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SETUP/CONFIGURATION

Section 1: Requirements

Google Colab: Used for executing Python code via browser.
Runtime Type: Python 3

Hardware Accelerator: L4 GPU

Supporting Tools: Google Drive
Deep Learning Frameworks: ultralytics (YOLOVS), TensorFlow/Keras

Libraries for Data Handling & Visualization: Pandas, Numpy, Matplotlib, Yaml, cv2 (OpenCV), Glob, os &
shutil

Section 2: Dataset Collection

1. Download the Waste Image Dataset from Kaggle —
https://www.kaggle.com/datasets/ahnaftahmeed/trash-detection-image-dataset/data?select=trash-
detection.v35.yolov9

= kaggle Q searen
Trash-detection image dataset s o RN
DataCard Code () Discussion (C)  Suggestions (C)
B M trash-detection.v35.yolovd (3 directories, 3 files) &0
¢ About this directory [ suggest Edits
L= It
o 0O O O 5 5]
2. Extract and save the folder in your local system and then rename the folder to “WASTE
MANAGEMENT".

(@] D > ThisPC > NewVolume (D) > Waste managmentrules > WASTE MANAGEMENT >

Name

TXT File

TXT File

Section 3: Google Drive Setup

3. Open Google Drive; go to My Drive; click New; choose Folder upload; upload the WASTE
MANAGEMENT folder.
& orive Q_ search in Drive = o & + = @
[ New folder Aok e ¢E‘ =) 0 B
File upload Actent T (" people ~ | [ Modified ~ | Source <
[ Folder upload AleChenl
Owner Last modified b... v » File size H [c]
Google Docs »
Goojlesl‘eets N WASTE MANAGEMENT me Aug 6, 2025 —



4. Locate the WASTE MANAGEMENT folder; open it; confirm the folder structure matches the image
shown below.

My Drive > WASTE MANAGEMENT ~ (=] =2) o
(type < ) ( peopte - ) moditied - ) sourcs ~ |
Name Owner Last modified b... v ~ File size
o ain me Aug 6, 2025
m  valid me Aug 6, 2025
i test me Aug 6, 2025 —
B datayaml me Jul 14, 2025 734 bytes
B README.roboflow.txt me Jul 14, 2025 1KB
B README.dataset.txt me Jul 14, 2025 187 bytes
Section 4: Google Colab Setup
5. Open the code file in Google Colab; click Runtime; click Change runtime type; set the hardware

accelerator to L4 GPU.

Change runtime type
Runtime type

Python 3

Hardware accelerator ()

O cru O awoePu @ LacPu (O T4GPU

Q veerPU O vseiTPU O v28TRPU

cangel Save

6. Once changed, click on ‘Connect L4’ to connect to the select L4 GPU runtime.
E & 2, Share 4 Gemini

Connect L4+ ¥

1+ ¥ * 4 CDFIIECT tca newrurmze :

7. Once connected to the runtime; click Run all to execute all cells sequentially.

() “ RessarchPracticum FINALipynb ¥t &

File Edit ¥iew Insert Runtime Tools Help

& Commands + Code + Text B Runall

Files O x

1. Maunt Google Drive
8. On the first cell’s Drive access prompt, click ‘Connect to Google Drive’ and grant permission; once
connected, let the notebook proceed to the next cells.

[ ] from google.colab import drive
drive.mount(’/content/drive’)

Permit this notebook to access your Google Drive files?

This notebook is requesting access to your Google Drive files. Granting access to
Google Drive will permit code executed in the notebook to modify files in your
Google Drive. Make sure that you review the notebook code prior to allowing this
access.

Mo, thanks Cannect gla Drive

EXECUTION OF THE CODE
Section 5: Classification of Waste Types using YOLOV8s



Section 5.1: Preprocessing of Waste Image Data
9. Count YOLO label frequencies (train+valid) - Parses label files to tally instances per class across splits.

import os
import glob
from collections import defaultdict

#+ vefine label paths
label dirs = [
ve/WASTE MANAGE| T/ Urain/labels”,
Drive/WASTE MANAGEMENT/valid/labels”

# Count class occurrences
class_counts = defaulldict(int)

for label dir in label dirs:
label tiles = glob.glob(os.path.join(label dir, "*.txt"))
for file in label files:
with open(file, ) as f:
for line in f
if line.strip():

class_id = int(line.split()[e])
class_counts[class_id] +- 1

# sShow class connts

print(”"class Frequencies:")

for cls id, count in sorted(class counts.items()):
print(f'class [cls_id]: [count] instances")

