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ECE695DL: Homework 5

Qilei Zhang

Due Date: Monday, Mar 7, 2022

1 Introduction

The goal of this homework is to understand the usage of skip block network. With skip
connections, a network includes shortcut pathways so that the loss calculated at the output
can be “felt” more strongly in the earlier layers of the network during backpropagation.
A CNN network shall be trained to provide an image’s classification and corresponding
location. It follows that the convolutional network must use two loss functions, one for
classification and the other for regression. The COCO dataset is considered as the training
set and validation set.

2 Methodology

2.1 How to Run

The data downloader is embedded in both hw0O5_training.py and hwO5_validation.py.
The downloaded images are not been compressed but keeping the orignal size. Only the
image that takes 1/3 width and height will be selected.

2.1.1 To train data

The basic information for the program shall be entered in the FakeArg class. self.root_path
stores the downloaded images for training and the coco_json_path is the coco annotations
file location. The default value is read from the coco 2017 training set. Here is the example
scripts:

class FakeArg:
def __init__(self):
self .root_path = './ECE695/coco/Train/"'
self .coco_json_path =
~ './ECE695/annotations2017/instances_train2017.json'
self .class_list = ["cat", "dog", "elephant", "giraffe", "horse",
"car", "airplane", "pizza"]
self .images_per_class = 500

As shown in the example, the default class list has eight categories.
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2.1.2 To validate model

Change the self.root_path and coco_json_path for FakeArg class in order to download the
validation images. Additionally, image per class may be changed for the validation purpose.
Because the 2017 validation set has smaller number of the images, the default value is read
from the coco 2013 validation set. The following is an example:

args.root_path = root_path = './ECE695/coco/Val/'
args.coco_json_path = './ECE695/annotations2014/instances_val2014.json'
args.images_per_class = 200

2.2 To show prediction result

To show the predicted COCO images and annotations, please use the following function in
line 1 to provide the output. Here, img info contains the downloaded image information.
cat refers to the true label. order means the image index in a specific category. The
maximum order value is the img_per_class. cat_list provides the complete category list/

plot_detection(img_info, cat, order, cat_list, img_per_class)

2.3 Note

In case any unexpected situation, please refers to the colab link if any interruption or warning
happens when running the program.

2.4 Main Part

(1). Both skip connections and batch normalization are used in the network design. If not
use batch normalization (BN). The probability of the output cross entropy may easily
converge, so the balance of BN may be useful.

(2). The illustration for the classification network is shown in Figure 1 below.

(3). The regression network contains six convolutional layers and corresponding ReLU ac-
tivation layers. At the end of the network, there are three linear layer to provide an
(xmin, ymin, x max, y-max) output.

(4). The dataset loader will compress the image and give a uniform image size (128 times
128) in a tensor format to the network. When need validation, the boundary box size
will re-stretch to draw in the original image.


https://colab.research.google.com/drive/1GdSbzhs-ZkS28nO00Z29Dp2DfcdB1GZu?usp=sharing
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Figure 1: Network Design for Classification including Skip Connection.

3 Implementation and Results

3.1 Main Program Code

3.1.1 hwO05_training.py

import os
import glob
import torch
import random
import requests

import numpy as np

import torch.nn as nn

import torch.nn.functional as functional
import torchvision.transforms as tvt
import matplotlib.pyplot as plt

from PIL import Image
from pycocotools.coco import COCO
from torch.utils.data import Dataloader, Dataset



class FakeArg:

nmnn

Put the fundamental information
def __init__(self):
self .root_path = '/content/drive/MyDrive/ECE695/hw4/coco/Train/"
self .coco_json_path =
—~ '/content/drive/MyDrive/ECE695/hw4/annotations2017/instances_train2017. json'
self .class_list = ["cat", "dog", "elephant", "giraffe", "horse",
~ "car", "airplane", "pizza"]
# self.class_list = ["cat"”, "dog", "elephant"]
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self .images_per_class =

class Downloader:
__init__(self, info):

