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ABSTRAK

1w eydid yeH S

Memantau dan mendeteksi kondisi bangunan gedung pabrik bertingkat diperlukan
kgelitian dan keselamatan kerja agar berjalan lancar=Namun, menurut International
Lsgoour Organization bekerja di ketinggian“memiliki resiko yang lebih tinggi yang
cﬁ.pat menyebabkan dampak fisik jangka.panjang dan penelitian tentang kecelakaan
ketja di ketinggian menunjukkan74% pekerja pernah mengalami kecelakaan kerja di

inggian. Oleh karena itusperlunya suatu sistem yang dapat mendeteksi kerusakan

dung bertingkat secara.tidak langsung dengan unmanned aero vehicle sehingga
r@siko bekerja dapat dikurangi. Padaypenelitain ini dipaparkan mengenai deteksi
kEfusakan-kerusakan gedung menggunakan beberapa algoritma YOLO yaitu:
\%LOVB, YOLOwv5s , YOLOv5m , YOLOvVSX yang diproeses oleh Raspberry. Pi dengan
%uisisi citra' olen unmanned aero vehicle. Kemampuan mendeteksi kerusakan-
K®rusakan gedung pada beberapa versialgoritma YOLO menghasilkan beberapa nilai
akurasi yang berbeda. Berdasarkan hasil pengujian yang dilakukan didapatkan nilai
akurasi sebesar 55,7% untuk YOLOv3 ,YOLOv5s 64,3%, YOLOvSm 59%, YOLOv5x
58,89%. Sehingga YOLOvSs potensial sebagai sistem deteksi kerusakan bangunan
gedung

Kata Kunci : Kerusakan gedung, Wall Cladding, Object Detection , You Only Look
Once V3, You Only Look Once V5, Raspberry Pi, Unmanned Aero Vehicle
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ABSTRACT

w eydideH S

1= function effectively, monitoring and detecting the state of high-rise manufacturing
Mildings need precision and work safety. Working at heights, on the other hand, has
aohigher risk of causing long-term physical effects, according to the International
{bor Organization, and research on work-accidents at heights reveals that 74 percent
mployees have been involved in.workaccidents at heights. As.an outcome, there is
azneed for a system that cansidentify high-rise structure damage indirectly using
uEmanned aerial aircraft; reducing the danger. of working. The identification of
kﬁilding defects is described in this study utilizing multiple YOLO algorithms,
i@;luding YOLOvV3;YOLOvV5s, YOLOvSm, and YOLOvV5X, which are processed by the
Rgispberry Pi and picture capture by unmanned agrial vehicles. The,ability to detect
tilding defect.in various versions of the YOLQ algorithm generates a variety of
dicuracy ratings. The accuracy score for YOLOv3 was 55.7 percent, YOLOv5s was
64.3 percent, YOLOv5m was 59 percent, and YOLOvS5x was 58.89 percent, according
to the results of the testing. As a result, YOLOvV5s has the potential to be used as a
building defects detection system.

Keyword  : Building Defect, Object Detection , You Only Look Once V3, You Only
Look Once V5, Raspberry Pi, Unmanned Aero Vehicle
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PENDAHULUAN

Latar Belakang
Bangunan gedung pabrik merupakan prasarana yang penting untuk menunjang

kggiatan produksi. Namun, kKondisi bangunan gedung pabrik yang bertingkat tidak

@pat dijangkau oleh matatelanjang seluruhnya. Hal ini dikarenakan jangkauan.mata

yang terbatas yangtidak dapat melihat kerusakan gedung secara langsung. Kerusakan
-'g-erusakan gedung yang terjadi dikarenakan faktor cuaca, bencanaalam, dan
;%rawatan yang tidak dilakukan karena membutuhkan upaya sebelumnya yaitu
pemantauan (monitoring).

Pemantauan konvensional umumnya dilakukan langsung oleh pekerja dengan
memanjat  atap gedung bertingkat sehingga _memiliki® resiko kecelakaan
kerja.Berdasarkan riset yang dirilis pada pekerjaan di ketinggian, 74% pekerja pernah
mengalami kecelakaan kerja di ketinggian [1].-Menurut International Labour
Organization, jatuh dari ketinggian merupakan resiko kategori A yang memiliki
dampak fisik jangka panjang [2].

Salah satu upaya yang dilakukan untuk mengurangi resiko kecelakaan kerja
pada pekerjaan ini adalah dilakukannya pemantauan secara tidak langsung, yaitu
menggunakan unmanned aero vehicle. Unmanned aero vehicle atau pesawat nirawak
saat ini sudah dilengkapi dengan kamera sehingga menjangkau hingga ketinggian lebih
dari 50 meter. Keunggulan pesawat nirawak antara dapat mengurangi biaya,
mengurangi resiko, dan‘andal.:Pesawat nirawak yang ditunjang dengan.algeritma You
Only Look Once dapat berfungsi sbg-alat-klasifikasi. kerusakan-gedung. Prinsip dari
algoritma YOLO yang digunakan adalah mendeteksi benda atau target dengan menilai
blok piksel berdasarkan warna dan bentuk yang telah di-training sehingga kerusakan-
kerusakan pada gedung dapat terdeteksi dan diklasifikasi [3].

Berdasarkan permasalahan tersebut, pada penelitian ini dibuat model untuk

mengklasifikasikan kerusakan bangunan gedung pabrik menggunakan metode You

1 Politeknik Negeri Jakarta
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ly Look Once (YOLO) dengan basis Convolutional Neural Network (CNN) [4].

oses ini diharapkan dapat membantu dalam proses penilaian kerusakan bangunan

we)

.

k memulai rehabilitasi dan mempermudah dalam perawatan maupun perbaikan

g dapat dilakukan pada bangunan tersebut. Terdapat beberapa penelitian terdahulu

od

r?b'éngenai deteksi kerusakan bangunan dan-beberapa metode yang digunakan. Samsul
@10) mendeteksi kecacatan pada bangunan melalui pendekatan. Deep Learning
@gan metode CNN [5]. Kemudian, referensi_lain yang dapat mengklasifikasikan
@rusakan bangunan “sekolah menggunakan metode CNN [6]. CNN memililki
ks;kurangan yaitusproses yang lama dan membutuhkan ukuran, Graphic Processing
l%uit yang besar [7]. Sedangkan algoritma YOLO-V5 dapat mendeteksi target namun
cﬁngan ukuran Graphic Processing Unit yang dapat disesuaikan oleh komputer yang
digunakan. Algoritma YOLO V5 salah satunya telah diterapkan untuk mendeteksi
social distancing di Turki YOLO terbukti mampu mengklasifikasikan objek sehingga
memiliki potensi yang baik untuk pemantauan kerusakan gedung karena performa nya
dalam mendeteksi dan mengklasifikasi objek dengan jarak yang cukup jauh [8].

