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DESIGN OF DRIVER ATTENTION DETECTION
SYSTEM BASED ON MACHINE VISION

ABSTRACT

Driver inattention means that the driver's attention is distracted by some distracted
driving behaviors and thus is not concentrated. The distracting behavior during the
driving of the vehicle will lengthen the driver’s reaction process, thereby reducing the
driver’s ability to judge whether the vehicle is safe to drive and the ability to respond
to emergencies, which can easily cause traffic accidents. In recent years, driver attention
detection has attracted more and more attention.

Aiming at the driver's attention detection scene, this paper designs a driver's attention
detection system based on machine vision, and carries out the software and hardware
design of the driver's attention detection system. The designed MGMN algorithm based
on multi-granularity features and middle layer features is in the existing The public
distracted driving data set has achieved higher accuracy, the designed hardware system
has a lower cost and has a higher practicability in real-scene experiments. The main
work of this paper has the following two aspects:

(1) A driver attention detection algorithm based on multi-granularity features and
mid-level features is designed. The algorithm has the characteristics of high accuracy,
rich feature extraction and accuracy. Considering that the driver's head and hands are
in relatively fixed positions of the image when driving, and the head is generally above
the picture, and the hands are generally below the middle of the picture, if you can learn
for each part of the driving image, To extract the unique features of each part, we added
a multi-granularity feature extraction part in the ResNet50 model. This part is divided
into three parts: the global branch, the second branch and the third branch to jointly
extract the global and local features of the driving image. At the same time, the middle
layer features of the driving image are extracted. The middle layer contains rich image
features. Finally, the multi-granularity features and the middle layer features are input
into the Softmax loss function together, and the MGMN algorithm is designed. The
MGMN algorithm has higher accuracy and shorter running time on both the existing
public data of distracted driving detection and the self-built data set.

(2) This paper designs the driver's attention detection system of "Raspberry Pi + remote
server". Using the structure of "Raspberry Pi + Remote Server", the Raspberry Pi is
connected to the remote server through the local area network, which has a higher
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information transmission rate. The Raspberry Pi and the server use Socket
communication to communicate, so that the terminal can communicate with the server.
Accurate transmission of information between servers. At the same time, the Raspberry
Pi with low cost, small size and high reliability is used as the real-time acquisition
terminal for driving images, and the server with high configuration and high operation
efficiency is used as the equipment for state discrimination, which reduces the design
cost and realizes the state of attention to the driver. Real-time high-precision detection.

KEY WORDS: Driver, attention detection system, multi-granularity features, middle

layer features, convolutional neural network
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Figure 1-1. Summary of traffic accidents across the country from 2013 to 2018
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http: // en. wikipedia. org/ wiki/ Neuron)
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Figure 2-3. Sigmoid function
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2.1.2 AL HE /L%

I —E AN, K — AN T B S T AR R 22 T R A
B, X T N AL (LU AR RILE ) AR 28 I 2% 1 o
LICH =K, R MAMETT, R o e, R
FEHEMMEEFRIZAE ., PTG SEFRE. AMETHRMANE, B
AR 2 TR R T RS, B AR TR B U . BREUZE A 2 A 4 o
& M-P BRI,

HEA N E N 28 IR AS B 8 O XA W4 [0 BT 2 0 IRES, AW
2% (W TC B WY e SONFTA A BB 1) S Al AL R, 4 48 J0 IRIR A5 S Bl ) ) 1 A8 4k
AL, ik, #HE M PPIRAS AR R AI#E T =AM,
o palie: BN IEASIEMEENNAS . ST AR N AR
1, VEENBNE TR AORAS AR, T HE RS I E AR L. i e SOX
=A%, AN T AN 2 A,

(1) iMahds



ST LA LG A2 b G R R R G et

P2 X 48 (R GE R BN S TR HE — AN 2% IR 2R 45 AN A] REAEAE I sl . 90
N O S5 S IE N — Rk AR, H AR TE T T AR T I B B B
e, HAEM St 8 MK, —REBAEHRIZEML (N 2-
d@ffn) , —REZIFEAGEH MM (anE 2-40)FiR) .

TEFR S5 1 B R 22 X 2% 2 FE — H M & ok s B AHE, TR —MER . a3
SR B T BRI RSB O, P8 I 4% [ i HE O 4 281 [R] — R I 48 (13N

AEAEFR N 2% 5 1) TR A B PR FOAEAE o 3ol 235 460 F0 4 422 I 248 ] LU %l 49 )
B, —BERN—EZ L, X —ERERS RN E R, XK T —
NZIZMEM L. PN RN Z MBS MAMETT, 2008 S
HMEI, WTUE—ERZERZ. 1XLZENENZ TG R EBAK IR
IR A TN EOAT IR S, SRR AT LA S E Ul B g — R E o )
B Rw R REE ), X2 R (Bl 3-4-3-2) , Wi 2-4(b)
NS

W=

@) (b)
B 2-4 MAEMEKEN; () BEHEW; (b)) EEREH

Figure 2-4. Neural network structure; (a) Cyclic structure; (b) Acyclic structure
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Figure 2-5. Single hidden layer perceptron
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Figure 2-6. Structure of convolutional neural network
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Figure 2-7. Convolution operation matrix; (a) Original image matrix A;
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REWE S, EaMEEE. (B2 Sigmoid REUN M ANE I KEE L/, I
vi&/ﬁ%\im? 0, FRFEERLTHR.

(2) tanh BB
tanh pR ALY U1~ AR IR, ek R A 2-10 fow

tanh(x) = (2-23)

1+e 2

0.5r

-0.5r

&l 2-10 tanh E#
Figure 2-10. Tanh function
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(3) ReLU/PReLU &%k
RelU BRI AlexNet FLyEAE 2012 4 1 BIAG IR 1 K FE A 3RA5 e 22 1 4 K A%
HIE, ReLU BRI, Heg g wE 2-11@)Fs.

x,x = 0;

2-24
0,x <O0. ( )

flx) = {

M 2-11()F AT LAE H, S AN/NTF 0 I, ReLU REUINHIHE N O, A

KT onf, MM EETwMANE, SEN 1, WA ERNR TR, Rk

FEREEVE SR @, JF HARML T M Mz A fe /1. HE, EINGR LR

L, B EINS/NT 0, S SN N AE SV E B, S8 ML ITreT”

WA RN 00 BT, He Z AWHEH 7 X3 ReLU R¥E——
PReLU e %, HAXnT, REEGWE 2-11(00) .

x,x = 0;

f&x) = { - (2-25)

a;x,x <0.

