~

"'—-
\ National
College

Ireland

Configuration Manual

MSc Research Project
Artificial Intelligence

Ayodeji Michael Adedeji
Student 1D: x23170476

School of Computing
National College of Ireland

Supervisor:  Anh Duong Trinh




National College of Ireland National

Project Submission Sheet Col]ege of
School of Computing Ireland
Student Name: Ayodeji Michael Adedeji
Student ID: x23170476
Programme: Artificial Intelligence
Year: 2024
Module: MSc Research Project
Supervisor: Anh Duong Trinh
Submission Due Date: 12/12/2024
Project Title: Configuration Manual
Word Count: 655
Page Count: Ol

I hereby certify that the information contained in this (my submission) is information
pertaining to research I conducted for this project. All information other than my own
contribution will be fully referenced and listed in the relevant bibliography section at the
rear of the project.

ALL internet material must be referenced in the bibliography section. Students are
required to use the Referencing Standard specified in the report template. To use other
author’s written or electronic work is illegal (plagiarism) and may result in disciplinary
action.

Signature:

Date: 12th December 2024

PLEASE READ THE FOLLOWING INSTRUCTIONS AND CHECKLIST:

Attach a completed copy of this sheet to each project (including multiple copies). O

Attach a Moodle submission receipt of the online project submission, to | [J
each project (including multiple copies).
You must ensure that you retain a HARD COPY of the project, both for | O
your own reference and in case a project is lost or mislaid. It is not sufficient to keep

a copy on computer.

Assignments that are submitted to the Programme Coordinator office must be placed
into the assignment box located outside the office.

Office Use Only
Signature:

Date:
Penalty Applied (if applicable):




Configuration Manual

Ayodeji Michael Adedeji
x23170476

1 Introduction

This manual provides information regarding the environment where the project was de-
veloped. It also provides the outline of how to replicate the project ”Evaluation of the
Detectron2 framework for Instance Segmentation of Multi-Component Meal Images”.

2 System Configuration

The implementation was done in the Google Colab Pro environment. It is a web-based
interactive Jupyter notebook. It provides access to virtual resources like GPU, CPU and
Storage devices. Figure [l|shows some important system information of the Google Colab
Pro environment.

¥ @ ‘nvidia-say

S5¥ Thu Decaa:az:ﬂ 2024

NVIDIA-SMI 535.104.85 Driver Version: 535.104.85 CUDA Version: 12.2
GPU  Name Persistence-M | Bus-Id Disp.A | Volatile Uncorr. ECC
Fan Temp Perf Pwr:Usage/Cap | Memory-Usage | GPU-Util Compute M.
| | MIG M. |
|
8 NVIDIA Al1@8-5XM4-48GB off | peeeocee:00:04.8 Off | 8 |
N/A 31C 2] 43W / 400W | 2MiB / 4@96@MiB | % Default |
| | Disabled
Processes: |
GPU  GI 1 PID Type Process name GPU Memory |
Ip ID Usage |
|
Mo running processes found |

P
W

Ipython —version

5> Python 3.1@.12

[5] runame -a

5% Linux 655@4f47e275 6.1.85+ #1 SMP PREEMPT_DYNAMIC Thu Jun 27 21:@85:47 UTC 2024 xB6_64 xB6_64 xB6_ B4 GNU/Linux

£ 6] df -
3~ Filesystem Size Used Avail Use% Mounted on
overlay 236G 336 284G 14% /
tmpfs 64M @  64M 0% /dev
shm 416 @ 416 0% fdev/shm
fdev/root 2.86 1.2G 828M 59% fusr/sbinf/docker-init
tmpfs 426G 128K 426G 1% /var/colab
/dev/sdal 242G 35G 288G 15% /kaggle/input
tmpfs 426G 8 426G 8% fprocfacpi
tmpfs 426 8 426 8% /fproc/scsi
tmpfs 426 8 426 0% /sys/firmware

Figure 1: Google Colab Pro System Information



3 Libraries

The following libraries were used for the development of this project.

