) I cell mean energy 2D EMa(jets)

GU intalization complete
Status:

LReset Quit | Submit






With this fact, it was established that a deviation from the normal DO GUI framework was needed; a colorful GUI was needed so the shifter on duty could easily notice this GUI anytime it popped up. Using the idea of a colorful GUI, I was able to come up with a GUI with an additional color as shown in Figure 4, but this was deemed not colorful enough so a multi-colored GUI was finally designed which encompassed all that was needed in the GUI. This all-encompassing GUI is shown in 
Figure 4: Improved GUI Two
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Figure 5: All Encompassing GUI
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However, on completion of the multi-colored GUI, it was discovered there had being a misunderstanding in the design of the GUI, a field (“In Store” field) I had thought required a typed out answer, was just a field that the shifter was meant to give a YES or NO response to, and that the answer given determined all other values that was needed. For example, a NO answer to the question meant the run number and store number fields were obsolete, as well as the white trigger selection region and so on, while the YES option required all fields. To implement this change, it was decided that a basic GUI that asked the simple question, “Are You In Store” be created as shown on the next page. 
Figure 6: Final GUI
This GUI is set to produce a bigger GUI when an option is selected. With this final GUI, it can be said that 3 different GUI's were designed with one basic GUI leading to any of the other two. Images relating to the expanded GUI are shown in figures 5 and 6. This GUI is designed to do some validation procedures on its entry fields, such as check to see if the fields are filled out and if some basic information such as the store number and run number fields are not properly filled, example if non numeric characters are included or the number inserted is lower than a certain number. When any of these events occur, an error message pops up, informing the shifter of this error and advising the shifter has to the step(s) to take. This two validation process will not allow the shifter make any post to the log book without correcting this information, another validation method in this GUI is the image validation. With a set of reference plots, a shifter is required to compare plots he sees on the screen with these reference plots and determine if the current plots look irregular and any irregular plot is selected on the GUI and clicking on the “Post to Log Book” button selects this plots and posts them to the log book. However, not at all times will there be an irregular plot so therefore a validation process that gives the shifter an opportunity of not selecting any image is required, but also taking into consideration instances where the shifter could have forgotten to select any image while there is actually an irregular plot, the image validation process was done in a way where when no image is selected as irregular, a confirmation dialog pops out asking if the Shifter is actually sure there were no irregular plots, the difference between this validation method and the previous two is the ability to go ahead making the post to the log book without making any changes to the GUI.  All three validation diagrams are shown in figures 7, 8 and 9.

Figure 7: Expanded GUI with the YES option selected
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Figure 8: Expanded GUI with the NO option selected
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Figure 9: GUI showing form validation when fields are not filled.
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Figure 10: GUI showing form validation when fields are not properly filled.
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Figure 11: GUI showing image validation.
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However, to post this report to the logbook, I had to incorporate a previously written python script that did the posting into my written script, the incorporation process was extensive as the previously written script had to be read and understood so as to understand how it worked and what parameters were to be passed to this script.

Conclusion.


The necessary GUI needed to keep the shifters busy during shifts was successfully designed and it has being successfully included in the D0 GUI database. It is should be noted however, that during a couple of shifters actually responded that the GUI was going to eat into their nap time, and this was actually the reason the GUI was designed, to help shifters concentrate when there is “nothing” going on. This GUI is running smoothly and no negative feedback has being received as to the effectiveness of the GUI. 


This GUI however lacks a way to receive a response from the previously written python script that does the posting to the log book, because if a situation occurs whereby all entry fields are correctly filled and image selection is valid, but an error occurs the posting of the answers to the log book, the GUI terminates, even though the posting was not successfully performed. Another imrovement in the workings of this GUI would be a situation whereby the GUI could actually determine the run number as at that particular time, as the present run and store validation methods are definitely obsolete as additional run and store numbers have being performed after my writing the program, and my program was only written to prevent people from using a lower run or store number as at the time of writing.
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