I a: R FAE I I3 M EE PR, AR 0, KR oA
[ % FIME, TR0, ERHBLERS PReLU pREUA 2 & A s A I /i
KA R ITTIRAE” TR

FEREAT P o0 A B B AR IR, =45 N PR B0l PR RF I 22 S D S PR I e, i
B BOEFEH tanh BREL ERAEARBIEI IR R R BURFIE T KR
K HE B BRFEZE A AR W A5, Sigmoid BRI RACR FLBLT

B tanh A1 Sigmoid FINHGHREITE L T o 75 20 Bl 2t AT HE
CRIALER,  ANIR AT RE 2 W BB Ja AR A B A A T SH X, BROB0Z i) H& [),
Pk T IRARIRHERIL . HRIEERH ReLU RN, AFEIATHI AR K
B G RARFE R I B L -

e 1)
05 r
—I1 0 I1 X ——‘Il”/F 0 I1 X
(a) (b)

& 2- 11 ReLU 1 PReLU 75 K#; (a) ReLU BK%(; (b) PReLU K%
Figure 2-11. Activation function of ReLLU and PReL.U, (a) ReLU function, (b) PReL.U
function
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223 KB

LR W 2%, I8 2 FUZ 2 1) JE A 0 N Ak 2 (Pooling
Layer) , WAGHRAES> o KA FI-F 35704k .

e KA TR N IR AR RS- 3 20 BT LA TR, 6 o RS AE R A ek
B, B 2-12(F 7w, Bl —A 4 X458, KT s, BE—Ha
W RAE, AT TR KM B E SRS — A 2 X2 FERE: ot i i i
Wb =, x2S UG ISR A SR R KR B

S35 AN A FR RSN (R HE BT 38 40 BOTUAS T RE R, R A R R I U
ZAPPEE, B 2-1200)H R, SR 4 X4 HERE, KT o g B,
HRE— 5B RIS S5E,  PUT T ISP E R A — A 2 X 2 JH .

AL B AR A FH 32 B 8 I SR Sk B AR A B 4R 5, AT 932D 32 S 1)
28, BRieEE, B aw A - SIURIEER, Wbl w
PLSZBLN BG TR 2 A 0098 B e, X A4 it ] DL i LA IS R AR, $R
Rz AR ST, R T BT EUREIE B B

2 2 |3

13 2 4 /
2 |3 |3 —

2 |1 2 > 4

@)

2 2 |3

e 5 25 | 35
213 |3 —

> [1 N 2.5 3

()

B 2- 12 BRI T 3 (a) BOKMETEAL; (b) BMETTRIL
Figure 2-12. Two typical pooling methods, (a) Max Pooling, (b) Average Pooling

224 £EEE

2 EH)Z T (Full Connected Layer) {2 el 5 L — 2 Hh T FIAH & e AHE
2, W 2-13 Prr. GRREAESRI S 0 RHIE, X L85 SRR 21 4 4
ERAT UM AR, SEREESMAESREE, TCsEiad, &R 17—
ANRBIER . Rk EEENSEERZIEE KN, @% HIESHmE
W2 i Ja JUZ HAEME SRR E AR Z .
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B 2- 13 &R
Figure 2-13. Full Connected Layer

2.3 IRE S SJHEZE Pytorch FiHE AR 5L EE Opency 1+48

2.3.1 REZFJJHEZR Pytorch
Pytorch #& HH Facebook 7£ 2017 fE A AR IR L 5 SIHESR, B AE 2002 4414
KEZAA) Torch At I, f#H Python 15 5 347 3 2% A0 8 4411 il 48], Pytorch
BEREE N BITHEER. BB X IERER .
(1) e sk
Pytorch B¢itHf 448 tensor—variable(autograd)—nn.Module X =K 3] 5
R RIZ IR, R ERMERH (k&) . HIIRS (BE) ML M L%
2P, AT IR, AT LARIN AT R . 873 I 1T 45 Pytorch
(PJEAD R 724 FH S RIFERAT B Tensorflow H— A A, FEEARE WA 31T
= Ad15 Pytorch HIURAS AR T e, 1R U7 ERf#
(2) IB4TIHE LR
Pytorch [1) ] /> V£ AN J2 76 47 4k ol BF i Rl B3R, REJEAERE
Tensorflow H]+ 72—, HEFEARZ VFNF, Pytorch Wis 47 18 2 & T
Tensorflow [, AASIIEAT R4 RAEE LS5 gmbDKFA ), Fr AR B 5
%, f#H Pytorch 5¢ 4 F Al Refft T HABAELE
(3) fajH. 5 H
3T Lua &5 1) Torch HERL AN T 2002 4, H4A Lua 16 5 BN RH ARG
2 Torch [Af# A FEAEIRIAT, {HA& Torch ATHIN X G 04 D& H A Oy H R
o, 1 Pytorch HEZEYET Torch, H APLAIEE R THESANT Torch — ik AH 7K,
5 B R R M v Bt ERFA FH P  B4ER
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(4) HIXTHER

Pytorch JyH $R 4L 1 58880 Bk NIR B4R 2208, BT R 9 AT
BT BERF M I8 IR, [AIE Pytorch 75 3% DAL AT (O Rh AP A, X hfdifs
Pytorch 2% | RFIIEH, EMRAXEINGEER, &R XA H P B iRk
i F] Pytorch, AR T IXFER—ANIER S i, Pytorch B4t IX v K B2 A 7 A8 FH &
HRLEA BT BT

Pytorch H 2017 ALK, BN ZMRESJER . —, K
AT MR FE S 2177, Bk A Pytorch0.4.0 4514 .

2.3.2 THEHM 5L EE Opencv

Opencv 4= F% Open Source Computer Vision Library, #&—~1E 2000 4 H IEEE
AT & IR T EA LR ),

e T AT E AL AN R AR IR S X . TR R 2 R
34 FH T SN AR SR BN S BN AL S D REPO), - BEA0 . EGALEE,
BRI RN A T EUE AL A ELR Fe o0 UG AT A EE Y, 5 R B R
(e, FEAQFRE: HoE. . EMRASRIFEDIRE.

n bprd, RN TR, )T M TS A BIRE . T
WA RN Sl meE &, EURAEE e — DT,
WAHE IZHINH .

Opency 1EN—MESAL I THRENIAL G ZE, B EZA S U LMk,
(D ZLDResik

IO D RERRER Core functionality (core)iE S 1 opencv i 3E AW E R 41y, £

fhvrfE. mL JEESES. 0E X T 248804 Mat, FIEHTEUHRAE
(2) B PR

B G AL PR E Image Processing (imgproc)fl & 7 & M BG4, T8
BFE: AV ug, JEZMEE. JURTERMG S, Bt s Eiee, BEOTE, 45
SINTRTRARSE IR, 88 A A REREE, FRfEAsill, B Aneill 4555 .

(3) FHNLEZHER 3D H R

FHNUARHEFN 3D M5 Camera Calibration and 3D Reconstruction (calib3d)
FEALE T EANZE R, B STEERGY R E, YREEMST,
SR EE . SR E R E RS AL,

(4) Bl )ik

HL#s2% I P E Machine Learning(ml) £17 1 Guit i A1 4R 5L, FEAHE:
GiitheRy, — MOk, KaAR, SCFFmENL, RIER, BhER N, B
PR, EEBENLR, PP P eg 528 5.