Pada penelitian ini akan dilakukan pengklasifikasian kondisi kerusakan
eksterior bangunan gedung pabrik berbahan wall cladding menjadi 3 kelas, yaitu noda,
karat, dan lubang menggunakan komputer Raspberry Pi.yang memiliki spesifikasi kecil
namun dapat melakukan pengklasifikasian kerusakan gedung ini. Noda-noda yang
bersumber dari cerobong seperti jelaga buang membekas dan menempel pada bagian
atap maupun dinding cladding. Noda dapat, berbentuk cairan yang berpotensi
menyebabkan karat jika tidak segera dibersihkan. Adapun karat yang terbentuk oleh
reaksi oksidasi besi ‘oleh air dapat merusak bagian dinding cladding yang biasa
digunakan oleh gedung pabrik. Karat. merupakan awal mula pembentukan-lubang dan
dapat memberikan celah air ataupun benda-lain-yang.dapat-memasuki bagian interior

gedung sehingga dapat menghambat proses kerja hingga menghentikan proses kerja.

1.2 Rumusan Masalah
Berdasarkan latar belakang yang telah diutarakan di atas, maka rumusan
masalah dari penelitian ini adalah:

2 Politeknik Negeri Jakarta
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digunakan untuk menganalisis kondisi fisik gedung tanpa mempertaruhkan

e Bagaimana meningkatkan efisiensi proses monitoring gedung pabrik
bertingkat?

e Bagaimana mengurangi kecelakaan kerja pada proses monitoring gedung
pabrik bertingkat?

e Bagaimana dapat mendeteksi.dan mengklasifikasiwkerusakan pada atap
maupun dinding bermaterial cladding?

e Bagaimana mengimplementasikan algortima YOLO pada proses monitoring

gedung bertingkat?

Tujuan

Pesawat nirawak sebagai alat monitoring gedung pabrik bertingkat dapat

keselamatan pekerja. Selain itu, pesawat nirawak dapat mengurangi beban pekerjaan
manusia dalam menginspeksi bagian eksterior gedung sehingga pengecekan dapat
dilakukan lebih rutin, cepat, dan aman. Prinsip.computer vision diimplementasikan
dengan menyematkan kamera pada pesawat nirawak yang ditunjang dengan
pemrograman berbasis YOLO untuk menunjang sistem pemantauan pada bagian

eksterior gedung.

1.4  Batasan Masalah
Penulisan ini_ hanya membahas bagaimana algoritma YOLO diterapkan pada

sistem inspeksi gedung pabrik mennggunakan Raspberry Pi.

1.5 Luaran
Luaran penelitian ini adalah sistem monitoring gedung pabrik bertingkat
menggunakan pesawat nirawak berbasis algoritma YOLO yang kompatibel dijalankan

pada komputer Raspberry Pi.
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Edapun kesimpulan yang dapat penulis ambil dari hasil.pengujian dan analisa yang telah

ilaku:ﬁén yaitu:

o %rdasarkan dari pengujian yang telah dilakukan, arsitektur mampu mendeteksi kerusakan-
I?usakan gedung yang_telah diklasifikasikan. "Namun, terdapat beberapa nilai akurasi,
ﬁaktu yang digunakan.untuk mempreses data, dan ukuran model yang dimodifikasi.agar
(gcok untuk diterapkan dengan spesifikasi Raspberry Pi 4 yang ada.

o @rdasarkan dari data yang telah diuji, arsitektur YOLOv5s memiliki nilai akurasi terbaik
cﬁlam mendeteksi kerusakan-kerusakan gedung. Akurasi yang diperoleh bernilai 64,3%.
Selain itu YOLOv5s memiliki ukuran model yang kecil dan memakan waktu yang lebih
pendek untuk mendeteksi kerusakan-kerusakanyang adapada bangunan gedung.

e Kemampuan Raspberry Pi  yang terbatas —membutuhkan model yang ringan untuk
memproses data, sehingga YOLOv5s cocok digunakan untuk mendeteksi kerusakan-
kerusakan gedung menggunakan Raspberry Pi 4.

e Perbedaan hasil yang didapat dipengaruhi dari nilai Floating Point Precision (FLOPS) yang
dirubah dari® 32bit menjadi 16bit, kemudian. modifikasi CSP. Network yang berbasis
DenseNet yang membuat nilai parameter ‘beragam sehingga dapat dijalankan sesuai
keinginan (YOLOvVSs digunakan untuk mendeteksi lebih cepat dengan akurasi yang lebih
kecil, YOLOv5x ‘digunakan untuk mendeteksi.dengan akurasi lebih baik namun lebih
lambat).
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2. Saran
Untuk meningkatkan akurasi menjadi lebih baik, dapat menambahkan dataset kerusakan-
kerusakan gedung. Selain itu dapat menggunakan komputer yang memiliki spesifikasi yang lebih

tinggi dan arsitektur dengan parameter yang lebih tinggi.
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S igrpoB argparse

2 idipoglogging

p imporgmath

2 impo&.os

& impogg random

§ impodftime

& from Fopy import deepcopy

& from gathlib import Path
: from‘greading import Thread
m

L
® impoinumpy as np

impoftorch. distributed as dist

impo® torch.nn.asnn

impof torch.nn.functional as F

import torch.optim as optim

#import torch.optim.Ir_scheduler as Ir_scheduler

2.import torch.utils.data

5 import yaml

» from torch.cuda import amp

2 from torch.nn.parallel import DistributedDataParallel as DDP
h from torch. utils.tensorboard import SummaryWriter

from tgdm import tgdm

® import test # import test.py to get mAP after each epoch

&-from models.experimental import attempt_load

; from models.yolo import Model

% from utils.autoanchor import check_anchars

® from utils.datasets import create_dataloader

from utils.general import labels_to_class weights, increment_path,
® labels_to _image weights, init_seeds, \

fitness, strip_optimizer, get_latest_run, check dataset, check file, check git_status,
&check img_size, \

T check_requirements, print. mutation; set_logging, one_cycle, colorstr

from utils.google_utils import attempt.download

from utils.loss import ComputeLoss

from utils.plots import plot_images, plot_labels, plot_results, plot_evolution

from utils.torch_utils import ModelEMA, select device, intersect_dicts,
torch_distributed_zero_first, is_parallel

from utils.wandb_logging.wandb_utils import WandbLogger, check_wandb_resume

logger = logging.getLogger(__name_)
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'3
P

o
def tr%(hyp, opt, device, tb_writer=None):

xlogger.info(colorstr('hyperparameters: ') + ', ‘join(f{k}={v}' for k, v in
H8p.i@ms()))

x Osa@ dir, epochs, batch_size, total_batch_size, weights, rank =\
2 gr B&th(opt.save_dir), opt.epochs, opt.batch_size, opt.total_batch_size, opt.weights,

: opt.g@bal_rank

(=]
# DAtectories
Woﬁf-: save_dir / 'weights'
wd=.mkdir(parents=True, exist_ok=True) # make dir
lasEs= wdir / 'last.pt’
begd = wdir / 'best.pt’
reéﬁlts_file =save_dir/ results.txt’
- :
# S@ve run settings
wifl open(save_dir / 'hyp.yaml', ‘w') as f:
ﬁml.safe_dump(hyp, f, sort_keys=False)
with open(save_dir / ‘opt.yaml’, ‘w’) as f:
yaml.safe_dump(vars(opt), f, sort_keys=False)