10. Copy dataset from Drive to Colab - Moves data to local /content for faster I/O during training.
© import shutil

# Source and destination paths
drive_base = "/content/drive/MyDrive/WASTE MANAGEME
local_base ontent/WASTE_LO

# List of folders to copy
folders_to_copy = ["train®, "valid"

#+ Copy each folder recursively

for folder in folders_to_copy:
src = os.path. join({drive_base, folder)
dst = os.path.join{local base, folder)
shutil.copytree(src, dst, dirs_exist ok=

print("Dataset copied to Colab local environment."

11. Resize dataset images to 640x640 - Batch-rescales images to YOLO’s target size, keeping labels
aligned.

imp:
from glob import glob

g")) + glob(o th.join(image_folder, "*.png”))

continue
ized im

12. Tiered oversampling for underrepresented classes - Duplicates or augments scarce classes to reduce
imbalance.

from collections import defaultdict
import shutil

import os

import numpy as np

def tiered oversample_classes(label dir, image_dir, output_label dir, output_image_dir):
os.makedirs(output_label dir, exist
os.makedirs(output_image_dir, exist

class_to_files = defaultdict(list)

+ Map files to class
for label_file in os.listdir(label_dir)
if label file.endswith(".txt"):
label_path = os.path. join(label_dir, label file)
try:
with open(label_path, 'r') as f:
for line in f:
class_id = int(float(line.strip().split()[@]))
class_to files[class_id].append(label file)
break
except:
continue

13. Write YOLO data.yaml for local dataset - Creates a new config pointing to the local
resized/oversampled data.




© yaml_text

STE_LOCAL

luminium foil', 'Bo
‘Drink can'
car :

L strip()

with open("/content/WASTE_LOCAL/data.yanl®, "w") as f:
f.write(yaml_text)

14. Install/upgrade Ultralytics - Ensures the latest YOLOVS package and dependencies are available.
Ipip install ultralytics --upgrade -q

Section 5.2: Training of the YOLOv8s Model
15. Train YOLOvV8 model on waste dataset - Launches training with chosen hyperparameters and logs.

from ultralytics import YOLO

# Load pretrained YOLOv8s model
model = yoLO("yolovas.pt")

# Train configuration

model. train(
data="/content/WASTE_LOCAL/data.yaml’,
epochs=100,
imgsz=640,
batch=64,
1re-e.001,
optimizer="saD’,
cos_1r= o
project="waste_detection yolo',
name="high precision_run',
augment= 9
verbose=

Section 5.3: Saving and Loading Best Model to and from Google Drive
16. Save best YOLO weights to Google Drive - Copies best model path.pt (best checkpoint) back to Drive

for safekeeping.

o from pathlib import Path
import shutil

# Locate best model after training
best_model path = Path({‘waste detection_yolo/high precision_run/weights/best.pt')

# Define target save location in Google Drive
target_path = Path('/content/drive/MyDrive/WASTE MAMAGEMENT/yolo best model.pt'})

# Copy best model to Google Drive
shutil.copy(best model path, target path)
print{f"Best YOLO model saved to Google Drive at:\n{target path}")

17. Load trained YOLO model (best model path.pt) - Instantiates a YOLO predictor from the saved
checkpoint.

" from ultralytics import YOLO

# Load the best model from training

model = YOLO( 'waste_detection_yolo/high_precision_run/weights/best.pt’)

Section 5.4: Running Inference on Test Data
18. Run YOLO inference on test set and save predictions - Generates predictions and writes results/plots to
disk.



° from ultralytics import YOLO
import os
from glob import glob
impoert shutil

# Set test images directory
test_img dir ' /content/WAST test/images’
output_dir content/test predictions’

# Clean and recreate output dir

if os.path.exists{output_dir
shutil. rmtree(output_dir)

os.makedirs(output_dir, exist_ok=

# Run predictions
results = model.predict(
source=test_img_dir,
save= 5
save_txt
save_conf=
conf=0.25,
iou=0.45,
max_de
utput_dir,
name="results’,
exist_ok=

Section 6: Forecasting using LSTM

Section 6.1: Curating, Saving & Loading and Preprocessing Data
19. Curate waste forecast metadata via YOLO inference - Uses detections to build time/location

aggregates.