e Os

e PIL

o CV2

e TQDM

e Json

e Torch

e Numpy

e Pandas

e Google

e Random

e Detectron?2
e Concurrent

e Matplotlib

While most of the libraries came pre-installed on the Google Colab Pro environment,
libraries such as Detectron2 and OpenCV had be to installed, the pre-installed torch
version was also downgraded to solve the compatibility issues that arose during the de-
velopment. Figure [2| shows the code snippets for the downgrading of the torch library
and installation of the Detectron2 and OpenCV libraries, while Figure [3| contains the
code snippet for the import of all required libraries.

o !pip install opencv-python-headless
!pip install torch torchwision torchaudio =-index=url https:s/download.pytorch.erg/whl/cull?
# lpip install cython albumentations
# !pip install 'git+https://github.com/cocodataset/cocoapli.gitfsubdirectory=PythonAPI"

4

Show hidden output

Irm =rf detectron2

o

!git clene https://aithub.com/facebookresearch/detectronZ.git

%cd detectron2
!pip install -e .

)

Show hidden output

Figure 2: Downgrading Torch and Installation of Detectron2 and OpenCV



© import os
inport ev2
inport jsen
import torch
inport random
inport detectron2
inport numpy as np
inport pandas as pd
from todn inport tqdm
from PIL import Inage, Image0ps
inport matplotlib.pyplot as plt
from detectron2 inport model_zoo
from detectron2.config import get_cfg
from detectronZ.structures inp
from detectronZ.structures inp
from detectronz.data.transfarms import AugInput
from detectronZ.utils.visualizer import Visualizer
from concurrent. futures impart ProcessPoolExecutor
from detectron2.utils.events import get_event_storage
from detectronZ.engine import DefaultPredictor, DefaultTrainer, hooks
from detectron2.modeling. roi_heads inport StandardROIHeads,ROI_HEADS_REGISTRY
from detectron2.evaluation import COCOEvaluator, DatasetEvaluators, inference on_dataset
from detectron2.data import build_detection_test loader, MetadataCatalog, DatasetCatalog, DatasetMapper,

build_detection_train_loader, build_batch_data_loader, MapDataset

print{"Detectron2 installatien successfull™)

3+ show hidden output

Figure 3: Importing Required Libraries

4 Dataset

This section contains the links to the datasets used. The FoodSegl03 was saved to a
Google Drive folder El, while UECFOODPIXComplete was saved to a different Google

Drive folder Pl

5 Execution

This section details the step by step execution stages from dataset loading to evaluation.
The code snippet in Figure [ covers the following:

e Mounting of Google Drive in the Google Colab Pro environment.
e Extraction of the food labels from a text file into a Python dictionary.

e Creating a chart to display the proportion of test and train datasets.

L1 fron google.colab import files, drive
drive.mount (' /content/d:

Hounted at /content/drive
T +eE9 0D

© labelnapping_filepath = '/content/drive/Myrive/UECFOODPTXCOMPLETE/datal category. txt '

tabel_napping = {+

with open(label_mapping_filepath, 'r') a5 f

or line in f:
label, food_name = line.strip().split(maxsplit=l)

label_mappinglintilabel)] = food_name

if @ in label_mapping:
del label_napping (0]

print{label_napping)

S Show hidden output

[ 1 train_image di

# test_output_json_patl

_files = sorted(os. listdir(train_isage_dir))
notation_files = sorted(os.listdir(test_annotation_dir))
train_annotation_files = sorted(os.listdir(train_annotation_dir)}

en (test_ing_files))
(train_tng_tites))

(test_annotation_files))
en(train_annotation_files) )

= Show hidden output

[ tabels = [T
sizes = [len(test_img files), len(train_img_files)]

pLE. figure(figsize=(s, 5))
plt.piefsizes, labels=labels, autopct="s1.1f%%', startangle=146)

# ple.title("Distribution of Test and Train Datasets - UECFOODPIXCOMPLETE")
pLE.showl )

S5 Showhidden outpst

Figure 4: Dataset Exploration

'FoodSeg103 dataset link
2UECFOODPIXComplete dataset link


https://drive.google.com/drive/folders/1WQfBSQ9Y6wbBrbpfaP1vM8Rn3SmfQUPU?usp=drive_link
 https://drive.google.com/drive/folders/1ASlBEnT-EYyV3UhEv8ZRlyiHYcXWJ90f?usp=drive_link

The code snippets in Figure [fland [6]shows the random visualisation of images with
a list of the food components present in the images from both datasets.

