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Preliminaries

SSH(e.g., Putty, Terminal, XShell); Linux Programming(e.g., Shell); Server File Editing(e.g., Vim);
Virtual Environment(e.g., Docker).
Development Tools

0. Local System
Windows, Ubuntu, CentOS, MacOS ... Whatever you like.

PyCharm+Docker: fTIEREFEHREFZIGIP - XIBHINE - AT

Pros: Rather Simple; Interactive-Friendly.

Cons: Practically bound with python; —o0 —o0
Hard to handle with multi-node clusters. q — = — =

2. Remote Server + Local VS Code

—X
Pros: Relatively Simple; Interactive-Friendly; B S S
Multi-Language Supporting. {FEvscodeH TImiEEST - AEISHEDERNE - fIF

Cons: Hard to handle with multi-node clusters.
3. Remote Server + Docker+ Remote Editor (e.g., Emacs, Vim)

Pros: Could do whatever you want. (JOKE: Emacs is an operation system)
Cons: Hard to learn.


https://zhuanlan.zhihu.com/p/35067462
https://zhuanlan.zhihu.com/p/52827335
https://zhuanlan.zhihu.com/p/89662757

How to Read Codes

1. Be accustomed to relying on documents. -
https://pytorch.org/docs/stable/index.html
2. Reading in a top-down, level-based manner.

3. Reading-by-debugging.
4. Try things of interest in IPython/Jupyter Notebook.
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Package Reference

« torch
« torch.Tensor
« Tensor Attributes
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https://pytorch.org/docs/stable/index.html

How to Write Codes

[Recommend] Find a reliable project and just follow it!

[Recommend] Writing comments as more as possible.

[Optional] Code Styles and Design patterns.


https://github.com/open-mmlab/mmdetection
https://github.com/facebookresearch/detectron2
https://github.com/google-research-datasets/Objectron
https://docs.python.org/3.8/library/pydoc.html#module-pydoc
https://www.python.org/dev/peps/pep-0008/
https://google.github.io/styleguide/pyguide.html#38-comments-and-docstrings
https://google.github.io/styleguide/pyguide.html
https://github.com/faif/python-patterns

MMDetection —— An Example

Detection

Sources

Code Repository: https://github.com/open-mmlab/mmdetection
Documentation: https://mmdetection.readthedocs.io/

What to do first?

git clone https://github.com/open-mmlab/mmdetection.qit
<build & install ((Recommend] Build with docker)>



https://github.com/open-mmlab/mmdetection.git
https://mmdetection.readthedocs.io/en/latest/get_started.html#another-option-docker-image
https://github.com/open-mmlab/mmdetection
https://mmdetection.readthedocs.io/

MMDetection An Example

[Example Task] Train a Faster R-CNN model upon Pascal VOC dataset.
[Paper] Faster R-CNN: Towards Real-Time Object Detection with Region Proposal Networks
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http://host.robots.ox.ac.uk/pascal/VOC/

RPN 474744 “ Box & Cis Loss

MMDetection —— An Example (Faster R-CNN upon voc) 4 iiif i" Iﬁﬂj .
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ROI Pooling

Backbone

Find the root(entrance) RERHIGY .

Training on a single GPU

N We provide tools/train.py to launch training jobs on a single GPU. The basic usage is as follows.
@ Q = %= |%= CONFIG_FILE=./configs/pascal_voc/faster_rcnn_r50_ fpn_1x voc0712.py
python tools/train.py
${CONFIG_FILE}

Config Files Data [optional arguments]
S

cd mmdetection/
Stools/train.py ./configs/pascal_voc/faster_rcnn_r5@0_fpn_1x_voc@®712.py

1S
B 13

train.py Build metas (Pdb) cfg
a . g g . Config (path: ./configs/pascal_voc/faster_rcnn_r50_fpn_lx_vocB712.py): {'model': {'type': 'FasterRCNN', 'pretrained':
Cfg Conflg InStanCG, torchvision://resnet5@', 'backbone': {'type': 'ResNet', 'depth': 50, 'num_stages': 4, 'out_indices': (@, 1, 2, 3), 'fro
o 3 o zen_stages': 1, "'norm_cfg': {'type': 'BN', 'requires_grad': True}, 'norm_evall': True, 'style': 'pytorch'}, 'neck': {'ty
rr]EEtEi' env i r]f()f;, pe': 'FPN', 'in_channels': [256, 512, 1024, 2048], 'out_channels': 256, 'num_outs': 5}, 'rpn_head': {'type': 'RPNHead',

o 3 "in_channels': 256, 'feat_channels': 256, 'anchor_generator': {'type': 'AnchorGenerator', 'scales': [8], 'ratios': [©.

