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Abstract

Environmental perception is the important cornerstone to ensure the safety of au-
tonomous driving, lidar is the main sensor for autonomous driving environment per-
ception. Under severe weather conditions such as rainy scenes, the laser is absorbed,
diffracted or refracted by water droplets or any particles in the air, and the point cloud
data detected by the lidar will have measurement deviations. More critically, the effect
of the autonomous driving model largely depends on the sample quality of the data set,
including the number of samples and diversity. When the sample space is insufficient
or the sample diversity is not rich enough, the generalization ability of the model may
be insufficient. And there is a result that the recognition rate and accuracy rate are not
high.

In this thesis, the lidar point cloud data augmentation is carried out for the rainy
scene of autonomous driving. It aims to provide point cloud data of severe weather
with extremely high collection cost, increase the diversity of the data set samples of
the autonomous driving scene, and improve the driving decision-making ability of the
unmanned vehicle system. The degree of accuracy makes the mutation data of prac-
tical significance for the test of the automatic driving system. After a comprehensive
analysis of the project background and technical status, this thesis derives the variation
of laser transmittance with laser transmission distance under different rainfall intensi-
ties based on Lamberbeier’ s exponential attenuation law, raindrop spectrum model
and Mie scattering theory, and based on this The related algorithm of the change func-
tion design proposed a lidar point cloud data amplification technology for autonomous
driving rainy scenes, and then based on the Spring Boot framework design and im-

plementation of the corresponding point cloud data amplification tool. The tools are
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mainly divided into file upload module, amplification parameter configuration module,
point cloud amplification module, visualization module and mutation data set evalua-
tion module. Through this tool, users can upload original point cloud data to be am-
plified, configure rain intensity parameters in rainy scenes, and perform customized
amplification tasks. In addition, the tool also provides 3D point cloud visualization and
mutation data evaluation services.

Through rigorous system testing, this tool basically achieves requirements, and the
results meet the expected standards. This thesis uses the 3D target detection model and
the KITTI public point cloud data set for experimental evaluation. The experimental
results show that the variable point cloud data generated by the rainy scene amplifica-
tion tool designed and developed in this thesis is true and effective, and conforms to
the basic characteristics of laser attenuation in rainfall. The point cloud augmentation
tool developed in this thesis greatly saves the cost of collecting extreme weather point
cloud data, enriches the diversity of lidar point cloud data samples in autonomous driv-
ing scenarios, thereby improving the generalization ability and robustness of the model,

and hopes to play a certain role in improving the safety of autonomous driving systems.

keywords: Autonomous driving, LIDAR, point cloud, data augmentation
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2. B B R O PE R G DRI . RAT BB R R 0 T RG] 4

PPEESCHEE, BRI R EEERGY R, ik RGAEEAE R > 2
JE TSR R

R 3-97EX PG BB VEAE R B 1) Bt R, 3 ZEA A T I M bR
Wide P4 SR P BUR, 38455 id PP 4RSS id 08 1 RENEAE
IS DT R AN AR 55 HE L

2% 3-9: User Bi{1E 5%

FEX aX HA g

id P 1D INT P ME—pR1R, FHEH
ks

name H P44 VARCHAR | HTHidH A E R

access PR AL VARCHAR | FI PP RUBR: 0 ARFANY
WAR, 1 MREHWAET
AR

password Y VARCHAR | T %3

taskId ¥ 184155 1D INT KERI P 18454 1D

evaluateld PS5 1D INT R AIPEAL LSS ID

R 3-10/2X 5 = 2 @ VEAE B e P K 7 BUdtiig , EEHOS TR R B
PEME bRl ID. R34 R SCFSRR m m B ROT s LK s A7 i
WhEEEE R . o BE 5 1D R 2 il Kl 8 A 1) 2 H BLAE BRI 9 39 4E 5%
PR AT 55
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2 3-10: PointCloud ZKi#15 5%