© color_palette = plt.cn.tab20(np. Linspace (0, 1, len(labelmapping) )}i:, i3] * 255

def overlay_annotations{inage, annotation, label mapping):
overlay = np.zeros_like(inage, dtype=np,uints)

unique_ids = np.unique (annotation)
for label_id in unique_ids:
if label_id =
continue
annotation

label_id
or = color_palettellabel_id % len(color_palette)].astype(np. uints)
overlaylmask] = color

blended = cv2.addweighted(inage, 6.7, overlay, 6.3, 0)

pLt. figure( figsize=(5, 5))

plt. inshow(cv2. cvtColor (blended, cv2.COLOR_BGRZRGE))
# plt.title("Image with Annotations*)
pL.axis("off")

for label_id in unique_ids:
if label_id == 9:
continue
if label_id == 103:

plt.scatter([], [], color=color_palette[label_id % len(color_palette)] / 255, label=label_mapping|label_id])
plt.legend(loc="upper right", title="Classes”, bbox_to_anchor=(1.5, 1))
pLt.show(}

for annotation_file in random.sample(train_annotation_files, 10):
annotation_path = os.path.join(train_annotation_dir, annotation_file)
image_path = os.path.join(train_inage_dir, annotation_file.replace('.png’, '-3pg'))

annotation = cv2, inread(annotation_path, cv2.IMREAD_UNCHANGED)
image = cv2.inread(image_path)

if inage is None or annotation is None:

print(f'skipping {annotation_file}: Could not load corresponding image or annotation,")
continue

overlay_annotations(inage, annotation, label mapping)

Figure 5: Visualization of images - FoodSeg103

[ ] color_palette = plt.cm.tab2d(np. Linspace(d, 1, Len(labelmapping))) [z, 3] # 255

def visualize image with_labels(image_path, mask_path, label mapping):
image = np.array(Inage. open image_path) )
nask_inage - Issge.open (nask path]
mask = np.array(mask_image) [z, :, 8]

plt. Figure(figsize=(6, 6))
plt. tnshow( nage)
pLt.axis("atf"]

unique_labels = np.unique{mask)
for label_id in unique_tabels:
if label_id = 0:

103:

e
ple.scatter([], (1, color=color_palette(label_id % len(color_palette)] / 255, label=label mapping.get(label id, "Unknown"))

plt. Legend(loc="upper right”, titles"Classes", bbox_to_anchos
pLt. showl )

sampled_inages = randon.sample train_ing_files, 18)
for inage_name in sampled_inages:
inage_path = os.path.join(train_inage dir, inage nase)
mask_path = os.path. join{train_snnotation_dir, os.path.splitext(inage nane) (8] + *.png")

if os.path.exists(mask_path):
print({"Processing {inage_name}.

visualize_inage_with_labels(inage_path, mask_path, label_mapping)

Figure 6: Visualization of images - UECFOODPIXComplete

The code snippet in Figure [7] shows the conversion of the images and annotations
into the standard COCO format.



ath, cv2. IIREAD_GRAYSCALE)

on annotation_path). Skipping this file.”)

inage == label).astype(np uinte)
urs (mask, cvZ.RETR_EXTERNAL, Cv2,CHAIN_APFROX_SIHPLE)

, bbox[0] + bbox 2], bbox(1] + Bbox[3]],

ge_tiles, [inage_dirl # Leniinage_files), (annotation_dir] = len(isage_files)))

tra: t_dicts = get_foodseg13 dicts_parallel(train_isage_dir, train_annotation_
test_dataset_gicts = get_foodseq10d_dicts_parallel(test_image_dir, test_annotatisn_dir)