self. = info.root_path

self. = info.coco_json_path

self .class_list = info.class_list

self .images_per_class = info.images_per_class
self.cat_folder = dict.fromkeys(self.class_list)
self.coco = COCO(self .json)

self .img_info

def make_folder(self):
for cat in self.class_list:
folder_root

self .root + cat

self .cat_folder[cat! = folder_root

if not os.path.exists(folder_root):
os.makedirs(folder_root)

get_image(self):
cat_index = 0
for cat in self.class_list:
cat_id = self.coco.getCatIds(cat)
img_id = self .coco.getImgIds(catIds=cat_id)
imgs = self.coco.loadImgs(img_id)
save_number = 0O
img_index = 0
# self.img_info.append([])
while save_number < self.images_per_class:
im = imgs[img_index]
annlds = self.coco.getAnnIds(imgIds=im['id'],
—» catIds=cat_id, iscrowd=False)
anns = self.coco.loadAnns (annIds)
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# if len(anns) ==
for ann_index in range(len(anns)):
ann = anns[ann_index]
img_width = im['width']
img_height = im['height']
ann_width = ann/['bbox'] [2]
ann_height = ann/['bbox'] [3]
ann_size_check = self.check_ann(img_width, img_height,
— ann_width, ann_height)
if ann_size_check:
img_path = self.root + cat + "/" + im['file_name']
save_check = self.save_image(img_path,
— im['coco_url'])
if save_check:
self .rgb_image (img_path)
new_img_dict = {'cat': cat, 'order':
- save_number, 'bbox': ann|'bbox'],
'image_index': img_index,
— 'ann_index': ann_index,
"img_path': img_path, 'label':
- cat_index,
'img_size': [img_width,
~ img_height]}
#
~ self.img_infol[cat_index].append(new_img_dict)
self .img_info.append(new_img_dict)
save_number += 1
break
img_index += 1
cat_index += 1
print(cat, 'is downloaded')
return self.img_info

O@staticmethod
def check_ann(iw, ih, aw, ah):
width_ratio = aw/iw
height_ratio = ih/ah
if (width_ratio > (1/3)) & (height_ratio > (1/3)):
return True
else:
return False

O@staticmethod

def rgb_image(img_save_path):
image = Image.open(img_save_path)
if image.mode != "RGB":



99 image = image.convert (mode="RGB")

100 image.save (img_save_path)

101

102 Ostaticmethod

103 def save_image(img_save_path, img_url):

104 if not os.path.exists(img_save_path):

105 try:

106 img_response = requests.get(img_url, timeout=10)
107 except requests.exceptions as e:

108 return False

109 with open(img_save_path, 'wb') as img_f:
110 img_f .write(img_response.content)
111 return True

112 else:

113 return True

114

115

116 class (QZDatasetClass(Dataset):

117 def __init__(self, img_att, trans=None) :

118 self .transform = trans

119 self.img_info = img_att

120 # print('is created’)

121

122 def __len__(self):

123 # print('total is', len(self.img_info))

124 return len(self.img_info)

125

126 def __getitem__(self, idx):

127 # print('ide’', idz)

128 img_path = self.img_info[idx]['img_path']
129 label = self.img_info[idx]['label']

130 bbox = self.img_infolidx]['bbox"]

131 new_bbox = [bbox[0], bbox[1], bbox[0]+bbox[2], bbox[1]+bbox[3]]
132 image = Image.open(img_path)

133 image, new_bbox = self .make_square(image, new_bbox)
134 bb_tensor = torch.tensor(new_bbox, dtype=torch.float)
135 im_ts = self.transform(image)

136 return im_ts, label, bb_tensor

137

138 Ostaticmethod

139 def make_square(im, bbox_size, min_size=128):
140 w, h = im.size

141 w_ratio = w / min_size

142 h_ratio = h / min_size

143 bbox_size[0] = bbox_size[0] / w_ratio

144 bbox_size[1] = bbox_size[1l] / h_ratio



145 bbox_size[2] = bbox_size[2] / w_ratio

146 bbox_size[3] = bbox_size[3] / h_ratio

147 image_resized = im.resize((min_size, min_size), Image.BOX)