. " , 1.8, 2.8], 'strides’: , 8, - - - oX_coder ' : type': elt oxCoder', 'target_means': .0, 0.
|Ogger keeprunt”nelogs 5, 1.0, z2.0], ' ides': [4, 8, 16, 32, 641}, 'bbi der': {' ': 'DeltaXYWHBBoxCoder', ' ': [0.0, 0.0, @
.0, 0.0], 'target_stds': [1.0, 1.8, 1.0, 1.8]}, 'loss_cls': {'type': 'CrossEntropylLoss', 'use_sigmoid': True, 'loss_wei
ght': 1.0}, oss_bbox' : type': 0ss', oss_welght': 1. , roi_head': type': tandardRoIHead" , ox_rol_ext
ht': 1.0}, 'l bbox': {' ': "Llloss', 'l ight': 1.0}}, 'roi_head': {' ': 'StandardRoIHead', 'bb

Build model

Pdb) p model
FasterRCNN(

. (backbone): ResNet(
mOdeI FaSt R_CNN mOdeI (convl): Conv2d(3, 64, kernel_size=(7, 7), stride=(2, 2), padding=(3, 3), bias=False)
(bnl): BatchNorm2d(64, eps=le-05, momentum=0.1, affine=True, track_running_stats=True)
(relu): RelLU(inplace=True)
(maxpool): MaxPool2d(kernel_size=3, stride=2, padding=1, dilation=1, ceil_mode=False)
(layerl): ResLayer(
(@): Bottleneck(
(convl): Conv2d(64, 64, kernel_size=(1, 1), stride=(1, 1), bias=False)
(bnl): BatchNorm2d(64, eps=le-85, momentum=0.1, affine=True, track_running_stats=True)
dataset: VOC data pool_ (conv2): Conv2d(64, 64, kernel_size=(3, 3), stride=(1, 1), padding=(1, 1), bias=False)
(bn2): BatchNorm2d(64, eps=le-05, momentum=0.1, affine=True, track_running_stats=True)
(conv3): Conv2d(64, 256, kernel_size=(1, 1), stride=(1, 1), bias=False)
(bn3): BatchNorm2d(256, eps=1e-@5, momentum=0.1, affine=True, track_running_stats=True)
(relu): RelLU(inplace=True)
(downsample): Sequential(
(@): Conv2d(64, 256, kernel_size=(1, 1), stride=(1, 1), bias=False)
(1): BatchNorm2d(256, eps=le-@5, momentum=0.1, affine=True, track_running_stats=True)
)
)

Load dataset

train_detector() ouUT



https://mmdetection.readthedocs.io/en/latest/1_exist_data_model.html#train-predefined-models-on-standard-datasets

MMDetection —— An Example (Faster R-CNN upon VOC)

-> return build(cfg, DETECTORS, dict(train_cfg=train_cfg, test_cfg=test cfg))

° = build_detector (Pdb) p DETECTORS
u I o e C'Fg .model , tr*ain_cfg=cfg t I'“(J'-LI"I_C'FQ , test_cfg=cfg . tESt_C'Fg Registry(name=detector, items={'SingleStageDetector': <class 'mmdet.models.detectors.single_stage.SingleStageDetector's

, 'ATSS': <class 'mmdet.models.detectors.atss.ATSS'>, 'TwoStageDetector': <class 'mmdet.models.detectors.two_stage.TwoS
tageDetector'>, 'CascadeRCNN': <class 'mmdet.models.detectors.cascade_rcnn.CascadeRCNN'>, 'CornerNet': <class 'mmdet.mo
dels.detectors.cornernet.CornerNet'>, 'FastRCNN': <class 'mmdet.models.detectors.fast_rcnn.FastRCNN'>,

A N A h . 'FCOS': <class 'mmdet.models.detectors.fcos.FCOS'>, "FOVEA': <cl
JPG

Config Files Data

START

—— Detection Results

Backbone

=
-extract_feat(img (Pdb) p type(x) . 0.508 0 : 0 0
<class 'tuple's ey : = ey :
(Pdb) p len(x) 0.008 0 0 0 o or(@ 0
5 0 or(@ @ B 0 or(@ @
(Pdb) for i in x: print(i.shape) e - . orio-os - .
. R torch.Size([2, 256, 152, 200]) d opo
R e e torch.Size([2, 256, 76, 100])
! 3 s opo Y
.rpn_head. forward_train torch.S}ze([E, 256, 38, 50]1)
torch.5ize([2, 256, 19, 25])
torch.Size([2, 256, 10, 13]) et
0 0
3 PO
ignore=gt_bboxes_ignore, 5 2
proposal_cfg=proposal_cfg = Be+0 B41e+0 e+0 9722e+0 40e-0
losses.update(rpn_losses 96e+0 4960e+0 e+ 9620e+0 B7e-0
: P488e+0 922e+d P@9e+d 98e+0 Be-0
- proposals 8551e+8 " D 067e+d D B8e-0
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gt_labels,
"e, gt_masks, (Pdb) p roi_losses

{"loss_cls': tensor(2.8783, device="cuda:@', grad_fn=<MulBackward®>), 'acc': tensor([8.6914], device='cuda:@'), 'loss_b
box': tensor(0.0058, device='cuda:@', grad_fn=<MulBackward®-)}

LOSSES. UpUdTe| rol_LOS5ES

losses
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ROI Pooling

Proposals

20754 € BoxaCis Loss
rlrl’ — Detection Results

Ba ckbone

pdb; pdb.set_trace

@E Set breakpomt runner. run{data_loaders, cfg.workflow, cfg.total_epochs
JPG

Config Files Data
Dataloader list Bttt
a [<torch.utils.data.dataloader.Dataloader object at @x7f7f3dcc6d9@>]

START

dataset et al.