Opencv H 2002 FEAAT LK, C& BN — Ml R Z BT EAA 0
AAFH PRS2 ik, kS A ) Opencv
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2.4 RE I

KB FENE T N TGS PR H A SR 22 2% IR 3, I A 1725 3 5
VER IR, PLRIRE S 2IMESE Pytorch AIiHHEMIANSEE Opencve AT
BT NTHETINGE . N TRz FidiE, 2 2R
AT T R MR RE A IR EA AT T EHR B A SRR E R . TR
A BIBOE R A AR B B AT AL R R A E DI RE A B AR s e A
7 AR E A B B AT AT IR B SIAESE Pytorch ANTHEHLAL
Opencv. FXHKHAT B A B IR NE LR o, M AZER R, &F
R0 i 22 N 25 R PR AR
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BT BRSUFENENE R

S W N R SARE Sk il B2 AR BARE D=k Al K AT A
L E B AR oy, 2 0 DR R A SR A U MR R R RO B R
R A 3 o R PRI AR R] DLad it A Y A R 2 W 2 A R 32 JC P e o (R AL
A HARBAT A B AT EARSE, xBTS, B, ARR B 0
2 AT ORI B R R, SR IGRZE S i GRS R B AT DN AS R ER AL AN
[FIRFAIE, Vit 35T 2200 AR RN H () 2 SRR AE 1 25 R 28 X 24 B35

3.1 B SUFEIIRE T X R HSHE

3.1.1 BRRFEIRESE
Z it %Am&%ﬁfﬁ¢mmﬁ NI EERN R —, W
SEVE R PR HEAT R I 75 B X 0 2 Bk G BAR IR S PIRAS . BB R R
*“ﬁ%*%f%*%ﬁhu,A¢ SR GERIAET RS FEE
PURJURREA Canf& 3-1 Fi)
RAS 1 B3 TF 2RI e T 44T
RAS 20 B FF R A T 4T
A 3 BHE R FFER 2 FYORTE R
RA 4: B GAFFERATFUORTHE R

W 5. BRI EERE T SRR

RZ 6: BBk GO LRI R

RE 7. BB R M HUAZ 7 5
WRE 8: BB ST AR o 8] Sk 17 ) JRE )
%*9:%&&? oL SUN Sk SEN PG

30 ) RSP R LB B e R R AT, A 5 ) el
22 4.
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B 3-1 B RERNIAEFITH

Figure 3-1. Driver inattention behaviors

3.1.2 B FUFR N ERESHFE

AN A () 72 %ﬁﬁﬁ%ﬁﬁmﬁﬁ%ﬁ, O R R AR TR R A R A 1
Kl 3-2 fow, @ A5 5 E R AR FPRESRHET, anE 3-3 Fiw,

(1) 4% %Ai?&ﬁlﬁ HAEFLSEBERARE, AFS3A L,
Sk U ST B HI 5

(2) B GRS 2 1, A FSBBAERE: ATFSBaEr i L,
Sk 0 AT B 5

(3) B GAETIRE 3 0, HAFSBBAET MM m, HGFe
B R, Kk

(4) BB RETIRE 40, HATFSEBRAETT B ML I0, EFae
B R, Kk

(5) BB FATIRE 50,
7 A b

(6) 9 AL TR 6 I,
BT, Wsh— RFEBET A E

(7)) BB GAETARE 7 0, HAFSBATT A B, AFrE I,
S 05 2 A e A6

(8) MR G TIRE 8 I, A5, HFmEME, EFHBET M
B ks

(9) BB G TIRG 9 I, Ko — RFMAELEW L, mhast—R
FIAETT A1 L.

W

LA s CEfes) » RT3

W

2 AT B EE A BURM R Sk B
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(100 420 RUAE T2 2B IGO0, HOTF— B0 N &R AE 7
A b, JF HAORSF I S A AT

B 3- 2 B RATHER IR T IRESKHFE

Figure 3-2. Characteristics of the driver's concentration

Bl 3- 3 B RIER AR T ARIRHE

Figure 3-3. Characteristics of driver inattention behavior

K] 3-4 AR ST Grad-CAM SRkl 18 0k A TR T B IR AE R
K, BB T AR AT A TOR I BN BB IE . A SR LA A
H, ERASI BI SRR AL T A A A TIRAE T 1A S XA SIE L A T T
HICE— DT

27



/TR BN N1 T e VA 798

&l 3- 4 254k B A T IO TE B HARHMER T B
Figure 3-4. The characteristic heat map when the driver uses his right hand to send and
receive messages

3.2 MGMN B %1%t

BEXS 3.1 1 R A SCHR B A B Bk RAEAN A2 RS T BR B0 5 T AR AE A R Y
REAE, =5 58 3172 B 03 75 725 B IS Sk 350R0 T AR Ak T B B AR [ AL &, JF HL
KA T B BT, TR R T E AR R U7, AR AT DL s ]
B — AT 2, IR — 50 R A RFE, AR R R RS &
ST It R ABCRRAE ) 2 FR A

BT EHKFERE, AR SCrt 7 AN AT LR 5O S O AR
(1) 22 ki B RRAE 5 b [A] J2 R AR B9 595 MGMN  ( Multiple-Granularity-Middle
Network) , 240 EERFE A S UL 1S 25 4k (3 R 48— & B B e 8 A
NAF— BB 00 7 B B 53 i BARSN AR, A 8] R AR AR A SR B 452 78 70 1 FH SRy B
FROE I Fon B4 R, F8 T IRIBIRRE, AEAA b 20 e 258 51 (1)
. MGMN FIEG1G EUE b B84 53 RE AR 45 &, SE 7 2 3k AR
FHERI 7872 I . MGMN B EESE A 3-5 B
3.2.1 ZRIEHFIERTHER

Z R ERHEIR T B 28 @ K% 1 Guan-shuo Wang %5 A B IR 7E 18 XL

( Learning Discriminative Features with Multiple Granularities for Person Re-
Identification) H1H H IR 22 4 BE AR 42 ) 2%

AR SCHEIE Y MGMN S0 A FH PR PR 22 00 B AR AR B BB e LR i 5 AR AR 22 Y
2% ResNet50 157! (£ 3-1 ResNet50 MR LEHy) Al 76T H convd 1 Bibt)5
Ko =AML 5030, =0 Xl ERTFRIKON: &Ra 3. oK M=74%%
X CanlE 3-6 FaR) MR =AM 35 R AR ResNet50 158 Af FARABL) 4 R 45
kg2,
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e { — -~
|
[ op2 } 5 "
> | np I—T-- ,%-
- | 1 p3 }_ -— 3
| - X
- =
! R
9 . | |2T_p3 E o
) [ .-
3 | T
o
=2
™
- - -
Images ResNet50 PartMap  GMP Convl*1 FC
Input
&l 3- 5 MGMN k451 &
Figure 3-5. Structure diagram of MGMN algorithm
2 3-1 ResNet50 A 45y
Table 3-1. Structure of the ResNet50 model
Layer Name Output Size 50-Layer
Convl 112x112 7%7, 64, stride2
3x3, max pool, stride2
Conv2_x 56%56 [IxL, 64 ]
3x3, 64 |x3
[1x1, 256
[1x1, 128]
Conv3 x 28x28 3x3, 128|x4
[1x1, 512
1x1, 256
Conv4 x Conv4 x 3x3, 256 |x6
1x1, 1024
1x1, 512
Conv5_x 7x7 3x3, 512 |x3
1x1, 2048
1x1 Average pool, 1000-d fc, Softmax
FLOPs 3.8x10°
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Multi-Granularity Feature

