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Abstract:

information of patents in the field of automatic driving

By analyzing the citation information and text

technology,  and
the LDA (latent Dirichlet allocation) topic
and the main path analysis method, an

in combination with community
discovery,
modeling,
analysis framework is established to analyze the evolution
of automatic driving technology according to the
characteristics of automatic driving patent data set. The
application of the above method can effectively identify
the theme distribution in the field of automatic driving

technology, and compensate for the defect that the
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traditional single method cannot reflect the whole picture
of the technology. China needs to focus on breaking
through key technologies such as multi-source sensor
fusion perception, intelligent decision-making control in
complex environment, vehicle road coordination, and

human-computer interaction, take the lead in testing and

automatic  parking technology, and follow in
positioning,  high-precision map, actuator, motion
control, and hardware computing platform technologies.

Key words: automatic driving; technological evolution;
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main path

HZh 2 38 5K Em ik L@ HEAas &,
PEA RO Sl Rsg, em thATRCRE . BT A s 5k
HORTEAL G GG RESE D T B T — SR P45
125, W H Sh 2 BEOR Y & e ik 5 iash B
FHOCHRUEFE AT . BF9E A sh 2B B & Jre
B4R JEFFI T AN AR 22 TSOW_- AT LARS By Al o]
EFARM K& Bbr, WZU A B Fk1T A a2 3hd AR
LRI R, RGBS E R R AR BE 42

LR SCHRIE T SR AR A TR A4, R 1 1] Sk
HATHOARBA T e — s A s, A5
X L R SCHRAE 25 AL SCAS TR EE 24 , S i 41X
&I . LDA (latent Dirichlet allocation) A5 | =
Bk, RE S AN E U R A 372 3 BT R A
AT, AR R W IE RS IS %

1 HEWRIE

Xt H Bl BEE R AT TE 00 D 3 TRk SCRRAY 25
RFNEE T LA SRR T TP . S TRk S0k

&

=

>N

5



5 8 1

Bk 01, 8 ST TFISCAE B F 32 SRR AL 1199

A S XF I 32 B R 1) e e P R A T B, Xof
H 302 30 BT PR RN B AR AT 40 s T
b7 SCHR B 23R A8 AN T B AT PR ik, 3
T A SCHR I T3 20 B 2 R R R 2 5ol o B
. IPC (international patent classification) 3 # : Xf
H 32 W AR

P& FIR 5 BHEAT I 28, T LK & )
HARBEA T W EET LR 32 S T LRSI
MR T LR BEAR BT . TS
(2 R 43 B s 5 2 ) J R R 5 AR
BTG HOCR TR 4, H A RASCAR™,
BT BRI SOR M AR A i R 5 BB TR,
H A AFAE SCAAR BRI B ] @ i B i 25 %)
GG RSO 551 R AR A 53 B 7k el A7k
HATIRVE N B B G T AR BN 2 o &5
ARG HRSCARLE BRH AR 0T LRk 2
J7 T B AR AT

H T H sh 2 b AR £ 2 b TR TR
SESCHR IR o B2 SCHR S BB AR AE B 2R W ) % e
T O, J TR SCHR 0 B AR e A i 58 B AT 5008 3200
PE, HFEA /N, R Z IR, sz 2 /Rl f . 5
CL A/ s R FH & ) P R SCA A2 B 4 T, {EL T
BAFTEABEA RO LR ARG AL E B 2 5
FAETER SR AR AR TR R BRI (R e s o BEXF
H 30725 Bl L RIS AR PR L, T SR i
B ARE AT HTHESS . AR B [ 2h 258
HRR R G55 B2 M R R 4E A sh 2 g
FrARSI L F], LU Derwent Innovation % | 2z 72
173 421 55 FUBHRAE R 4 B S ml, X & R SCAR A
S| G ST IR BEIZ I , 7T DL kb i 90 AR ik
U PN 48 5 0 N3 A Rl o 3 D W S ) =L e S € S
BOHRF S, 25 A AR IXOZ B DA == R A RN = AR 43
BT 71k, vl AARASH R HER 1 AR B8 AR5 8., ) 18
T AR A3 B o R [ ) 55 FTER BER AR