\WANIEIV-X-ReF:{ela Bl (Pdb) for b in data_loaders[@]: acaa = b; break

(Pdb) p aaaa.keys()
dict_keys(['img_metas', "img', 'gt_bboxes', 'gt_labels'])

(Pdb) p type(acaal'img'])
<class 'mmcv.parallel.data_container.DataContainer's>
. (Pdb) p type(aaaal'img'].data)
Build Dataloader Image infos BitCNtEEs
(Pdb) p len(aaaal'img'].data)
1
(Pdb) p aaaal'img'].data[@].shape
torch.Size([2, 3, 608, 832])

train_detector() ouUT

(Pdb) p aaaa['gt_bboxes'].data[@]
[tensor([[147.2000, 491.2000, 696.0000, 596.8000],
[107.2000, 270.4000, 128.0000, 316.3000],
[414.4000, 409.6000, 462.4000, 563.2000],
[476.8000, 513.6000, 504.0000, S598.4000],
[436.8000, 502.4000, 465.6000, 598.4000],
[ 70.4000, 304.0000, 243.2000, 444.3000],
[140. 305.6000, 238.4000, 456.0000],
Build & Run 313.6000, 134.4000, 460.8000],
. 350.4000, 54.4000, 556.8000]]), tensor([[582.2520, 256.6845, 800.3960, 450.8022],
runner ouT Boxes . 263.1016, 522.9040, 439,5722],
& ) 421.9251, 344 8600, 598.3958],
352.9412, 784.356@, 598.30958],
class labels . 352.9412, 545.3600, 598.3958],
333.6898, 561.4000, 455.6150],
335.2941, 532.5280, 455.6150],
367.3797, 288.7200, 513.369@],
352.9412, 227.7680, 436.3636],
354.5455, 168.4200, 433.1551],
367.3797, 333.6320, 476.4706]1)]
(Pdb) p aaaa['gt_labels'].data[@]
[tensor([10, 4, 4, 4, 4, 10, 8, 8, 8]), tensor([ 5, 5, 6, 14, 14, 14, 14, 14, 14, 14, 6])]

Build Optimizer




MMDetection —— An Example (Faster R-CNN upon VOC) ﬂﬂ»’(’(”»/ Ilﬁ“ﬁ o
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Running the Training

BRE
B —

Config Files

START

dataset et al.

(Pdb) p cfg.optimizer
{"type': 'SGD', "lr': 0.01, 'momentum': 0.9, 'weight_decay': 0.0001}

= bulld_optimizer(model, cfg.optimizer

For more details refer:
https://github.com/open-mmlab/mmcv/tree/master/mmcv/runner/optimizer

Build & Run RN
runner OuUT
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ROI Pooling
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Config Files Data

—

START

dataset et al. = EpochBasedRunner
model,
optimizer=optimizer,

work_dir=cfg.work_dir,
logger=logger,
meta=meta

Run IN :
train_detector() T AW Build Dataloader

runner.run(data_loaders, cfg.workflow, cfg.total_epochs

for i, data_batch in enumerate(self.data_loader):
self. _inner_iter = 1
self.call_hook('before_train_iter"')
self.run_iteri(data_batch, train_mode=True)

Build Optimizer

self.call_hook('after_train_iter")

self._iter += 1

Sulld & Run - tizal:_mnde:u del.train_step(data_batch, self.optimi
outputs = self.model.train_ste ata_batch, selt.optimizer,
runner oOuUT : —srepiaata P

sxkwargs)




MMDetection —— An Example (Faster R-CNN upon VOC)

Whole Tree
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Conflg Files Data
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START

Build metas
IN
UT

Build Dataloader

Build model
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OuT

IN Build Optimizer
ouT

Load dataset

_ IN Build & Run BN
train_detector() oOuUT runner OUT

!

Trained model



MMDetection —— Fundamental Operations

TEST_REGISTRY = registry.Registry(

_ self._hooks = []
registry

for i in range(leni(self._hooks) - 1, -1, -1):
if priority =>= self._hooks[i].priority:
self._hooks.insert(i + 1, hook)
'( ): inserted = True

.register_module()

o = break
, b): . : .
.a+b) if not inserted:

self. hooks.insert(®, hook)

B3 R AR s for i, data_batch in enumerate(self.data_loader):
instance.do(”1) self. _inner_iter = 1

self.call_hook('before_train_iter')
self.run_iter(data_batch, train_mode=True)
self.call_hook('after _train_iter')
self._iter += 1
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