ResNet50 Part Map GMP Convl*1l
&l 3- 6 2 RLEFRAEIR A

Figure 3-6. Multi-granularity feature extraction module

R SCE AN RAHE A RERE 2 RE . B, B convs 1 R
ZJEEH T A stride-2 BRUZR M FRAEERAR, LU X RAE AT 1
R KIIRIEZ JE3R1T T 2048 4ERURFIEI, BEJE, AEXHZARHIE B IE—
PR 1X 1 BRI B0 B2 ReLU J, SEIL 1RPRFAEAR 2D 2 7 R 256
i

T ST AN R o SRR R, B B AR ERGR  Had H Rk 1 Y
KT T B oy e, IX PR S AT A R 0 SE - FERI AR, i SRR
K& B 115 2

=SSN 0 STE A ], (R A BRI B AR ALE B KTy
A BRI =B, IR =Pk S PAT A R SRR ERAE, 0 SR AR MR R
EFTF=800EE . TERANEEAEERE, oM=K AR
FIEERE, =70 SO R oR e B 3-7 fios, KPR =30 25, BB
S HBAN AR T BRI 2R — 5 )=

W =S, SRR R 2 B 2 A = 23 )5 i 4 R R AR

AN
2.
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& 3- 7 MGMN HiEH = X SRR A
Figure 3-7. Schematic diagram of three-branch results of MGMN algorithm

3.2.2 HE] EHHERHEER

2 0 53 B G A N RIS R A g P S, 2 g 25 BRI 252
RRAEGEATHREL, HA ARG ER B R E AR E e, RERE X B E &t
25 0 245 A5 0 T 0% 1) 4 AR T I 49 B O AE P o 3K — B AR A P 3 B o T G
FISURAN T SERFAE s PRERHIE 3 B AR B 0 #P 2 A 2 i 4 K A AR 2 T
JERBIFRHEEIE S, X —# M5 BAETESE B i 4.

ARLAEN)E MGMN HyERS, 7E ResNet50 H Conv5 x AR5 HHEL T EIUE T
HEJZRHIE,  E 5 BRHAE BT 2 R B R R IS, RT3 T 2048 4E 14T
fER, BfJE, EXHZAFERE R — 1) 1X 1 SRR IF 08 05 R 2L ReLU J5,
ST RS R B T R 256 i A A]JZRFAE SR OB R ) S 7R R 2 R
FERHMER Rt & F ), EFHANE] Softmax #2k KA %o (A ERHIETR
B R an &l 3.8 Firw .

w
S,
_— —
s :
A fo5)
>
_
(o]
A
g
3
g
Middle Feature 3
9 T
e ResNet50 PartMap  GMP Convi*l FC
Input

B 3- 8 MGMN S0 I8 ) o ) R R R BUL A2

Figure 3-8. Process of MGMN algorithm for image feature extraction in the middle layer
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3.2.3 Mk E T

TR PR U FE G — LL B LIS B 25 SRR i — R T B T 0 1S3, A
AN SLEL B KR IEAT G5 R BVEANY, DA KSR, T DU SR i 42 I 2% 1 1
s TTARAL B2 X 25 (1) 2544

ik EGHHEE - EENELR, FREGERTERE T EEENES,
AN NG BB ORI BRBENLA R E AR TS, 1245 BRI ] R 1 B )
EREEM/N, FERENT RSN, BAFEEEMSHER. MIE SN2
FR RS B B B R AR, FRERITEEEERE, mEcs i
B RABR AP W e R AR I &5 SURIE 0 N AR I AN, S B AT DA
Lo a5

HG) = = ) e 10g(p(x) %y %3, X, %) G-

X, SOPR KL BREE, 52 R R n— NN LAR & X &4 A NSRS
BER AT p(x) A g(x) Z A ZE ST o KL HUE 2 30 h .

P(xi)>
q(x;)

D ll)) = ) p(x) log< (3-2)

TENLAS 2 2 i F KL HRE SR 3R s R i - A L S o0 A 2 TR 22 5%,
R KL BUEEN, WERIR p(x) M gle) B AT oNEEIT, AR ) 500 gl ek b
N T IE B R R A8 2 2 X g(x) AT B B SR8 B 153 A6 5 & i
p(x)o

D plla) = ) p(xp) log (2%)

= P log(p) - ) p(x) log(a(x)
i=1 =1 (3-3)

n
=1

=—H(x)+[— z p(x;) log(q(x))]

= [~ ) PG log(q(xd)] — H)

FEX AR KL BUZ A RBEATR oy, AR TSP, Ja ) H (x)
HUE(E B, RN B BRASCRRZ 95 3 hg, R

KL HU% = 530 — 15 500 (3-4)
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Hp
AEXNE = KL HUE + 15 206 (3-5)

FEARSCINZGHLAS 7 2 W2 IsF, DM SRIN R Bl L FE 2 CH B, A
FREAR FIAR RS 8 e CAFE R, HEEKMEDAM p(o) CERFER T, 1M
R R SRR S A, Fit, FEMEEER T, KL B WA
FRE U %, A OB A AT KL B 8 145 2, BRI HLAS 5 ) Bk
Hh e FHAZ SCIR 45 2% o SR D 000 445 R P AE B 12

2 0 G e W R S T 1 ) T R AT 4 2R, 45 L R AR )
5K, HORUR — AN 0k G s B R S B AT RO S R, iR —
20K AR o A STAS A8 R4 5% eR ORI A 7] R

Softmax & — AR ] R R EE R, e NER 2% AN THE It
fay h 25 R [0, 1] (B R 22, JF HAe R E IR LRIy 1, XAE1§ 250K
] 20 (1) A4 SRR 2 2 AN 1, FF HORuESar H 1) 45 o s K2R A8
Softmax R £ (1) & a0

el

Yiet
K’ 3-9 J&—/> Softmax 47, #14H[3,1,-31#E Softmax EREIIVE T, Wb
F%[0.88,0.12,0], X =/MEWE LN 1, HEEIG N, MR KA
B, W2 0.88 Xt B fHIMH
TEARSCI MGMN Sk, AR SOKE 2200 B R AE B BUREER (1) 4 H 45 SR sohdign A\
F| Softmax BREL RIS, P 22 0 P REAE & URBSHR AT b ) 2 4 iE 52 BB E (1)
g R TH S J5— i A 2 Softmax BRI

Si (3-6)

K 3- 9 Softmax Rz H T

Figure 3-9. The calculation process of Softmax function
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3.3 KE/ZE

AT, ARCEH T 2500 AR PR RO ER RS AE,  FREEXT
CELRAEAR 17 DLBH 2 B B R B — S il AT 52 ), SRR — MR A
REAE, FEREAR R IORAESS &, SCOU2 B RS AL A 3 B 4RI AR, 42
T HET 2R BERHMERT P ) ZRFER) MGMN 5% . BilJ5 % MGMN S RIEE— i
oF B BGEEAT T VRN A SRR AT, DL SR A XU R PR AL Softmax [ Fe
AT T VRIS
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SEMNE MGMN BESLI S54RI L 74

AL ES = B A B HE AR 25 3 A = i g = R R o TR T 2
R JERFAE AT A 2R MGMN &k, N TIREEE R I W 2 528, A%
Wit ¥ — RIVGLEXTHSELS, MGMN FUAR 5IUH 1) CNNs BEAEA ST H
a4 “ZIUT-Districted Driver Detection” FIILA AT HE4E: State Farm 2
A]f¥) “Districted Driver Detection” #(#55A1 “ AUC-Districted-Driver-Detection”
B e AT S T L #T

WEUE I S 56 32 B 5 R R B 0t b ik 56 AR ARV R IR R BOGE L ik e o A
MGMN BIEAE I SR B ARG BE DL S BB RFE ) 5 I A I SR0E R AT HLAs, TP
MGMN FE BT B & BV A 2500, I 2SR T I3 R SE .