# Configure
plots = not opt.evolve # create plots
cuda = device.type !'="cpu’
init_seeds(2 + rank)
with open(opt.data) as f:
data_dict = yaml.safe_load(f) # data dict
is_coco = opt.data.endswith(‘coco.yaml’)

# Logging- Doing this before checking the dataset. Might update data_dict
loggers = {"wandb’: None} # loggers dict
if rank in [-1, 0]:
opt.hyp = hyp # add hyperparameters
run_id = torch.load(weights).get(‘wandb_id") if .weights.endswith('.pt") and

» 0s.path.isfile(weights) else None

wandb_logger = WandbLogger(opt, save_dir.stem, run_id, data_dict)
loggers['wandb'] = wandb_legger.wandb
data_dict = wandb_logger.data_dict
If wandb_logger.wandb:
weights, epochs, hyp = opt.weights, opt.epochs, opt.hyp # WandbLogger
might update weights, epochs if resuming

nc =1 if opt.single_cls else int(data_dict['nc']) # number of classes

names = ['item’] if optsingle cls and len(data_dict['names]) != 1 else
data_dict['names'] # class names

assert len(names) == nc, '%g names found for nc=%g dataset in %s' % (len(names),
nc, opt.data) # check
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x# Ngodel
Sorefifained = weights.endswith('.pt’)
T [Betrained:

wtth torch_distributed_zero_first(rank):

’rattempt_downIoad(weights) # download if not found locally

gpt = torch.load(weights, map_location=device)# load-checkpoint
: @model = Model(opt.cfg or ckpt['model].yaml, “+ch=3, nc=nc,
anch(%=hyp.get('anchors‘)).to(device) # create
&clude = ['anchor] if (opt.cfg or hyp.get(‘anchors')) and not opt.resume.élse [] #
-exclu§ keys
gpate dict = ckpt['model].float().state_dict() # to EP32

te_dict = intersect_dicts(state_diet;.model.state_dict(), \exclude=exclude) #
b intersget
model.load_state dict(state_dict, strict=False) # load
_‘gger.info('Transferred %0/%g " items from %s' % (len(state_dict),
z len(npgydel.state_dict()), weights)) # report
else:
. model = Model(opt.cfg, ch=3, nc=nc, anchers=hyp.get(‘anchors").to(device) #
5 create
with torch_distributed_zero_first(rank):

check dataset(data_dict) # check
train_path = data_dict['train’]
test_path = data_dict['val']

e

O
5 O
—
Q

# Freeze
freeze =[] # parameter names to freeze (full or partial)
for k, v in model.named_parameters():
v.requires_grad'= True # train all layers
If any(x in k for X in freeze):
print(‘freezing %s' % K)
v.requires_grad = False

# Optimizer

4 nbs = 64 # nominal batch size

® accumulate = max(round(nbs./ total batch size), 1) # accumulate loss before
“optimizing

hyp['weight_decay'] *= total _batch_size * accumulate/-nbs-#scale weight_decay
logger.info(f"Scaled weight_decay = {hyp['weight_decay']}")

pag0, pal, pg2 =1, [1, [] # optimizer parameter groups
for k, v in model.named_modules():
if hasattr(v, 'bias’) and isinstance(v.bias, nn.Parameter):
pg2.append(v.bias) # biases
if isinstance(v, nn.BatchNorm2d):
pg0.append(v.weight) # no decay
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[f hasattr(v, ‘weight') and isinstance(v.weight, nn.Parameter):
‘pgl.append(v.weight) # apply decay

 =—h

MdIReHO

t.adam:
stimizer = optim.Adam(pg0, Ir=hyp['Ir0, betas=(hyp['momentum'], 0.999)) #
etal to momentum

@e

Oif

Zeydiy e
=

(o)
@
|Q

: timizer = optim.SGD(pg0, Ir=hyp['Ir0’];= momentum=hyp['momentum’],
nestegv:True)
=
opfnizer.add _param_group({'params’: pgl, ‘'weight_decay': hyp['weight_decay‘]})
5 # addmgl with weight_decay
opWnizer.add_param_group({'paramsispg2}) # add pg2 (biases)

Io@er.info(‘Optimizer groups: %g .bias, %g conv.weight, %g other' % (len(pg2),
len(pgd), len(pg0)))

delapg0, pgl, pg2

-+

Y
# Scheduler https://arxiv.org/pdf/1812.01187.pdf
- #
5 https://pytorch.org/docs/stable/ _modules/torch/optim/Ir.scheduler.html#OneCycleLR
if opt.linear Ir:
If = lambda x: (1 - x / (epochs - 1)) * (1.0 - hyp['Irf]) + hyp[Irf] # linear
else:
If = one_cycle(1, hyp['Irf'], epochs) # cosine 1->hyp['Irf']
scheduler = Ir_scheduler.LambdaLR(optimizer, Ir_lambda=If)
# plot_Ir_scheduler(optimizer, scheduler, epochs)

# EMA
ema = ModelEMA(model) if rank in [-1, O] else None

# Resume
start_epoch, best_fitness = 0, 0.0
if pretrained:

# Optimizer
2 if ckpt['optimizer'] is'not None:
2 optimizer.load_state_dict(ckpt['optimizer)

best_fitness = ckpt['best.fitness']

# EMA

If ema and ckpt.get('ema’):
ema.ema.load_state_dict(ckpt['ema’].float().state_dict())
ema.updates = ckpt['updates’]

# Results
if ckpt.get(‘training_results’) is not None:
results_file.write text(ckpt['training_results]) # write results.txt
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MeHO

#BEpochs

gart_epoch = ckpt['epoch] + 1

B opt.resume:

=:assert start_epoch > 0, '%s training to %g epochs is finished, nothing to resume."

(wgghts, epochs)
kW epochs < start_epoch:

Elogger.info('%s has been trained for %g-epochs. Fine-tuning for %g additional

“Serdid e

g0,

.epoc ' 0
S, (weights, ckpt['epoch]; epochs))
gepochs += ckpt['epoch’] # finetune additional epochs

[
‘&I ckpt, state_dict
=

# Iﬁage sizes

gs @ max(int(model.stride.max()), 32) # grid size (max stride)

nl grmodel.model[-1].nl # number of detection layers (used forscaling hyp['obj'])
Imgsz, imgsz_test = [check_img_size(X, gs) for x in opt.img_size] # verify imgsz
=are gs-multiples

# DP mode
if cuda and rank == -1 and torch.cuda.device_count() > 1:
model =torch.nn.DataParallel(model)

# SyncBatchNorm

if opt.sync_bn and cuda and rank != -1:
model = torch.nn.SyncBatchNorm:convert_sync_batchnorm(model).to(device)
logger.info('Using SyncBatchNorm()*)

# Trainloader
dataloader, dataset = create_dataloader(train_path, imgsz, batch_size, gs, opt,
hyp=hyp, augment=True, ** cache=opt.cache images,
d rect=opt.rect, rank=rank,
world_size=opt.world_size, workers=opt.workers,
2 image_weights=opt.image_weights, quad=opt.quad,
® prefix=colorstr(‘train: "))
mlc = np.concatenate(dataset:labels, 0)[:, 0].max()  #max-label class
nb = len(dataloader) # number of batches
assert mlc < nc, 'Label class %g exceeds nc=%g in %s. Possible class labels are 0-
%q"' % (mlc, nc, opt.data, nc - 1)