FE EPe HA #*

id B 1D INT BB PErE—R, £
g HA N

fileName B X4 VARCHAR | TR S =GR

fileType S K INT R R, 0 KR
JR o6 05 = B s, 1 RoR
AR5 i B

createTime A= s (] DATETIME | sz AL /AR il (8] 2k

pointCloudSize | MRS | INT TR S =28 78 5
[X 5]

address AR VARCHAR | &= XA fg ik

#* 3-11: AugmentTask ZEiEE5R

FE EP i) #ix

id ¥ S ID INT By AT S M — AR
W, FrHEANE

userld A ID INT AR P 1A 5% 52 B 14
ITH 1D

datald B 1D INT AL 555 4E ID

rainfall Ko WY 5 S DOUBLE PR S5 PR R AL R

predictTime Tt 1] DOUBLE R4 H s S RN Tt 1)
P IEAE 55 5E B (1]

beginTime FFUR T H] DATETIME | # 3 4F 5 FF 4G ) 1] 2%

endTime S5 I ] DATETIME | ¥ 384T 55 45 i [a] 2

status PRSI INT T AR HE8 4T 5 34T
RE, BFE 0 K5ERK
i‘:-n 99 1 29 E‘%EE

R 3-1IRIR Y IR 55 J PR AE B 2 b 1 5 BUi A

2GR R S

E, FEARELEY 0 kMR ID. AR S HATH P ID AT S5 HdE A
ID. AR5 PR R E R E . § AR S5 T AR SR I [A) . JFARIN fa] . &5 SR 18] DA
LA RS PATIRES .
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% 3-12: EvaluateTask 28715513

FE EPe HA #*

id PEAHIESS ID INT B L VEA AT 55 ME—F5
W, FEAANAT

userld M ID INT BHEEEVEAL AT 55 R BRI
PATH P ID

datald HE4E 1D INT PEAAE S B4R 1D

fileNum AL INT (SRR E T MR TBE
A%

createTime F- i Bt [a] DATETIME | {FAb AT 55 T Gh i [a]

status R INT T 5 PR Al AT 55 04T
&

R 3-128 VAR S5 8 MEAE A e P N 7 Boliid s 455205 R Bl 4 vr
RS, E RO DR ME— 4] D, AR5 3T I 1D,
PR SS A 4R 1D F PP BSOS EANEG PRALAE 55 BRI 18] AL PP A AE
FPATIREEREE

%% 3-13: DataSet Z51E1H 1) %

FE &N il g

id BHE%E 1D INT BhnEmE—iril, T
HAH=

fileNum AL INT EACTTE SN e N}

userld I/ ID INT FH T b B 25085 45 v e
)iu

augTaskId %% 1D INT HHE AR P R R 14T 55
ID

evaTaskId PSR4 1D INT Bos 5 B R BEVPAL AT 5%
ID

R 3-138 1 B RE VAR T T B, BRSO
PR ID. BdEEEE SN RIYHE4E 55 1D RICPPAEESS 1D DL
ERRA P, WHIEER KK T 2 MESH RN IDE L, EPEES LAY
AR
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% 3-14: PointMap KiF1E 513

FEE aX il i

id WLt 1D INT HHE AR WS I ME — AR
W, T HA NS

datasetId HHE4E 1D INT SRS R R B R 4R ID

fileld Mz 1D INT SRR S R 1 S s S
ID

R 3-14508 1y HUES MG BRI c &, T EAE Hdli4e 1D U
LR mSHE R ID, PR Y G B A AR5 I, R 55 B PP A AR
nHIEEZ R, RN B R S R AR R S, R et
75%.,

3.4 AREB/NG

AR E TS WEEAR B T HAEATHER, AT REME R R A AR Zh REME 7oK
TR ERE T TR R DM, SR 1E R G0 ] B AR (A Z A [ ) 2 it 1=,
XA TH RGO E B AT o i, LU SRR BT A AL
FLZMMEERAT RGN SR, RIENA T AR TREES AR BT






FNE R BLER&ET

AEVEARIER T RIS A S W EIA BB, S BT R
LTS AR EAT 1R, R BT OG TR IROE N Mie HIUH BRI IE 1
WOGE L AR B B AR R B HE I AR, B Rl Rkt B BRI
FE BRI O3 AR T A SR w3 % O SR8 1 70 B B A

4.1 FUERFHEN RS MR

ERZFH, WA LUE XOREAR /AN T 100 wm (R 7K, RO 1) 2 42 ) 22
KT 100 pme WOGLE RN A% Hi 22 52 30 R BB 3 S AR . X %
R 3755 T~ O S FE AT 20 A, SO I Uk IR R S R R T AT e P A R
R R, WORHUBSE B E W B r] DUORE s S R LR, BEW (2.0
mm/h) « /Ml (5.0 mm/h) « RN (125 mm/h) o K (25.0 mm/h) FlE R
(75.0 mm/h) , R TG U5 1 24 A0 AH DGR AE AR e Bl 1 o I 3 % 1R SO A BRARRAE
R TS SRR RS 0 A, F8I8 T E A AR AR Y, v 25 i R RS R /AR
o A B, 2R, Hal bsCE FH LM 7 /i B3 M-P 73 A [37].
Gamma 474 [38]. Laws-Parsons 43-1ii LA &2 Weibull 434 [39]. ' M-P 4317 /&
H Marshall 5 Palmer 7£ 1948 SE#2HIf, R T