4.1 SR E SR

LSS TR BEOR, A SCAE S RS 4% LB 1 A SQIOTR B 2 ST AR A
55, (RS FAEATINGR, 2SS A AR R R BREA B B Un 3R 4-1 P, iR 55 4%
Fic B CLAE AR A SCSEIR A 7oK

K 4-1 LRI
Table 4-1. The experiment environment
ZH A ZHA
LS i7 7800X
A LIS 3.5GHz
LERs] GTX1080Ti
CPU e 11G
& 2
LRy DDR4 2666
NAF KE 16G
& 2
AR RS RSy Ubuntul6.04
IREE 5 S HEQE HKAY Pytorch0.4.0
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4.2 LGP R EEE IR A

4.2.1 BREFENENEIRE
HOAH 2 3 R = ke 4l % £ 2 State Farm 2 #] A JF
“ Districted-Driver-Detection ” % & £ Il Jf- %' 3¢ [ K & A FF “ AUC-Districted-
Driver-Detection” #(#5#E1%), State Farm /A &) 1 “Districted-Driver-Detection” %{
B 2016 AL O B AT I EEZE AT E AN O B IR AR, B AR
BAG 26 DEBLRIE 22424 SKRA LR R ZER Fr, HAIgRE s 17424 5K,
MAABERL 5000 7K. 3X 22424 5K B T2, R A2 : 0 D255k,
cl AFWARHEE QAFEITHEIE. SATFWRHEE . c4 ATFHEHITHEIE, 5
BN HENL cORE T HFIGRE. 8 BEHNEF . 9 MG LREIIH. WK 4-
1 PR

Sy

Safe drive

e

Adjust radio Drink Reach behind Makeup Talk passenger

& 4- 1 State Farm HJ“Districted-Driver-Detection”$#5 5

Figure 4-1. State Farm's "Districted-Driver-Detection" dataset

T L K2 AT EHEEE “ AUC-Districted-Driver-Detection” J&H Yehya
Abouelnaga fl Hesham M.Eraqi & AEWRSCH B IR AT RIEAREE, %854, %
HHREILAFE 17310 5K 3 AR RS ERF, HHilgsE 12978 ik,
MR 4332 7k, SR E Fmg/> T State Farm & & ) “ Districted-Driver-
Detection” ##E4E. X 17310 REUEMP /3K, KK Al: c0 WEUCE
Ml clIREr. o2 AU, 3 BEBA . cAMTFMJGHE. oS ZEFHFTHIE, c6
M LFFE G 7 AFEITHIE. 8 EFWRIBE. 9 HFIKHEE. %5
P 4-2 FioR:
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di,

Talk left Talk passenger Talk right Text left Text right

& 4- 2 “AUC-Districted-Driver-Detection”$(#E4
Figure 4-2. “AUC-Districted-Driver-Detection” dataset

B2 DA AN B e 45 40 2 WO N BT X6 2 0 3y = 1A i B sE 35t N
T IF R SEAE RV E R PN ) 2 B Ry R Bk, A SCEIER T 10 A E
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Figure 4-3. “ZJUT-Districted-Driver-Detection” dataset
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AR R BIRE AT BB, 13 “ AUC-Districted-Driver-Detection” (#54E H
Pl T B A2 o RIEWI I v, 1B VRS I BR &R A SCRRZ N “ AUC-Districted-
Driver-Detection-Clean” 245 45, 7£ T [URF ZE3E AT B 5024 R0 1E H A% SOR: A H
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A HERBIEEI 4 N “ ZIUT-Districted-Driver-Detection” ,  H1 - il {F
ARG AE RS &, A AT R, RS R
A —ESH R AMBENREE L, AR A2E RN, B K EFE
SRR BORA i 4 HE A B[], PRI A SO L3RIV S, 'S T A, (A
RISy 2304%1728, KFAIHEE D HEERA T2dpi, XA R K1
JPISAT IS A], A R T R AR B4 ) CNNs BVE 5L

ASTAE T FC NN SREEANTMN RS, BOR T YIZREE Th I 25 B 519 HH I AE YISk
gerh, Ho o EEFEN A T2, 1A EEEE AT, 06
M EREH AR T iZBRE TR ITa E8, XA R A R AV &
H RFE DL B4 B R AR BEAT 4028, T A2 AR IS 2 B 03 1) 2 AT A kAT 70 2. X
— i I, State Farm /A & 1) “ Districted-Driver-Detection ” #(#&££f1  “ AUC-
Districted-Driver-Detection” 4 82 A M 2], AT U ZREEFI ML F A
s —FE), RAFAEE B AR AN ) At AR R 58 T LAREAT 43 R B AT g

43 BRBESSm S o

R g — MNEIEIA A, FF 2N BRI R AT SR, AT MGMN &
EAT RS BEBIE S0, R Siie 45 R 5 A M BEIR AT X LG, EB MGMN Hi%
HOEER QS
431 KR E

XX AN FE RS, ASCRTE T =A% 5408 State Farm A
Al [¥] “Districted Driver detection” HHEEE KL, 43 HHH MGMN HEAH A
RAEZEIEE B AT SRR, IR TR AT X i . B A

“ AUC-Districted-Driver-Detection-Clean” ##fi £ 5255, 43518 H MGMN ik
AR SR R B AT VIR, s TR B AT X Lt 2R =
HoN B #EdEEE “ZIUT-Districted-Driver-Detection” 556, 437548 MGMN 5
M EAD AL Z B AR EAT IIZRAIIN,  FR s AT RS FE AT X B A #r o
4.3.2 SLWEERIEES 2

(1) State Farm A ][] “Districted Driver detection” #(#H£E 5156

(1) MGMN 5L SN

A MGMN BYELE State Farm A H] [#) “Districted Driver detection” %
P BT 7 9 dsLEe, Has TR R W 4-2 Fios:
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% 4-2 MGMN HIA7E State Farm A5 FIHIEE RIEHR SR
Table4-2. Experiment results of MGMN algorithm on State Farm’s dataset