# Process 0
if rank in [-1, 0]:
testloader = create_dataloader(test_path, imgsz_test, batch_size * 2, gs, opt, #
testloader
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©)

hyp=hyp, cache=opt.cache_images and not opt.notest,
t=Hfue, rank=-1,

world_size=opt.world_size, workers=opt.workers,

pad=0.5, prefix=colorstr('val: "))[0]

:e;dgjﬁeﬁ;
1w e3dy> yeH

L not opt.resume:
O labels = np.concatenate(dataset.labels, 0)
g.:c = torch.tensor(labels[:, 0]) # classes
=# cf = torch.bincount(c.long(), minlength=nc) + 1. # frequency
S.# model._initialize_biases(cf.to(device))
if plots:

plot_labels(labels, names, save_dir, loggers)

if tb_writer:

tb_writer.add_histogram('classes’, c, 0)

# Anchors
if not opt.noautoanchor:

check anchors(dataset, model=model, thr=hyp[‘anchor_t‘], imgsz=imgsz)
model.half().float() # pre-reduce anchor precision

eyieyer uabap )

# DDP made
if cuda and rank !=-1:
model = DDP(model, device 1ds=[opt.local_rank],
5 output_device=opt.local_rank,
# nn.MultiheadAttention incompatibility with DDP

5 https://github.com/pytorch/pytorch/issues/26698
find_unused_parameters=any(isinstance(layer,~ nn.MultiheadAttention)
s for layer in model.modules()))

# Model parameters

hyp['box] *= 3./ nl # scale to layers

hyp['cls’] *=nc/80.*3. / nl # scale to classes:and layers

hyp['obj] *= (imgsz / 640) ** 2 * 3. / nl # scale to image Size and layers
hyp['label_smoothing’] = opt.label_smoothing

model.nc = nc # attach'number of classes to model

model.hyp = hyp # attach hyperparameters to model

model.gr = 1.0 # iou loss ratio.(obj_loss =1.0'0riou)
model.class_weights = labels_to_class_weights(dataset:labels; nc).to(device) * nc
# attach class weights

model.names = names

. 40‘1

# Start training

t0 = time.time()

nw = max(round(hyp['warmup_epochs’] * nb), 1000) # number of warmup
iterations, max (3 epochs, 1k iterations)

# nw = min(nw, (epochs - start_epoch) / 2 * nb) # limit warmup to < 1/2 of training
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mags = np.zeros(nc) # MAP per class
Tresgits = (0,0,0,0,0,0,0) #P, R, mMAP@.5, mAP@.5-.95, val_loss(box, obj, cls)
D SscHgduler.last_epoch = start_epoch - 1 # do not move
=& Oscaer = amp.GradScaler(enabled=cuda)
2 grco Boute loss = ComputeLoss(model) # init loss class
8 -+logder.info(f'Image sizes {imgsz} train, {imgsz_test} test\n'
© fUsing {dataloader.num_workers} dataloader workers\n'
g.: f'Logging results to {save_dir}\n’
= f'Starting training for {epochs}.epochs..."
for%ooch in range(start_epoch, epochs): # epoch ----------------------—-
%odel.train()
®
#FUpdate image weights (optional)
@ opt.image_weights:
o # Generate indices
& if rankin [-1, O]:
cw = model.class_weights.cpu().numpy() * (1 - maps) ** 2 / nc # class

weights
: iw = labels_to_image_weights(dataset.labels,.nc=nc, class_weights=cw) #
5 image weights
dataset.indices = random.choices(range(dataset.n), weights=iw, k=dataset.n)
3# rand weighted 1dx
# Broadcast if DDP
if rank 1="-1:
indices = (torch.tensor(dataset.indices) if rank == 0 else
b torch.zeros(dataset.n)).int()
dist.broadcast(indices, 0)
if rank 1= 0:
dataset.indices = indices.cpu().numpy()

# Update mosaic border
# b = int(random.uniform(0.25 * imgsz, 0.75 * imgsz + gs) // gs.* gs)
# dataset.mosaic_border = [b - imgsz, -b] # height, width borders

mloss = torch.zeros(4, deviece=device) # mean losses
if rank 1= -1:
dataloader.sampler.set_epoch(epoch)
pbar = enumerate(dataloader)
logger.info(("\n' + '%10s" * 8) % (‘Epoch’, 'gpu_mem’, 'box’, 'obj’, ‘cls', 'total’,
'labels’, 'img_size"))
if rank in [-1, O]:
pbar = tgdm(pbar, total=nb) # progress bar
optimizer.zero_grad()
for i, (imgs, targets, paths, ) in pbar: # batch ------=-==mmmmmmmmm e

T
[
™
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©)

ok
]
ﬁni =i+ nb *epoch #number integrated batches (since train start)
T =5 Imgs = imgs.to(device, non_blocking=True).float() / 255.0 # uint8 to float32,
0825540 0.0-1.0
ay -
g. =# Warmup
TN P
o _Ulf ni <= nw: _
© xi=[0,nw] #xinterp
g.: # model.gr = np.interp(ni, xi, [0.0, 1.0]) # iou loss ratio (ebj loss = 1.0 or
iou) =
2. accumulate = max(1, np.intérp(ni, xi, [1, nbs / total_batch_size])irotind())
; for j, x in enumerate(optimizer.param_groups):
3 # bias Ir falls from 0.1 to Ir0O, all other Irs rise from 0.0 to Ir0
D X['Ir] = np.nterp(ni, xi, [hyp['warmup_bias_Ir]uif j == 2 else 0.0,
s x[iniffal_Ir'] * If(epoch)])
; if 'momentum’ in x:
) x['momentum’] = np.nterp(ni, xi; [hyp['warmup_momentum’],
= hyp['gromentum]])

# Multi-scale
If opt.multi_scale:

sz = random.randrange(imgsz * 0.5, imgsz * 1.5 +@s) // gs * gs # size

sf = sz / max(imgs.shape[2:]) # scale factor

if sfl=1:

ns = [math.ceil(x * sf / gs) * gs for x in.imgs.shape[2:]] # new shape

5 (stretched to gs-multiple)
imgs = F.interpolate(imgs, size=ns, mode='"bilinear’, align_corners=False)

# Forward
with amp.autocast(enabled=cuda):

pred = madel(imgs) # forward

loss, loss_items = compute_loss(pred, targets.to(device)) # loss scaled by
E batch_size
if rank 1=-1:

loss *= opt.world_size # gradient averaged between devices in DDP mode
if opt.quad:

loss *= 4.