N(D) = Ny exp(—AD) (4-1)

ND)(m™> -mm™) F/REZ D F| D +dD W EE, HbS3Ha=
4.1%R* (mm™"), NO=0.08(cm™), WK T E/H D(mm) £7~, R(mm-h™")
B (mm/h). VFEZHFFR, WHRZH X B AR R, Jal A
K, B4 M-P 73 AT RAtIA 24 B 5 0 A LA i, (H M-P 73 A T 0 2t
TRTER, IR HOo B R R AR AR BOR B R R A R U & ROR B %, Wil
BRI R 2

Gamma 7341 7] LAE AHR S 5 A, BN T —NRIREF



> EMT R LR
tb M-P A3 AR O 2 — 2, T

N(D) = Ny D" exp(—AD) (4-2)

Horb g IR SUE e T B2 0 ttR, 4 p {ERN 0 B, Gamma 4y
Ak 21BN M-P 40 fii s AH S Z 50 A6 AU A SR T w8 128 1 2 fURK
AN B (G AR ZE A 2 K B3 B A S SCHR, 7 A2 1 Y 3R T AL 7Y
i, Weibull 0 AR B AH LG 2 30 B ARG A 5, LSRR By, HosE i
F [40], R T Weibull 43 A f5 7Y«

N(D) = M,.(D)/V(D) (4-3)
o3 M D01 (2y -
My (D) = 213 ()% expl=0.71 (7)) (4-4)

A1 3 AL W ST 20 A R N(D) BT M,(D) BAJ V(D) iR 2 it 5
32, Hrh Dmm) R EAR, M,,(m™2 - s7") RoRBEF I oK T bR
B M (D)mm™t-m™? - s RO B 2 A RET ORI L R R R
DN N T 0 AT R B TR0 R R ARG O ME I B Z SR, fr U T
TS RE T ARR IR, W AR R RAAGE, A RSETEROE
b g 32 FRRL 7 2 R LR rp S B RIR 22, AR SCE$% Weibull 70 Afi {5 9
WIERAY, FAA AT THSREORAR T 5, HL5 48 w8 oo 1 DX R 1Y) 30 5K
AT UL AC s o

4.2 BNAERERE

b BARAIMMA R ER, BME R R T EOE A BT S B
%w%a‘%/\7 ﬁi%l‘iﬁﬁ[ﬂt:
T = i) = exp(—oL) (4-5)
Pg
fE FR R AT, T FRoRBOGEL R, HRMR SN A5 FE00E IS R
P, Pp RN HBOL T AR AR HIL I, Pr R 8 BOLHRIERIHOL K
SOIER, L RRBOCRRIER, 6 oRBUGER AL, R RMFOGELE T K
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HESH, MEBOCEMARE 6 AR T :

5:‘fmanaDdD (4-6)
0

B, o, RaWEOCETE, N(D) R _E 152 25 (R R G > A . AR DAL
NIFTRL, AEESRAHOLIE L R EEHE HOCL M AN R, F 2RSS
AL BERRIERAN FEUREEOCEE o WOLEIN o, M8 1R REXT
TR AR i A T 9 TR URAE 77, RIS Y R A% i A Y S DR R A
ZERCALSHBURIPSS =priZ Ry o A

4.3 Mie BI51IEiS

Gustav Mie 7E 1908 42t 7 Mie BB BRI [41], Z IR RE 0 R H 22 5o iy
TR, HEERIER T REU S5, XEERIER ] DR R R
AREE) o R R R U AL T A R R RS BORRL T, B DA R RE 1 ) V8 DY A T
ot n] DU B IR R . B de s O UR I, SO A oy(r, 4, n) RIS
LA E NI G D 2855 TR 18] & AN J7 0] SO Dh 2R I A 5 R kA T
oo(r, A,n) TRIE NSRS T, KA 20 FF0RL 7 3 0801 8 D2 5 O\ S Rt 25
JEZ by WRUSHRTHT oo (r, A, n) FEPRSOS R MR BT, BN SR T4 FEAZ R A 11
MR, HUE POy e SEE s 2 2. THE =R R AR

oyr,A,n) = ﬂers(k, n) 4-7)
o.(r,A,n) = nr Ok, n) (4-8)
o.(r,A,n) = nr 0.(k,n) (4-9)