S 2/€ R

1 99.8%
99.72%
99.76%
99.8%
99.74%
99.74%
99.44%
99.72%
99.68%

O 00 3 O U K~ W N

U3 4-2 f7x, MGMN HEAE State Farm A @ ) “Districted Driver detection”
Bmse BT 7 9 Rk, KIS Rm N 99.8%, KA 99.44%,
FIIHEREDT 99.71%, MGMN SRR IF 3R B 1 Hedfs 5 b B R A RAALE

(i) ot S5 PRt L Sz

ASCUKG ResNet50 #E78, SqueezeNet #i . VGG-16 £, VGG-19 fii7
HI Maitree M558 7E State Farm #E4E BTS00, BIRMRSEEXT L AN 4-4
B, BEIRPIRAIEG B T JIERE ISR 8], Sk bk s By, B Ak kg
BT

102.00%
100.00%

98.00%
96.00%
94.00%
92.00%
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Figure4-4: Comparison of the results of different convolutional neural networks on State
Farm's dataset

H EER AR PIE H, MGMN SRR T H AR UM SRR E A&
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(i) MGMN 5yESLI0R, B
A AEH MGMN HyE7E “ AUC-Districted-Driver-Detection-Clean” (454 |
AT T 8 5N, HBITHEIER 4-3 fias:

£ 4-3 MGMN HiEFE “AUC-Districted-Driver-Detection-Clean” #3848 F L0 45 R
Table4-3. Experimental results of the MGMN algorithm on the "AUC-Districted-Driver-
Detection-Clean" dataset

1 0.0001 98.70%
2 0.0002 98.59%
3 0.0003 98.50%
4 0.0004 98.20%
5 0.0005 97.60%
6 0.001 96.50%
7 0.001 96.80%
8 0.001 95.60%

i 4-3 fizn, MGMN FiE7E “ AUC-Districted-Driver-Detection-Clean” %{
e AT 8 kskhs, HrhISKE R A 98.7%, KRN 95.6%,
MGMN SFEAR SR 1 08 26 b R A

Gii) HoAh SRR B s 8e:

ALK ResNet50 17 ResNet18 17, SqueezeNet #7 ., MoblieNet 1%
A, Xception HA A Seresnet #AH7E “ AUC-Districted-Driver-Detection-Clean” %}
PEoe AT SEES, SRR RS RO Eean & 4-5 s

104.00%

99.00%
94.00%
89.00%
84.00%
79.00%
74.00%
69.00%
64.00%
,\g,

%‘5’ Q® « "'°
n ZEEE millE&Ea
& 4- 5 NEIRIBIRM R ML EE “ AUC-Districted-Driver-Detection-Clean” ¥(3E4E 4R
FIxt Eb

Figure4-5. Comparison of the results of different convolutional neural networks on the
"AUC-Districted-Driver-Detection-Clean" dataset
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H EEF AR LA, MGMN BIEME T HARR UM EIE R E A
WEMRHE, HE 0.7%-33.4%M .
(3) “ZJUT- Districted-Driver-Detection”#{#5 ££
(i) MGMN B SLIe kG
A HH MGMN $1i2:4E “ZJUT- Districted-Driver-Detection”$#5 4 b #H1T
T 8 HSEE, HIZATRIZWE 4-4 PiR:

= 4-4 MGMN EEAE “ZJUT- Districted-Driver-Detection” $(3E4& L szl 455
Table4-4. Results of MGMN algorithm on the "ZJUT- Districted-Driver-Detection" dataset

1 0.0001 96.40%
2 0.0001 97.80%
3 0.0001 96.60%
4 0.0001 96.80%
5 0.0002 96.82%
6 0.0003 95.10%
7 0.0004 95.70%
8 0.0005 96.32%

U3 4- 4 ffizn, MGMN HiEAE “ZIUT- Districted-Driver-Detection” £ #& £ I
BEAT I 8 XSRS . BEARBHRAE R LRV, (HZ& MGMN FIE R 2 B 7 £
EE BUG BIRAAE, HARER RN B LR S kAR A BE L, HE I ZR8E
AR IE H T e AR 2 BE 61, B b Il 11X 1) @

Gii) HoAh SRR B0 b s ie:

BB ALK ResNet50 5%, ResNetl8 #%, VGG-16 A, VGG-19 £
HUFN Seresnet #AY{E “ ZJUT- Districted-Driver-Detection” H(#g4E (752, &
T2 RS LT B n & 4-3 I

H &l 4-6 AT LA H, MGMN EVEFEAHE T HAM ) J LR EIEAE “ZIUT-
Districted-Driver-Detection” ##EEIIAGE EAEREMNSE, HF 2.6%-521%
3Tt
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Figure4-6. Comparison of the results of different convolutional neural networks on the
"ZJUT- Districted-Driver-Detection" dataset
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B TR B ()RR i) R . GEAER,  BASIMY R f K 1 AR I — B
NERAEA U TR FE 2 ST B AT Rt 1) f, 8 548 IS IE AR R T 20

T S EF AR MGMN SRR s, RHRE MO S R, ATkt
T MGMN FER AT R S0 . AT ffRe M SIZE6 2 A8 SRR 1) R RF AR AU S 56 (1)
i B, H Grad-CAM Bk 2| T LA BER & E MGMN S FRFESZ X
Bt 7/7. Grad-CAM, 4FF Gradient-weighted Class Activation Mapping, " % %#
FENIA S B0E Bt & — M o A B o fE B R e CNNS B I 7 v, IR AN 4
H G T o 250 BAR YR S B . Grad-CAM SREUE 7 B ) BRI FE IR
[54],

(D) REMGZ IS FPESE UG & Ja — GRS 2 P R R
(2) I I a4 4 SR U — 5K ARe A1k B A
(3) KRR B3R LAZ AR D0 B (A R AT 217 BCE I RRAE I, 72258 =
AERBCEIME, 1 ReLU BMECHATHEOS, #0470 — AL B,
(4) K Ab PR IS R B e 21 R 46 BRI RN, (8T 5 BT IiAL.
4.4.1 LW E

FEEA SIS, ARSCHAE b — 15 b SIS B2 = ) ResNet50 5%
MGMN SR INZRE G ARG IR, RN X A EE AT Re AR R B RE T AT LG
S BARK), ASCHILHAT 3 HE, AR ResNet50 H %A MGMN
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FAEAE = A HAE R EARKEAT INZR, R G AR 2 0 25 1 i e AL 38 3R A i e —
RGN 15 20 PTG AR B, R S R A% 38 SR I — SR AR IR B AL, JF kAT
DGR, s 0 e B0 AT 00 Ja 3R s B 5 IR BB T S0, 433011
NAERK, AT EE R p3.1.0.convl Z.
442 SKWERS DR

PN EEAE =B 4R BT B N B s, G A 20 6 e 5 64 1) 7
EL TN A REA R RIS S LR

(1) State Farm ‘A ][] “Districted Driver detection” #(#54E
MGMN £ ResNet50 HyLLE State Farm 2 7] (IR 4R B RFE AT B 43

& 4- 7 MGMN HIETE State Farm A 5] RS LM E
Figure 4-7. Heat map of MGMN algorithm on State Farm's dataset

