Module 1:
class PollenData:
    def __init__(self, count, threshold, historical_data):
        self.count = count
        self.threshold = threshold self.historical_data =_data
class PollenDetector:
    def __init__(self, threshold, historical_data):
        self.threshold = threshold
        self.historical_data = historical_data
def collect_data(self):                            # Code to collect new pollen data pass
def track_stigma(self, flower):             # Code to track stigma of a flower pass
def compare_pollen_count(self, current_count):  # Code to compare current pollen count with threshold     and historical data pass
def train_model(self, data):   # Code to train a machine learning model on data pass
def infer_model(self, data): # Code to make predictions using the trained model pass
def estimate_pollination_success(self): # Code to estimate pollination success based on inference pass
def localize_and_count_pollen (self, image): # Code to localize and count pollen grains in an image pass
def filter_detection(self, detections): # Code to filter pollen detections based on certain criteria pass
def estimate_pollination_transfer(self): # Code to estimate pollination transfer based on localized and counted pollen pass
def run(self):
        # Main function to run the entire process
        self.collect_data()
        self.track_stigma(flower)
        current_count = self.localize_and_count_pollen(image)
        self.compare_pollen_count(current_count)
        if self.should_pollinate():
            self.estimate_pollination_success()
            self.estimate_pollination_transfer()
def should_pollinate(self):
        # Code to decide whether to perform pollination based on pollen count and threshold pass

Module 2:
import numpy as np
def calculate_iou(predicted_box, ground_truth_box):
    # Calculate the intersection over union (IoU) between two bounding boxes
    x1, y1, x2, y2 = predicted_box
    x3, y3, x4, y4 = ground_truth_box
    intersection_x = max(x1, x3)
    intersection_y = max(y1, y3)
    intersection_w = min(x2, x4) - intersection_x + 1
    intersection_h = min(y2, y4) - intersection_y + 1
    if intersection_w <= 0 or intersection_h <= 0:
        return 0
    intersection_area = intersection_w * intersection_h
    predicted_area = (x2 - x1 + 1) * (y2 - y1 + 1)
    ground_truth_area = (x4 - x3 + 1) * (y4 - y3 + 1)
    union_area = predicted_area + ground_truth_area - intersection_area
    return intersection_area / union_area
def aggregate_iou(predicted_boxes, ground_truth_boxes):
    # Calculate the average IoU between multiple predicted and ground truth bounding boxes
    ious = [calculate_iou(predicted_box, ground_truth_box) for predicted_box in predicted_boxes for ground_truth_box in ground_truth_boxes]
    return np.mean(ious)
# Example usage
predicted_boxes = [(55, 101, 205, 301), (35, 120, 225, 310)]
ground_truth_boxes = [(55, 101, 105, 151), (205, 301, 255, 351)]
iou = aggregate_iou(predicted_boxes, ground_truth_boxes)
print("Aggregate IoU:", iou)

Module 3:
import mrcnn.model as modellib
import mrcnn.config as config
from mrcnn.visualize import display_images
class CascadeRCNNConfig(config.Config):
    NAME = "cascade_rcnn"
    GPU_COUNT = 1
    IMAGES_PER_GPU = 1
    NUM_CLASSES = 1 + 1  # Background + object class
    DETECTION_MIN_CONFIDENCE = 0.9
    STEPS_PER_EPOCH = 100
    VALIDATION_STEPS = 50
    IMAGE_MIN_DIM = 512
    IMAGE_MAX_DIM = 512
    RPN_ANCHOR_SCALES = (8, 16, 32, 64, 128)
    TRAIN_ROIS_PER_IMAGE = 256
    MAX_GT_INSTANCES = 100
    POST_NMS_ROIS_INFERENCE = 1000
    PRE_NMS_LIMIT = 10000
    FPN_CLASSIF_FC_LAYERS_SIZE = 1024
    FPN_REGRESS_FC_LAYERS_SIZE = 256
    TOP_DOWN_PYRAMID_SIZE = 256
    BOTTOM_UP_PYRAMID_SIZE = 256
class CascadeRCNN(modellib.MaskRCNN):
    def __init__(self, mode, model_dir, config):
        super(CascadeRCNN, self).__init__(mode, model_dir, config)
        self.cascade_rcnn = self.add_cascade_rcnn(config)

