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A Study on the Detection of Steering Wheel
Dissimilarity using CNN

Kwang hyuk Park

Interdisciplinary Program of Information Systems

Pukyong National University

Abstract

Steering wheel that we handle the most driving cars has many switches not only with
steering function but with controlling a number of other functions within the -cars.
Therefore, Steering wheel is equipped with completely different switches even for the
same model according to consumers choices for options. Steering wheel manufacturers
produce diverse steering wheels following consumers’ needs and then supply those to car
manufacturers but very often the human error happens unintentionally, when option “A”
needs to be assembled, option “B” comes out as a result, due to various options on the
list. Vision Test Machine is used to avoid this human error, but It works simply in the
way of comparing images and therefore miscalculations caused by micro conditions occur
which are obvious demerits not to mention being inefficiency. In this paper, I present one
of the deep learning models that shows outstanding performance in classifying images and
assorts car steering wheels using Convolution Neural Network. Steering wheel images
collected from 2016 to 2019, made by Vision Test Machine in Steering wheel
manufacturer. All collected images are defined as 5 categories. One category of them is
used in this paper. Not the whole picture of the image, only 3parts of an image which
have an effect on classifying steering wheel are extracted and used. Convolution Neural
Network uses a model based Inception module and a model based ResNet. Google's deep
learning open source framework, Tensorflow, is used for the experiment and OpenCV and
Scikit-Learn are used for preprocessing images and processing data. Steering wheel
categorization—model proposed in the paper can be applied in Vision Test Machine System

or in actual work adopting additional data processing steps.
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¥ 2 2938 & /7 2 F7FE 9vA A

= N A= N A= e A= N A= N
R70 | 126,068 | 01B 2,266 | 02G 486 | 24A 83 | 25U 6
R57 81,491 | ADT 2,262 | 09A 479 | P35 76 | BFW 6
03A 68,860 | 11T 2,193 | P40 478 | R31 60 | U43 5
R93 58,048 | 15A 2,057 | R56 470 | 65B 58 | R34 5
P93 44,799 | 13B 2,044 | 05B 465 | 17B 57 | 66B 5
03F 31,176 | 25F 1,987 | R75 443 | S98 48 | 18A 5
R55 30,348 | P73 1,982 | 13F 400 | 10B 48 | Y60 4
R40 22,231 | P53 1,961 | AFT 380 | 06A 45| 12T 4
23A 20,476 | 20B 1,950 | Y96 377 | P81 41 | BGT 4
R53 19,164 | 21A 1,947 | ABT 336 | 07B 40 | 17T 4
25A 13,838 | 00B 1,850 | 67E 290 | U&7 37| 19B 4
13A 12,015 | R77 1,741 | 67B 279 BDT 36 | 29B 4
R54 11,914 | R50 1558 | ACT 272 | 6bHA 29 | CFU 3
25B 10,838 | P00 1,451 | 05A 243 | 65E 29 | P91 3
21B 9,879 | P30 1,354 | 24B 229 | 15F 25 | 06B 3
P92 8843 | D78 1,334 | 23C 225 | U4l 22 | BFU 2
01A 7134 | 25E 1298 | 11B 221 | R91 16 | 43A 2
R78 7,064 | R35 1,295 | 67A 215 | P50 16 | 18B 2
R73 6,424 | P54 1,256 | P75 202 | 65C 16 | 29A 2
R30 5,762 | 13T 1,248 | 19A 197 | 04B 13 | 66A 2
P55 5443 | R71 1,119 | R74 186 | 17A 13 | 16A 2
10A 5,231 | 25C 921 | 02A 179 | TLT 12 | THT 1
00A 5,220 | R92 887 | P10 174 | 64B 12 | PE2 1
68A 5,079 | R58 808 | USY 171 | 64E 11 | DFT 1
R81 4975 | 15B 722 | 67C 165 | 64C 10 | 13U 1
11A 4811 | US6 720 | R60 138 | TPT 9| 15U 1
23F 4572 | RI10 697 | BET 138 | PE3 9| 43B 1
P60 4570 | 12B 683 | ADU 134 | P90 8| 10C 1
P56 4,328 | AAT 630 | 03G 120 | R&0 8

