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Title Unreal-based driverless vehicle traffic scene construction and

pedestrian detection

Abstract

In recent years, unmanned driving technology has always been a research hotspot in the
automotive field. In the development process of unmanned vehicles, a large number of
tests are required to test the stability and accuracy of the algorithm of unmanned
vehicles. Because the actual vehicle test is expensive, and the various operating
conditions of the vehicle need to be considered, a virtual test is required. Instead of real
vehicle tests, such as CARLA, LGSVL, AirSim and AADS and other simulators. This
article uses the Unreal-based simulator CARLA to complete the construction of general
traffic scenes, and verifies the control algorithms and pedestrian detection algorithms
related to unmanned vehicles.

This article first completed the modeling of roads, trees and buildings. Secondly,
models of cars and pedestrians were built, and pedestrians' trajectories and traffic lights
alternate time were planned. Then, the three aspects of perception, decision-making and
control of the unmanned vehicle were programmed, and the functions of emergency
avoidance, trajectory tracking, and vehicle and pedestrian recognition were completed.
Finally, the safe operation of the unmanned vehicle in the virtual environment is

realized, and the correctness of the unmanned vehicle control algorithm is verified.

Keywords : CARLA pedestrian detection unmanned vehicle simulation

trajectory tracking avoidance control




L B0 et 1
LI T v =R 1
1.2 T TTIIR oottt 2
L3 BT T P 2 ettt 7
PR T NS 0ab iR = & 1= OO OO 9
2.1 CARLA FEFUZE ..ot 9
2.2 T T AR T B T2 oo 9
2.3 R Tl B T oot 13
24 AT MBI T TEFE TR oot 15
2.5 KRG BB E ..ot 17
3 TANZETEIIRELITE TT .ot 19
3.1 A SRS B B TR TT IR oottt 19
3.2 3ETF Haar Cascades FIEHITVRZEVRTIIIE T oo 22
3.3 3T HOG+SVM Fl Haar Cascades 12 AT ANV AIE T ooveeieeeeeee 25
b TENZEYEFEREEIIE T oot 30
4.1 SERIR T BB IR S e 30
4.2 WELEJE IR REE R E 2 I oo 33
5 TN ZEFERIBEHEIIE T oot 36
5.1 T PID =6 I BTN RIS BIIE T RAE T TE K v 36
52 =PRI R A BRI TE EET T e 37
0 AT L 0 T oo 47
B ettt ettt asa et aeae s s nens 50
B2 T T Rttt 52
BB T ettt 55
PSR A BB AT T oot 56
S B VR ZE AT A R T R oo 65
PSR € ABBRZE TR T <.t 76

BT D R A T d 28 et e e e e een e 106



WAL T K2 2021 faARHEE S

1 &g

1.1 RS

IV, TANERE SRR, BARKKTRT SRS 1. TANER
—NEHEAREEE, TFESAVIR AL G A RS TTANER 2 EE &AM
PR, FrAMET N BN T A8 AT, BT KR B Se 50 R i TR e N R 1 22
oy 38

HH i) 3 T 5 T 75 A SR i 1) JL S ZE A A EE 2 ELAN A% B 5, RN 30 75 2% SR 2R 4
FREIZAT P AT REIG 0L, MRS CRFRREARRITERAT ), SR alie Tovim 2 ,
It AR B — P R AR B SE R RS, AR AR BURE B AT SE A

PLEE NS & — M 800 R, R DAL R 38 B 524 PRI rh DR T B v 1t
AR HLER N, 10T FHYERAEAE . 5 W Gazebo ', V-REP Pl Webots B2 25 (i AT
B O AR A R, SR TIALE A, TSR E S S 3R 2R,
XA ARG HRAEFFAT S, T EARKERR S, Eaedett—M a3k,
ZurERH A R BARITR, UEAT) H B I #e-0, IF B ]
DA R A 348 Fh L2 N R FH 2 sl AR R B, i an k4R Uber 1121, NVIDIA 3]
A Waymo U4—#¢,  RAUS AT 07 ZRIT A . IIZRAIIIABA T B i . a2 4U800) {7
HHE R ML T — A TR T &, Bl CARLAIS., LGSVL U, AirSim 7!
A1 AADS 81,

JUERBAU AR B AR L 5, (BRI AEAE — DRI SEZZER ) ) J, 1% i) L 3R 1
RADLH T 5 et B 8] 0 22 o X A0 1 G0 i = A% SRt A 1 3 ME AN A v, B
HRZ ST, X ] A S EOMAE AR AL, T ARTE A DL B0 i &
B2, BT DARADL a8 Rt — 20 A Rt B Bl 2 Bl 2 BRG,  H e m] DR 38 7E H 3 %5
BRI A .

[l IR AN B AR H s, 25 RN Lk TN ZE SR B DRkt rre) B e o L0 224 AT
NFEBAE S, IOt e R IE T N G afeAh s 1) 22 4, Db Fll G fE R i R A2, IniRE A
NS AR, B BRIUE 754 . Rk, A7 ARG RAE N TN 2B

o1-



WAL T K2 2021 faARHEE S

fE A BERIUHEE, TRIEANFWIRES, NENERM T, BEE I X
53 JE B B NI, A TE N ZE TR IR R 45 1 N SR04 A A IO 6 N ZE A 5 ) — A
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12.1 HEBREAREIR

H AT E AR A AS = 245 =Fl: CARLA. LGSVL. AirSim. fE/4 =%
UEEZ T, BN A NIREBIURR NI 1T 51 %, £ 2N EL] 51 % (Unreal Engine , UE)
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UE Z FT DA Qb 2 KIsENE 73, 8 & HAb S EA AT LU, B1X 246
JRASH) UE4 514K 30, UEB4 51 %18 A
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Fig. 1.1 UE4 User Interface
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i) CARLA Rt Z B IMESUEIRE ST, TTRIISCAHEFANT Sy, IX 45 520 € ] R4t
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K 1.2 CARLA Hifl#e

Fig. 1.2 CARLA Simulator
(2) LGSVL

5 AZE 1.3 F TR LG Electronics 1) LGSVL 4% (LG BEA LI =),
ZAEIME A Unity 5183247 R %%, I HIFRERRS, wT AR Rl
VPRI M) A . 5 CARLA —FF, E3CHH#H RoadRunner i@, HECDEA
JUsK M IR o B3R T SRR ERIAT N, R AT DA R E 0. kAt
EILHAEAN] Open Al Gym SR AR, EHEZ 5 CARLA —FEMRIGME. &
A IR 2R G AT ABEH AT AT AR P8 o [FIRE, 76 AT 3 R GR AR RSN 0HT A 25 1) (RIS
WA BRI INERIBITI H
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K 1.3 LGSVL #4028

Fig. 1.3 LGSVL Simulator

(3) AirSim

%5 =2 Microsoft 1) AirSim 24, #11/&] 1.4 7R . AirSim #£ UE4 L) }2 Unity Engine
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K 1.4 AirSim Fi 22

Fig. 1.4 AirSim Simulator
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Fig. 2.1 Architectural Blueprint
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K22 2ZdlfE 54T
Fig. 2.2 Traffic Lights
)i — A Client, I H 15 B —ANHEI B[] 5 1 42 TR 0, ASSCAR $i AN bt
DR, RIS (8] BB N 5 R R B, P AR UGB I I ) ¥ B 5 7. SRS EIHE
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Fig. 2.3 Town02 World
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Kl 2.4 RESHICE
Fig. 2.4 Car Parameter Configuration
W 2.4 FioR, ARRSES R RPM BB A 15000.0, 2258 4% KRR IR 4 1K,
AR BB AH, HASHOE RN E .
BEREBE N 1850ke, TR REERN 0.3, R ERGEE S HEEN
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Fig. 2.5 Quality and Wheel Settings
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HMR S ECRH B E, /g UE4 RN 2.6 ATw:

Kl 2.6 RAAERY
Fig. 2.6 Car Model
£ UE4 P E IR REAS G, IETFHEAE CARLA A4~ a4 A b
IR actor, HGE XEEE, GEHIEG. FESE, NiEA):

blueprint_library = world.get_blueprint_library()

vehicle_bp = blueprint_library.filter("model3")[O]

el LE, NPl s . FTECE BRI AR, BOR A random BRiL
BEHLAE R, BEALAS AT B SR B o R0 AT AR A — L B AR, SEUR AR,
FrE— M E B R GEA — MERAE RN, SN2 AR,

BEALAL E A2 R H random PRI

spawn_point = random.choice(world.get_map().get_spawn_points())

oA B HARK) x ys z ARAR AN )«

location = carla.Location(230, 195, 40)

rotation = carla.ratation(O, O, O)
REAERCLE, FTLUE CERBSIASE, G B M. FRMEAL,
AT LIS CARLA L1 H 278 Bk sk s E N 5 30 2 5

vehicle.set_autopilot(True)
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CARLA HHIRER GV ZMBRIE, WaR . Bk, BEHIIESH, mTLHE
IR UL, EESCORE N A

vehicle.set_simulate_physics(False)

T LAEAR S E E B S S
vehicle.apply_control(carla.VehicleControl(throttle=1.0,
steer=0.0, brake=0.0, hand_brake=(False), gear=1))

BRAE CARLA A R AR an b 2.7 o

h

o | 6T ] r ir, s

.....