image dir
model_path ontent/dr. " NAGEMENT/yolo

“place_type
.344062, "

“place_type

= voLo(model _path)
names = model.names

4 Sample ly 3000 images
all_images = sorted([f for f in os.listdir(image_dir) if f.lower().endswith((" .jpeg’, .png' 1)
if len(all_images) < 30

rai lueError(f“Not enough images found! Nee 00 but found {len(all_images)}")

sampled_images = random.sample(all images, 3000)

# split into 1000 x 3 locations
grouped_images = [sampled_images[i:i + 3] for i in range(e, 3000, 3)]

20. Load and preview enhanced forecast dataset - Reads the engineered dataset and shows head/sample.

import pandas as pd

# Load the enhanced dataset
df = pd.read csv('/content/drive/MyDrive/WASTE MAMAGEMENT/waste forecast metadata_enhanced.csv')

# Show the first few rows of the dataset
df.head()

21. Initial EDA: shape, info, missing, duplicates, stats — Quick health check of data quality and

distributions.
arape: (4 ahape)”3
22. Build daily feature matrix with one-hot waste targets - Creates model-ready features and multi-target

labels.



‘1.iloc[e], str):
].apply(eval)

s=[ 'place_type’, ‘season'])

23. Create 7-day sequences for forecasting - Windows the data into rolling sequences for sequence models.
© import numpy as np
def create_sequences(data, lookback=7):

Xy =11, I1

data_values = data.values

for i in range(len{data_values) - lookback):
X.append(data_values[i:i + lookback])
y.append(data_values[i + lookback])

return np.array(X), np.array(y)

# Apply the function to your daily df DataFrame
lookback = 7
X, y = create_sequences(daily_df, lookback=1lookback)

# Print resulting shapes
print("Xx shape:”, X.shape, “| y shape:", y.shape)

24, Define LSTM model for multivariate next-day prediction - Builds a neural net to predict next-day
waste counts.

© from tensorflow. keras.models import Sequential
from tensorflow.keras.layers import LSTM, Dense, Dropout

model = Sequential([
LsTM(128, input_shape=(lookback, X.shape[2]), return_sequences=
Dropout{9.3),
Dense(64, activation="relu"),
Dense (y. shape[1]

D

model.compile(optimizer="adan', loss="mse"')
model. summary( )

Section 6.2: Training LSTM Model on Spatio-Temporal Data
25. Train LSTM with early stopping and save best model - Fits the model; saves the top validation
checkpoint.

o from tensorflow.keras.callbacks import EarlyStopping
early_stop = EarlyStopping(monitor='val_loss', patience=5, restore_best weights=

history = model.fit(
X_train, y train,
validation_data=(X_test, y_test),
epochs=58,
batch_size=32,
callbacks=[early stop],
verbose=1

)

# Save the best model to Google Drive

model_save_path = '/content/drive/MyDrive/WASTE MANAGEMENT/lstm_best model.hs"
model. save(model_save_path)

print(f"Best LSTM model saved to Google Drive at:\n{model save_path}"}

Section 6.3: Evaluation of the LSTM model
26. Evaluate LSTM predictions per waste type (RMSE/MAE) — Computes error metrics by class for
granular insight.



27.
risk bins.

28.

y_pred_rounded =

Install tabulate - Adds pretty table printing for cleaner metric/policy displays.

from tabulate import tabulate

o y_pred = model.predict(x_test)

# Evaluate per waste type
from sklearn.metrics import mean_squared error, mean_absolute error

waste cols = mlb.classes
print("Evaluation per waste type:")
for i, col in enumerate(waste cols
rmse = np.sqrt(mean_squared_error(y_test[:, i], y_pred[:, i]))
nean_absolute_e r{y_test| i], y_pred[:, 1])
print(f"{col:<25} {rmse:.2f} | MAl {mae:.2f}")