23B 3,247 | C93 629 | 11U 118 | DFU 8

P57 2,969 | 20A 610 | O07A 107 | 19T 8

12A 2,804 | 10T 541 | ABU 95 | 66E 8

R59 2,457 | 03B 523 | 15T 93 | 64A 7
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Squared Difference

Rlzy) =Y (Ta,y)— (z+z,y+y))

T,y

Squared Difference Ex',y’(T(x ) —z+a,y+y))
R(x,y) = —— , =
Normed SR T(x.y) e Z$f7yr[(x +z,y+y)
Correlation R(x,y)ZZ(T(:r;,y) ° I(I+$7y+y))
T,y
Zx/’y»(T(x/,y/) . [(:z:—l-a:,,y—ky/))
Correlation Normed | R (:I:,y) =

chrvyfT(g:’,y/)2 . foﬂ'](:c—%—x/,y—}—y/)Q

Correlation

Rlzy)=Y(T(z,y) « lz+z.y+y))

T,y

Coefficient Normed
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E 5 Folnzy 2=

glo] B g} g e
OpenCV Abs 2k ~Eoly 8 AAE(HE8 v A)
Scikit-Learn, Tensorflow, Kerasol A A}-§& 7} 3%t
Numpy - _
tojg xWo= wg
Scikit-Learn | ¥-38t 13249, 35/ S/H2=E HeolE &
Tensorflow | B89 249 3, dlo]xa}el 3
Keras Maghs g "2 AL
252 2oy d EREE 3o A AFAFES GAEE JE
S B AT AE BREd 842 A8 AevE gass AR
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ImageNet HolE|Z ALd 5@ RdS 7jutow RFA 28l ol
ojm] g%H 7tFEANE Al S5sts Aotk Kerasol= CNN7|uke] 7}
2dE = VGG, InceptionV3, ResNetel]l o)t ImageNeto = 3h<5 %
dS ATt g2 2 2l gk mE=elt,

i

£ 6. EF E2d i Python Z=

import numpy as np

import tensorflow as tf

from tensorflow.keras.layers import Dense, Dropout, Input

from tensorflow.keras.layers import Conv2D, MaxPoolingZ2D, Flatten,
GlobalAveragePooling?2D

from tensorflow.keras.models import Model

from tensorflow.keras.layers import concatenate

from tensorflow.keras.applications.vggl6 import VGG16

from tensorflow.keras.preprocessing import image

drop_out = 04

num_labels = 5
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left_switch_input = Input(shape=(224, 224, 3))
right_switch_input = Input(shape=(224, 224, 3))
damper_input = Input(shape=(224, 224, 3))

VGGI16(input_tensor=left_switch_input,

weights='imagenet’, include_top=False)

left_switch_model =
right_switch_model = VGGI16(input_tensor=right_switch_input,
weights='imagenet’, include_top=False)

damper_model = VGGI16(input_tensor=damper_input, ~weights="imagenet’,

include_top=False)

for layer in right_switch_model.layers:

layer._name = layer._name + str(”_left_switch”)

for layer in right_switch_model.layers:

layer._name = layer._name + str(”_right_switch”)

for layer in damper-model.layers:

layer._name = layer._name + str(”_damper”)

out = left_switch_model.output
out = GlobalAveragePooling2D()(out)
out = Dense(512, activation="relu’)(out)

left_switch_output = Dense(512, activation='relu’)(out)

out = right_switch_model.output
out = GlobalAveragePooling2D()(out)
out = Dense(512, activation='relu’)(out)

right_switch_output = Dense(512, activation='relu’)(out)
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out = damper_model.output
GlobalAveragePooling2D()(out)

out = Dense(512, activation='relu’)(out)

out

damper_output = Dense(512, activation='relu’)(out)

v = concatenate([left_switch_output, right_switch_output, damper_output])
y = FlattenO(y)
v = Dropout(drop_out)(y)