2 HHEMTTIE

2.1 HiE

H 28 Bl AR — AR R 1 58 S A
BhHEARR R EIE O AR 5 B B R R
RSZHERARY . AR M ARERIF L, R
1T 5% N TN I SR 4~ W B U i/ o st 1 el = e e
I AR LRI

G T o0 A B R R AR PE AR R (]

KR, B R [ s gl B gl o A g
PR R KR

TAB= ( ("self-driving" OR "automatic driving"
OR '"automated driving" OR "autonomous") AND
(car OR cars OR vehicle* OR automobile*) ) NOT
TAB= (aerial ADJ vehicle* OR underwater ADJ
vehicle* OR air ADJ vehicle* OR flight ADJ vehicle*
OR airplane* OR "electric" OR "space" OR aircraft*
OR "air" OR "aviation" OR aeronautical OR aerobat*
OR aerocraft* OR flying ADJ machine*)

TAB=(DRIV* ADJ ASSIST* OR ADAS)

TAB= ( ("driverless" OR "unmanned" OR
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vehicle* OR automobile*) ) NOT TAB= (aerial
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ADJ vehicle* OR flight ADJ vehicle* OR airplane*
OR "electric" OR "space" OR aircraft* OR "air" OR
"aviation" OR aerobat*  OR
aerocraft* OR flying ADJ machine*)
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Fig.1 Research methods
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Tab.2 Community division result

X i REPLY:
X1 2138
X 2 2128
11X 3 1598
X 4 1055
X5 977
#1X 28 209
#HIX 29 201
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Fig.2 Topic visualization graph with different topic number k values
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Tab.3 Topic distribution in the field of automatic driving under the LDA topic model

P R F
Topicl 0. 051*"speed" + 0. 048*"lane" + 0. 038*"target" + 0. 026*"distance" + 0. 024*"assistance" + 0. 022*"road" + & e
P 0. 020*"position" + 0. 018+*"travel" + 0. 016*"change" + 0. 015*"information" e
Topic? 0. 069*"communication” + 0. 066*"terminal" + 0. 034*"wireless" + 0. 030*"station" + 0. 028*"information" + W

P! 0. 026*"transmit" + 0. 025*"transmission" + 0. 024*"receive" + 0. 021*"service" + 0. 020*"channel" e

Topic3 0. 113*"park" + 0. 108*"image" + 0. 032*"position" + 0. 027*"space" + 0. 023*"process" + 0. 021*"parking" + HEE%

P 0. 019*"identification" + 0. 018*"recognition” + 0. 016*"processing" + 0. 015*"identify"

Topicl 0. 147*"information" + 0. 042*"road" + 0. 032*"collect" + 0. 024*"server" + 0. 022*"time" + 0. 012*"text" + 7 B IR

P 0. 011*"process" + 0. 011*"module" + 0. 010*"data" + 0. 010*"behavior"

Topics 0. 050*"wheel" +- 0. 033*"brake" + 0. 032*"mechanism" + 0. 027*"shaft" + 0. 021*"rotate" + 0. 017*"utility" -+ HUTHLI

pico 0. 016*"sensor" + 0. 014*"controller" + 0. 014*"cylinder" + 0. 014*"gear" N

Topich 0.171*"data" + 0. 024*"module" + 0. 018*"decision" + 0. 018*"cloud" + 0. 017*"collect” + 0. 016*"process" + e N

Pt 0. 014*"algorithm" + 0. 014*"motion" + 0. 013*"time" + 0. 012*"compute" A

Topic? 0. 099*"signal" + 0. 061*"display" + 0. 038*"information" + 0. 019*"screen" -+ 0. 019*"sensor" + ST Y

P 0. 016*"processing” + 0. 015*"module" + 0. 013*"output" + 0. 013*"detection" + 0. 012*"receive" s
Topic8 0. 057*"'module" + 0. 040*"radar" + 0. 037*"light" + 0. 031*"laser" + 0. 021*"antenna" + 0. 017*"sensor" + fe

P 0. 016*"intelligent" + 0. 016*"detection" + 0. 012*"garage" + 0. 011*"layer" hl
Topicd 0. 031*"gps" + 0. 028*"location" +- 0. 020*"bus" + 0. 019*"position" + 0. 016*"information" + 0. 014*"logistics" + Sl