# Backward
scaler.scale(loss).backward()

# Optimize

If ni % accumulate == 0:
scaler.step(optimizer) # optimizer.step
scaler.update()
optimizer.zero_grad()
if ema:
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ema.update(model)

dioyeH O

=
) & §# Print
0 3Jifrankin[-1,0]:
g. = mloss = (mloss * i + loss_items) / (i + 1) # update mean losses
3 o _’; mem = '%.39G" % (torch.cuda.memory reserved() / 1E9 if
2 torchouda.is_available() else 0) # (GB)
g’." s = ('%10s' * 2 + '%10.4g" * 6) % (
= '%Qg/%g" % (epoch, epochs -+1), mem, *mloss, targets.shape[0],
imgs.Shape[-1])
= ..
= pbar.set_description(s)
[
®  #Plot
= if plots and ni <3:
; f = save dir/ f'train_batch{ni}.Jpg" # filename
) Thread(target=plot_images, args=(imgs, targets, paths, f),

; daemﬁn:True).start()

if tb_ writer:

. tb_writer.add_graph(torch.jit.trace(model, imgs, strict=False), []) #

5add model graph

# tb_writer.add_image(f, result, dataformats="HWC',

5 global_step=epoch)

elif plots and ni == 10 and wandb_logger.wandb:
wandb_logger.log({*Mosaics": [wandb_logger.wandb.Image(str(x),

5 caption=x.name) for x in

save_dir.glob(‘train*.jpg’) if x.exists()]})

# end epoch --==-==-------m-mmmmeee i

# Scheduler
Ir = [X['Ir'] for x in optimizer.param_groups] # for tensorboard
scheduler.step()

gt

# DDP process 0 or single-=GRPU
if rank in [-1, 0]:
# mAP
ema.update_attr(model, include=['yaml’, 'nc’, ‘'hyp', 'gr’, 'names’, 'stride’,
‘class_weights'])
final_epoch = epoch + 1 == epochs
if not opt.notest or final_epoch: # Calculate mAP
wandb_logger.current_epoch = epoch + 1
results, maps, times = test.test(data_dict,
batch_size=batch_size * 2,
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gt

:e;d!);]EH

imgsz=imgsz_test,
model=ema.ema,

save_dir=save_dir,

Nyipw exdiy jeH S

IS_C0e0=IS_C€0cCO0)

# Write
with open(results file, 'a") as f:

# Log

ejie)jer L1abaN yiudaijod

‘metrics/precision’,

“metrics/mAP _0.5:0.95',
‘val/box_loss', 'val/obj_loss', ‘val/cls_loss', # val loss

X/IrQ', 'x/Irl', 'x/Ir2"] # params

for x, tag in zip(list(mloss[:-1]) + list(results) + Ir, tags):

if tb writer:

tb_writer.add_scalar(tag, X, epoch) # tensorboard

if wandb_logger.wandb:
wandb_ logger.log({tag: x}) # W&B

# Update best mAP

> fi = fitness(np.array(results).reshape(1, -1)) # weighted combination of [P, R,
»MAP@.5, mMAP@.5-.95]

if fi > best_fitness:
best_fitness = fi

wandb_logger.end_epoch(best_result=best_fitness == fi)

# Save model

If (not opt.nosave) or. (final_epoch and not opt.evolve): # if save

ckpt = {"'epoch’: epoch,
'best_fitness': best_fitness,

single_cls=opt.single_cls,
dataloader=testloader,

verbose=nc < 50 and final_epoch,
plots=plots and final_epoch,
wandb_logger=wandb:logger,
compute_less=compute_loss,

f.write(s + '%10.49' * 7 % results + \n') # append metrics,val _loss

tags = ['train/box_loss', 'train/obj_loss', 'train/cls_loss', # train loss
‘metrics/recall’,

‘training_results": results_file.read_text(),

'model:  deepcopy(model.module
model).half(),

‘'ema’; deepcopy(ema.ema).half(),

‘updates': ema.updates,

‘optimizer': optimizer.state_dict(),

‘wandb_id": wandb_logger.wandb_run.id if wandb_logger.wandb else

None}

if

‘metrics/mAP_0.5',

is_parallel(model) else

17
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# Save last, best and delete
torch.save(ckpt, last)
if best_fitness == fi:

torch.save(ckpt, best)
if wandb_logger.wandb:

if ((epoch + 1) % opt.save_period ==+0 and..not final_epoch) and

_period !=-1:
wandb_logger.log_model(
last.parent, opt, epoch,fi, best_ model=best_fitness == i)

del ckpt

:e;d!);]EH
N j1wjaijod yijiw exdid yeH S

.opt.s

end epoch --- - S W N, \———.

1869

# ofil training
if rank in [-1, 0];
E,'Plots
iIf plots:
plot_results(save_dir=save_dir). # save asresults.png
If wandb_logger.wandb:
files = ['results.png’, ‘confusion_matrix.png’, *[f{x} curve.png' for X in
5 ('F1', 'PR', P, 'R)]]
wandb_logger.log({"Results": [wandb_logger.wandb.Image(str(save_dir /
5 1), caption=f) for f in files
if (save_dir / f).exists()]})
# Test best.pt
logger.info(*%g epochs completed-in %:3f hours:\n' %-(epoch - start_epoch + 1,
b (time.time() - t0) /.3600))
If opt.data.endswith(‘coco.yaml’) and nc == 80: # if COCO
for m in (last, best) if best.exists() else (last): #speed, MAP tests
results, _, _ = test.test(opt.data,
batch_size=batch_size * 2,
Imgsz=imgsz. test,
conf_thres=0.001,
iou_thres=0.7,
model=attempt_load(m, device).half(),
single.cls=opt.single_cls;
dataloader=testloader,
save_dir=save_dir,
save_json=True,
plots=False,
IS_COCO=iS_C0C0)

. Auq

# Strip optimizers
final = best if best.exists() else last # final model
for f in last, best:
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©)

|ffeXIsts()

strip_optimizer(f) # strip optimizers

opt.bucket:
0S. system(f'gsutil cp {final} gs://{opt.bucket}/weights’) # upload
avandb_logger.wandb and not opt.evolve: # Log the stripped model
wandb_logger.wandb.log_ artlfact(str(flnal) type="model’,
name="run_' + wandb_logger.wandb_run.id +'_model,
aliases= [Iast' ‘best;'stripped'])

ﬁandb logger.finish_run()
elsg.

%t .destroy_process_group()
toreh.cuda.empty_cache()
ref&n results

w eydi) yeH

g

:e;d!);]EH

Miod )

Zif r§me ==' main__"

palger = argparse.ArgumentParser()

parser.add_argument(’--weights', type=str,  default="yolov5s.pt’, = help='initial
\weights path’)

parser.add_argument('--cfg’, type=str, default=", help="model.yaml path’)

5 parser.add_argument('--data’, type=str, default="data/coco128.yaml’,
B help="data.yaml path’)
parser.add_argument('--hyp', type=str, default="data/hyp.scratch.yaml’,

5 help="hyperparameters path)
parser.add_argument('--epochs’, type=int, default=300)
= parser.add_argument(’--batch-size', type=int, default=16, help="total batch size for
dall GPUs'")
parser.add_argument('--img-size', ‘nargs='t+', " type=int, default=[640, 640],
s help="[train, test] image sizes")
parser.add_argument('--rect', action='store.true’, help="rectangular training’)
parser.add_argument(’--resume’, nargs='?", const=True, default=False, help="resume
= MOst recent training’)
parser.add_argument(’--nosave', action='store_true',. help='only save final
h checkpoint')
parser.add_argument('--notest’, action="store_true', help="only test final epoch’)
T . .
® parser.add_argument('--noauteanchor’, action='store_true’, help="disable
"autoanchor check’)
parser.add_argument('--evolve', action="storetrue'; help='evolve hyperparameters’)
parser.add_argument(’--bucket', type=str, default=", help="gsutil bucket’)
parser.add_argument(’--cache-images’, action='store_true’, help="cache images for
faster training')
parser.add_argument(’--image-weights', action='store_true', help='use weighted
image selection for training’)
parser.add_argument(’--device', default=", help="cuda device, i.e. 0 or 0,1,2,3 or

cpu’)
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eHO

palfgr.add_argument(‘--multi-scale', action='store_true', help='vary img-size +/-
5698