    def add_cascade_rcnn(self, config):
        # Add additional R-CNN stages to the base Mask R-CNN model
        for i in range(config.NUM_STAGES - 1):
            self.roi_heads.add_stage(config, config.FPN_CLASSIF_FC_LAYERS_SIZE, config.FPN_REGRESS_FC_LAYERS_SIZE)
        return self.roi_heads
def detect(self, images, verbose=1):
        # Run object detection on the input images
        results = []
        for image in images:
            r = self.detect_one(image, verbose=verbose)
            results.append(r)
        return results
def detect_one(self, image, verbose=1):
        # Run object detection on a single image
        results = self.run_one(image, verbose=verbose)
        r = self.postprocess_detections(results)
        return r
def postprocess_detections(self, results):
        # Postprocess the object detection results
        rois = results['rois']
        class_ids = results['class_ids']
        scores = results['scores']
        masks = results['masks']            # Apply IoU-based Non-Maximum Suppression (NMS)
        nms_confidence = 0.5
        nms_threshold = 0.5
        indices = cv2.dnn.NMSBoxes(rois[:, 1:], scores, nms_confidence, nms_threshold)
        rois = rois[indices]
        class_ids = class_ids[indices]
        scores = scores[indices]
        masks = masks[indices]       # Convert the results to a dictionary
        results_dict = {
            'rois': rois,
            'class_ids': class_ids,
            'scores': scores,
            'masks': masks
        }
        return results_dict
# Example usage
config = CascadeRCNNConfig()
model = CascadeRCNN(mode='inference', model_dir='./', config=config)
# Load the trained weights
model.load_weights('cascade_rcnn_0020.h5', by_name

Module 4:
import mrcnn.model as modellib
import mrcnn.config as config
import numpy as np
import matplotlib.pyplot as plt

# Define the CascadeRCNNConfig class
class CascadeRCConfig(config.Config):
    NAME = "cascade_rcnn"
    GPU_COUNT = 
    IMAGES_PER_GPU = 1
    NUM_CLASSES = 1 + 1  # Background + object class
    DETECTION_MIN_CONFIDENCE = 0.9
    STEPS_PER_EPOCH = 100
    VALIDATION_STEPS = 50
    IMAGE_MIN_DIM = 512
    IMAGE_MAX_DIM = 512
    RPN_ANCHOR_SCALES = (8, 16, 32, 64, 128)
    TRAIN_ROIS_PER_IMAGE = 256
    MAX_GT_INSTANCES = 100
    POST_NMS_ROIS_INFERENCE = 1000
    PRE_NMS_LIMIT = 10000
    FPN_CLASSIF_FC_LAYERS_SIZE = 1024
    FPN_REGRESS_FC_LAYERS_SIZE = 256
    TOP_DOWN_PYRAMID_SIZE = 256
    BOTTOM_UP_PYRAMID_SIZE = 256

# Define the CascadeRCNN class
class CascadeRCNN(modellib.MaskRCNN):
    def __init__(self, mode, model_dir, config):
        super(CascadeRCNN, self).__init__(mode, model_dir, config)
        self.cascade_rcnn = self.add_cascade_rcnn(config)

    def add_cascade_rcnn(self, config):
        # Add additional R-CNN stages to the base Mask R-CNN model
        for i in range(config.NUM_STAGES - 1):
            self.roi_heads.add_stage(config, config.FPN_CLASSIF_FC_LAYERS_SIZE, config.FPN_REGRESS_FC_LAYERS_SIZE)
        return self.roi_heads

# Create the CascadeRCNN model
config = CascadeRCNNConfig()
model = CascadeRCNN(mode='training', model_dir='./', config=config)

# Load the training data
dataset_train = MyDataset()
train_loader = modellib.MrcnnMiniBatch(config, dataset_train)

# Load the validation data
dataset_val = MyDataset()
val_loader = modellib.MrcnnMiniBatch(config, dataset_val)

# Train the model
loss_history = []
for epoch in range(config.NUM_EPOCHS):
    print("Epoch: {}/{}".format(epoch+1, config.NUM_EPOCHS))
    for step in range(config.STEPS_PER_EPOCH):
        data = train_loader.load_data()
        results = model.train_on_batch(data)
        loss_history.append(results['loss'])
    print("Training Loss: {}".format(np.mean(loss_history)))
    loss_history = []
    for step in range(config.VALIDATION_STEPS):
        data = val_loader.load_data()
        results = model.validate_on_batch(data)
        loss_history.append(results['loss'])
    print("Validation Loss: {}".format(np.mean(loss_history)))

# Plot the training and validation loss
plt.plot(loss_history, label='Training Loss')
plt.plot(loss_history, label='Validation Loss')
plt.legend()
plt.show()
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