Discretize predictions into quantile-based risk levels — Converts continuous forecasts to low/med/high

quantiles =
levels =

[o-o,
e, 1, 2,

0.1, o. . - .@] # bin boundaries

# integer levels per bin
def class_bins_by_quant iles(y_pred_conl, q,
d_cont.shape[1]

Tevels):

n range(c):
np.quantile(y pred cont[:, 1, a)
1] 0.0
all bins.append((edges, np.array
return all bins

levels, int)))

apply_class_hinsg
_pred_cont

pred_cont, class_bins):
ape[ 1
_like(y_pred_cont,
for j in range(c):
levs

zeros dtype—int)

class_bins[j]
np.digitize(y pred cont[:, jl, edges) - 1

lip(idx, @, len(levs)-1)
= levs[idx]
return out

# BUTID BTHS FROM VAI TDATTON
y_pred_val_clipped = np.clip(y_pred, o, )z, :len(waste
class_bins = class_bins_by_gquantiles(y_pred_val_clipped,

ols)]
quantiles, levels)
# APPLY TO FORECAST

y pred clipped = np.clip(y pred, o, )l :, :len(waste cols)|
y_pred_rounded - apply class bins(y pred clipped, class_|

_pred_rounded[ :, :len(waste_cols)]

4 Attach for st d

forecast_dates

daily_df. index[ - len(

+ Create prediction DataFrame

red_df

pr
pred_df[

context_df o
context_df = context

e predictior

# Filt
foreca:

+ Group forecast by place type and
weekly_summal

datetime’]

pred_rounded, columns=waste_cols)
forecast_dates

type cont
df_reset[['d son’
e (drop=True)

ge_id"]].drop_duplicates(). sort_values('d

with context

“time', d'111, axis=1)

counts
)[waste_cols]. sun()

summarize
- forecast_next_7.groupby(‘pla

). title()

Section 6.4: Saving & Loading the LSTM results in Google Drive

29.

Export 7-day forecast to CSV - Saves forecasts for reuse, sharing, or downstream steps.

[ 1 # save to CsV

30.
©

csv_path /content/drive/MyDrive/WASTE MAMAGEMENT/LSTM_RES.csv"
forecast next 7.to csv(csv_path, index= )

Load and preview saved 7-day forecast CSV - Sanity-checks the exported file and schema.

import pandas as pd

# Load the enhanced dataset

df_forecast_week = pd.read_csv( ' /content/drive/ GEMENT/LSTM_RES|.cSv ')
4 Show the first few rows of the dataset

df_forecast_week.head()

Section 7: Policy Generation using Zephyr

Section 7.1: Query/Prompt Generation from LSTM results

31.

Install Transformers, Accelerate, and bitsandbytes - Prepares lightweight LLM inference environment.

lerate bitsandbytes




32. Load Zephyr-7B model for text generation - Initializes an instruction-tuned LLM for policy drafting.

© from transformers import AutoTokenizer, AutoModelForCausalli, pipeline

# Zephyr-7B (0pen Access, No Token Heeded)
model id = "HuggingFaceHa/zephyr-7b-beta®

# Load tokenizer and model
tokenizer = AutoTokenizer.from_pretrained(model_id)
model - AutobodelForcausalli. from_pretrained(
model_id,
device_map:
torch_dtype="auto"

)

# Create text generation pipeline
generator - pipeline("text-generation”, model-model, tokenizer—tokenizer)

33. Build place-wise natural-language prompts from forecast - Converts data signals into prompt text per

location.

import pandas as pd
from colleclions imporl Counter
import random

# Identify waste and metadata columns
non_waste_cols = [‘datetime’, ‘place_type', 'time’, 'season’, 'day’, ‘image_id']
waste_cols = [col for col in df forecast week.columns if col not in non waste cols]

# Tunction to extract a summary prompt for each place type
def generate_summary_query(group_df, place):
# Apgregate waste type counts
waste_counts =
for col in waste cols:
total = group_df[col].sum()
if total » 0:
waste _name = col.replace( waste_types ", ""). c v ty.title)
waste counts[waste name] - total

# Sort waste types by [requency
sorted waste = sorted(waste counts.items(), key=lambda x: x[1], reverse=
top_waste — [w[0] for w in sorted_waste[:4]] # Most common

4 Randomly select 5 from the rest
w in sorted_waste[41:]]
randon. sample(rare_pool, min(s, len(rare_pool))) il rare_pool else []

# Time and day analysis
days = group_dt| 'day’ |.value_counts(}).index.tolist()
seasons = group_df[ ' season’]. value_counts(). Index. Lolist()

Section 7.2: Policy Generation using Zephyr
34. Generate policy drafts using Zephyr-7B from prompts — Produces tailored policy suggestions for each

place.
© # piction

generated_policies

# Generate res 15€
for place, prompt in grouped queries.items():

response = generator(
prompt,
max_new_tokens=1024,
do_
tempet
top_p:
pad_token_id=tokenizer.eos_token_id