148 return image_resized, bbox_size

149

150

151 <class Block(nn.Module) :

152 def __init__(self, layer, in_ch, out_ch, stride=1, downsample=None):

153 super (Block, self).__init__()

154 self .layer = layer

155 self .convl = self.conv3(in_ch, out_ch, stride)

156 self.bnl = nn.BatchNorm2d (out_ch)

157 self .relu = nn.ReLU(inplace=True)

158 self.conv2 = self.conv3(out_ch, out_ch)

159 self .bn2 = nn.BatchNorm2d(out_ch)

160 self .downsample = downsample

161

162 # 2f downsample:

163 # self.downsampler = nn.Conv2d(in_ch, out_ch, 1, stride=2)

164

165 def forward(self, x):

166 identity = x

167 out = self.convl(x)

168 out = self .bnl(out)

169 out = self.relu(out)

170 out = self.conv2(out)

171 out = self .bn2(out)

172 if self .downsample:

173 identity = self.downsample(x)

174 out += identity

175 out = self.relu(out)

176 return out

177

178 @staticmethod

179 def conv3(in_channels, out_channels, stride=1):

180 return nn.Conv2d(in_channels, out_channels, kernel_size=3,
~ stride=stride, padding=1, bias=False)

181

182

183 class (Zhanglet (nn.Module) :

184 def __init__(self, class_num, layers=None):

185 super (QZhangNet, self).__init__()

186 if layers is Nomne:

187 # layers = [3, 4, 6, 3]

188 layers = [2, 2, 2, 2]

189 self .in_channels = 16



190
191
192
193
194
195
196
197
198
199

200
201
202
203
204
205
206
207

208
209

210
211

212
213

214
215

216
217

218
219
220
221
222
223
224
225
226
227
228

self .conv = Block.conv3(3, 16)
self.bn = nn.BatchNorm2d(16)

self .bn2 = nn.BatchNorm2d(32)
self .bn3 = nn.BatchNorm2d(64)
self .relu = nn.ReLU(inplace=True)
self .layerl = self .make_layer(1l, 16, layers[0])
# self.in_channels = self.in_channels * 2
self.layer2 = self .make_layer(2, 32, layers[1l], 2)

self .layer3

self .make_layer(3, 64, layers(2], 2)

self .output = nn.Conv2d(64, 9 * class_num, kernel_size=3,
— padding=1)

self .output_act = nn.Sigmoid()
self .avg_pool = nn.AvgPo0l2d(7)
# self.fc = nn.Linear(144 * class_num, class_num)
self.fc = nn.Linear (648 * class_num, class_num)

# regression
self .conv_seqn = nn.Sequential(

nn.

—

nn.
nn.

—

nn.
nn.

—

nn

nn.

—

nn.

nn
<

nn

nn.

—

nn.

)

Conv2d (in_channels=16, out_channels=32,
padding=1),

ReLU(inplace=True) ,

Conv2d(in_channels=32, out_channels=64,
padding=1),

ReLU(inplace=True) ,

Conv2d (in_channels=64, out_channels=64,
padding=1),

.ReLU(inplace=True) ,

Conv2d (in_channels=64, out_channels=64,
padding=1),

ReLU(inplace=True) ,

.Conv2d (in_channels=64, out_channels=64,
padding=1),

.ReLU(inplace=True) ,

Conv2d (in_channels=64, out_channels=64,
padding=1),

ReLU(inplace=True) # add

self.fc_seqn = nn.Sequential(

nn
nn
nn
nn
nn

.Linear (262144, 1024),
.ReLU(inplace=True) ,
.Linear (1024, 512),
.ReLU(inplace=True) ,
.Linear (512, 4)

kernel_size=3,

kernel_size=3,

kernel_size=3,

kernel_size=3,

kernel_size=3,

kernel_size=3,

def make_layer(self, layer, out_channels, blocks, stride=1):
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downsample = None
if (stride != 1) or (self.in_channels != out_channels):
downsample = nn.Sequential (Block.conv3(self.in_channels,
— out_channels, stride=stride),
nn.BatchNorm2d (out_channels))
layers = [I
layers.append(Block(layer, self.in_channels, out_channels, stride,
— downsample))
self .in_channels = out_channels
for i in range(1l, blocks):
layers.append(Block(layer, out_channels, out_channels))
return nn.Sequential (xlayers)

forward(self, x)

x1 = x.clone()

out = self.conv(xl)

out = self .bn(out)

out = self.relu(out)

out = self.layerl(out)