K 2.7 CARLA 7R G

Fig. 2.7 Car Model in CARLA

24 (TAEENGITRIEE

IT AN SR ZE2RL, 504 UB4 hik BILAISE, 3k 2.2 k.
22 T AR BH

Table 2.2 Pedestrian Model Parameters

SRR HE LA
PN 45 cm
AIAT A Hh I A 45 °
Hh T BE 5 8.0 N

BRAT e 30 km/h
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B R B ARAT A 10 km/h

Rl AT A AT AR, a0tk Aok, b mT A N Blif% 28, UE4 Hhfgfit
R R G 2.8 B, I TFASCE 2 7 AT NI, BT DAY 1R DR 017 B 45 AR HE R
ATRTEENE, KA BEA L AL e

K 2.8 47 AR
Fig. 2.8 Pedestrian Model

WEFHEASHG, 16 CARLA HE L EERE:

blueprint = world.get_blueprint_library().filter("walker.*")

SRR IRFEMIE, AR LIAT NSRRI BENLIE R, A RZ) 28 Fiir AR ALEE T
M, M/NZB AN

random.choice(blueprint)

AR E R E SRR, RABENIA R, M RIE R spawn point si2E
B

spawn_point = random.choice(world.get_map().get_spawn_points())

BREAR P, A7 NERUE AT LR B s s R, Glan 47 /b iR Es
AL BEEAT N ARSI -
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player_control = carla.WalkerControl()

player_control.speed = >

CARLA H47 NI EF A 2k, MR B 1T N8 E KT 1.5m/s B, CARLA
BEEAT NNHE, JR BT NEEHEE /N T L.5m/s B, WET ANNIEE, 178
FEAHD P FRZS U 2.9 1P 2.10 Fios:

:Jlﬂﬂﬂalmm_m gl

K29 HDARAS K 2.10 18RS

Fig. 2.9 Running State Fig. 2.10 Slow Walking State

25 REZRGEVFHERSHEE

RE I PE 2 RR T actor LAAh, AT HIHUR BRI, CARLA #2447 K
A, (weather) HIERINZE KSR I, CARLA C&4% 5 HFm%, BEEMARA .
Weather A EUE T 244 cloudiness. precipitation A1 sun altitude angle = /N f)ME, A
PASEBAERI R TR IR, BARTEA. R RRAEERBLREAL, AR, A
We BRI OL, JF HAEE S8 o A PR BRI SO i 5, 3 G R DS B L e L RE4E
AP SR R, SRR I 2.11 018 2.12 Fos:
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K 2.11

Hi§ R 2% AL

Fig. 2.11 Simulation of Sunny Conditions

B 2.12 W R AL

Fig. 2.12 Simulation of Rainy Conditions

ARSI FTIR B R ANE NG R TG, KB 70 IS IR ST PR 3056 1 S
PRI R 12 &, BPRFEAZ FIE 75, sun altitude angle 4 90° , cloudiness
H precipitation ZEUH K E N 0.
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3 TAFERBARRIS

3.1 ERSBHEEREFAR
CARLA MG RIEMAB LR, T RMIEREMELZH, WX 3.1 iR, KX
FEH BN RLIREE N RGB AL, IREEAENL. 73 FIAHHL. collision F LIDAR. #% Tk
Yo AU AR AR I E
3.1 AR

Table 3.1 Sensor Types

Sensor Sensor it 4 X BFjilz o
RGB
carla.Image @ ) RGB FHAL Cameras
Camera
TR E AL carla.Image DAIK FiE B it A7 Cameras

HEMm =0 HE, A
ﬁj\%ﬂ *H *J_L carla.Image Cameras

(R AR A [ AR b 5
PR AR R 3, =

Collision carla.CollisionEvent o Detector
BHEM A E RIdRk TR
Lane REARTER 3, 1
carla.LanelnvasionEvent Detector
invasion Lane ID 575% ID
1] BEFHAE H 7 AT B IE B
Obstacle carla.ObstacleDetectionEvent i Detector
Bk Lu SN
GNSS carla. GNSSMeasurement RGBT B Other
VO SRV 2 1P Bl ok 2
MU carla.IMUMeasurement ‘ Other
5 ik
LIDAR carla.LidarMeasurement WOt HEIL Other
Radar carla.RadarMeasurement PR EIE Other
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3.1 BGKERFA L RN

PRSNGSR, et iE R, & SRR, o XALE, e
FHEFBENR R L. A, KB BRSO R AL E (oK
'),

AU RS, RN AT, REEE UL EE, DR, &
FEONER RO, il B RS Rar e, AR UE I R 640x480.

XFF RGB MMl EGGIEREIFICE —mtt, FEAFEMEIE. W)
AL A, AP ARPLE AL B T2ty x BT FAERTAZ 30 2m, 2 fhJ7 [ 1A b
¥z 2.5m. MM ER 110° , Y@ LI ILET E FE .

camera_bp = blueprint_library.find('sensor.camera.rgb’)
camera_transform = carla. Transform(carla.Location(x=2.0, z=2.5))

camera_bp.set_attribute('fov', 110)

R EERTFHMLE X E R callback function, 7€ YRR A 5 HLA% B £ e 7%
[F1R S5 SR BEATH A BE B AL B, 51 ks B R DR A7 31 ] g S A BB B R,
AR B RN, S 5 i I -

camera.listen(lambda data: process_img(data))

E3E X callback function Z A, 2% SCPREL process_img(), 1% bR A 26 &
KRBT RAR ) — 4EBUH B BT AL, Bty 4R kX, SEEL T HE TR,
FHONEGBAER, Mg Rk 3.1 Pros:

K 3.1 RGB FHHLIE H

-20 -
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Fig. 3.1 RGB Camera Photo
ST IR BEAHMUANE SCor BARMLR S, AP RS RGB AHNL—FF, B JaE Uk K
FEEREEAE, S8R5 52 X callback function, ¥ Ji 4 — 4 A ZH B4 4 49 1 G B0 5 52
DL G, IR BEARNLANGE o> SARNLE T an &l 3.2 A& 3.3 Bik:

Bl 3.2 TREZAALIE A 3.3 1B FIRHLAE
Fig. 3.2 Depth Camera Photo Fig. 3.3 Semantic Segmentation of Camera Photos

3.12 BRERFLENHE
Lidar 7] DL B IS H L E BB 2R, 0 T AT ek U, AT 258 T2 24 Lidar
R, R RE B BB R AR, T LUE X — W IS8, I3k 3.2 Poss:
% 3.2 Lidar 4L &

Table 3.2 Lidar Parameter Configuration

ZH Qe LA
channels 32 -
points per second 90000 pts/s
rotation frequency 40 Hz
range 20 m

SRJGE X Lidar AL E, FRHHRRIE . % BUR AT, 75229 open3d
Dhfg, BN Lidar PR dl 2 s o 8dlh, kB mBgIEA, #HEH opendd
BAT AL, FERENSEEE RN TRIOM SRS, 03k 3.3 Jis:

% 3.3 open3d ZH( L B
Table 3.3 Open3d Parameter Configuration

2 Kl
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width 960
height 540
background color [0.05, 0.05, 0.05]
point size 1

55 8 XE I callback function, B RAE 2 1 55 = 20 Ha £ 14y open3d B, &1t
AL SRS R, A 3.4 B

3.4 Lidar B H

Fig. 3.4 Lidar Picture
3.1.3 RliEERREIRIRI & KN A
fip Ll as Ceollision) HIVEH] FERREMMAEL, HINFEmBIFEALYIE, B
WAT N R BEREESE, collision X Bi—ME 5, KA, YT H3hS5
Kii, WEEESIUAEE, KREBELSE, collision MILER NI H, FEZNE
HIRE -
transform_collision = carla.Transform()

SRJEHiRE callback function, JFF7E KA Aill4# 5 i[5l —> warning & -

collision.listen(lambda collision_event: print("warning'))

3.2 E-TF Haar Cascades B3RS EIRAHR

P A E R AERE, RN THRE LR RS EE, W iR ml 4k
PR B B R v A B2 — e R R, WA SCEEX RL BN SR, Wit T AN E T
CARLA HRAE RN : FB kIR b, RESEE, RExXBEGEIE#1T
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AEFE, R EER I H B A, SR AT HEbR R R, SEIAE TS NG 8 3hid i
SRR AL F VR . AR SR A VR ZE R 77 2208 Haar Cascades FLVAB7, 3
BRI
(1) g serve

fiIH] CARLA B 771 egg t& XU ERE P om 5 IRss 4%, ARG MBGERR I, N
THEHEORFCR, B E N 12 5, KM 90° , mEABEN RS HE
WEN 0. RFILEFERH Model 3 1 9iRI0 4, #4481 RGB G LB HCR 4
FE, PERHEERIRA], JFEERAG S RE DI B R E N 1028x720.
(2) ARG E R H AR

AT R E RGNS, SO IR I 50 AR, VRAEBRER I BEHLAE AL,
A A B R BENLAE G B S MR RPIRES N B AT BOIRES, SR d B E
N 30km/h, FEEZEZ AR ERERN Sm, BU/NF2eEE LEME, fFFRTF
PR R R IEHATEE, I HIE E s m ) .
(3) A RS ge 4

