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Self-driving technology

mapping localization path planning
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Self-driving technology

path planning
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Why?
Deep Learning?

https://www.youtube.com/watch?v=zxxfvP8-IrU

Daejeon University
Dep of Electronic Information Communication Engineering



http://www.youtube.com/watch?v=zxxfvP8-lrU

End to End Learning for Self-Driving Cars

) e [

| ' ‘ e Time-stamped video from the cameras is
captured simultaneously with the steering angle
applied by the human driver.

Steering wheel angle
(via CAN bus)

External solid-state
drive for data storage

e Training data contains single images sampled
from the video, paired with the corresponding
steering command (1/r)

NVIDIA DRIVE™ PX

Figure 1: High-level view of the data collection system.

Network
computed
steering

command Drive by wire

Figure 3: The trained network is used to generate steering commands from a single front-facing
center camera.

Karol Zieba. End to End Learning for Self-Driving Cars 25 Apr 2016
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Nvidia model

@ Output: vehicle control def get_model():
' pool_size = (2, 2)
[ 10neurons ] Fully-connected layer stride = (2, 2)
[ 50neurons ] Fully-connected layer dropout = 0.2
[ 100 neurons ] Fully-connected layer model = Sequential()

model.add(Lambda(lambda x: x/127.5 - 1.,
input_shape=(66, 200, 3),
output_shape=(66, 200, 3)))

Convolutional model.add(Convolution2D(5, 5, 24, subsample=stride, border_mode="same"))
feature map model.add(MaxPooling2D(pool_size = pool_size))
64@1x18 model.add (ELU())

3x3 kernel . model.add(Convolution2D(5, 5, 36, subsample=stride, border_mode="same"))
gg?:gur:::al model.add(ELU())
64@3x20 model.add(Convolution2D(5, 5, 48, subsample=stride, border_mode="same"))

model.add(ELU())
Convolutional model.add(Convolution2D(3, 3, 64, subsample=stride, border_mode="same"))
feature map model.add(ELU())
48@5x22 model.add(Convolution2D(3, 3, 64, subsample=stride, border_mode="same"))
model.add(Flatten())
model.add(Dropout(.2))

5x5 kernel

Convolutional

feature map model.add (ELU())

36@14x47 model.add(Dense(1164))
model.add(Dropout(dropout))

Convolutional model.add(ELU())

feature map model.add(Dense(100))

24@31x98 model.add(Dropout (dropout))
model.add(ELU())

Normalized model.add (Dense(50))

input planes model.add(Dropout (dropout))

3@66x200 model.add (ELU())

model.add(Dense(10))
model.add(Dropout(dropout))

Input planes model.add (ELU())
3@66x200 model.add (Dense(1))
adam = Adam(lr = 0.00001)
Figure 4: CNN architecture. The network has about 27 million connections and 250 thousand model.compile(optinizer=adam, loss="mse", metrics = ['accuracy'])

parameters. return model
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Bottom left: Activation of the first layer feature maps. The activations of the first two feature maps appear
Bottom right: Activation of the second layer feature maps to contain mostly noise

Daejeon University
Dep of Electronic Information Communication Engineering




Video Test
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http://www.youtube.com/watch?v=ndUNTPlJnfM

First
Let's get it using the game
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GTAS
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. Data Collection

Image Label
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Data Collection
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def grab_screen(region=None, title=None):
twin = win32gui . Get Deskt op¥lindow()
if region:
left. top,x2,y2 = region
width = x2 - left + 1
height = y2 - top + |
elif title:
gtawin = win32gui .Find¥indou(None, title)
if not gtawin:
raise Exception('window title not found')
#get the bounding box of the window
left, top, x2, ¥2 = win32gui .Get¥indowRect (gtavin)
width = x2 - left +1
height = y2 - top +1
else:
width = win32api . Get SysteaMetrics(win32con. SH_CXY | RTUALSCREEN)
height = win32api .GetSysteaMet rics(win32con. SH_CYYIRTUALSCREEN)
left = win32api.GetSysteaMetrics(win32con. SM_XY | RTUALSCREEN)
top = win32api .Get SysteaMetrics(win32con. SM_YY I RTUALSCREEN) .
Win32.GetAsyncKeyState() A&
twindc = win32gui . Get¥indowDC(hein)
srede = win32ui . CreateDCFronHandle(heindc)
neadc = srede. CreateConpat ibleDC()
bap = win32ui . CreateBitman()
bap. CreateConpat ibleBitwan(srcde, width, height)
nemdc. SelectObject (bup)
nemdc.BitBIt((0, 0), (width, heicht), srcdc, (left, top), win32con.SRCCOPY)

signedintsArray = bap.GetBitnapBits(True)

ing = np. fromstring(signedintsArray, dtype='uint8’)
ing.shape = (height width,4)

srede. DeleteDC()

nemdc.DeleteDC()

vin320ui .ReleaseDC(twin, heindc)

vin32ui . Deletelbiect (bap. GetHandle())

return cv2.cvtColor(img, cv2.COLOR_BGRAZRGB)

Image key value
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Now you have to drive hard.
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https://www.youtube.com
/watch?v=xJ7PWTNdcnk
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http://www.youtube.com/watch?v=xJ7PWTNdcnk

Train

AlexNet, Inception, VGG, Resnet S I:> from keras.applications. 2 2 &’ import ‘22 H

Output: vehicle control

5 4 Fully-connocted layer
Model Size Top-1 Accuracy Top-5 Accuracy Parameters Depth Foly aier
Fulty-connected layer
Xception 88MB 0.790 0.945 22,910,480 126
VGG16 528 MB 0715 0.901 138,357,544 23 sy
feature map
VGG19 549 MB 0.727 0.910 143,667,240 26 Sgixia
C
| featu
ResNet50 99MB 0.759 0.929 25,636,712 168 b idind
InceptionV3 92MB 0.788 0.944 23,851,784 159 c
feature map
InceptionResNetV2  215MB 0.804 0953 55,873,736 572 408522
Convolutional
MobileNet 17MB 0.665 0.871 4,253,864 38 feature map
6@ 14x47
DenseNet121 33MB 0.745 0.918 8,062,504 121 PR
feature map
DenseNet169 57MB 0.759 0.928 14,307,880 169 A4@31s8
DenseNet201 80MB 0.770 0.933 20,242,984 201 input planes
3@66x200
Inpest planes
3@66x200

Karol Zieba. End to End Learning for Self-Driving Cars 25 Apr 2016
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Train Data

L 4

i — O X gray image

Train time : 60H
(CPU:i5
GPU: X)

Size: 120x80

300K
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. Test

Game
screen

Standard AlexNet architecture adapted to this dataset
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Test Video

https://www.youtub
e.com/watch?v=32
ywp_y1QEc
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http://www.youtube.com/watch?v=32ywp_y1QEc

Future Work
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. Driving Data

480 x 270 RGB Image

600,000 Image

Data collection after navigation setup
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Object Detection

W7 object detection S x
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Reinforcement Learning

internal state >
I SN Q{reward

P

learning ratesr
Inverse temperature f§
discount rate y

reward
state

action

observation

-
aoe || mp
(DQN) . Q=z%)

https://www.slideshare.net/WoongwonLee/ss-78783597 ?from_m_app=android
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Reinforcement Learning

- Agent :
Car

Action:
line detection

reward

Environment
. GTA5 <+
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