outputs = Dense(num_labels, activation="softmax’)(y)

model = Model([left_switch_input, right_switch_input, damper_input],
outputs)
model.compile(loss='categorical_crossentropy’, optimizer="adam’,

metrics=["accuracy’])
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Layer (type) Output Shape Param # Connected to

input_4 (InputLayer) [(None, 224, 224, 3) 0

input_52343_2_left_switch_right [(None, 224, 224, 3) 0

input_6_3_damper_damper (InputL [(None, 224, 224, 3) 0
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blockl_convl (Conv2D) (None, 224, 224, 64) 1792 input_4[0][0]

blockl_convl_left_switch_right_ (None, 224, 224, 64) 1792 input_52343_2_left_switch_right_s
blockl_convl_damper (Conv2D) (None, 224, 224, 64) 1792 input_6_3_damper_damper[0][0]
blockl_conv2 (Conv2D) (None, 224, 224, 64) 36928 blockl_conv1[0][0]
blockl_conv2_left_switch_right_ (None, 224, 224, 64) 36928 blockl_convl_left_switch_right_sw
blockl_conv2_damper (Conv2D) (None, 224, 224, 64) 36928 blockl_convl_damper[0][0]
blockl_pool (MaxPooling2D) (None, 112, 112, 64) 0 blockl_conv2[0][0]
block1_pool_left_switch_right_s (None, 112, 112, 64) 0 blockl_conv2_left_switch_right_sw
blockl_pool_damper (MaxPooling2 (None, 112, 112, 64) 0 blockl_conv2_damper[0][0]
block2_convl (Conv2D) (None, 112, 112, 128 73856 block1_pool[0][0]
block2_convl_left_switch_right_ (None, 112, 112, 128 73856 blockl_pool_left_switch_right_swi
block?2_convl_damper (Conv2D) (None, 112, 112, 128 73856 block1_pool_damper[0][0]
block2_conv2 (Conv2D) (None, 112, 112, 128 147584 block2_conv1[0][0]
block2_conv2_left_switch_right_ (None, 112, 112, 128 147584 block2_convl_left_switch_right_sw
block2_conv2_damper (Conv2D) (None, 112, 112, 128 147584 block2_convl_damper[0][0]
block2_pool (MaxPooling2D) (None, 56, 56, 128) 0 block2_conv2[0][0]
block2_pool_left_switch_right_s (None, 56, 56, 128) 0 block2_conv2_left_switch_right_sw
block?2_pool_damper (MaxPooling2 (None, 56, 56, 128) 0 block?2_conv2_damper[0][0]
block3_convl (Conv2D) (None, 56, 56, 256) 295168 block2_pool[01[0]
block3_convl_left_switch_right_ (None, 56, 56, 256) 295168 block2_pool_left_switch_right_swi

block3_convl_damper (Conv2D) (None, 56, 56, 256) 295168 block2_pool_damper[0][0]

block3_conv2 (Conv2D) (None, 56, 56, 256) 590080 block3_conv1[0][0]

block3_conv2_left_switch_right_ (None, 56, 56, 256) 590080 block3_convl_left_switch_right_sw
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block3_conv2_damper (Conv2D) (None, 56, 56, 256) 590080 block3_conv1_damper[0][0]

block3_conv3 (Conv2D) (None, 56, 56, 256) 590080 block3_conv2[0][0]

block3_conv3_left_switch_right_ (None, 56, 56, 256) 590080 block3_conv2_left_switch_right_sw

block3_conv3_damper (Conv2D) (None, 56, 56, 256) 590080 block3_conv2_damper[0][0]

block3_pool (MaxPooling2D) (None, 28, 28, 256) 0 block3_conv3[0][0]
block3_pool_left_switch_right_s (None, 28, 28, 256) 0 block3_conv3_left_switch_right_sw
block3_pool_damper (MaxPooling2 (None, 28, 28, 256) 0 block3_conv3_damper[0][0]
block4_convl (Conv2D) (None, 28, 28, 512) 1180160 block3_pool[0][0]