S 7R A R B R F AL, YRR AR F AT, AR RS S 56 24 ]
3.5 Fiw, $f4k camera 7 TREGE b, AHX T ML E BhR N x=5.0,2=2.5, 1EHET

IRT 7, seIs 40T )R Hah s Birhhe, Hisy s .
y -

K 3.5 SLIG Aot

Fig. 3.5 Experimental Car Model
(4 ZEH
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LPATRER, ERERIE ., B SEbRR g RN, 2 A ERIE
FAERE, ARSCEIE A CARLA B 77 308, 1350305k BT R 8 i — > —4E 5L
A, AR E A EEERE R, FERS AR, SRR . Hoos

1oL BRI B SCRY AT AR A B BE 25N bytes, R ME R A5 VIS B BGRA,
BGR Nilifs. SEOMAGENE, A RFEWE, BT REKICRENEHEHZANE
B, BT DX —HE S AN K, K E AL TR P R o 2 X — HAE . Ba A SRS T — A
%4 parse_image [NEREL, FHSRXTREE B AT S e A Ab #L

parse_image [JRREUT)JE R, Sol B #45h— A numpy array, SR J5K—4E%K
AN — BRI MR R, BT 18 1R 1028x720, AT LLZAEBEIITR -
1028x720x3, B[l 1028x720 MEEH AL, BMEE A RGB = MBI 1A [F] 58 L

HTRGEIECE, @i OpenCV A H %711 Haar Cascades 535547 B A i AT
Wi, H1T Haar Cascades 5% 77 B8 i K& 1 A br 2 B RN SRR, BT LA
VR -ACER NG IIRER COE Dy xml 4%, BN A TIRESESE, KR
FH R B2 1) P B A s A 3N, BT RBG = 4EBER 608 T — 460 B A 5l
A DAR B PR A, SR, (Hukf s 21 B M.

FR AR SN 3.6 P

____________________________________________
»”~ S,

4 (— 4R (D
e o] s ] e | |
| o] |
E g +
K Ay

’
...............................................

K 3.6 SRR
Fig. 3.6 The Overall Idea of The Algorithm
(5) RrRIFARiC A4
AEE BB IR B BRI B, RV TR RIAERA SRR . P bhd
ﬁﬁ%ommwhﬁﬁmmmWﬁ%ﬂu%—A@%E%m%,@%EE%F%%%
LR BB AT, WRERPAIREN, It rectangle JTVEEZ KR EA A
A7 & HIAE, BTSRRI 3.7 B,

-4 -



WAL T K2 2021 faARHEE S

A8 I R FAR R AT T, A IAERT S A e D JE, RIHERR =
AERT G, HGikm TR, BITERS TR, SRR TR, A5
w VERSE, R A e BRI R, ASCIRE] 7T AL IRAS TR
B, RGNVl R VAN RIS ECT H AT G, &2 Skt Tt b e
AL o

K 3.7 34R

Fig. 3.7 Car Identification

3.3 HTF HOG+SVM F1 Haar Cascades BEMIT NIRRT
AN T BT AR I 7, —Fh AL 551 HOG+SVM 17 AR,
B2 3T OpenCV P4 B 1) Haar Cascades SV ATAT AU o 38 3oL % Ll i o 7 49
it B ArE I . R HLE 56 ) Town02, 4T ANEHRFBEHLIEE, BEA A,
WAEE, WIS Esert, A A BRI, 4T AR 84T,
T K, FTLVERR 75 %47 A, BT AR LIS EAIEE, ] LU s D,
SEMLEERE . LR 23 S PRSI 7 = G R A 234
(1) HOG+SVM 47 A5l
HOG f& — Ml 44E, SR T L AR S . HOG R AR HUF Bk
AL A 5
Pt UG HEAT AR AL AR TR, BRI =) BB I 5 2 1 5 DR R A B
BTSRRI, BT MR UK R BT R IR A, 285 R 15
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T8 52 B4 77 1) R AL

BEUP R TG CeelD), FRTHBAREA S RIRH 2 5 [ SR

SEVYBAH A L block, 4iil block ELT B o HE8AN cell BIGLH A HAH I @) X 7]
(blocks).

5 FOU B E T A — 1k

B Ja — BRI S HOG FRAE . TE RN B 77 ERFAE, ZAFER IR T 47 A2
KGR, WA, BRI ESE R, HAZRHMEZ BB EmIE /N . HOG RHE 2
BURERAN1E 3.8 Fros:

NEEES R Ll cell

YL SRR AE IH—A{pAb 2 & iblock

------------------------------------------------

K 3.8 HOG AL S B 3
Fig. 3.8 HOG Feature Extraction Principle

SVM & [ TAL BN — 73 KRl f . RSO3 A I3 409 OpenCV, H 2 #2 4t
TV HOG FHIER 7 i, R R BTSN S, BIRRAEA S HOG HHE,
SRIGHE SVM 73 2888, ok SVM 202888 R B TN 171k, BT DA RR Z4R 4 IE
FREA, IEREACARIIN HARRIAT N, FREANIE bR, BNRE. @A, AR
FE 5 S 2GRl (B R, AT E SVM 43 a8 it 17l 45

AICHTIEEUE 1R/NA 128x64, block K/NA 16x16, block KK 8 53, cell
N8x8 B, A cell 73 9 A bin, HABSHORFEEIN . ASTIAT AR T 2ZRAE N
B X HOG %%, KA LASHEE. HIKAEE SVM 403548, T OpenCV H
AT N2, FTLUCR BRI /3 2588 . SR IE XN 1 R AT R A AR 3, F56t Ak
HIEME R, BTG, RHAT AN . BRJSLHIANE, BHAT A B,

A3CiE H EA R AT NSRS AT IR, HR58 T PR E B0 T AT ARG, —
ORI kE E, F—MREBGSLZRIERE b, MRE—REZE), TR,

ME 3.9 F13.10 HAfLAE H, BRSO E e iy, 7 N R a8 E,
BAGK RIS BNET, RS AR WUE SR R %, SR MR 2R K. BT LA
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FXLEAT AR Y, HOGHSVM BN s Sk e AR A0 #0100 B v R 8
52 B AR R ZR B2 /) o

BIFEI T HOG+SVM WY JRBE A @, 330 7 — RAUGk e, Flan: Sk,
IEEEENE, MBI, BRI PR R TOVR A BRI s Yo R

BRSBTS (K.
\

~— -

K 3.9 G E R

Fig. 3.9 The Fixed Situation of The Camera

Kl 3.10 Hfgkizsh i

Fig. 3.10 Camera Movement
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(2) Haar Cascades 17 A\ iR 5

ZEIE TR B R E AT N IEREAR B R A EAT N SRR B SR AT U 25, sl AN
WIZRg e $, AREFAH TR ZEEFAH T —F 48 “Boosted Cascade” 1) 2 Bk
i, A ST B RE S, RS SIS AR I . 1R LA I Ty
o H B R EOR B R 2 085 MR IERERE fr, AR S AR FAFEAR
B RIEAT I ZRAR RN S IgR)E, mT LA AR e B A b AT ik 180

RICRH T AR, RREENZ KA, BRI HARgE TR,
SN AT LR E A CascaClassifter pR%L, H:

cv2.CascadeClassifier("haarcascade_fullbody.xml")

detectMultiScale BR£CH Az MR AR BEFAGLE, HPH LA E:  minSize,
FRBCE HARE/NSE s maxSize BIN B bn e KRS image 72 %0 N 4R I S
scaleFactor tRE 1 IEMIIHE, MAFE R E D RHBORLES], Sonaigird s, %E—
FORT 1, AN, BAREEZE, KRS Rtk e, (FES AT TR, i AEE,
WAR S, IS AT EE SR &, (ERE LA BT N B minNeighbors 2 14 BEAS I H A5 1 AH SR HE
TRNAE ZEVOE TR, 2B, W AT B AR D,k
FERERT, ZAEH N 2 o BRI scaleFactor Al minNeighbors, & ILEHAE N
1.03 F1 4 B CR fe 4o XF T Haar Cascades 17 NIRAIEIE, A SCRIFELE B R LT
BEAT TR, A5 A 3.11 0 3.12 Fis

B 3.1 FGCk ] E RO
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Fig. 3.11 Camera Fixation
HiAg kR Iy, AEIRETRUE AT NN R AER R B s, (B2 H HOG
+SVM BEHERZ s, [FI BT IR IR BIREAS, AT AT B3R5 2 AN
w1, TRES IR AR 6.