FiRFREA S, r BB FEE, BN um, A RREOCHEEK, BAH
um, Q(k,n) FREFREH T, Quk, n) BARBBHEE T, Q. (k, n) TN
WMER T [42], =FHKLRWT:

Q.(k,n) = Qy(k,n) + Qu(k,n) (4-10)

Hot ke = 27r/ A RIS 28, KB A GBS, AL um, n A



* EMT R LR
Yot (431 FHESKRMEEZRE T, Mie HUN G R BRI T 058 A R

2 &

g@m=ﬁgpm+nmm+mﬁ (4-11)
2 &

Q.(k,m) = ‘Z@m+nmwm+mn (4-12)

HFIEAXS, a, M b, TR Mie BIRHES 28, HAtE AT

99k = ng,(nk)g,, (k)

= o )T k) — npmk) T, (k) (4-13)
ng,,(nk)pu(k) — pn(nk)g,, (k)

= 4-14

19, (TS (K) — )T, (K) (4-19)

SOm(Z) =2 Jm(Z) (4—15)

Iz = z - K22) (4-16)

Eid xR, T, —RFHE L m B WEREE WY@ ZE =K mH
DLZE R B iﬁz m RN DL FE R T RE I B, 4550 (43) (44) RBWH
i N(D), Bid (4.13) (414> (4.15) (4.16) A LUEES K A# H Mie Bt
R, L.Ji'Mle B R B L (4100 (411D (4.12) a] PUSK A Y 2 08 A
T, HEEAZEWKN TN (47 (4.8) (4.9 RKEW L&EME, &/FEKAER
(4.5)  (4.6) KHHOGIE IS 2 BEEOGAL SR 25 A2 AR BRI 2L T(L). U bR 250K B
NS RBOETE B W E R %O AN B 4-1ER T ARBEWRE T
WOLE S R B AR s, mETTR, TR PR BRE, ke
R4, WOLE S FRHEEBOCERIE S KIE KM G —%EET
ﬁiﬂaﬁ’ﬁﬂ@% WA mT LS, EM RO e B Ak, B Ry R 8RO %
R, ERWFMT, BOKMEHIE B ABOLE LRI AE.
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R B ERLIT
St R

_Pr PEQET(L)T NANEBRERY
R | | D T=p = em(-pL) —— H;a,anmmnfsﬁagsm
> e
N r— @ BkETEE f ® a&im

1. REBERBSLRERITE

®
2. BRI (IR, F3) Wi
3. IRIRIERISTRELITHIE 1. ESHE DS EIRNA KRGS
@ E=HIETIIE 2. BENEBENS EFREE

@ ZH=RAE

K 4-2: SEutih B

4-2FE AN G Y IR O EIA BT B, B R T R I R
N HROG TR A K i s B R B AT B . BB 2D, DARR R aR AR 4G



36 FNE HEY EOEERSIT
BaBURENFIERN . B0, AaBdEmAbsE, BT &R R R
PR A AN [FD R B OO S ek, R T A 2 50 1) A = 4 25 (R AL b o T 119
JIT LA R POUA B0 40 55 AT Rl N s AR AR BE B T E B B o G2 e DL S X
T =GR T HE Y . =00, S4EsinarE], O T R AR O AL i e g
ITEEPRMI TR, AN = B = 42 (T 5O B, o = e a3y &) 43 )
AN ASLERR, HORREALERAARR 7> BN FERL, DR R B N 3T R
MFRERE LI R . IS, T AT, AR B R R A T O
FEIL R, 13 RIBOEE S R AR B AR R . S HOD, AR AR LR
B 15 2 B0 = 425 1) Hp AN [F) 22 R 2 BRAR 1 1R S50 B P HEAT AN R RE B 1)
MANREEIR . B E . RIASEI T B ARBERTOREE N B ORI sty S s s .

