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augment images(image path, output path, num augmentations):
os.makedirs(output path, exist ok=True)

image = Image.open(image path)

base name = os.path.splitext(os.path.basename(image path))|[o]

transform = transforms.Compose(]

transforms.RandomRotation(degrees=(90, 270)),

for 1 in range(num augmentations):
augmented image = transform(image)
augmented image.save(os.path.join(output path, f"{base name
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Img width, 1mg height = 1mg.s1ze 4&5 23 21 3@6 256
406 16 9 266 203
x center = (x1 4+ x2) / 2 / img width 407 26 20 221 134
v center [:*,-'] + '-,-".-'*::I [ 2 I,"' 1'r'|l:LT: height -"-1-'38 6 CI 2?1 226
ﬁmw-{ﬂﬂxnfﬁwﬁmm 409 21 15 317 244
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height = (y2 - y1) / img height

label = f"{class id - 1} {x_center} {y center} {width} {height}\n"
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create directories(output path):
train i1mage dir = os.path.join(output path,
train label dir = os.path.join(output path,

val image dir = os.path.join(output path,
val label dir = os.path.join(output path,

.makedirs(train i1mage dir, exist ok=
s .makedirs(train label dir, exist ok:
.makedirs(val image dir, exist ok=
s .makedirs(val label dir, exist ok=




Epoch Batch Size Optimizer
50 3 Auto
50 3 SGD
50 16 Auto
50 16 SGD
/5 3 Auto
75 3 SGD
/5 16 Auto
75 16 SGD
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Model summary: 225 layers,
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464
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/360
18560
49664
73984
197632
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460288
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493056
1986604

module
ultralytics.
ultralytics.
ultralytics.
ultralytics.
ultralytics.nn

ultralytics.nn
ultralytics.nn
ultralytics.nn

.modules.
.modules.
.modules.
.modules.
.modules.
ultralytics.nn.
.modules.
.modules.
.modules.
ultralytics.nn.

modules.

modules.

conv.Conv
conv.Conv
block.C2f
conv.Conv
block.C2f
conv.Conv
block.C2f
conv.Conv
block.C2f
block.SPPF

torch.nn.modules.upsampling.Upsample
ultralytics.nn.modules.conv.Concat
ultralytics.nn.modules.block.C2f
torch.nn.modules.upsampling.Upsample

ultralytics.nn
ultralytics.nn

ultralytics.nn
ultralytics.nn
ultralytics.nn
ultralytics.nn

ultralytics.

nn.
3346140 parameters, 3346124 gradients, 9.7 GFLOPs

.modules.
ultralytics.nn.
.modules.
ultralytics.nn.
.modules.
.modules.
.modules.
.modules.

modules.

modules.

modules.

conv.Concat
block.C2f
conv.Conv
conv.Concat
block.C2f
conv.Conv
conv.Concat
block.C2f
head.Detect

arguments

[3, 16, 3, 2]

[16, 32, 3, 2]

[32, 32, 1, True]
[32, 64, 3, 2]

[64, 64, 2, True]
[64, 128, 3, 2]
(128, 128, 2, True]
[128, 256, 3, 2]
[256, 256, 1, True]
[256, 256, 5]
[None, 2, 'nearest’]
[1]

[384, 128, 1]
[None, 2, "nearest’]
[1]

[192, 64, 1]

[64, 64, 3, 2]

[1]

[192, 128, 1]

[128, 128, 3, 2]
[1]

[384, 256, 1]

[100, [64, 128, 256]]
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Epoch | Batch Size | Optimizer Precision Recall MAP@0.5 mAP50-95 Time(hrs)
50 8 Auto 0.6377 0.6605 0.595 0.3101 1.72
50 8 SGD 0.6677 0.6853 0.5995 0.3146 1.667
50 16 Auto 0.6992 0.659 0.6054 0.3178 1.62
50 16 SGD 0.6458 0.6291 0.5879 0.301 1.635
75 8 Auto 0.667 0.6768 0.603 0.314 2.52
75 8 SGD 0.6621 0.6743 0.6023 0.3139 2.786
75 16 Auto 0.6833 0.6732 0.6018 0.317 2.681
75 16 SGD 0.6948 0.6688 0.5967 0.3148 2.616
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arguments
[3, 16, 6, 2, 2]
[16, 32, 3, 2]
[32, 32,

[32, 64,

[64, 64, :
[64,

[128,

[128, 256,
[256, 256,

ultralytics.nn.
ultralytics.nn.modules.conv.Conv [256, 128,
torch.nn.modules.upsampling.Upsample [None, 2, "nearest’]
ultralytics.nn.modules.conv.Concat [1]
ultralytics.nn.modules.block.C3 [256, 128, 1, False]
ultralytics.nn.modules.conv.Conv [128, 64, 1, 1]
torch.nn.modules.upsampling.Upsample [None, 2, "nearest’]

[256, 256,
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parameters, 2843740 gradients, 8.7 GFLOPs

.conv.Concat
block.C3
.conv.Conv
.conv.Concat
block.C3
. conv.Conv
.conv.Concat
block.C3
head.Detect

[1]

[128, 64, 1, False]

[64, 64, 3, 2]

[1]

[128, 128, 1, False]
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Epoch | Batch Size Precision Recall MAP@0.5 MAP50-95 Time(hrs)
50 8 0.6472 0.6534 0.6 0.3011 1.924
50 16 0.649 0.652 0.612 0.3148 1.714
75 8 0.6541 0.6775 0.6213 0.3058 2.912
75 16 0.6539 0.6362 0.598 0.2998 2.762
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