K] 4- 8 ResNet50 HYE7E State Farm AR HIEHEE LR AHHE

Figure 4-8. Heat map of ResNet50 algorithm on State Farm's dataset
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w EEIFTR, ResNet50 HEyE B sl U EEE W B 53 A 4T L& I,
EOREM AU R A, T MGMN SENIA—FE, £ MGMN 592 (17
JTEIMR AT DUR IR, T 5 (A R A T B I B R, X SRR DGR
RIZRIL, [RIBF IR AT DL E R, MGMN BE IR 72 0 53 i Ac B8 JsUE 7 ) 4
AR, XAMFIER ResNet50 FEEA RITERIM) AL, NHAR > O 2 BEAT
R E R AR ST LA

(2) “AUC-Districted-Driver-Detection-Clean” %&£

MGMN £ 72F1 ResNet50 HiL{E “ AUC-Districted-Driver-Detection-Clean” 4§

%E’%LEI@%{E#UJ Eﬁn@l 4-9 A1l 4- 10 BT o

A 4-9 MGMN ﬁ&i{E“AUC-Dlstrlcted Driver-Detection- Clean”ﬁﬁ%iﬂ‘]#‘ﬁ@
Figure 4-9. Heat map of MGMN algorithm on "AUC-Districted-Driver-Detection-Clean"
dataset

ResNet50 HiEICTER A thie g, RUbin iR H iR A0 & B S 82U %
A, il 4-10 R IE A FUCRTEBRT, BRI A ITUES FXANRHE,
T O SSUBE T 223 R 4L, Bl 4-9  MGMN BEAE T 5 38 5
FUCR W B HI IS, $2ET ZAMRE, Z3 R4 FA TN AFATRE
U BREE] T A RRRE, —MAFIEASE A, e T RHIER U A R, iR
w1 IR IHER R
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4- 10 ResNet50 ZEFE“AUC-Districted-Driver-Detection-Clean” 3 3E 4 _E P
Figure 4-10. Heat map of ResNet50 algorithm on "AUC-Districted-Driver-Detection-Clean"
dataset

(3) “ZJUT- Districted-Driver-Detection” %4545
MGMN HEF ResNet50 HyE7E “ZJUT- Districted-Driver-Detection” 235 ££
ERIRHEIR T E W 4-11 1 4-12 B

N S ] —
Q il 3 - o Wt F
B 4- 11 MGMN HE¥E£E“ZIUT- Districted-Driver-Detection ¥R 4 _E 13 H
Figure 4-11. Heat map of MGMN algorithm on "ZJUT- Districted-Driver-Detection"
dataset
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Figure 4-12. Heat map of ResNet50 algorithm on "ZJUT- Districted-Driver-Detection"

dataset
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B E RSO W MGMN F95E %, BB SGERN /B MGMN 5Hikx
TEAEWN, KRB 2R, ISR IA] - MGMN S0 A7 B H Al S W)

4.5 KE/T

A FENF MGMN EE AR 1 EVEAERS S E AT iRt B A = Eda 4k
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RIVEFIE, & — N U 530 2 BB 46
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FRE BYSUIENRMNARET .

AR B AR SCREAR Y 25 30 S R A N s R i BRI AR S, IR
ARG HE S = IR MGMN 5032, K2 A8 SEBRY 5 A8 A B & G i) s
Ve ABACK ] “WERIRHEZRER S %57 45k, EWREIRS R 55 482 18]
i Socket 77 A SEOUEFEE(E, WREIR b I H A Sk A 202 3 51 2 3 R S
AL B R R 55 4%, IR ST E X B Bk S A E R PR AT 2R, KA
25 RALIE BRI AR IR T R

5.1 R EEIT

AT AR OB T R 2 Bk R R R PR S R R AT R A S I AT,
Tt S AT AT B R AR S5 4
5.1.1 RGEREHFIINRETR R 4

ARSI T 22 R FE R AN o 1] JZ AR R 2 B D3 = A R VE MGMIN,
K — NI ML, SR EAT 2 B T R R I S 5 1 S ad i
SR 1 73 0 B B AT N I EAECRSE UE Bi 01 05— 2R 9E B IR AT ARIRHIE, 4
B B Ik AR IR, 2 MR T 0 R P R IX Tk B AT 0 2R TR, 1%
RGP e N A2 a0 R Th R
(1) 3 EBR I S R4

SRR AL O 01 2 B R, e AR R TR S A A B R IRAS A B AR
(2) FER IR A

A8 FH T ) MGMN SRR S I SR 4 1) 25 ik 539 3 P IRAS AT H0
(3) VR IR S i

%%%ﬁﬁ%%%ﬁ@%ﬁ%*iﬁ%ﬁ

NT R B =T BTN, 75250 REGHEAT R4
(1) MSZHEIE RS

A FHEIATEA IS, X CPU WisHAE A %E —EER, %
HvE, (E/H GPU AT IR RIS AT SR ST, SN 1 5 (8 SO BC B R 3,
SRS IR E RGIR A 0
(2) RS EE K

B TE R IR AR EE RS N HATH, SN, Bk i R
WAL AT RN, [EE R B = AR B
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(3) s

25 3 3 9 R RS BRE — 6 SE B R B R R R, SR MECR A R A
S A5 RASRESZIS, VR IR IR A = .
(4) HE5HMH

BRI R R IR, WEHATERMAEM KNG, FERESE,
fE TR E VLN .
(5) RGO TR

AR GAE AR SO I AT 2 5% 7 B AR B N B e R 2 Bk R IR
FR P H A, A2 S5 AT DR 8 75 SR I A% 25 Tk 53 73 oo 2 O S 1) 7 e T
Ra, B, ZEGRAFES TR, UGS TIERRETT

R MGMN SEARFIR R, LA MM BRI s &t A R &z
ITRBEIEIRE ST, AR AR ST B 3 2 R AR PR R A S 300 v A5 2 ) 725 et
SRR IR, PR AN BRIk FAN A% B S

M IAR R 2 A R & GRS MK 1S A 1, ASCE AT LAUE#F—H
W AR BRI 8% 3 £ i A B N B HE 4%, I R 3 5 I R IR 25 B AH i, 5K
LR S B A T

B 5-1 RGRWE

Figure5-1. System architecture diagram
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BT E = RGBTSR BT, RSB IR “ W REIR+HIT
PRS2 7 R0 2 B G S DRl RGBT IR, FEARERG L, WEE
Uk 4B, ARG ARAESE, A8 JR S A A5 4 A R 5 7 AR IR 55 2 A I I B8
Socket 7 S AFAF(E EAE MR S5 35 FIW BE IR 2 [ PRdi A% i3, T ey del o9 1 v Tl
AR T BARHIEIR . I RGN 5-1 FiR.

502 BHTFanas

TR EGR A R AR B T2 2 O v R R R G B A B 1 % 40
PF R L B 454
(1) W%k 4B

PR IRAE Je FARAG S AE AT R G b R T & fath, BTS2 REE
20 O R TR G DL RS B RN . ASCRAR R W AR 4B, W%
Uk 4B WVEMZ N 5-1 Fios.