)

# Print r

print

# store the full gener:
generated_policies[p

35.
© imort re

mat and di y policies
place, full text in generated policies.items():
print(f*\n enerated Policy for {place.upper

# Remove the prompt from the response if repeated
prompt = grouped _queries[place]
if full_text.startswith(promp
generated_only = full_text[len(prompt):].strip()
else:
generated_only = full_text.replace(prompt, “*, 1).strip()

) Policy text" where number
( 1{1,2}[.)]]\2)", re.DOTALL | re.MULTILINE)

)(? s*
policies = [p.strip() for p in pattern.findall(generated only)]

# Linit to fir
policies = policies[:10]

# Print each policy without numb
for pol in policies
print(pol)

36. Define baseline policy library for reuse - Curates re-usable best-practice policy templates.



Section 7.3: Dynamic Scoring of the top Generated Suggestive Policies
37. Score policies with SBERT and NLP heuristics — Rates drafts on relevance, clarity, feasibility,
innovation, etc.

enhanc
nsformer(*al

*image_id']| # W

38. Select top 3 policies per place - Filters to the best candidates per location for decisioning.

o # Get top 3 policies for each place by final score
top3_per_place = (
score_df
.sort_values(["place", "final score"], ascending=
.groupby(“place")
-head(3)
)

# Display the result
display(top3_per_place)

39. In the end the Google Drive WASTE MANAGEMENT folder should look like this.

& oive Q. searchinrive = o® + 8@
+ New My Drive > WASTE MANAGEMENT ~ vgls)o E
@ Home Type = | people = | Modiied - | [ source -
'@ myorie Name Owner Last modified b.. v 4 File size H @
L0 Computrs
i Ea .
2, Shared with me. L -
© recent - i me
s e - +
© & B catayam e 14,2005 Tabes & & 2 &
@ T
O storage B READMEroboflow.txt me Jul14,2025 [
GB used B README.datasettxt me Jul 14, 2025 87 bytes
Get more storage & yolo_best modelot e n5us
B waste_forecast_metadata_snhanced.csv me 409KB
B Istm_best_model.hs me 11MB
B LSTM_REScsv me KB

ERROR HANDLING (IN CASE OF OCCURANCE)
Section 8: Handling Google Colab runtime issues.

Error 1: When the training code for the YOLOVSs is executed (Step 14), sometimes during runtime Google
Colab, Disconnects and Reconnects the session automatically. If this happens, we just have to execute that cell
and the following cells one by one, OR select that cell, click on ‘Runtime’; select ‘Run cell and below’ option,
which will continue the execution of the rest of the cells automatically. This will fix that runtime issue and run
the code normally.



8 Research Practicum FINALipynb % &
File Edit View Insert Runtime Tools Help

Q Commands + Code + Text Runall Crl+F9

— . Run before Ctrl+F8
t= Files
) ) Run the focused cell Ctrl+Enter
R Connecting to a runtime to enabl
browsing. Run selection Ctrl+Shift+Enter

<> Run cell and below Ctrl+F10

(o)

Error 2: Upon execution of the LSTM training code, similar to Error 1, the cell might fail and show and error
something along the line of CUDA not detected. If it happens, then click on ‘Runtime’; click on ‘Disconnect and

delete runtime’.
) *“ Research Practicum FINAL.ipynb * &
= file Edit View Insert Runtime Tools Help

Q Commands + Code + Text Runall

—_ Run before
i= Files

Run the focused cell Ctrl+Enter
& Connecting to a runtime to enab|

browsing. Run selection Ctrl+Shift+Enter

<> Run cell and below Ctrl+F10

(o)

Once the runtime is disconnected, then connect the runtime back again by clicking ‘Reconnect L4’.

B & 22, Share 4 Gemini

Reconnect L+ v

DR . . v Ol

Once reconnected, select the cell in Step 20, and click on ‘Runtime’; select ‘Run cell and below’ option, which
will continue the execution of the rest of the cells automatically. This will fix that runtime issue and run the code

normally.

Error 3: Upon executing the code in Step 31, it can fail to install Transformers, Accelerate, and bitsandbytes.
So, in such cases follow the same steps as mentioned in Error 2 but select the cell in Step 30 and and click on
‘Runtime’; select ‘Run cell and below’ option, which will continue the execution of the rest of the cells
automatically. This will fix that runtime issue and run the code normally.
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