# out = self.bn(out)

# out = self.layer2(out)

# out = self.bn2(out)

# out = self.layer3(out)

# out = self.bn3(out)

# out = self.output(out)

# out = self.output_act(out)
out = self.avg_pool(out)

out = out.view(out.size(0), -1)
self .fc(out)

x2 = nn.MaxPool2d(2, 2) (functional.relu(self .conv(x)))
# regression

x2 = self.conv_seqn(x2)

x2 = x2.view(x.size(0), -1)
x2 = self.fc_seqn(x2)

return out, x2
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def run_code_for_training(net, train_loader, learning_rate=le-4,

—

momentum_set=0.9, epochs=10, device='cuda:0'):

report_fre = 50 # 500

net

= net.to(device)

criterionl = nn.CrossEntropyLoss()
criterion2 = nn.MSELoss()
optimizer = torch.optim.SGD(net.parameters(), lr=learning rate,

—

momentum=momentum_set)

loss_running_record_label = []
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loss_running_record_bbox = []
Iter_record = []
for epoch in range(epochs) :
running_loss_label = 0.0
running_loss_bbox = 0.0
for i, data in enumerate(train_loader):
# print (i)
inputs, labels, bbox_gt = data
inputs = inputs.to(device)
labels = labels.to(device)
bbox_gt = bbox_gt.to(device)

optimizer.zero_grad()
outputs = net(inputs)
outputs_label = outputs[0]
bbox_pred = outputs[1]

loss_label = criterionl(outputs_label, labels)
loss_label.backward(retain_graph=True)
loss_regression = criterion2(bbox_pred, bbox_gt)
loss_regression.backward ()

optimizer.step()
running_loss_label += loss_label.item()
running_loss_bbox += loss_regression.item()
# print(loss_label.item(), loss_regression.item())
if (1 + 1) ' report_fre ==
pointsl = running_loss_label / float(report_fre)
points2 = running loss_bbox / float(report_fre)
loss_running_record_label.append(pointsl)
loss_running_record_bbox.append (points2)
Iter_record.append(len(loss_running_record_label))
print ("\n[epoch:%d, batch:%5d] classification loss: %.3f
< regression loss: %.3f"
% (epoch + 1, i + 1, pointsl, points2))
running loss_label = 0.0
running_loss_bbox = 0.0
net_path = './net.pth'
torch.save(net.state_dict(), net_path)
print ('Finished Training')
return loss_running_record_label, loss_running_record_bbox, Iter_record

if __name__ == '__main__"':
if torch.cuda.is_available() :
myDevice = 'cuda:0'

10



316 else:

317 myDevice = 'cpu'

318

319 args = FakeArg()

320 catList = args.class_list

321 dataFolder = args.root_path

322 catNum = len(catList)

323

324 # seed = 0

325 # random.seed(seed)

326 # torch.manual_seed(seed)

327 # torch.cuda.manual_seed(seed)

328 # np.random.seed(seed)

329 # os.environ['PYTHONHASHSEED'] = str(seed)

330

331 torch.cuda.memory_summary(device=None , abbreviated=False)

332

333 # Download required images

334 myDownloader = Downloader (args)

335 myDownloader .make_folder ()

336 print ('downloading images')

337 img_info = myDownloader.get_image ()

338

339 # Load and mormalize data

340 transform = tvt.Compose([tvt.ToTensor (), tvt.Normalize((0.5, 0.5, 0.5),

~ (0.5, 0.5, 0.5))1)

341 batch_size = 4

342

343 torch.cuda.empty_cache()

344

345 trainSet = QZDatasetClass(img_info, transform)

