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Student number: 1806461		 Name: Amelia Kate Moseley
The enterprise and innovation group project has been laid out to provide the opportunity for students to work together as a group, in order to gain somewhat realistic experience in the IT Industry. This report is broken into separate parts following the same format, with each group member looking at different aspects of the group project. In this case specifically it is focusing mainly on the ideation of the project, and the authors contribution to the development process.
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[bookmark: _Toc35886448]Introduction
As students studying to work in the software industry it is important to become familiar with larger scale projects, and certainly group projects, as the majority of professional work done upon graduation will likely be of a larger scale than the assignment work done thus far, and will more than likely involve working effectively as a group. This report is one of a series of reports written by the members of the group to be discussed in further sections; specifically the report looks at the initial ideation of the project and then takes a deeper dive into the development process of the work that has been done on the project thus far.

























[bookmark: _Toc35886449]1– Ideation
[bookmark: _Toc35886450]1.1 – Outline Idea and Description
The initial idea came about in one of the brainstorming sessions with the group members Farhan and Amelia. The idea itself is to try and replace paper register systems in universities with a facial recognition system. It came about partially because of Amelia’s interest in both machine/deep learning and learning how to use the MATLAB environment, and so they thought of an idea that would give them an excuse to be able to explore those interests.
[bookmark: _Toc35886451]1.2 – Design 
The plan was to use the MATLAB deep learning toolbox [1] to allow the use of one of the pretrained networks from CaffeZoo [2]. The network would then be retrained with collected data based on the group members and tested until a suitable accuracy is reached. A database can be made to represent the register and then linked to the MATLAB script to be able to update a student’s attendance for a lecture based on the determined result from the network. For the purposes of the project, testing and demonstration is done using either a USB webcam, or the built-in webcam of a laptop.
[bookmark: _Toc35886452]1.3 – Differentiation 
The main differentiating factor in the project is based around undercutting the market competitors and providing a subscription service for continued tech support for the facial recognition setup. So far universities are not using facial recognition systems for this purpose, so that tells us that the market competitors are not moving towards trying to replace the paper registration systems, therefore there is a spot open in the market for the project idea.















[bookmark: _Toc35886453]2 – Development 
The first stage was to learn how to use MATLAB in general, and then look more specifically at the deep learning toolbox they have available. This step consisted of making written notes based on the courses on the MATLAB academy website. As part of this, and for the sake of personal goals, the author (and main developer) Amelia took and passed the MATLAB associates certification exam. 
[image: ]
Figure 1 Exam Certificate
This was based on general MATLAB use. The next step was to further this knowledge into more advanced MATLAB techniques, and making the way through the deep learning content available.
[image: ]
Figure 2 MATLAB Course Progress
In the above figure, the fundamentals course relates to the associate’s exam; and then the data processing, programming techniques, and deep learning courses are the more advanced content. After learning the software that would be used came deciding the network model to use and loading the network layers of said model into MATLAB. The decided model is one called ResFace 101, which itself is based on the ResNet101 [3] architecture. ResFace is an implementation trained by a research team based on their paper relating to facial image recognition [4].
[image: ]With the network model selected came the task of loading the network layers into MATLAB. It is usually a simple matter of passing the file paths of the .prototxt and .caffemodel files to the importCaffeNetwork function (the MATLAB function names are incredibly self-explanatory in terms of their names), however doing this threw an error relating to empty weights in the fully connected layer. So to get around this, because the fully connected layer would need to be replaced anyway (this layer is based on the number of final classifications the network has, so in the case of the project that would be the number of students on the register), the fully connected layer was removed from the prototxt file and the connections for the adjacent layers modified so that the connections were maintained. Making these modifications allowed the network layers to be imported successfully into the MATLAB environment.    Figure 3 Snippet from prototxt file.