Kl 3.12 #5kiz s s

Fig. 3.12 Camera Movement

BB CRBEIR G —RIs s, MBIt DUE AL PR AR, BT, i
SR LR, R IR R ARV R LIS, (HREBOAE, BRI R B 5] 3B 3
MIAT NIRRT, (HRERAST IR HOGHSVM UF, AT LLUE E ClZRREA,
R BEAT A B )R 2R

B IE XTS5 R AT, A LAE H Haar Cascades VAR St I 1T EE DL, WUAAR
W%, ABAAAE R R A EAR AR A

I LB AN 77, AR SO G R A Haar Cascades 5%, HOG+SVM itz Hik
FERUS, Toidii R BR, BTLCPEE T PUs R HERA TS, 8 2%k ] Haar Cascades
AT NBNGEE o AT B EE 1 PRSI ) 7 9%, AR ST R SR FH ARSI 75 R = A i )
K51, ARG TR A EFBORKI A RRIAE 1, Bt DAEE AR e — L8 J5U A Y 1]
RO 5 BT B AR B A
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4 FTAERRERR

FB SR, B R R EI B BT RS R, I e T — 20 BT 1B E,
el A 1A, DA RAT B AL . X T A SOR UL, AFREE RSN
PARCENIIE A i, AN A B AR AT B R op s B B — R ROR I P T A S
AT 2R SR ZERIAT AR 2 Ty, RN TE N ZEAEAT B 2 a8 380 £ o 5 190 U 1 ke
N
41 FEERHFGHEBILEERS

X TASE R, BRSO R A G S B B S AT N R AR B I 5
I A AR DS TR, TR T RIS TUR SR AE B, BT LA SO T IRIET A B R AR
fRrgeLlSE, a7 —ANE 5 G R SO AAEE, BS54 1k VR ZE AR s A AT AR %
g, e s, ST AR E, B 41 SR s S K, BT
BB

\

K 4.1 Bz

Fig. 4.1 Simulation Scene
(D ASF IR E ST A
ARy s s v AR R A L R R — AT N, PR 3 A T 2 R A ) 40
T AT T 2 (A L ) 1 S P 8 )5 4 40m A 80m &b, ARG 45 A TR EOAER IRIRAS
IFNALT R DAL, AT O
(2) WEZEEE
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X BRI ) 2 A R PR BN 10m, BB ZE A1) A AR (1 22 2R/ F 10m,
JEEIEEATY . M NT 2RSS, AT IR 22480 5 i 2R AN 2SIl
BB E, AFPZEE TS, Z4ahsm AR .

AR S5AT NI % A S % E AN Sm, RN/ NFRElEE, T RFH.
(3) W8 ZE4mk L e ms

MR ENT R )G, JFEHTARE R, A0 R 45 BB T A5 U 4238 )
LA RSN, LA T 70 (0 250 1) 2R R B T4 . ZERREhAE e R L e el
BMEAT.

1) et i

UPHERIEE /AN T 22 EN, FEFMGHE R A SCBINWERA G, Il
(RIIWT S5 AR AR MR o, /N T e B B R P AR 2e i, Fe i Rl )N o) F AR B, 4
SE T L1 AR BE RTINS (], ASCHEETATIEVER IS, RA/NEMA . KRR, *R
UEZEARAT B AT 1, 385 AN 7 S0 rT A ] o B R R K 20%, 6 1 B R oK
MR, LR T 4.2 Fros:

K 4.2 IR e %)

Fig. 4.2 When The Car Turns Left

2) A ml e A

WA AR, GRS, ARG SEhrtiol. FrPlpigE « R R
B G, FEFGEEE. A R R — R, AR R E
ik, BoMORETIRE, BRI RE, RAR RS, ZRT AR, Hishl
ARE, WWRBONEZ, RHERKE, RTEEFEEEUT, YCRABSRE, |
P — M TE RS 56 5, X BLBCE N 2.5 0K, B ANl TR/ I8 AW SRR T4, b
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WE N KN 50%, FHMTERNTRREMI 50%, EXMSHLET, GFFEIER
HOR BRI

3) EATHIW

MGG T7 W5 S ATIE T FSPAT (R, BDTF AT ELAT, 1R BT E
ATES BRI KN, B EEIEE . PR IE B 4.3 Bios:

K 4.3 IREAT R BATI %)

Fig. 4.3 Time when The Car Goes Straight after Turning Right

L8 LRTR, L BB KB /N T NI 2R e, R . M
PEBS IR BIBCE RS, HIAARERIE. 2545 YuTE Ky AT, JFAREAT, BELE
it NP YR Yl i
(4) BEAT NigkikHeng

SFAT NELE R B, E B 2 547 NI EE &5/ T 2 e85, 2R 215 4,
FAAT Nl JE AR IEHATBE, AN R,

1) R4 i

BT AR EEA G, WERESIT AN 2288 Sm, M 224
BUORTESE =, R M B 23N T2 PR, A SR EZRIF L, FA
TEHEBRAT AL TR A ML, MBS, A7 ANBAR S AR . R4 A
M, HIEhSEE RR.

2) IEHATHF

517 NN R B B R T2 2 BE B )5, R IEHEAT B, Il I AN [l RS BR AL
(5) 5 B4

WIS R KR, AR, IR EEIF IR, Re T
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i, HAEMBIS BRI S AT AR E ZAaE R, RRAERIBEIS, FNEERITA
B, HEE KT IRIZEAT R, 547 NRIEE S IR A ERFE e AJa i, TE kL
HHE AT . (HEETE AT 2, DB LESRIS B —, IEANBE R IERIERS A, U398
A REWHTT T EH — P 5u B A, ARSI s, 2T gk, B
MRYEACIEHN . FiH, SISE T REAT N, 2REER), (AR SRES S L E
K2, HRKRSEAT AL RGO, P AR ST S Rk sk, B
4R Z IS O, AT B E5 2], BBIAFRRE I E shH i AR s .
el L, RRE NG E AR 2, AR
42 BiIFERENH#H—FNA

TR LR i B R SR R B A, A SCE I AR BRI PE R, K] 4.4 PR,
CARLA H 3R H bRAb bR Nt SRR, R E A ARARAR 0 5 S AN AR, SR e
TEA AR AT 2 G AR, BT AR B 1S DAbRC AR 7R
(1) ALFRAR

MIAEIR EIRE
HRLR [ B\ | E&%F

Kl 4.4 AbRAR R
Fig. 4.4 Coordinate Transformation
1)t FRARBR 5 AL AR AR AL 2
AR A AR AR B, 25 B R AT — S AR R R DL T Tl R TR B 4 o (1
AABR R o ATHE SR AARR BB R BRI LA 2R B8 T NI e, R R EAT e AT R A
BiwT, i 4.5 fos:

NN,
R 1]
‘\

ﬁjﬁ
I\_alé\5

K 4.5 Jiele T 1Az i

Fig. 4.5 Rotation and Translation Transformation
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TH AN RIE AN
0 01 02
[ ] = [ 0 11 12” ]+ #(4.1)
20 21 22
= + #(4.2)
Horb, R AN AR 14, T AR AR BB 4E. R. T XMANZ5
Wkt GINE e = e

TR E R AR L — AN, RS X, Y. Z EAMABAREIAS B AR A S 0. 11
nse X fiei: RX:
1 0 0
1K
O —

R=RX*RY*RZ. HH=AJ7 e Mt REER, SEAA =05 R E b,

2) AHBLARAR S B AR R e 4

MABHUAAR 4 B R AR, 2 = 4R3I e s, J& TOR5 R i, S/
FLAAG R B, FHENUKIE IR, AT RO AR, Wil 4.6 Fras. Hb £ ONHERHLN
i, HETHREINNS .

#(4.3)

P Z0)

K 4.6 A R

Fig. 4.6 Transformation Principle

IR

R AR SRR AT L U A e 8 T, 1 S 3 I A AR AR R BT A AT A
REALE, IR AT AR BRI TR AR BT N2 S AEARNLALET Y, foc ) FRAR I 20 B
CLR R B OR AT L

(2) AEBRAZ 3t — 20 N H

WA AR OGN

#(4.4)
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AT SR R 1 ARAR AR e, 32 B RS I 2 1] f) i 1 AT A b A2 15 A2 AL
P, (R AR AT B D N, BRI AR FAHE R 438 3 (4
B2k, I 4.7 F1 4.8 P . AMRSE RS = Abs R 2 (B (AR LA e, 2 ik
LR RS P Wy 02 T F RO B A L AT B o 22 A MDA 32 FAE BE % 735 B 2 A I il
RRVEHE, SHERE 2.

A 2 ISR
3~

T

.k-.'“-' 15 L) F s
'»
{

K 4.7 LR AR

Fig. 4.7 Draw The Bounding Box of The Object

.- 4
i e

K 4.8 LR G-I BT g 28

Fig. 4.8 Draw The Route of The Car Movement
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5 FTAFEHHRIRIAR

To N TGP 1) 0 2 B AR [ PR RN (g 4 1), 2 i 2 ) P R P L, A2 A
FEAES BT, A 42 1] FORAZ HI e 1), AT N IR &2 e B AT 3. AR
R e sl A, A BB T AR, AR s E 5.1 BroR:

Vehicle control

]
. T R .
[ |
I | Longitudinal control Lateral control i
\ ]
!,f ————————— ] I e e e e T P e e -~ }
; Throttle/Braking Steering i
\ J

_____________________________________________________

5.1 BN LRI RS
Fig. 5.1 Unmanned Vehicle Control Module Structure
51 ET PID EHINERMPEHERRREEFFX
TR 2N T 2 ) 2 T P P ), A0 )k R S S il YA R Bl AR FFAE S
ASCEE PID 25 AN Mo EE TR, S 4 i Ae i R B AR M, SR BN 5.2
Jr7 «

Throttle

Desired Acceleration  u20 vehicle speed

Speed PID control " 0 vehicle )

Brak

K 5.2 gl R R K

Fig. 5.2 Schematic Diagram of Longitudinal Control
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it LA SR -

dC — )
d

= ( =)+ ( —)H)d + #(5.1)

0

Hrp SNMHEEEREE . AZE. NIEERIA . i =0, ] Throttle= , Brake

=0, W% <0, Throttle =0, Brake=— , @& Throttle 1 Brake 4% 1 4=
HEFRAERAE R
ARV I % 5 N 20km/h, . F{EES AT SZIS A4S, 4

N 0.8y 0.5F10, EIACE NRIAEB BN, BRI BN E .