346 trainLoader = Dataloader (dataset=trainSet, batch_size=batch_size,

~ shuffle=True, num_workers=2)

347

348 print('Data Loader created')

349

350 net = QZhangNet (class_num=catNum)

351 print('Net Created')

352 netLossl, netLoss2, iterl = run_code_for_training(net, trainLoader,

-~ learning_rate=1le-6,

353 momentum_set=0.95,
- epochs=50,
~ device=myDevice)

354 print ('Training Done')

355

356 fig = plt.figure(figsize=(10, 8))

11



357 plt.plot(netLossl, label='Classification')

358 plt.legend ()

359 plt.show()

360

361 fig = plt.figure(figsize=(10, 8))

362 plt.plot(netLoss2, label='Localization')
363 plt.legend ()

364 plt.show()

365

366 print('done4"')

3.1.2 hwO05_validation.py

1 import copy

2 1import random

3 import torch

4 1import os

5 1import numpy as np

6 import torchvision.transforms as tvt

7 1import seaborn as sns

8 import matplotlib.pyplot as plt

9 1import matplotlib.patches as patches

10 from PIL import Image

11 from hwO5_training import QZhangNet, (ZDatasetClass, FakeArg, Downloader
12 from torch.utils.data import Dataloader

13

14

15 class QZDatasetClassVal(Dataset) :

16 def __init__(self, img_att, trans=None) :

17 self .transform = trans

18 self.img_info = img_att

19
20 def __len__(self):
21 return len(self.img_info)
22
23 def __getitem__(self, idx):
24 img_path = self.img_infolidx]['img_path']
25 label = self.img_infolidx]['label']
26 bbox = self.img_infolidx] ['bbox"]
27 new_bbox = [bbox[0], bbox[1], bbox[0]+bbox[2], bbox[1]+bbox[3]]
28 image = Image.open(img_path)

29 image, new_bbox = self .make_square(image, new_bbox)
30 bb_tensor = torch.tensor (new_bbox, dtype=torch.float)
31 im_ts = self.transform(image)

32 return im_ts, label, bb_tensor, idx

33
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@staticmethod

def make_square(im, bbox_size, min_size=128):
W, h = im.size
w_ratio = w / min_size
h_ratio = h / min_size
bbox_size[0] = bbox_sizel[0] / w_ratio
bbox_size[1] bbox_size[1] / h_ratio
bbox_size[2] bbox_size[2] / w_ratio
bbox_size[3] = bbox_sizel[3] / h_ratio
image_resized = im.resize((min_size, min_size), Image.BOX)
return image_resized, bbox_size

def validation(net, val_loader, img_info, mat_size, device='cpu'):

confusion_mat = np.zeros([mat_size, mat_size], dtype=int)
net = copy.deepcopy (net)
net = net.to(device)
for i, data in enumerate(val_loader):
print (i)
inputs, labels, bbox_gt, img_idx = data
inputs = inputs.to(device)
labels = labels.to(device)
bbox_gt = bbox_gt.to(device)
outputs = net(inputs)
# print (outputs)
outputs_label = outputs[0]
bbox_pred = outputs[1]
output_bb = bbox_pred.tolist ()

label_pred = []
for output in outputs_label:
label_pred.append(torch.argmax (output))

batch_idx = 0

for idx_tensor in img_idx:
idx_int = idx_tensor.item()
img_infolidx_int] ['bbox_pred'] = output_bb[batch_idx]
img_infolidx_int]['label_pred'] = label_pred[batch_idx].item()
batch_idx += 1

for record_number in range(len(labels)):
confusion_mat[labels|[record_number]| [label_pred|[record_number] ]
o +=1
return confusion_mat, img_info