4.4.2 EHXKFF

BEy e J
Point
double x -
double y Distance
double
ComputeTools ct int index
double length
Surface disp() Line
bool compare(Distance, Distance)
double a double a
double b i double b
double ¢ 1 double ¢
double d 1 double d
ComputeTools ct 1 //ax+by+cz+d=0
! ComputeTools ct
: Sphere
disp() : disp0
1 double r
| double high
L T d

ouble low

ComputeTools

o
Q o
p=3

ance(Poin:
ance(Poin:

ey ge ye Yo yet

K 4-3: Jay VAR TRERK

AXZOWETHRSRBOCE LR s BFEYT WEEFES A= TH
2%, 4394 Point. Distance fl Sphere 28, FKFEF WA 4-3F7~, B A
T R HE =4 B MR, A% 1T T Point. Line. Sureface 28, 4373
M 2. TR, H T T S BAE AR E R PR RS TR, X SRR B TS
115 T H.2% ComputeTools KBl 5 .. Distance JSH RAGABIE S, FHRAF it 5
A SR SRR SRR, R TS RS s U R 5] P
5, AT DARI A Z RS = A 2 T S B s B S AR S, X S AR
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I3 R O AL S AR B TR SR 324 . Sphere s2 BRI 2R, %K B AL

HAe . FAA S, BERE T AR EFIX A E O IZERTE AT E X A .
A1 BUEY BB IR %

75 | BARP IR

1| SRR R A6 5= S0 DL P R 5 [ S 8 E N SRR N

2 IR AR SR AR EEE length, FFRE X L S in-
dex DL K #H B length /7 N\ Distance
3 | Prfd distance R4 length {HHFY, FH/F A vector<Distance>
4 | #R¥E distance 1) BT AZE I E IZ A U ERS TR
Z1H gap
5 | ¥ gap 7 n Sy, BN step, B n ANERAE, HAEREHN
(r,21,...,0r), & FENERARIITEEDY (r-step/2, r+step/2))
6 | MRE MR Mie BT BB THE HBOE IR T MEBOL L
e B M AL R, 7E n ADNERIE L, RIEFAR, FENIESE
ANERTHT G P MR
7 | WM 55 Dinstance [ index, 17 A vector<int>, AR4#fEZ 5]
EMELE R s BRI N s, 28R 58K

T A-1HIR T ETH R REOCE L =9 B RREE, Bh%E
SRR G 06 R a8 m DA Ry I B E BRI WA 248, Bl 2 A A
ZHAE A SRR SRR, I HA A S index F 51 MIEEE length 72 A
Distance % 7', 2 J5tR#E Distance 25 compare J7 14K # length FE 25317 HE
F, FFAF N vector<Distance> H; SR J5 MR 4 Fr A7 s o iR 2R B i R B R 25 R i
METHEHZE XX ERE TR E, BEEES N ly, 0N step,
SE S n ANERTH, X SEERE 20N (rn, 2r, ., ), HoE SCHEASBR T (138 BN
(r — step/2,r + step/2)); PR WY IR BE A Mie SR BIS THE HIBOE R E T B
BOCAE R B AL B AL, 7 o ANBRTE b, RRAE BRI AR, BOERTH B8 IR A
PR, BEMLAEREAS BRI VO B AL AR BRI A & BRI BT S
RFIWr A 2 B IREABRE b #3515 ER & Distance [ index & 515,
N vector<int>, FRERIMEMFIH A= EH0 Rs, WS 2 S =28 548
W, BUICY IGRAR T RG. T kal I Oy AAS SRR AR B VR4 oy A B T R
BOLERIE sy G E%:.

TRBEVE AU R R T R s B0 R R s Eis g A
%, FER LA YA B .



38

NS WETEROEEDT

B

& 41 R N BOLEIE 5 = HdE Y A

—_ = = = = e e

17:
18:
19:
20:
21:
22:
23:
24:

25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:

R A U A e

BB THREREREE length, JRRRGI HEEAANESG T, #HATHRF,
while point in pointCloud do
length «— ComputeTools::distance(p0, point)
vector<Distance> « new distance(point.index, length)
vector<Distance>.sortByLength()
end while
W B MRS SRR R A RO B /ML, EAT = 4R A 2
gap « (distance.Length.max - distance.Length.min)
step < gap/n
I < step
. half gap step < step/2;
. while distance in vector<Distance> do
vector<Sphere>.push(new Sphere(r, r - half gap step,r+ half gap step))
I < r+step
: end while
=B AR IR RS A Mie HUR BLIRSRIGBOLIE L R T FEEOL
FE4 R B length T AZAL R %L, 1E vector<Sphere> ER[H 4 & L BEMLIH % & ;
vector<int> res « init()
while sphere in vector<Sphere> do
vector<int> list « init()
while distance in vector<Distance> do
if distance.length > sphere.getHigh() then
break;
end if
if distance.length >= sphere.getLow() && distance.length <=
sphere.getHigh() then
vector<int>.push(distance.index)
end if
end while
T « mieTheory(beta, sphere.getR())
random « floor((1-T)*list.size())
while num in list do
res.push(find(num,random))
end while
end while
/1 BB B MR S5 AR BEAT RUARRZE IR
newPointCloud « pointCloud
while point in PointCloud do
if res.contains(point.index) then
newPointCloud.erase(point)
end if
end while
RETURN newPointCloud




4.4 SEYEZOCEZXRET N

BB et E R a AT BIE U E, TR SRR AU RS TR
Pz pn ST HEE, PR AR A E R, SR B EE R, #ELA
AL, BEAMEREBUNSOEERER, A K& 2R U5 A S HdE 5
#H TR, EAEERISEAT . RIMEASC T, BotHEk
FERY R I 5 T OGN, il S SR S 0623 ok o0t 31 B 3 2 B 4 sk
EANE ) SR AT A RIFE RS B b B, TR I TR B IR SR S A
HAE TR X — I Bt &l 5 L H 28 ComputeTools 2838 [y J5 46 -~ 21
W, THERA SR PR, IR R S A ) B AR S index 2R 1Al BT
] Distance 2844 . Distance J5H 5 compare PRE, M5 length M /NFEK
HEp, &k T HA P R EL HIJE 7 0 546 m = E s ¥ #3211 vector<Distance>
45, HONAFIRE, 8T 5 24K P st A7 20ds 52 i) TAE .

BB MEVEE BRI ES AT N E ST, IR BN RS
[ = 2 25 T8) 49 W TN ER A . B 56 M vector<Distance> #K 21| 55 2= SO R BT A 45
31 i SR B B K AL distance max AR R 5 FE B E 5 /N AL distance _min,
X B AR B ZEAHAC N gap, ¥ gap P i n 4y, id step N gap/n,
[F) 4 8RB B A B 3T I BR TR Sphere 0 B 1% r {H1C N step, PABLZEHE (n =
0,1,2,....n), BPERIA Sphere n 142 r {H N n + step. [FIN N T HLETE R HE X
BRI LSRN, FEE X half gap step {HA step/2. E X —/ERIH
2% Sphere, BKMIRJEMEAFEF4L. EFMTF, BRI Sphere n ¥ E A AU
X [8]A (n * r — half_gap step,n *r + half_gap step), (n=0,1,2,...,n). 21T
Hof i = s =487 8] 43 i B 2 DR TET SR & vector<Sphere>, & I R4 1% 4
BT R IR

F=rBee KLU W BAS BRI BERTH 4R & vector<Sphere> [ b7 T i
YERZIEE, ARIWHOCFEIL R T BEHOCEHEE R length TIASG I RE, FEERTHIER
4 vector<Sphere> HL 1) %MK FRENLIFE . BB ZE T Mie HUN I 4 &
R T AL 2P AR PO T8 K S5 0 SR A H S R TR 7 SO R R 1 L AR
MR T, BERE LA RCR T a5 G ao sk . e m it E A, iR
Y CAIRT . AR5 B T 5 P RIS 2 B0 5 5 T Vi i 0 A7 ABE 2R RN 9 S 48K T SR 153
kR, BEMARABOLEIS R T EEOLAEHIIE B Length 1M A2 L) BRI %L
I Ja i [ vector<Sphere> ££-& W I &N EKIT,  FFAEREANERI _EREALIE AL T1%
BRI BN FEFE B H o A R, ARBOZERE b3S n A, T ETER
ER RN ECA n« (1 - T), I HICFKHIFESENRG TS, FRHARAT




40 BT BURT B0 BEERRH
3 vector<int> 5 H . BT HAGR] T S MN R I7 531 75 B2 HAx 5 R
S,

BB B XRERAFERNRE 2, @idHim =1 0 BRAERRE &
AR TR S s EAR R SR GMESE S vector<int>, 5 DU BUAR XS fi]
B R R R S BIEE R AN R s, B A S, FEZARRIFSET
ROMEES, HHBREIW. 2k, ATARCKE3 7E TR R RMEOL
AR KA