52 Z=MEREEERNEEMREEFTL
ZEARE [ P ) ) = Fh )73 Stanley. Pure Pursuit f1 MPC, 238t =Fh 535707
BT 7B, RS TARNIAE R, IR SR RREAT T LURR A o A S = R
HITTVE AT, S AT ERA, EAT AR 5.3 PR, EATEBRRA SN
TRRFIZ B A, AR SCR RS B B 6], FAT 852 DUR 7 R 2 5 81
= ( + Y#(5.2)
= ( + )#(53I)

= #(5.4)

#(5.5)

)#(5.6)

K53 EAT 4R
Fig. 5.3 Bicycle Model
BINNEATEEE MR AR o mAWRA DLEERE A, AR RS
VN 7=
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(1) 2B B il

Pure Pursuit & J L] AR EREZ 2 4%, (UG8 22 4ia sl 2 M T LR AR AN 225 4%
RIEATIRER . ZFIEM PR, 2R 25 e B e &, ik 5.4
Pirse R e A8 Y 2 A v SR 5 R A AT EE B S

K] 5.4 Pure Pursuit J5 B

Fig. 5.4 Principle of Pure Pursuit

TEXFT7VES, R O EER LS% 0. £ LR, BirSiiEha &
Mo JafE HAR R Z RIMIEERRA , B8 B R LR M, A5
ZREERTHE. BRI, JURISCREINIE 5.4 Fros, ZERRORTEETT ) 5 A4 18] (5 F 7R
N PONERRNI, AT ZE KB R b (ICR) Wk 5.4 FR,
PRRTRA .

D iHEAR

= #(5.7)
2
=)
5 = #(5.8)
—— =2 #(59)
_1_2 #(5.10)
Mz, BT ERA.
=/  #(511)

Rk, EEs mSEON:

-38-



WAL TR 2021 JaARHEL IS 3L

= G

Pure Pursuit il &% & —Fh il SR . E 20 72 ERsh . JHRGE it

TOIEIRES . BAh, AR LR IRRIZ AT, MK A mid s AT I AR Gk
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1. import glob
2. import os
3. import sys
4. import cv2
5. import copy
6. try:

7. sys.path.append(glob.glob('../carla/dist/carla—*%d.%d -%s.eqg" %

(
8. sys.version_info.major,
q. sys.version_info.minor,
10. '‘win-amde4' if os.name == 'nt' else 'linux-x8 6_64"))[0])

11. except IndexEvvor:

12.  pass

13.

14. import carla

15. from carla import Transform, Location, Rotation
16. from carla import Map

17. from carla import Vector3D
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18.

149.

20.

21.

22

23.

24.

25.

260.

import numpy as np
import random
import time
actor_list = []
def process_img(image):
global Image_Array
[ = np.arvay(image.raw_data) # convert to an array

2 = i.reshape((image.height, image.width, 4)) # was flatt

ened, so we're going to shape it.

(3 = (2[:, :, :3] # remove the alpha (basically, remove the

4th index of every pixel. Converting RGBA to RGB)

27.

28.

249.

30.

31.

32.

33.

34

35.

360.

37.

cv2.imshow('Carla Tutorial', i3 )
cv2.waitKey(1)
return (3/255.0 # normalize
try:
client = carla.Client('localhost', 2000)
client.set_timeout(10.0)
world = client.load_world('Towno2")
blueprint_library = world.get_blueprint_library()
vehicle_bp1 = blueprint_library.filter('tt)[O]
vehicle_bp1.set_attribute('color', '1255,255,255")

spawn_point_vi = Transform(Location(x=-3.7, y=300, z=1),
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33. Rotation(pitch=0, yaw=-490, roll=0))

349.  vehiclel = world.spawn_actor(vehicle_bp1, spawn_point_vi)

40.  actor_list.append(vehicle1)

41.  vehicle_bps = world.get_blueprint_library().filter('vehicle..*")

42.  vehicle_bps = [x for x in vehicle_bps if int(x.get_attribute('num
ber_of_wheels") == 4]

43.  vehicle_bp = np.random.choice(vehicle_bps)

44.  spawn_point_ve = Transform(Location(x=-3.7, y=270, z=1),

45. Rotation(pitch=0, yaw=-490, roll=0))

46.  vehicle2 = world.spawn_actor(vehicle_bp, spawn_point_vé)

47.  actor_list.append(vehicle2)

48.  vehicle_bp = np.random.choice(vehicle_bps)

449.  spawn_point_v3 = Transform(Location(x=-7.5, y=230, z=1),

50. Rotation(pitch=0, yaw=-490, roll=0))

51.  vehicle3 = world.spawn_actor(vehicle_bp, spawn_point_v3)

52.  actor_list.append(vehicle3)

53.  ped_blueprints = world.get_blueprint_library().filter("walker.")

54.  spawn_point_v2 = Transform(Location(x=20, y=195, z=2),
55. Rotation(pitch=0, yaw=-40, roll=0))
56.  player = world.spawn_actor(random.choice(ped_blueprints), sp

awn_point_v2)
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57.  player_control = carla.WalkerControl()

58.  player_control.speed = O

549.  pedestrian_heading = -90

0.  player_rotation = carla.Rotation(0, pedestrian_heading, O)

1.  player_control.direction = player_rotation.get_forward_vector()

62.  player.apply_control(player_control)

3.  actor_list.append(player)

4.  spectator = world.get_spectaton()

65.  spawn_point_v8 = Transform(Location(x=-3.7, y=1495, z=5),
66. Rotation(pitch=0, yaw=45, roll=0))

67.  spectator.set_transform(spawn_point_v1)

8.  timesleep(3)

649.  while True:

70. time2 = time.time()

71. x_v1l = vehicle1.get_location().x

72. y_vi = vehicle1.get_location().y

73. if (yvi - 270) » 12:

74. vehicle1.apply_control(carla.VehicleControl(throttle=0.7,
steer=0.0))

75. if 0 < (ywvi - 270) <= 12:

76. timel = time.time()
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77. while True:
73. x_v1 = vehicle1l.get_location().x
74. vehicle1.apply_control(carla.VehicleControl(throttle=

0.2, steer=-0.6)) # %
80. if abs(-3.7 - x_v1) > 0.9:
81. vehiclel.apply_control(carla.VehicleControl(thrott!

e=0.5, steer=0.26))

82. break

83. while True:

84. y_vi = vehicle1.get_location().y

85. if abs(270 - y_v1) < 1.0:

26. vehicle1.apply_control(carla.VehicleControl(thrott!

e=0.3, steer=0.0))

87. if (270 - y_v1) > 2:

88. y_vi = vehicle1.get_location().y

gq. x_v1l = vehicle1.get_location().x

ao. if (x.v1 + 7.5) > O:

q1. vehicle1.apply_control(carla.VehicleControl(thr

ottle=0.4, steer=-0.1))
q2. if (x.vl + 7.5) == O:
a3, vehiclel.apply_control(carla.VehicleControl(thr

ottle=0.5, steer=0.0))
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94. if (xv1l + 7.5)<0:

95. vehicle1.apply_control(carla.VehicleControl(thr
ottle=0.4, steer=0.1))

6. if O < (ywvi - 230) < 12:

q7. vehicle1.apply_control(carla.VehicleControl(thr

ottle=0.4, steer=0.0))

8. break

aq. time2 = time.time()

100. print((time2 -time1)*1000,"ms")

101. if 0 < (ywvi - 230) < 10:

102. while True:

103. x_v1 = vehicle1.get_location().x

104. vehicle1.apply_control(carla.VehicleControl(thrott

le=0.4, steer=0.7))
105. if abs(7.5 + x_v1) > 1.2:
106. vehiclel.apply_control(carla.VehicleControl(thr

ottle=0.7, steer=-0.24))

107. break
108. while True:
104. y_vi = vehicle1.get_location().y

110. if abs(230 - y_v1) < 2:
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111. vehiclel.apply_control(carla.VehicleControl(thr

ottle=0.2, steer=0.0))

112. if (230 - y_v1) > s

113, y_vil = vehicle1.get_location().y

114. x_v1 = vehicle1.get_location().x

115. if (x.vil + 3.7) > O:

116. vehicle1.apply_control(carla.VehicleControl(

throttle=0.3, steer=-0.1))

117. if (x.vl + 3.7) == O:

118. vehicle1.apply_control(carla.VehicleControl(
throttle=0.5, steer=0.0))

114, if (x.vl + 3.7) < O:

120. vehicle1.apply_control(carla.VehicleControl(
throttle=0.3, steer=0.1))

121. if 0 < (yvi - 192.5) < 20:

122. vehicle1.apply_control(carla.VehicleControl(

throttle=0.5, steer=0.0))

123. break

124. if O <(yvi - 193) < 2:

125. while True:

126. x_v1 = vehicle1.get_location().x
127. y_vi = vehicle1.get_location().y
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128. vehiclel.apply_control(carla.VehicleControl(thrott
le=0.2, steer=0.7))

1249. time.sleep(1.86)

130. vehiclel.apply_control(carla.VehicleControl(thrott

e=0.5, steer=0))

131, player_control = carla.WalkerControl()
132. player_control.speed = 1
133, player_control.direction = player_rotation.get_for

ward_vector()

134. player.apply_control(player_control)

135. break

13e.