13



79 def plot_confusion _matrix(conf_mat, label_list):
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def

size = len(conf_mat)
np.sum(conf_mat) / size

cat_size
labels =

[]

for row in range(size):

rows

[]

for col in range(size):
count = conf_mat[row] [col]

labels =

percent = "%0.2{%%" % (count / cat_size * 100)

label = str(count) + '\n' + str(percent)
rows.append (label)
labels.append (rows)

np.asarray(labels)

accuracy = np.trace(conf_mat) / float(np.sum(conf_mat))
stats_text = "\n\nAccuracy=:0.3f"".format (accuracy)
plt.figure(figsize=(10, 10))

sns.heatmap (conf_mat, annot=labels, fmt="",

plt.xlabel('Predicted label' + stats_text)

cmap="Blues", cbar=False,

xticklabels=label_list, yticklabels=label_list)
plt.ylabel('True label')

plt.title('Confusion Matrix')

file_name = 'net_confusion_matrix.jpg'

plt.savefig(file_name)

plt.show()

plot_detection(img_info, cat, order, cat_list, img_per_class):

max_size
cat_orde
index =
img_dic

r

128

= cat_list.index(cat)
cat_order * img_per_class + order

img_info[index]

img_path = img_dic['img_path']

img_w_o
img_h_o

img_pre_label_idx = img_dic['label_pred']
img_pre_label = cat_list[img_pre_label_idx]

bbox_o =
bbox_p
bbox_adj
— bbox

w_ratio
h_ratio

img_dic['img_size'][0]
img_dic['img_size'][1]

img_dic['bbox"]
img_dic['bbox_pred']

[bbox_p[0], bbox_pl[1], bbox_p[2]-bbox_p[0],
_pl3]-bbox_p[1]]

img_w_o / max_size
img_h_o / max_size

14



124 bbox_p = [bbox_adj[0]*w_ratio, bbox_adj[1]*h_ratio, bbox_adj[2]*w_ratio,
— bbox_adj[3]*h_ratio]

125

126 image = Image.open(img_path)

127 fig = plt.figure(figsize=(10, 10/img_w_o * img_h_o))

128 ax = fig.add_subplot(1l, 1, 1)

129

130 rectl = plt.Rectangle((bbox_o[0], bbox_o[1]), bbox_o[2], bbox_o[3],
—~ fill=False, edgecolor='green', linewidth=1)

131 rect2 = plt.Rectangle((bbox_p[0], bbox_p[1]), bbox_p[2], bbox_p[3],
—~ fill=False, edgecolor='red', linewidth=1)

132 ax.add_patch(rectl)

133 ax.add_patch(rect2)

134 plt.imshow(image)

135 plt.text(bbox_p[0] + 10, bbox_p[1] + 40, img_pre_label, fontsize=10,
— color='red')

136 plt.text(bbox_o[0] + 10, bbox_ol[1] + 40, cat, fontsize=10,
~ color='green')

137 plt.savefig(cat+'_example'+str(img_dic['order'])+' .png')

138 plt.show()

139

140

141 if __name__ == '__main__"':

142 print('start')

143 if torch.cuda.is_available():

144 device = 'cuda:0'

145 else:

146 device = 'cpu'

147

148 args = FakeArg()

149 args.root_path = root_path =
—~ '/content/drive/MyDrive/ECE695/hw4/coco/Val/"

150 args.coco_json_path =

—~ '/content/drive/MyDrive/ECE695/hw4/annotations2014/instances_val2014. json'
151 # args.root_path = root_path =
—~ '/content/drive/MyDrive/ECE695/hwi/coco/Train/"

1562 # args.coco_json_path =
~ '/content/drive/MyDrive/ECE695/hwj/annotations2014/instances_val2014. json’
153 # args.class_list = ["cat", "dog", "elephant"]
154 catList = args.class_list
155 args.images_per_class = 200 # 50
156 images_per_class = args.images_per_class
157 dataFolder = args.root_path
158 catNum = len(catList)
159
160 seed = 0
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161 random.seed (seed)

162 torch.manual_seed(seed)

163 torch.cuda.manual_seed(seed)

164 np.random. seed(seed)

165 # torch.backends.cudnn.deterministic = ITrue

166 # torch.backends.cudnn.benchmarks = False

167 os.environ/['PYTHONHASHSEED'] = str(seed)

168

169 myDownloader = Downloader (args)

170 myDownloader .make_folder ()

171 print ('downloading images')