R 5-1 WHEIK 4B SRR
Table 5-1. Raspberry Pi 4B parameter table

AR Raspberry Pi 4
Soc Broadcom BCM2711
CPU 64-fir 1.5GHz Y% AL #EES (28nn T.2)
BIERG Raspberry Pi OS(32-bit)
B W 5.0
GPU 500MHz VideoCore VI
N7 4GB DDR4
= & XN micro HDMI ¥ [
BRI 4K 60Hz+1080p
USB ¥#5 0 2XUSB3.0
AL T-IE ALK
ToL M %% 802.11ac(2.4/5GHz)
7t HL USB Type-C
AR 3A,5V
Bl O]Ijejgi(ég;l?62 .?)e;::)e}zi;cs
R~ 85.60mm X 56mm X 21mm
HE 45¢g
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HAABEIR AR ST A0, A8 F X MGMN B0EEAT YIRS A — i A
B, B SA AR IBRIZ 4T, 84T I A AT REIE B 2R, B IF AN id A

MGMN AL 335 .
(2) BERIR)T Mgk
KRG G MBIk AB Sk, HEEN 500 HiEER. HES
Bz 5-2 s,

x 52 BksHR

Table 5-2. Camera parameter table

R WEEIRT A ERAR
BE 500 Jitg &
BE R OV5647
BAEROHER 2592%1944
R~ 25mm X 24mm X 9mm
AR 65 i
(3) 554

ARG P B R AR SS 4 B EEH T BB AE, DR ERERE, A3
R T T b R A X 2 AL R i S 36 = o A IR S5 B AR A SO R S5 4%, (E
ST R, AT BLRH Zmisind 5G RS IITE LR E . ACKRH
ik 55 a4 H G B AN 3R 5-3 Flo

%53 RFHBEE
Table 5-3. The experiment environment
ZH 4 ZHUE
e LiRsy i7 7800X
LIRS 3.5GHz
LS GTX1080Ti
CPU HE 11G
= 2
LS DDR4 2666
A KE 16G
= 2
BIERS L= Ubuntu16.04
IREE 5 S HESE HKAY Pytorch0.4.0
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5.1.3 Socket

[F) — [P 28 AN [R] AL b () 80 FH 22 Ta) e 75 B AT XU A, T e AT AT R
[ IR ) 3m SFR 2N Socket, HRERT, TEMH T MW MNET 2 8 1 EHE
&4 o

Socket f& M Unix FF & JE TR, 7E Linux £ 48+ 0] PUd A — 28 56 B0 Socket
HATEAE, B3RS 10, F17F, KPZEE%E. 7 Linux #, Socket()rf& % H Ti& (]
— ANEERI Socket fIRTF, 2 JaHiAT DAL IER I Hi AT B %41 7 - Socket
WAE N EAR LT AR LR
(1) SOCK STREAM

SOCK STREAM & — i [a] 4 AL 4 77 e AN SCH WL http PR30k
72 SOCK STREAM & 4m#idl, e nl LA fRER 1A T iR HLZE 9 & 1
WL B AT AR, R s A sl 22k, SOCK STREAM 24 H4fs 28T
Rk, R BCR AR BN, H R 0] DU R A% f Al i v %
(2) SOCK_DGRAM

SOCK_DGRAM j& — ot 4 /72, 7£ SOCK_DGRAM [1) 1%
S, THENLR ST ORI, FEA S XABHR TR, R AnE R e A%
SRR R T BRBETIN, A E R RIEEIE, B ok
B THEAL, DR A% A RO v {H A A 2R A LI

TEREAT B0 BRI P R, B R R R R, MR,
T T 75 AR S RIS, BIAR SCHE R 882 3% SOCK STREAM A2 1 M i [ 1% 422
R T2, TR OREORE & 0 e 2R

5.2 B SUFE NN R SEIE

521 FWIMRH5RE

N T AT R R R R SRR, 1Z TR T2 B G R I SER A
T2 565

ASCIEEL Y A AARCIR TS, (EWHT Tk R2ERER LT T80 kB
R seas, 205 AL S B FH AT, X VREERAL 2 5 R AR A AT AT 7
OB HREF HIT . 5 ERELm (WRIRHRZ ) g aMEHw -
AT 2 AR R A, W R IR IE I SRR VL b K AR [l P N T2 il 55 25 1
TE T RN R . ACEMREIR AR 45 LASCUEC B 45 Opencv, &R
YE %0, M8 Socket 115 77 U Im R 55 28 Kk EIME, S FFEKEIE, ERS
ax EU I AR IR BB AR KRB T, 43 F MGMN L AT 1 i PIRAS 1 0 1) 5F:
g RAL B 2 IR Words LI TEI R, RS PRI B IR IREEG I E
5-2 o
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B 52 Pl B

Figue5-2. Two volunteers

5.2.2 SLILER T

ARSCAEFR 5-4 IR 5-5 thea T AL EIEE 10 10 R 0R ST MGMN 532
[ 10 2R BRI &5 A RE IR A5 2. o

B R RASTAT LA, #% 7 MGMN Hik2 0 Bk & R R4 54
IR IHERA P, (R AR IS0 R G A ZEWT M B 5, 3X 2 T A SR A 1)
W b K 22 Te 2 el WY ) s SE A A8 Bl S ), Al N 30 B B s A AN B 1M,
Bdn il B e, K EA —EMIEiR. RECFHIGERN 1.66s, X{EBLSLH
JEH SR I B VR, TR A K B WL, 120km/h ATHETTE, ZEIR 1.66
B2 C @RI T 50 2K T, (HEEMETBME T2 — .

# 5-4 BUHTSEENLRER

Table 5-4. Experimental results of male volunteers

SRE BWITAH MR RGFEIR /s
FEFAT AR talk left 1.7
AHFITH T talk right 1.6
e TR B message left 1.9
HFREE message right 1.7
EEFE 1 & R 1 talk passenger 2.0
(T e drink&eat 1.6
WS L adjust radio 1.6
¥ 5 [ =LY turn back 1.5
RIS makeup 1.7
LAEL safe drive 1.3
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£ 55 LHEEBERERER

Table 5-5. Experimental results of female volunteers

HRE BTN Mg R RGIEIR/s
A FAT H A talk left 1.6
HFAT A talk right 1.8
TR E message left 1.6
HFRHEE message right 1.7
HEH 2 I EIR G talk passenger 1.9
(Lt (/6-3 drink&eat 1.6
WAL adjust radio 1.5
% 5 [ Sk ELY) turn back 1.6
IS makeup 1.7
LRE safe drive 1.4

523 KE TS

AR EEE R 0T B 5 R R s 7R SR IEAT 1A R R A, e
THT “WRIRHEERS " SR RS, FF0dk A 0 B A0 4
J7 AT TR, RPN BA HIAEAT AR — AN 400 2 A D B B b 1
VB ()2 3 UGS A I R G AT I0IE, R GLEUS 1 AR v (A B AR s i si i 1k
FE R T8 B 28 71 AT LA 2 A 1) 25 Bt 03 v E Tl s /R SR, T RL 2 A
BT AT B ROR
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EAE RESRE

6.1 B4

& R E DRI R, VREFI SR BRI WG, T 2 4 1)
HORGE™ B, ARK A M B B NG h A R AERE A ET SRR, b
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