In the figure to the right displaying a snippet from the prototxt file, the layer named “fc_ft” is the one that was removed.
Once the layers were imported, that part was placed on hold for the time and work began on putting together a set of training data to retrain the network for use with the project.
Pictures of the group members were taken, and images from social media used (all with the subject’s permission) and then edited to train the network with. For each picture there ended up being 4 separate edits of the picture in order to artificially increase the dataset as the dataset is very small. The 4 separate images per person consist of one unedited image, and 3 distorted versions. The final data set consists of 56 images. 
With the dataset formed attention turned back to the network to begin training. To be able to start the training, a new fully connected layer and a classification layer needed to be added. This seemed as though it would be relatively straight-forward to begin with but ended up requiring the network layers to be converted into a layer graph, as the network architecture is a directed linear graph (DAG), rather than linear, so extra measures need to be taken in order to ensure that the connections between layers are maintained before any changes are made to the structure. This was accomplished with the following code snippet.
[image: ]
Figure 4 MATLAB code snippet for modifying layers
[image: ]After playing around with the code and reaching the above snippet the actual training could begin. The training is a lot of trial and error, with the datastore being passed to the trainNetwork function, and tweaking the training options until a satisfactory accuracy is reached. In larger scale training, a validation dataset would be included to compare against during the training. But having such a small dataset this is not an option. Usually as well the dataset would be split into a training and testing set, however because the image classification is being done using a webcam for the project rather than passing images based on a file path, only a training set was used. After a bit of playing around with the settings the below snippet is the options that seemed to yield good results.Figure 5 Network training options

The next stage was to try and make a script for object detection, to be able to get the region box outline around the subject of the image and handle multiple people in the image at the same time. At the time of writing this report research is being done into how to write such a script, the prediction is that is should be able to be done by the time that the final pitch is scheduled.
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[bookmark: _Toc35886455]Appendix
[bookmark: _Toc35886456](A) – Reflection
Overall, it feels as though the development side of the project has been more successful than the team working, but in general the project itself has been quite successful. In terms of the development more could have been done to split the workload between the different members of the group. In defence of the author on this point, while they did come up with the initial idea for the project, they are not the project manager, and as such not focused on assigning tasks to people. Further, they were spending their time learning about deep learning theory and how to train neural networks, which is a big job by itself without factoring in the fact they were implementing those findings as well. 

[bookmark: _Toc35886457](B) – Networking
[bookmark: _Toc35886458](B – 1) - OpenEHR Talk
[bookmark: _GoBack]A talk was hosted on December 13th, 2019 based around the open standard for software related to the health care industry, openEHR. The main subject of the talk was surrounding open access medical data and proposing methods for how to implement the standard across the UK. The structure of the talk consisted of a number of different speakers from varying areas of medical or software industries talking about what they have been doing with openEHR, then a break for lunch giving people the opportunity to talk with the other attendees, and finally a Q+A section opening the floor to ask questions to the speakers. During the break a conversation was had with a number of the other attendees about what programming languages are currently popular in the software industry, to which one of the main responses was python.
[image: ]
Figure 6 Notes from openEHR talk
[bookmark: _Toc35886459](B – 2) - Birmingham University Postgraduate Open Day
On March 11th, 2020 there was an open day at the university of Birmingham for postgraduate courses (masters and doctoral programs). The main aim of this was to find out about two of the courses out of those available in the school of psychology: Computational Neuroscience + Cognitive Robotics (CNCR), and Brain Imaging + Cognitive Neuroscience (BICN). The former of which was the main initial interest, with the latter being learned about at the open day. The conclusion that was reached from the open day was that the CNCR would be the easier course to get onto based on a background in software engineering, but the BICN would in theory be more interesting as the interests of the author are centred around neural imaging and understanding the brain.
[image: ]
Figure 7 Postgraduate open day booklet cover