172 img_info_val = myDownloader.get_image()

173

174 transform = tvt.Compose([tvt.ToTensor (), tvt.Normalize((0.5, 0.5, 0.5),
~ (0.5, 0.5, 0.5))1)

175 batch_size = 10

176

177 valSet = QZDatasetClassVal(img_info_val, transform)

178 valloader = Dataloader(dataset=valSet, batch_size=batch_size,
. shuffle=False, num_workers=0)

179

180 valnet = QZhangNet (class_num=catNum)

181 valnet.load_state_dict(torch.load("./net.pth",
— map_location=torch.device(device)))

182 valnet.eval()

183 confusion_matrix, img_info_val_p = validation(valnet, valLoader,
~ img_info_val, mat_size=len(catList), device=device)

184 plot_confusion_matrix(confusion_matrix, catList)

185

186 # plot_detection(img_info_val_p, 'cat’, 0, args.class_list,
~ args.timages_per_class)

187 RHE##

188 # The following part s used to batch output pictures and can be
~ tgnored. The example script is shown abowve.

189 ##t##

190 # for t in range(len(catList)):

191 # start_indexr = args.images_per_class * 1%

192 # maz_count = 0

193 # for j in range(args.images_per_class):

194 # 1f maxz_count == 10:

195 # break

196 # current_index = start_index + j

197 # if img_info_val_p[current_index]/['label'] ==
~ amg_info_val_p[current_index]['label_pred']:

198 # mazx_count += 1

199 # want_cat = catList[1]

16



200 # plot_detection(img_info_val_p, catlist[i], 7,
~ args.class_list, args.images_per_class)

3.2 Results

The output images are shown below.

3.3 Training loss
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Figure 2: Net’s training loss for classification
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Figure 3: Net’s training loss for localization

Because the epochs is large, the first several epochs for localization regression loss for is
drawn to show the decrease part.
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Figure 4: Net’s training loss for localization
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3.4 Confusion Matrix

Confusion Matrix
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Figure 5: Net confusion matrix.
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3.5 Annotated and Predicted Image Examples

3.5.1 Airplane

airplans

WERLD

Figure 6: Airplane.

3.5.2 Car

;P n;
»> | ED

Figure 7: Car.
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3.5.3 Cat

Figure 8: Cat.

3.5.4 Dog

Figure 9: Dog.
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3.5.5 Elephant

Figure 10: Elephant.

3.5.6 Giraffe

Figure 11: Giraffe.
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3.5.7

3.5.8

Horse

Figure 12: Horse.

Pizza

Figure 13: Pizza.

Lessons Learned

Objects of the same type are easily misidentified, such as cats and dogs, both of which
are furry.

The gradients can explode if the learning rate is set too high.

. Too many unreasonable layers may brings a large amount of parameters. It may cause

CUDA out of memory.

Remember to turn off the random seed, otherwise it may cause the path of the SGD to
be fixed on a certain route all the time, and then the gradient is not drop.
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Increase the convolution layers may helps increase the accuracy for localization predic-
tion.

. The data in the training set constructs the gradient plane, so despite training with

different parameters, the convergence loss may be approximately the same.

Too small input may cause that the train training effect is not ideal.

Suggested Enhancements

Try separate learning rate for classification and detection.

Try design different skip connection network and compare them.

Try to add more category to train the data.

Change the learning rate based on number of epochs.

Intersection over Union (IoU) metrics may be used instead of the MSE loss.

Recognition of multiple objects. Sometimes when multiple objects appear at the same
time, the predicted marquee will cover all the objects, and the largest one that you
actually want to predict is only a small part.

24



	Introduction
	Methodology
	How to Run
	To train data
	To validate model

	To show prediction result
	Note
	Main Part

	Implementation and Results
	Main Program Code
	hw05_training.py
	hw05_validation.py

	Results
	Training loss
	Confusion Matrix
	Annotated and Predicted Image Examples
	Airplane
	Car
	Cat
	Dog
	Elephant
	Giraffe
	Horse
	Pizza


	Lessons Learned
	Suggested Enhancements