block4_convl_left_switch_right_ (None, 28, 28, 512) 1180160 block3_pool_left_switch_right_swi

block4_convl_damper (Conv2D) (None, 28, 28, 512) 1180160 block3_pool_damper[0][0]

block4_conv2 (Conv2D) (None, 28, 28, 512) 2359808 block4_conv1[0][0]

block4_conv2_left_switch_right_ (None, 28, 28, 512) 2359808 block4_convl_left_switch_right_sw

block4_conv2_damper (Conv2D) (None, 28, 28, 512) 2359808 block4_convl_damper[0][0]

block4_conv3 (Conv2D) (None, 28, 28, 512) 2359808 block4_conv2[0][0]

block4_conv3_left_switch_right_ (None, 28, 28 512) 2359808 block4_conv2_left_switch_right_sw

block4_conv3_damper (Conv2D) (None, 28, 28, 512) 2359808 block4_conv2_damper[0][0]

block4_pool (MaxPooling2D) (None, 14, 14, 512) 0 block4_conv3[0][0]
block4_pool_left_switch_right_s (None, 14, 14, 512) 0 block4_conv3_left_switch_right_sw
block4_pool_damper (MaxPooling2 (None, 14, 14, 512) 0 block4_conv3_damper[0][0]
block5_convl (Conv2D) (None, 14, 14, 512) 2359808 block4_pool[0][0]

block5_convl_left_switch_right_ (None, 14, 14, 512) 2359808 block4_pool_left_switch_right_swi

block5_convl_damper (Conv2D) (None, 14, 14, 512) 2359808 block4_pool_damper[0][0]

block5_conv2 (Conv2D) (None, 14, 14, 512) 2359808 block5_conv1[0][0]
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block5_conv2_left_switch_right_ (None, 14, 14, 512) 2359808 blockb_convl_left_switch_right_sw

block5_conv2_damper (Conv2D) (None, 14, 14, 512) 2359808 block5_conv1_damper[0][0]

block5_conv3 (Conv2D) (None, 14, 14, 512) 2359808 block5_conv2[0][0]

block5_conv3_left_switch_right_ (None, 14, 14, 512) 2359808 blockb_conv2_left_switch_right_sw

block5_conv3_damper (Conv2D) (None, 14, 14, 512) 2359808 block5_conv2_damper[0][0]

block5_pool (MaxPooling2D) (None, 7, 7, 512) 0 block5_conv3[0][0]
block5_pool_left_switch_right_s (None, 7, 7, 512) 0 block5_conv3_left_switch_right_sw
block5_pool_damper (MaxPooling2 (None, 7, 7, 512) 0 block5_conv3_damper[0][0]
global_average_pooling2d_9 (Glo (None, 512) 0 block5_pool[0][0]
global_average_pooling2d_10 (Gl (None, 512) 0 block5_pool_left_switch_right_swi
global_average_pooling2d_11 (Gl (None, 512) 0 block5_pool_damper[0][0]
dense_25 (Dense) (None, 512) 262656 global_average_pooling2d_9[0][0]
dense_27 (Dense) (None, 512) 262656 global_average_pooling2d_10[0][0]
dense_29 (Dense) (None, 512) 262656 global_average_pooling2d_11[0][0]
dense_26 (Dense) (None, 512) 262656 dense_25[01[0]

dense_28 (Dense) (None, 512) 262656 dense_27[01(0]

dense_30 (Dense) (None, 512) 262656 dense_29[01[0]

concatenate_9 (Concatenate) (None, 1536) 0 dense_26[01[0]

dense_28[0][0]
dense_30[01[0]

flatten_9 (Flatten) (None, 1536) 0 concatenate_9[0][0]
dropout_8 (Dropout) (None, 1536) 0 flatten_9[0][0]
dense_32 (Dense) (None, 5) 7685 dropout_8[0][0]
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Total params: 45,727,685
Trainable params: 45,727,685

Non-trainable params: 0
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