137. ifO< (20 - xv1)< 7:

138. if player_control.speed:

1349, y_vi = vehicle1.get_location().y

140. vehiclel.apply_control(carla.VehicleControl(thrott

le=0, steer=0, brake=0.3))

141. time.sleep(3)

142. vehicle1.apply_control(carla.VehicleControl(thrott
e=0.5, steer=0.0, brake=0))

143. player_control = carla.WalkerControl()

144. player_control.speed = O
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14s5. player_control.direction = player_rotation.get_for

ward_vector()

146. player.apply_control(player_control)
147. if cv2.waitKey(25) & OXFF == ord('q"):
148. # destroy cv2 window when 'q' is pressed
144. cv2.destroyAllwWindows()

150. break

151. finally:

152. for actor in actor_list:

153, actor.destroy()

154, print("All cleaned up!)
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MR B REMITARANIEZERF

1. import copy

2. import random

3. import glob

4. import os

5. import sys

&. import logging

7. try:

8. sys.path.append(glob.glob('C:/wangpengchao/WindowsNoEditor

/PythonAPI/carla/dist/carla~*%d.%d -%s.eqg' % (

q. sys.version_info.major,
10. sys.version_info.minor,
11. '‘win-amde4' if os.name == 'nt' else 'linux-x8 6_64")[0])

12. except IndexErvror:

13.  pass

14. import carla

15. import cv2

16. import numpy as np

17. from carla import ColorConverter as cc
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18. import argparse

14. import time

20. argparser = argparse.ArgumentParser(
21. description=_doc_)

22. argparser.add_argument(

23, ‘~~filterw’,

24 metavar='"PATTERN',

25. default='walker.pedestrian.”,

26. help='pedestrians filter (default: "walker.pedestrian.*")")

27. args = argparser.parse_args()

23. client = carla.Client("localhost", 2000)

2.9. client.set_timeout(10.0)

30. world = client.load_world('Towno2_Opt', carla.MapLayer.Building
s | carla.MapLayer.All)

31. world.unload_map_layer(carla.MapLayer.All)

32. debug = world.debug

33. world_snapshot = world.get_snapshot()

i

35. for actor_snapshot in world_snapshot:

36.  actual_actor = world.get_actor(actor_snapshot.id)

37.  if actual_actor.type_id == 'traffic.traffic_light"

33. tran = actor_snapshot.get_transform().location
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34q. tran.z += 1.0

40. debug.draw_box(carla.BoundingBox(tran,carla.VectorsD(O.
5,0.5,2)),actor_snapshot.get_transform().rotation, 0.05, carla.Col
or(255,0,0,0),0)

41.

42. weather = carla.WeatherParameters(

43.  cloudiness=0.0,

44.  precipitation=0.0,

45.  sun_altitude_angle=40.0)

46.

47. world.set_weather(weather)

4-3.

44. picked_spawn_points = []

50. blueprintsWalkers = world.get_blueprint_library().filter(args.filter
w)

51. # get vehicle blueprint

52. model3_bp = world.get_blueprint_library().find(‘vehicle.tesla.model
3')

53. model3_bp.set_attribute('color', '1255,255,255")

54. camera_bp = world.get_blueprint_library().find('sensor.camera.rgb
)

55. camera_bp.set_attribute('image_size_x', str(1028))
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56. camera_bp.set_attribute('image_size_y', str(720))

57.

58. # get avaliable spawn points

549. spawn_points = world.get_map().get_spawn_points()

60. random.shuffle(spawn_points)

ol.

62. # spawn vehicle

&3. model3_spawn_point = spawn_points[-1]

64. model3 = world.spawn_actor(model3_bp, model3_spawn_point)

65. picked_spawn_points.append(model3_spawn_point)

cO0.

7. NUMBER_OF_VEHICLES = 20

©8. number_of_walkers = 75

©9. SpawnActor = carla.command.SpawnActor

70. walkers_list = []

71.all_id =[]

72.

73. vehicle_bps = world.get_blueprint_library().filter('vehicle..*")

74. vehicle_bps = [x for x in vehicle_bps if int(x.get_attribute('number_
of_wheels") == 4]

75. vehicle_list = []

76.
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77

78.

74.

80.

81.

82.

83.

84.

85.

86.

. for i in range(NUMBER_OF_VEHICLES):

point = spawn_points[i]

vehicle_bp = np.random.choice(vehicle_bps)

try:
vehicle = world.spawn_actor(vehicle_bp, point)
picked_spawn_points.append(point)
vehicle_list.append(vehicle)

except:
print('failed")

pass

87.

88

849

0

. tm = client.get_trafficmanager()
. tm.global_percentage_speed_difference(20.0)

- tm_port = tm.get_port()

q1.

92

93.

a4.

q5.

90.

. for v in vehicle_list:
v.set_autopilot(True, tm_port)
tm.ignore_lights_percentage(v,100)
tm.distance_to_leading_vehicle(v,5)

tm.vehicle_percentage_speed_difference(v,-20)

7.

a8

- model3.set_autopilot(True)
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94. percentagePedestriansRunning = O # how many pedestrians wil

[ run

100.

percentagePedestriansCrossing = 75 # how many pedestrian

s will walk through the road

101.

102.

103.

104.

105.

10e6.

107.

1038.

1049.

110.

111.

112.

113.

114.

115.

11le.

# 1. take all the random locations to spawn

point =[]

for i in range(number_of_walkers):
point.append(spawn_points[i+257)

# 2. we spawn the walker object

batch = []

walker_speed = []

for i in range(number_of_walkers):
walker_bp = random.choice(blueprintswalkers)
# set as not invincible
if walker_bp.has_attribute('is_invincible"):

walker_bp.set_attribute('is_invincible', 'false')

# set the max speed
if walker_bp.has_attribute('speed"):

if (random.random() > percentagePedestriansRunning):

# walking
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117. walker_speed.append(walker_bp.get_attribute('speed’)

recommended_values[1])

118. else:
114. # running
120. walker_speed.append(walker_bp.get_attribute('speed’)

recommended_values[2])

121. else:

122. print("Walker has no speed")

123. walker_speed.append(0.0)

124. batch.append(SpawnActor(walker_bp, point[i]))

125.  vresults = client.apply_batch_sync(batch, True)
126. walker_speed2 = []

127. for i in range(len(results)):

128. if results[i].error:

124, logging.error(results[i].ervor)

130. else:

131. walkers_list.append({"id": vesults[i].actor_id})
132. walker_speed2.append(walker_speed][i])

133.  walker_speed = walker_speed2
134. # 3. we spawn the walker controller

135. batch =[]
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136. walker_controller_bp = world.get_blueprint_library().find(‘cont
roller.ai.walker")

137. for i in range(len(walkers_list)):

138. batch.append(SpawnActor(walker_controller_bp, carla.Tra
nsform(), walkers_list[(]["id"]))

134. vresults = client.apply_batch_sync(batch, True)

140. for i in range(len(results)):

141. if results[i].error:

142. logging.error(results[i].error)

143. else:

144. walkers_list[(]["con"] = results[i].actor_id

145. # 4. we put altogether the walkers and controllers id to get
the objects from their id

146. for i in range(len(walkers_list)):

147. all_id.append(walkers_list[i]["con"])

143. all_id.append(walkers_list[{]["id"])

1449. all_actors = world.get_actors(all_id)

150. # walit for a tick to ensure client receives the last transform
of the walkers we have just created

151.  world.wait_for_tick()

152. # 5. initialize each controller and set target to walk to (list is

[controler, actor, controller, actor ...])
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153. # set how many pedestrians can cross the road
154. world.set_pedestrians_cross_factor(percentagePedestriansCross
ing)

155. for i in range(O, len(all_id), 2):

156. # start walker

157. all_actors[i].start()

158. # set walk to random point

1549. all_actors[i].go_to_location(world.get_random_location_from
_navigation())

160. # max speed

161. all_actors[i].set_max_speed(float(walker_speed[int(i / 2)]))

loc2.

163. def parse_image(image):

164. global Image_Array

165. global Car_Cascade

166. global Cars

167. global classfier

168. global faceRects

1649. array = np.frombuffer(image.raw_data, dtype=np.dtype("u
intg"))

170. arvay = np.reshape(array, (image.height, image.width, 4))
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171. array = arvay[:, :, :3]

172. arvay_gray = cv2.cvtColor(array, cv2.COLOR_BGR2GRAY)
173. Car_Cascade = cv2.CascadeClassifier(‘cars.xml")

174. Cars = Car_Cascade.detectMultiScale(array_gray, 1.3, 5,

MminSize=(72, 72))

175. classfier = cv2.CascadeClassifier("haarcascade_fullbody.xml")

176. faceRects = classfier.detectMultiScale(array_gray, scaleFact
or=1.05, minNeighbors=3, minSize=(12, 12), maxSize=(200, 20
0))

177. Image_Array = array

178.