[bookmark: _Toc35886460](C) – Teamworking
The main method of communication for the project was email using our student email addresses. For the sake of the email screenshots that will follow, the group member Jacob Moseley, from the earlier emails, and the member Amelia Moseley, from the later emails, are the same person (and the author of this report); they changed their name during the year for personal reasons. The other key tool used was Microsoft teams, this is where we uploaded any files worth sharing, or files needed for cooperative work; it is also where the team progress sheet was kept.
Following are screenshots of some of the team progress sheets, mostly those relevant to the author:
[image: ]
Figure 8 Progress sheet screenshot 1
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Figure 9 Progress sheet screenshot 2
[image: ]
Figure 10 Progress sheet screenshot 3
Next are screenshots of some of the email chains; as with the progress sheets it is mostly those relevant to the author: [image: ]
Figure 11 Email screenshot 1
[image: ]
Figure 12 Email screenshot 2
[image: ]
Figure 13 Email screenshot 3
[image: ]
Figure 14 Email screenshot 4
[image: ]
Figure 15 Email screenshot 5

 The group did initially consider using the messenger service Discord, but not all the group members had a Discord account.  Beyond this there was Microsoft Teams for keeping shared documents, and then face to face communication in lectures.
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layerG = layerGraph(net);
layers = layerG.Layers;

temp = layers(end-1);
fcLayer =fullyConnectedLayer (5, "Name","fc_t");

layerG = replaceLayer(layerG, 'prob’,fcLayer);

newLayers = [temp,classificationLayer("Name","ClassificationLayer”)];

layerG = replaceLayer(layerG, 'ClassificationOutput’,newLayers);
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toptions = trainingOptions("sgdm”,"Plots","training-progress”,"InitiallearnRate”, 0.0001,"MiniBatchsize",16, MaxEpochs”,128,"LearnRateSchedule”, "piecewise”);

trainediiet = trainletwork(auds,layerG, toptions);
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G 6 >
That's brilliant, I'll try add to it when I'm by my laptop later on or something or tomorrow, think between us we can work it
out haha

Get Outlook for i0S

Jacob Moseley (1806461)
Sun 03/11/2019 16:06
Facial Image Recognition Neural Network_GRP

G 9 >

I've added some ideas to the PID notes document about the diagrams we've got to do. Ideas will likely be subject to change.

Also note that I'm not sure what order to put them in at the moment/how long to say each part would take to complete, but
it's a start.
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That's fantastic news well done mate.
Well I'm most the way through my PID just haven't done my Gantt Chart but that would be awesome yeah
Maybe we can start looking at the presentation together on Wednesday?

Get Outlook for i0S

Jacob Moseley (1806461)
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Facial Image Recognition Neural Network_GRP

Hi guys,

Thought I'd let you know that | have managed to get the network model imported into MATLAB, so now we can start
putting together a set of images to retrain it, and | will carry on learning more deep learning stuff.

I've got my PID done, so | can show you my Gantt chart on Wednesday if you want to see it.

And we need to start on the presentation for James's first assignment, the initial pitch. Shouldn't be too difficult, but
obviously the sooner we get it done the more time we have to work on other stuff
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Kieran

Get Outlook for i0S

Amelia Moseley (1806461) &
Mon 02/12/2019 15:01
Samia Assebab (P151305); Kieran Ayres (P149775); Farhan Rahman (1802359); Facial Image Recognition Neural Network_GRP v

© >

Cool, that's looking good. In terms of the formatting, mine and Kierans slides are on the Teams page, just waiting on the other
sections.
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Okay I've added all the team working jazz to the pitch, to see it you'll have either play the slide or load it on PowerPoint, as |
added animation and for some reason that make teams not show them correctly but yeah, have a look and tell me what you
think. Be sure to let me know if you want me to add or change anything
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I've updated my section of the document.

The new document file is named initial pitch(1).
Could those who haven't merged their sections into that document merge them into the main one as soon as possible.

Thank you,
Kieran
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Hi guys,

I'm making good progress with the network training, what would be good to help with the accuracy would be if you could
send some selfies that | can add to the dataset (front on mainly, but side profile could be useful too).

Also we're in a good position to be able to start work on a basic SQL database to act as the register, if someone wants to
start on that, we're going to want to have a look at what the easiest version of SQL to use with MATLAB is. | think we'll

probably want to use our student numbers as the primary key for a student table.

Amelia
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