D Zpaiger.add_argument('--single-cls', action='store_true', help="train multi-class data
= af)sirgle-class’)

2 grpaﬁr.add_argument(‘--adam', action='store_true', help='use torch.optim.Adam()
2 optinfizer)

parser.add_argument('--sync-bn', action='store_true’;" help='use SyncBatchNorm,
only &¥ailable in DDP mode')

: pager.add_argument(‘--local_rank', type=int, default=-1, help="DDP. parameter, do
e not madify)

= parsgr.add_argument(‘--workers',-type=int, default=8, help="maximum number of
, datal@ader workers'")

paider.add_argument(’-=project’, default="runs/train’, help='save to project/name’)
parzer.add_argument(‘--entity', default=None, help="W&B entity")
pamer.add_argument(’--name’, default="exp’, help='save to project/name)

P r.add_argument('--exist-ok’, action='store_true', help='existing project/name
z 0k, dgmot increment’)

parser.add_argument(’--quad’, action='store_true', help="quad dataloader’)
parser.add_argument('--linear-Ir', action="store.true’, help="linear LR’)

" parser.add_argument('--label-smoothing’, " type=float, default=0.0, help='Label
5 smoothing epsilon’)

5 parser.add_argument('--upload_dataset', action='store_true', help='Upload dataset
3as W&B artifact table")

parser.add_argument(’--bbox_interval’, type=int, default=-1, help="Set bounding-
5 box image logging interval for W&B")

parser.add_argument(’--save_period’, type=int, default=-1, help='Log model after
b every "save period"” epoch’)

parser.add_argument('--artifact_alias’, type=str, default="latest", help="version of
s dataset artifact to be used’)

opt = parser.parse. args()

# Set DDP variables
opt.world_size = int(es.environ['WORLD _SIZE']) if \WORLD_SIZE'" in 0s.environ
helse 1
4 opt.global_rank = int(os.environ[RANK') if 'RANK' in os.environ else -1
® set logging(opt.global_rank)
" ifopt.global rankin [-1, O}
check_git_status()
check_requirements(exclude=(pycocotools’, ‘thop'))

# Resume
wandb_run = check_wandb_resume(opt)
if opt.resume and not wandb_run: # resume an interrupted run
ckpt = opt.resume if isinstance(opt.resume, str) else get_latest_run() # specified
or most recent path
assert os.path.isfile(ckpt), 'ERROR: --resume checkpoint does not exist’
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ﬁriori = opt.global_rank, opt.local_rank
T 8lth open(Path(ckpt).parent.parent / ‘opt.yaml’) as f:
) & & opt = argparse.Namespace(**yaml.safe_load(f)) # replace
" § épt.cfg, opt.weights, opt.resume, opt.batch_size, opt.global_rank, opt.local_rank
= _’; ckpt, True, opt.total_batch_size, *apriori # reinstate
logger.info('Resuming training from %s' % ckpt)
elsg
gopt.hyp = opt.hyp or (hyp.finetune:yaml®if opt.weights else "hyp.scratch.yaml’)
t.data, opt.cfg, opt.hyp = check file(opt.data), check file(opt.cfg),
£-checkfile(opt.hyp) # check files
asert len(opt.cfg) or len(opt.weights), 'either --cfg or--weights must be specified'
t.img_size.extend([opt.img_size[-4]].* (2 - len(opt.img_size))) # extend to 2
$ sizes firain, test)
t.name = 'evolve' if opt.evolve else opt.name
t.save_dir = str(increment_path(Path(opt.project) / opt.name,
z exist gk=opt.exist_ok | opt.evolve))

# DDP mode
opt.total_batch_size = opt.batch_size
device = select_device(opt.device, batch_size=opt.batch_size)
if opt.local_rank !=-1:
assert torch.cuda.device_count() > opt.local_rank
torch.cuda.set_device(opt.local_rank)
device = torch.device('cuda’, opt.local_rank)
g dist.init_process_group(backend="nccl’, init_method="env://) # distributed
» backend
assert opt.batch_size % opt.world_size =='0, '--batch-size must be multiple of
s CUDA device count'
opt.batch_size = opt.total_batch_size //.opt.world.size

# Hyperparameters
with open(opt.hyp) as f:
hyp = yaml.safe_load(f) # load hyps

# Train
logger.info(opt)
if not opt.evolve:
tb_writer = None # init loggers
If opt.global_rank in [-1, O]:
prefix = colorstr(‘tensorboard: ')
logger.info(f"{prefix}Start with 'tensorboard --logdir {opt.project}’, view at
http://localhost:6006/")
tb_writer = SummaryWriter(opt.save_dir) # Tensorboard
train(hyp, opt, device, tb_writer)

. 40‘1
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BeHD

olve hyperparameters (optional)

&

Hyperparameter evolution metadata (mutation scale 0-1, lower_limit,
imit)
ta={'Ir0": (1, 1e-5, 1e-1), # initial learning rate (SGD=1E-2, Adam=1E-3)
Irf": (1, 0.01, 1.0), # final OneCycleLR learning rate (Ir0 * Irf)
'momentum’: (0.3, 0.6, 0.98), # SGD momentum/Adam betal
‘weight_decay": (1, 0.0, 0.001), # optimizer weight decay
‘warmup_epochs': (1, 0.0, 5.0),.# warmup epochs (fractions ok)
‘warmup_momentum': (1,.0.0,,0.95), # warmup initial momentum
‘warmup_bias_Ir": (1, 0:0,.0.2), # warmup initial bias Ir
'box": (1, 0.02, 0.2); #box loss gain
‘cls’: (1, 0.2, 4.0), #cls loss gain
‘cls_pw'" (1,0.5,2.0), # cls BCELoSs positive_weight
‘obj": (1, 0.2,4.0), # obj loss gain (scale with pixels)
'obj_pw'".(1, 0.5, 2.0), # obj BCELOss positive weight
iout: (0, 0.1, 0.7), # loU training threshold
‘anchor _t": (1, 2.0, 8.0), # anchor-multiple threshold
‘anchors': (2, 2.0, 10.0), # anchors per.output grid (0 to.ignore)
: fl_gamma: (0, 0.0, 2.0), # focal loss_gamma (efficientDet default
5 gamma=1.5)
: ‘hsv_h': (1, 0.0, 0.1), # image HSV-Hue augmentation (fraction)
‘hsv_s' (1, 0.0, 0.9), # image HSV-Saturation.augmentation(fraction)
'hsv_v' (1, 0.0, 0.9), # image HSV-Value augmentation (fraction)
'degrees’: (1, 0.0, 45.0), # image rotation (+/- deg)
‘translate’; (1, 0.0, 0.9), # image translation (+/- fraction)
‘'scale' (1, 0.0, 0.9), # image:scale(+/- gain)
'shear”: (1, 0.0, 10.0), # image shear (+/- deg)
‘perspective’: (0, 0.0, 0.001), # image perspective (+/- fraction), range O-