1749. Ints =0

180. # spawn camera

181. camera = world.spawn_actor(camera_bp,

182. carla.Transform(carla.Location(x=1, z=2.

0), carla.Rotation(yaw=180,pitch=-60)),

183. model3,
184. carla. AttachmentType.SpringArm
185, )

186. camera.listen(lambda image:parse_image(image))
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187.

1838.

1849.

140.

1491.

1q2.

193.

194

1495.

1l49ec.

Image_Array = None

Cars = None

while True:

if lmage_Array is not None:
image = copy.copy(lmage_Array)
if Cars is not None:
for (x, y, w, h) in Cars:

cv2.rectangle(image,(int(x),int(y)).(int(x+w),int(y

+h)),(255,0,0), 2)

1497.

14938.

1494q.

200.

201.

if len(faceRects) > O:
ints += 1
for faceRect in faceRects:
X, Y, w, h = faceRect

cv2.rectangle(image, (x - 10,y - 10), (x + w +

10,y + h + 10), (0, 255, 0), 1)

202.

203.

204.

205.

206.

if ints >= 3:
ints = O
cv2.imshow('Carla Tutorial', image)
if model3.is_at_traffic_light():

traffic_light = model3.get_traffic_light()
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207. if traffic_light.get_state() == carla.TrafficLightState.Red.:
208. traffic_light.set_state(carla. TrafficLightState.Green)
2049. if cv2.waitKey(25) & OXFF == ord('q"):

210. # destroy cv2 window when 'q' is pressed

211. cv2.destroyAllwWindows()

212. vehicle_list.destroy()

213. walkers_list.destroy()

214. break

iR C AARTIRIERF

1. import math

2. import glob

3. import os

4. import sys

5. import logging
©. import argparse
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7. try:

8. sys.path.append(glob.glob('../carla/dist/carla*%d.%d -%s.eqg" %

q. sys.version_info.major,
10. sys.version_info.minor,
11. '‘win-amde4' if os.name == 'nt' else 'linux-x8 6_64")[0])

12. except IndexEvrov:

13.  pass

14.

15. import carla

16. from carla import Transform, Location, Rotation
17. import weakref

18. import random

14. import cv2

20. from (mutils.object_detection import non_max_suppression
21. try:

22.  import pygame

23.  from pygame.locals import K_ESCAPE

24.  from pygame.locals import K_SPACE

25.  from pygame.locals import K_a

26.  from pygame.locals import K_d

27.  from pygame.locals import K_s
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28.  from pygame.locals import K_w

2.9. except lmpovrtErvror:

30.  raise RuntimeErvor('cannot import pygame, make sure pyga
me package is installed")

31.

32. try:

33.  import numpy as np

>4. except ImportError:

35.  raise RuntimeErvor('cannot import numpy, make sure nump
y package is installed")

360.

37. VIEW_WIDTH = 1920//2

38. VIEW_HEIGHT = 1080//2

349. VIEW_FOV = 90

40. NUMBER_OF_VEHICLES = 20

41. BB_LCOLOR = (248, 64, 24)

42. BB_COLOR1 = (0, O, 255)

43. red = carla.Color(255, 0, O)

44. green = carla.Color(0, 255, O)

45. blue = carla.Color(47, 210, 231)

46. cyan = carla.Color(0, 255, 255)

47. yellow = carla.Colorn(255, 255, O)
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48. orange = carla.Color(255, 162, O)

449. white = carla.Color(255, 255, 255)

50. percentagePedestriansRunning = O # how many pedestrians wil
[ run

51. percentagePedestriansCrossing = 20 # how many pedestrians w
(ll walk through the road

52. SpawnActor = carla.command.SpawnActor

53. number_of_walkers = 20

54.# ===================================================

55.# -- ClientSideBoundingBoxes —----—-—-————==--——————————-

56_ # = S 5 0 5 5 o 5 a5 £ 5 ) £ £ £ 5 5 5 ) 0 5 0 ) 0 5 0 ) 8 5 0 ) 0 0 ) 5 0 e 5 e o 0 ) e e e e

57. argparser = argparse.ArgumentParser(
58. description=_doc_)

54. argparser.add_argument(

60. —-filterw!,

ol metavar="PATTERN',

62. default='walker.pedestrian.*,

63. help='pedestrians filter (default: "walker.pedestrian.*")")

©4. args = argparser.parse_args()
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65.

66. class ClientSideBoundingBoxes(object):

67. B

8.  This is a module responsible for creating 3D bounding boxes a
nd drawing them

69.  client-side on pygame surface.

70. S

71.

72.  @staticmethod

73.  def get_bounding_boxes(vehicles, camera):

74.

75. Creates 3D bounding boxes based on carla vehicle list and
camera.

76. i

77.

78. bounding_boxes = [ClientSideBoundingBoxes.get_bounding_b

ox(vehicle, camera) for vehicle in vehicles]

749. # filter objects behind camera

0. bounding_boxes = [bb for bb in bounding_boxes if all(bb[:, 2]
> O)]

81. return bounding_boxes

82.
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83. @staticmethod

g4.  def draw_bounding_boxes(display, bounding_boxes, color):

85. S

86. Draws bounding boxes on pygame display.

87. i

88.

849. bb_surface = pygame.Surface((VIEW_WIDTH, VIEW_HEIGHT)
)

q0. bb_surface.set_colorkey((0, O, O))

q1. for bbox in bounding_boxes:

q2. points = [(int(bbox[i, O]), int(bbox[i, 1])) for i in range(
8)]

q3. # draw lines

4. # base

as. pygame.draw.line(bb_surface, color, points[O], points[1])

6. pygame.draw.line(bb_surface, color, points[O], points[1])

a7. pygame.draw.line(bb_surface, color, points[1], points[2])

as. pygame.draw.line(bb_surface, color, points[2], points[3])
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qq. pygame.draw.line(bb_surface, color, points[3], points[O])

100. # top

101. pygame.draw.line(bb_surface, color, points[4], points
[s])

102. pygame.draw.line(bb_surface, color, points[5], points
[e])

103. pygame.draw.line(bb_surface, color, points[&], points
[7])

104. pygame.draw.line(bb_surface, color, points[7], points
[4])

105. # base-top

106. pygame.draw.line(bb_surface, color, points[O], points
[4])

107. pygame.draw.line(bb_surface, color, points[1], points
[s])

108. pygame.draw.line(bb_surface, color, points[2], points
[e])

1049. pygame.draw.line(bb_surface, color, points[3], points
[7])

110. display.blit(bb_surface, (O, O))

111.
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112.

113.

114.

115.

a view.

l1le.

117.

118.
ehicle)

1149.

@staticmethod

def get_bounding_box(vehicle, camera):

nin

Returns 3D bounding box for a vehicle based on camer

nin

bb_cords = ClientSideBoundingBoxes._create_bb_points(v

cords_x_y_z = ClientSideBoundingBoxes._vehicle_to_senso

r(bb_cords, vehicle, camera)[:3, :]

120.

cords_y_minus_z_x = np.concatenate([cords x_y_z[1, :],

~cords x_y z[2, :], cords_x_y_z[O, :T])

121. bbox = np.transpose(np.dot(camera.calibration, cords_y
_minus_z_x))
122. camera_bbox = np.concatenate([bbox[:, O] / bbox[:, 2],

bbox[:, 1] / bbox[:, 2], bbox[:, 2]], axis=1)

123.

124.

125.

12c.

127.

return camera_bbox

@staticmethod

def _create_bb_points(vehicle):

i
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128. Returns 3D bounding box for a vehicle.

124. it

130.

131. cords = np.zeros((8, 4))

132. extent = vehicle.bounding_box.extent

133. cords[O, :] = np.array([extent.x, extent.y, -extent.z, 1])

134. cords[1, :] = np.arvay([-extent.x, extent.y, -extent.z, 1]
)

135. cords[2, :] = np.array([-extent.x, -extent.y, -extent.z,
1])

136. cords[3, :] = np.arvay([extent.x, -extent.y, -extent.z, 1]
)

137. cords[4, :] = np.array([extent.x, extent.y, extent.z, 1])

138. cords[s, :] = np.array([-extent.x, extent.y, extent.z, 1])

134. cords[6, :] = np.arvay([-extent.x, -extent.y, extent.z, 1]
)

140. cords[7, :] = np.array([extent.x, -extent.y, extent.z, 1])

141. return cords

142.
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143.

144.

145.

14c.

nsor.

147.

148.

144.