Pt 0. 013*"receive” + 0. 012*"owner" + 0. 012*"route” + 0. 011*"destination” R

. 0. 089*"camera" + 0. 051*"track" + 0. 049*"image" + 0. 045*"video" + 0. 034*"line" + 0. 022*"detect" + ;

> SR
Topicl0 0. 017*"vision" -+ 0. 017*'detection” + 0. 014*"sign" + 0. 010*"auxiliary" PRI
. " . H ESNT) 5l " HMeamant! U " A he "
Topicll 0. 070%"path" + 0. 049 nav1§gatlon‘ Jr" 0.042 lal?lqp J"r 0. 040 se"nsor” +0.038 ‘Vmodgle J'rl 0. 037*"obstacle" + A2 K
0. 026*"planning" + 0. 019*"plan" + 0. 018*"data" + 0. 016*"intelligent
Tonicl2 0. 039*"interface" + 0. 027*"human" + 0. 026*"emergency" + 0. 024*"remote" + 0. 021*"machine" + A E
P! 0. 019*"utility" + 0. 019*"passenger" + 0. 017*"command" + 0. 015*"controller" + 0. 015*"module" -~
Tonicl3 0. 026*"box" + 0. 026*"door" + 0. 021*"transport" + 0. 020*"auxiliary" + 0. 018*"agv" + 0. 015*"material" + -
opels 0. 015*"delivery" -+ 0. 014*"convey" -+ 0. 014*"utility" + 0. 014*"card" s

. 0. 059*"rod" + 0. 026*"chip" + 0. 020*"seat" + 0. 015*"port" + 0. 012*"module" + 0. 012*"fpga" + 3L S o
Topicld 0. 012#"wall" + 0. 011*"cable" + 0. 010*"output" + 0. 010%"roller" BEPFTSF&

- 0. 115*"module" + 0. 058*"platform" + 0. 056*"test" + 0. 033*"monitoring" + 0. 028*"controller" + T
Topicld 0. 025*"monitor" + 0. 024*"aerial" + 0. 023*"intelligent” + 0. 023*"ant" + 0. 018*"processor" BT
Tonicl6 0. 057*"charge" + 0. 031*"electric" + 0. 030*"battery" -+ 0. 029*"rail" + 0. 026*"power" + 0. 025*"o0il" + ek

Pt 0. 017*"module" + 0. 015*"train" + 0. 015*"alarm" + 0. 014*"intelligent"
Topicl7 0. 048+ moiitf‘le +"O. 045%* c1rc”mt + ? 042% pov&lfler + O.‘O"28* supply "+' 0. 02?* commun:'catl?n + T o
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. 0. 081*"map" + 0. 025%"navigation" + 0. 023*"dimensional" + 0. 022*"precision” + 0. 019*"hinge" + ek
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Topic20 0. 057*"sense" + 0. 042*"route" + 0. 042*"measure” + 0. 031*"trolley" -+ 0. 025*"virtual" + 0. 021*"wave" + v
P 0. 021*"module" + 0. 021*"accident" + 0. 018*"rescue" + 0. 017*"infrared" 7
oy " il " N EN ] ol " M "
Topic21 0. 152*"network Jr'O. 035*"ode" +- 0. 028 connection 'Jr 0.025 1I1eu.ral + 0. 021” la}zer + W4
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Tab.4 Distribution of community topic probability
TR 2B TopiclGZ23))  Topic2GlfFS  Topic3(HZl  Topicd(4H  Topic5(HAT Topic21 (FfiZ:
A Pl % ) NEE) i) L) %)
X 1 0.199 0 0.291 0.082 0.033 0
#IX 2 0.153 0.018 0.026 0.170 0.053 0
#IX 3 0.130 0.019 0.033 0.149 0.025 0
FhIX 4 0.072 0.338 0 0. 147 0 0.023
#IX 5 0.125 0.019 0.041 0. 160 0.045 0.012
#HIX 28 0. 347 0 0.016 0 0.021 0.031
#EIX 29 0.095 0.025 0.150 0.086 0.036 0
*5 HRIBNEBEER *6 BAGURERRFILCS
Tab.5 Result of community semantic clustering Tab.6 Summary of main paths in perception domain
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Tab.7 Summary of main paths in planning and

decision-making domain
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Fig.4 Comparison of the technical strength of automatic driving technology between China, the United

States, and Japan
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