Figure 7: Conversion of images and annotations to COCO format

The code snippet in Figure shows the calculation of class weights and the re-
gistration of the COCO format dataset and class labels into Detectron2’s Dataset and
Metadata catalog.

for category_id, count in class_counts. Ltems()}

+ {len(Label_mapping) ")

label_mapping) + 1):
nd(class_weights_dict.get(1, 8))

37 Show hidden output

Dataset Registration

Lel(test_inage_dir, test_annotation_dir) )
_parallel ge_dir, train_annotation_dir))

odseg_setadats_test = MetadataCotalog. get " fondacgld3_test’)
adseg_setadata. letadataCatalog. get (" foadseqldl_traia®)

aCatalog. get (* foodseq1es_test').thing_classes) }*)
aCatalog. get (* fondseqles_train ') .thing_classes) )*)

Figure 8: Class weights calculation and Registration of Dataset and Class labels

The code snippet in Figure [0 show the implementation of custom data augmenta-
tion techniques such as the addition of Gaussian Noise and colour jittering to the data
augmentation pipeline.



stor, Augrentation

S11.5d, Lag. shope) .astypelnp. 1loat32

s, self.std)

tion(selt, segmentation):
stion

Figure 9: Data Augmentation - Gaussian Noise and Colour Jittering

The code snippet in Figure shows the implementation of Focal Loss, Dice Loss,
modification of the Cross-Entropy Loss to the Weighted Cross-Entropy Loss and compu-
tation of the total loss.

s

HEADS_REGISTRY:
map ["We3h tedROTHeags "]

Figure 10: Loss Functions

In Figures and the default trainer is modified to include in-built data aug-
mentation techniques such as random flipping, random rotation etc. The early stopping
functionality is also integrated with the custom trainer.



The c
using the

{1 fron detectron2.data. transforms iaport (RandoaFlip, RandonCrop)

Class CustonTrainer (DefaultTrainer)
St o

Super(
it e w D)
self early_stopped = False

@classaethod
def build_train_loader(cls, cfg):
wgmsntations = |
oo p(burdaontalafie, vecticslafatas),

"edae.tengthe (640, 720, 800, 588, 368], max_sizes1333, sample_stylestchoice”

Randenron("relativerane

mapper = 9, is_traineTrue,
Feturn bulld detection_train_\aader(clg, mapper-mapper)

actasssethod
build_evaluator (cls, cfg, dataset_nase):
return COCOEvaluator (dataset_nase, cfg, false, output_dirscfg. QUTPUT_DIR

def build_hooks(sel
hooks Ut = super().butle_hosks )
hosks_list. Snsert

haoks. Evaloo
e
walidation_loss.

turn hosks_List

def _Log_validation_loss(selr)
build_detection_test_Loader(self.cfg, self.cro. DATASETS.TEST(0]

s.training = sel.odel. training
11, mode L. ev

with toreh. no_g
for vt in data_tou

ok ol Jea Lot owtyats, Lrsica)
Cirest o el Losk chevaboes

Loss_sum += Losses.itenl)

ount = 1

it ves_teatoing
_moge. train()

avg_validation_loss = loss _sum / count if count > 0 alse 0.0
self.validation_losses [sell. iter] = avg_validation_loss
self.storage. put_t

print (1"alidation Loss ot iteration (self.iter): (avg_validation_loss)"

Figure 11: In-built data augmentation

avg_validation_loss = loss_sum / count if count » § clsc 8.8
selfuatidation losses ael 1 ter] =
self.storage. put_scalar(“validati _validation_loss

i {Tvalidton Logs ot Iteration (self. ter): {aw, validation_iass)*)

e

det save_sogel(selt):
et path = 3.9, foln( 4510, <1a. 0T PIR, “undeltinal. i)
oreh.save( e model. state dict(), sadepoth)
print(fHodel o nosel_pat

s HoskBase) :
T GRE. sialier. g e, ipresnol

ter = 0
Leit.tratner = tratier

der atter_stentseln):
it selr _iter in self.tratner.validation_losses:

At Vis3 5 SALF AratF VAT SehimaLaaeed iat-eratrar ivar

41 current.Tous < sl pust. Lo - salt.hrestota:
self.best_loss = current,
Sulr couurar s 8

selt. counter

i self. countar == self.patience:
print (f“arly stopping triggered at iteration {self.trainer.iter}. ")
sel. trainer.carly_stopped = True

self. trainer. save_sodel(}

raise StopIteration

Figure 12: Early stopping

ode snippet in Figure shows the instantiation of our
PointRend configuration yaml. The training parameters

code snippet.

1 fron detectrond.projects.point_rend inpart add_pointrend_config
from detectrond.model_zoo inpart get_config_file, get_chackpaint_url
inpart o5

cfg = get_clgl)

add_pointrend_conti(cfg)

cto.merge_fros_file("/ {_renn_R_50_FRN_3x_coco.yeml”}

€10.DRTASETS . TRAIN = (" foodseg1ed_train
CIu:DATASETS TEST = (~toodiagtea fest
19 OATALOADER NUM_WORKERS

€19 MODEL. WEIGHTS = "datactron2://PointRend/Ins tanceSeguentat ion/point rend_renn_R_50_FPN_3x_coco/164055410/sode’_final_ed4263.pkL"
9. MODEL. RDY_HEADS.NANE = e ght edRDIHeads"
9. MODEL. ROY_HEADS. CLASS_WEIGHTS = class_weights

9. 50LVER. INS_PER_BATCH
€19, SOLVER, BASE_LR = 0001
o S0LVER ARNEE_ITERS - 500
0. SOLVER.WAX_ITER = 50000
clo-SOLVERSTEPS - (15000, 5000
€10 SOLVER. GAIPA =

0. MODEL. RO_WEADS. BATCH SIZE_PER_INAGE
CIooMODEL RO HEADS NI (LASSES = Ten{sortca. Labet_nasping)
0. MODEL POINT_MEAD, NUK_CLASSES = Len{sorted_Label_sapping)

4g. MODEL. RPN PRE_J@1S_TOPK_TRAIN = 3090
<19, M0EL . PRE S TOMCTEST = 1500

19, HOSEL, RPN POST. WMS_TOPK_TRATN = 2000
€fg,MODEL, RPN, POST_AMS_TOPK_TEST = 1000

€19, MODEL, BACKEONE, FREEZE AT = ©
€0, TEST. EVAL_PERIOD = 1000

cto.ouTPUT_DT ot Sonsieptes
A makeairs o CUTPUT.DIR, axtae s

rue)

tratner = CustosTrainer (cfg)
early_stopping_hook = Ear lyStoppingHookitrainerstrainer, patiences3y, thresholg=e.o1)
tratnar. rayister_hosks( early_ stopping_ ookl

tratner. resune_or_Loas(

toys
trainer.trasnl)
except Stoplteration:
t(*Training stopped early due to carly stop

a criteria,

Figure 13: Model Training

Detectron? trainer
are also set in the



The code snippet in Figure shows the upload of the final model, the weights and
the training outputs to a custom location for reusability.

[ impart shutil

Figure 14: Upload of final model, its weights and the training outputs to a custom location

The code snippet in Figure is used to generate a plot of the training loss and mean
average precision across different iterations.

Figure 15: Plot of training loss and mean average precision across different iterations

The code snippet in Figure shows the model evaluation and generation of predic-
tions with the final model.

1g.MODEL. ROT_HEADS.MAYE = “Weian
€10.MODEL. ROT_WEADS. CLASS_WELGHTS.
1g.MODEL POINT_HEAD. NIF_CLASSES

Figure 16: Evaluation of model and generation of predictions



The code snippet in Figure is used to visualize the image alongsides the ground
truth masks and predicted masks.

Figure 17: Early stopping
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