ey

: Eld@ )|2|;L -
D
1

ejie)jer L1abaN yiuyaujod 4§

»0.001

flipud": (1,0.0, 1.0), # image flip up-down (probability)
fliplr': (0, 0.0, 1.0), # image flip left-right (probability)
'mosaic': (1, 0.0, 1.0), # image mixup (probability)
'mixup’: (1, 0.0, 1.0)} # image mixup (probability)

assert opt.local_rank == -1,'BDP mode not implemented for --evolve'
opt.notest, opt.nosave = True, True # only test/save final epoch
# ei = [isinstance(x, (int, float)) for x in hyp.values()}-#evolvable indices
yaml_file = Path(opt.save_dir) / 'hyp_evolved.yaml' # save best result here
If opt.bucket:
os.system('gsutil cp gs://%s/evolve.txt .' % opt.bucket) # download evolve.txt
if exists

gt

for _in range(300): # generations to evolve
if Path(‘evolve.txt).exists(): # if evolve.txt exists: select best hyps and mutate
# Select parent(s)
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parent = 'single’ # parent selection method: 'single' or ‘weighted'
x = np.loadtxt(‘evolve.txt', ndmin=2)
n =min(5, len(x)) # number of previous results to consider
X = X[np.argsort(-fitness(x))][:n] # top n mutations
w = fitness(x) - fitness(x).min() # weights
If parent == 'single’ or len(x) == 1:
# x = x[random.randint(0, n - 1)] # random selection
X = X[random.choices(range(n), weights=w)[0]] #weighted selection
elif parent == ‘weighted":
X = (X * w.reshape(n, 1)):sum(0) / w.sum() # weighted combination

:e;d!);]EH

eyeyer uabaN yIuBM|od yijtw e3did ey )

# Mutate
mp, s = 0.8, 0.2"#mutation probability, sigma
npr = np.random
npr.seed(int(time.time()))
g = np.array([x[0] for x in meta.values()]) #gains 0-1
ng =len(meta)
v = np.ones(ng)
while all(v == 1): # mutate until a change occurs (prevent duplicates)
: vV = (g * (npr.random(ng) < mp) * npr.randn(ng) * npr.random() * s +
51).clip(0.3, 3.0)
5 for'i, k in enumerate(hyp.keys()): # plt:hist(v.ravel(), 300)
hyp[k] = float(x[i + 7] * v[i]) # mutate

# Constrain to limits

for k, v In meta.items():
hyp[k] = max(hyp[k], v[1]) # lower limit
hyp[k] = min(hyp[k], v[2]) # upper limit
hyp[k] = round(hyp[K], 5) # significant digits

# Train mutation
results = train(hyp.copy(), opt, device)

# Write mutation results
print_mutation(hyp.copy(), results, yaml_file, opt.bucket)

# Plot results

plot_evolution(yaml_file)

print(f'Hyperparameter evolution complete. Best results saved as: {yaml_file}\n'
fCommand to train a new model with these hyperparameters: $ python

train.py --hyp {yaml file}")

Lampiran 3 Source Code Detection
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impoﬁargparse

IRgpOR§ time

Dffbm Fathlib import Path
: 2 3

E}poE'.CVZ

: impogtorch
: |mp0 torch.backends.cudnn as cudnn

» from %odels experimental import attempt-load

& from Etlls datasets import LoadStreams, LLoadlmages

-fromﬁtlls general import check_img_size, check_requirements, check_imshow,
5 non_imax_suppression, apply: classifier, \

scate_coords, xyxy2xywh, strip_optimizer, set_logging, increment_path,
¢ save_an_e_box _

from ®tils.plots import colors, plot_one_box

Tfrom g‘tils.torch_utils import select_device, load_classifier, time_synchronized

-+
(Y
-def detect(opt):
source, weights, view_img, save txt, imgsz = opt.source, - opt.weights,

5 opt.view_img, opt.save_txt, opt.img_size

5 save_img = not opt.nosave and not source.endswith(:txt) # save inference images
webcam = source.isnumeric() or source.endswith(".txt" or
5 source.lower().startswith(

(rtsp://', 'tmp://, "http://', 'hitps:/I))

# Directories

save_dir =increment_path(Path(opt.project) / opt.name, exist ok=opt.exist_ok) #
5 increment run

(save_dir / 'labels' if save_txt else save_dir).mkdir(parents=True, exist_ok=True)
£ # make dir

# Initialize

set_logging()

device = select_device(opt.device)

half = device.type !'="cpu’. # half precision only supported on CUDA

. 40‘1

# Load model

model = attempt_load(weights, map_location=device) # load FP32 model

stride = int(model.stride.max()) # model stride

imgsz = check_img_size(imgsz, s=stride) # check img_size

names = model.module.names if hasattr(model, 'module’) else model.names # get
class names

if half:

model.half() # to FP16
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# ﬁond-stage classifier
xclagpify = False
D 2if @hssify:
r O PFodelc = load_classifier(name="resnetl01', n=2) # initialize
modelc.load_state_dict(torch.load('weights/resnet101.pt',
3 map_@cation:device)['model']).to(device).eval()
(=]

eyd

# Sat Dataloader
vicﬁpath, vid_writer = None, None
if idabcam:
w_img = check_imshow()
audnn.benchmark = True # set True to speed up constant image size inference
taset = LoadStreams(source, img.size=imgsz, stride=stride)

else
;&étaset = LoadImages(source, img_size=imgsz, stride=stride)
Y
# Fﬁm inference
if device.type '="cpu"
. model(torch.zeros(1, 3, imgsz,
5imgsz).to(device).type_as(next(model.parameters()))) # run once
t0 = time.time()
for path, img, imOs, vid_cap in dataset:
img = torch.from_numpy(img).to(device)
Img = img.half() if half else img.float() # uint8 to.fp16/32
img /=255.0 #0-255t00.0- 1.0
If img.ndimension() == 3:
img = img.unsqueeze(0)

# Inference
tl = time_synchronized()
pred = model(img, augment=opt.augment)[0]

# Apply NMS

pred = non_max_suppression(pred, opt.conf_thres, opt.iou_thres, opt.classes,
-ropt.agnostic_nms,

D max_det=opt.max_det)

t2 = time_synchronized()

# Apply Classifier
If classify:
pred = apply_classifier(pred, modelc, img, im0s)

# Process detections
for i, det in enumerate(pred): # detections per image
if webcam: # batch_size >=1
p, S, IMmO, frame = path[i], f'{i}: ', imOs[i].copy(), dataset.count
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Aelse:
T - P, S, im0, frame = path, ", im0s.copy(), getattr(dataset, ‘frame’, 0)
) -+
A ']
_Q. 3 p = Path(p) # to Path
5- —save _path = str(save_dir / p.name) # img.jpg