4.5 KREING

AR BTG NBOCE R AR M Al T R TR, 2RI pr
M-P 734 Gamma 7345 BL K Weibull 73 A5 ffiid 1 R 05 0 A7, 355 VR4 1)
A7 2T Mie HUN BB T O R I8R RO f P S AR A, B
JER T A% A I SR B2 AT 7 B B A



FRE ¥y iETERIFMEITSSEM

ARENEZS G T A E SN R R A S TRV S 5
Blo MTEAHBTE 0 RBETH LALRAR W TE 1 BEXT il SCIF AR i, 971
SHBCERT, § IR s AR R DA K A S B A PP A S BB AT 4

5.1 RN LEfRiRR

5.1.1 FERTT

s A AR B T AT EE G AU e TR R aG s S
AT LEVE R BT BT G S AR, AP EAE R RS 4. TR TH P B
1) = SRS SRR LR e s v, (HRTE MRS, Har THRERTL
A peds bin LK txt B = SCHRE e M SO D) EAR 2 AT Edm 5 3
WRETEE, SH P EA R S ERE BRSSPI RIS A N I A
A DUHEAT AR 4 G451

FH P A6 11 i O TR0 Y 3R AT R = SO EAR I AR AR St i, ER B A AT BAE
AR A FE R ESIR, HAEEE ped. bin, txt 4450, ZF RS R FL A
SEAEH, HASWRIE 05 0 b, bAg S e A —A4 kg

X B P R E R AR BT, %R 2% R AL 38 3] ) v R 55 A o

AP EREREF. P B SCHEE, 24 N\ UpLoadController 347K 5%
WA, BT THRNN T R E XA B S F E ped UM, JEmdmE T A
= GE RO #F . A Java B0 2 S FHERAE AN H PR = U o T
HAT M b B ped #& e 2 E 2RI E B SO 555 B IR 545 iU B
(1) DTO %4 %+ %, W H PointCloudService [ fi = XS BARAE 7%, HiIAH
DBService #AT Ml = SXAHE B HIEAE FE R AL . B35 F£ 1A PointCloudService
[R)IR B A 1 s SUHE B AR T, I 1% 5133 1] Controller /2 FF [H]
& HTTP 155K 2 i 7 02 AT B



42 FRE BT EFMRITSSI

5.1.2 %0t

SE RV RE J
UpLoadCor
ntCloudAdapter P ntClou dAdp PointCloudAdapter
ntCloudLogic : Poi ntCloudLo
convert(File) : PCDFile
+++++ PointCloud (@RequestParam MultipartFile) : ResponseBody
7777777777777777777777777777777777
‘ !
( PcdAdapter | [ PedAdapter | PcdAdapter |
+ convert(File) : PCDFile ‘ + convert(File) : PCDFile + convert(File) : PCDFile DBService
- - 2DB (PCDTO) : R
PomtCloudlogic PointCloudServiceImpl 9 tPCFromDB() : PCDTO
gmNm (PCDFile) : Strin +ge HNmE(PCDH st
P ntCloud (List < PCDTO) Respon:
tPoi Cl udList (Multi File) : List PCDTO *gen ePCFileRec d(PCDTO) PCDFile
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BE 6-91R, AR Ubuntul6.04 RLHEI T, i GeForce GTX850M
] Nvidia 3X3) ~, J£7E CUDA10.0 + CUDNN7.4.2 + PyTorch 1.1.0 + Cmake3.13.2
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bbox AP | 2D F il HE ) fff 2
bev AP | B fifr Bl o A () HE A 2R
3d AP | 3D A IHE IR 2
mAP | “FIgHERR

AR SCNE T R 37 548 S O 107G RO VT Al 48 bR 32 R = 4 E AR AR IR
ZEAL AP fH. BRI SR 58 e 2 JE AT A e B S Bk IE AT S 4L
AT evaluate.py XA BEAT VP4, 79 21T Al 45 5 AP {8 2 5 ZE TPl Fa br
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N, PRI 2D SFEASIAE (bbox AP) « 3D KMIKE (3D AP) L &I 4G I HE
(bev AP) 577 AT AP E U . FRATTHE SIS 73 B B 2007 1X =M AP 18
FFIME (mAP)
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X TR AT I, EERHEE T WA R AR TR AR
A2 SRR AE B AR ISR o R B, A A e A #EAT A I 25 5 H b
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