_ txt _path = str(save_dir / 'labels' / p.stem) + (" if dataset.mode == 'image' else
3 f' {fru”ne}) # img.txt

=S +='%0gx%g ' % img.shape[2:] # printstring
=-gn = torch.tensor(im0.shape)[[1, 0;"1,.0]] # normalization gain.whwh
=.iImc = im0.copy() if opt.save.crop else im0 # for opt.save_crop
|f len(det):

# Rescale boxes fromdmg_size to im0 size

det[:, :4] = scale_coords(img.shape[2:], det[:, :4], imO:shape).round()
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# Print results
for ¢ in'det[:, -1].unique():
n= (det[:, -1] == c¢).sum() # detections per class
s +="{n} {names[int(c)]}{'s' * (n>1)}," # add to string

eye)er Labapn

# Write results
for *xyxy, conf, cls in reversed(det):

if save txt: # Write to file

Xywh = (xyxy2xywh(torch.tensor(xyxy).view(1, 4))./ gn).view(-

51).tolist() # normalized xywh
line = (cls, *xywh, conf) if opt.save_conf else (cls, *xywh) # label
= format
with open(txt_path + “.txt', 'a’)as f:

t.write(('%g ' * len(line)).rstrip() % line +"\n")

ejieyer LabBap yiuyalijod sefem buek uebunuaday) uexibniaw yepn uedynbuad °q
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if save_img or opt.save_crop or.view.. img: #.Add bbox to image
= int(cls) # integer class
label = None if opt.hide labels else (names[c] if opt.hide_conf else
» f'{names|c]} {conf:..2f})
plot_one _box(xyxy, im0, label=label, color=colors(c, True),
line_thickness=opt.line_thickness)
D if opt.save_crop:
save_one_box(xyxy, Imc, file=save.dir./'crops' / names[c]../
f'{p.stem}.jpg’, BGR=True)

s 1aqu

# Print time (inference + NMS)
print(f'{s}Done. ({t2 - t1:.3f}s)")

# Stream results

If view_img:
cv2.imshow(str(p), imQ)
cv2.waitKey(1) # 1 millisecond
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MeHO

=5 # Save results (image with detections)
& if save_img:
If dataset.mode == 'image":
cv2.imwrite(save_path, im0)
else: # 'video' or 'stream'
if vid_path !'=save_path: # new video
vid_path = save_path
if isinstance(vid_writer, cv2.\VideoWriter):
vid_writer.release() # release previous video writer
if vid_cap: # video
fps = vid_cap.get(cv2.CAP_PROP_FPS)
w = int(vid_cap.get(cv2:CAP_PROP_FRAME, WIDTH))
h = int(vid_cap.get(cv2.CAP_PROP_FRAME _ HEIGHT))
else; #stream
fps, w, h = 30, im0.shape[1], im0.shape[0]
save path +='mp4'
vid_writer =
-cv2.VideoWriter_fourcc(*'mp4v’), fps,.(w, h))
‘ vid_writer.write(imQ)

:e;d!);]EH

eyeyer HabaN yIuRM[od Hijiw

cv2.VideoWriter(save_path,

if save_txtor save_img:

s = f"\n{len(list(save_dir.glob(‘labels/*.txt")))}  labels saved to  {save.dir /
5'labels'}" if save_txt else "
print(f"Results saved to {save_dir}{s}")

print(f'Done. ({time.time() - t0:.3f}s)")

1 1

bif _name_ ==' main__"
parser = argparse.ArgumentParser()
parser.add_argument('--weights', nargs='+', « type=str, = default="yolov5s.pt
d help="model.pt path(s)")
parser.add_argument('--source’, type=str, default='data/images’, help='source’) #
irfile/folder, 0 for webcam
® parser.add_argument('--img-size', type=int, default=640, help="inference size
1" (pixels)")

parser.add_argument(’--conf-thres’,  type=float,default=0.25,"" help="object
confidence threshold")

parser.add_argument('--iou-thres', type=float, default=0.45, help="IOU threshold
for NMS’)

parser.add_argument('--max-det’, type=int, default=1000, help="maximum
number of detections per image')

parser.add_argument(’--device’, default=", help="cuda device, i.e. 0 or 0,1,2,3 or
cpu’)

parser.add_argument(’--view-img', action="store_true’, help="display results’)
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palfgr.add_argument('--save-txt', action='store_true', help="save results to *.txt')
Tpagger.add_argument('--save-conf', action="store_true', help="save confidences in
-Savixt labels')
x OparBer.add_argument('--save-crop', action='store_true', help='save cropped
f)zediaion boxes')
3 --parSer.add_argument('--nosave',  action='store_true', help='do not save
8 image/videos')
: parger.add_argument(‘--classes', nargs="+', type=int, help="filter by class: --class
00, or xelass 0 2 3')
parser.add_argument('--agnostic-nms';‘action='store_true', help="class=agnestic
=NM
pamer.add_argument('--augment’, action='store_true', help="augmented
2 inferapce’)
parzer.add_argument(‘--update', action='store_true', help="update all models")
pamer.add_argument(’--project’, default="runs/detect’, help='save results to
P proje_‘ name’)
parger.add_argument(’--name’, default="exp’, help="save resultsto project/name’)
parser.add_argument('--exist-ok’, action='store_true', help='existing project/name
-0k, do not increment’)
" parser.add_argument('--line-thickness', default=3, type=int, help="bounding box
s thickness (pixels)")
5 parser.add_argument('--hide-labels', default=False;action="store_true', help="hide
3 labels")
parser.add_argument('--hide-conf', default=False, action='store true’, help="hide
5 confidences')
opt = parser.parse_args()
print(opt)
check_requirements(exclude=(‘tensorboard’, 'pycocotools', ‘thop"))

with torch.no_grad():
if opt.update: #update all models (to fix SourceChangeWarning)
for opt.weights.in ['yolov5s.pt', 'yolovbm.pt', 'yolovsl.pt', ‘'yolovSx.pt']:
detect(opt=opt)
strip_optimizer(opt.weights)
else:
detect(opt=0opt)

Lampiran 4 Spesifikasi Raspberrry Pi 4
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Broadcom BCM2711, Quad core Cortex-A72 (ARM v8) 64-bit SoC @ 1.5GHz
2GB, 4GB or 8GB LPDDR4-3200 SDRAM (depending on model)
2.4 GHz and 5.0 GHz IEEE 802.11ac wireless, Bluetooth 5.0, BLE

Gigabit Ethernet
2 USB 3.0 ports; 2 USB 2.0 ports.

Raspberry Pi standard 40 pin GPIO header (fully backwards compatible with

previous boards)

2 x micro-HDMI ports (up to 4kp60 supported)

2-lane MIPI DSI display port

2-lane MIPI CSI camera port

4-pole stereo audio and composite video port

H.265 (4kp60 decode), H264 (1080p60 decode, 1080p30 encode)
OpenGL ES 3.1, Vulkan 1.0

Micro-SD card slot for loading operating system and data storage
5V DC via USB-C connector (minimum 3A*)

5V DC via GPIO header (minimum 3A¥*)

Power over Ethernet (POE) enabled (requires separate POE HAT)
Operating temperature: 0 — 50 degrees C ambient
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