@staticmethod

def _vehicle_to_sensor(cords, vehicle, sensor):

nin

Transforms coordinates of a vehicle bounding box to se

i

world_cord = ClientSideBoundingBoxes._vehicle_to_worl

d(cords, vehicle)

150.

sensor_cord = ClientSideBoundingBoxes._world_to_senso

r(world_cord, sensor)

151.
152.
153.
154.
155.
156.
orld.
157.
158.
154.

cation)

return semsor_cord

@staticmethod

def _vehicle_to_world(cords, vehicle):

i

Transforms coordinates of a vehicle bounding box to w

i

bb_transform = carla. Transform(vehicle.bounding_box.lo

-85 -



WAL T K2 2021 faARHEE S

160. bb_vehicle_matrix = ClientSideBoundingBoxes.get_matri
x(bb_transform)
161. vehicle_world_matrix = ClientSideBoundingBoxes.get_m

atrix(vehicle.get_transform())

162. bb_world_matrix = np.dot(vehicle_world_matrix, bb_vehi
cle_matrix)

163. world_cords = np.dot(bb_world_matrix, np.transpose(co
rds))

164. return world_cords

165.

166. @staticmethod

167. def _world_to_sensor(cords, sensor):

168. it

1649. Transforms world coordinates to sensor.

170. it

171.

172. sensor_world_matrix = ClientSideBoundingBoxes.get_ma

trix(sensor.get_transform())

173. world_sensor_matrix = np.linalg.inv(sensor_world_matri
X)
174. sensor_cords = np.dot(world_sensor_matrix, cords)

175. return sensor_cords
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176.

177.

1738.

174.

180.

181.

182.

183.

184.

185.

18¢6.

187.

1838.

1849.

140.

1491.

1q2.

1493.

194

1495.

1l9ec.

1497.

@staticmethod

def get_matrix(transform):

i

Creates matrix from carla transform.

i

rotation = transform.rotation

location = transform.location

c_y = np.cos(np.radians(rotation.yaw))
sy = np.sin(np.radians(rotation.yaw))
¢_r = np.cos(np.radians(rotation.roll))
s_r = np.sin(np.radians(rotation.roll))
c_p = np.cos(np.radians(rotation.pitch))
s_p = np.sin(np.radians(rotation.pitch))
matrix = np.matrix(np.identity(4))
matrix[O, 3] = location.x

matrix[1, 3] = location.y

matrix[2, 3] = location.z

matrix[0, O] = c_p * c_y

matrix[O, 1] = c.y*sp*sr-sy*cr

matrix[O, 2] = ~c.y * s p*cr-sy*sr
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1498. matrix[1, O] = s,y * c_p

199. matrix[1, 1] =sy*sp*sr+cy*cr

200. matrix[1, 2] = -Sy*sp*cr+cy*sr

201. matrix[2, O] = s_p

202. matrix[2, 1] = -c_p * s_r

203. matrix[2, 2] = c_p * c_r

204. return matrix

205.

206.

207. # =========s=osososososososoossososososososoossososososoosas
208. # -- BasicSynchronousClient --------———---—-—-————————-
209. # ==============ssssssssSsssssssssSssSsssssssSsssssosss

210. def draw_transform(debug, trans, col=carla.Color(255, O, O),

[t=-1):

211. debug.draw_arrow(

212. trans.location, trans.location + trans.get_forward_ve
ctor(),

213, thickness=0.05, arrow_size=0.1, color=col, life_time=

(t)
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214.
215.
216. def draw_waypoint_union(debug, wo, wi, color=carla.Color(2

55,0, 0), [t=5):

217. debug.draw_line(

2138. wo.transform.location + carla.Location(z=0.2.5),

2149. wi.transform.location + carla.Location(z=0.2.5),

220. thickness=0.1, color=color, life_time=I[t, persistent_lines
=False)

221, debug.draw_point(wil.transform.location + carla.Location(z

=0.25), 0.1, color, [t, False)
222.

223. class BasicSynchronousClient(object):

224, i

225. Basic implementation of a synchronous client.
226. i

227.

228. def _init_(self):

2249. self.client = None

230. self.world = None

231, self.camera = None

232. self.car = None

-89-



WAL T K2 2021 faARHEE S

233,

234. self.display = None

235. self.image = None

236. self.capture = True

237.

2338. def camera_blueprint(self):
2349. i

240. Returns camera blueprint.
241. B

DI

243, camera_bp = self.world.get_blueprint_library().find('sens

or.camera.rgb")

244. camera_bp.set_attribute('image_size_x', str(VIEW_WIDTH)
)

245. camera_bp.set_attribute('image_size_y', str(VIEW_HEIGH
L)

246. camera_bp.set_attribute('fov', str(VIEW_FOV))

247. return camera_bp

248.

2449. def set_synchronous_mode(self, synchronous_mode):

250. S

251. Sets synchronous mode.
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252.
253.
254
255.
2560.
257.
258.
2549.
260.
261.
2062.
263.
el

2064.

n_points())

265.
260.
267.

2068.

2649.

cle.*.*"

nin

settings = self.world.get_settings()
settings.synchronous_mode = synchronous_mode

self.world.apply_settings(settings)

def setup_car(self):

nin

Spawns actor-vehicle to be controled.

i

vehicle_list = []

car_bp = self.world.get_blueprint_library().filter('vehicle.*

location = random.choice(self.world.get_map().get_spaw

self.car = self.world.spawn_actor(car_bp, location)

self.car.set_autopilot(True)

spawn_points = self.world.get_map().get_spawn_points()

vehicle_bps = self.world.get_blueprint_library().filter('vehi
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270.

vehicle_bps = [x for x in vehicle_bps if int(x.get_attribute

('number_of_wheels")) == 4]

271.

272.

273.

274

275.

276.

277.

278.

2749.

280.

281.

282.

283.

234

285.

2860.

287.

288.

2849.

walkers_list = []

picked_spawn_points = []

for i in range(NUMBER_OF_VEHICLES):
point = spawn_points[i]
vehicle_bp = np.random.choice(vehicle_bps)
try:

vehicle = self.world.spawn_actor(vehicle_bp, point)

picked_spawn_points.append(point)
vehicle_list.append(vehicle)
except:
print(‘failed")
pass
tm = self.client.get_trafficmanager()
tm.global_percentage_speed_difference(20.0)
tm_port = tm.get_port()
for v in vehicle_list:
v.set_autopilot(True, tm_port)

tm.ignore_lights_percentage(v, 50)
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290. tm.distance_to_leading_vehicle(v, 2)

291, tm.ignore_walkers_percentage(v, 80)

292. tm.vehicle_percentage_speed_difference(v, -20)
293.

294 blueprintswalkers = self.world.get_blueprint_library().filt

er("walker.pedestrian.*")

295. # 1. Take all the random locations to spawn

296. spawn_points = []

297. for i in range(50):

2498. spawn_point = carla.Transform()

2949, spawn_point.location = self.world.get_random_locatio

n_from_navigation()

300. if (spawn_point.location != None):

301. spawn_points.append(spawn_point)

302.

303. # 2. Build the batch of commands to spawn the pedest
rians

304 batch = []

305. for spawn_point in spawn_points:

306. walker_bp = random.choice(blueprintswalkers)

307. batch.append(carla.command.SpawnActor(walker_b

p, spawn_point))
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308.

3049. # 2.1 apply the batch

310. results = self.client.apply_batch_sync(batch, True)
311. for i in range(len(results)):

312. if results[i].error:

313, logging.error(results[i].error)

314. else:

315. walkers_list.append({"id": results[i].actor_id})
31lo.

317. # 3. Spawn walker Al controllers for each walker
318. batch = []

3149. walker_controller_bp = self.world.get_blueprint_library().

find('controller.ai.walker)
320. for i in range(len(walkers_list)):
321. batch.append(carla.command.SpawnActor(walker_c

ontroller_bp, carla.Transform(), walkers_list[i]["id"]))

D

323. # 3.1 apply the batch

324. results = self.client.apply_batch_sync(batch, True)
325. for i in range(len(results)):

326. if results[i].error:

327. logging.error(results[i].error)
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328.

3249.

330.

331.

332.

333.

334.

335.

330.

337.

else:
walkers_list[(]["con"] = results[i].actor_id
all_id =[]
# 4. Put altogether the walker and controller ids
for i in range(len(walkers_list)):
all_id.append(walkers_list[i]["con'])
all_id.append(walkers_list[{]["id"])

all_actors = self.world.get_actors(all_id)

# walt for a tick to ensure client receives the last trans

form of the walkers we have just created

338.

3349.

340.

self.world.wait_for_tick()

# 5. initialize each controller and set target to walk to

(list is [controller, actor, controller, actor ...])

341.

342.

343.

EAiE

345.

for i in range(O, len(all_actors), 2):
# start walker
all_actors[(].start()

# set walk to random point

all_actors[i].go_to_location(self.world.get_random _loc

ation_from_navigation())

346.

# random max speed
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347. all_actors[i].set_max_speed(1 + random.random())
348. # self.player = self.world.spawn_actor(random.choice

(ped_blueprints), spawn_point_v2)

3449. # player_control = carla.WalkerControl()

350. # player_control.speed = 1

351. # pedestrian_heading = 90

352. # player_rotation = carla.Rotation(O, pedestrian_headi
ng, O)

353. # player_control.direction = player_rotation.get_forwar
d_vector()

354. # self.player.apply_control(player_control)

355. # transform = spawn_point_v2

356. # spectator.set_transform(carla. Transform(transform.lo
cation))

357. def setup_camera(self):

358. it

3549. Spawns actor-camera to be used to render view.

360. Sets calibration for client-side boxes rendering.

361. it

362.

363. camera_transform = carla. Transform(carla.Location(x=

-5.5, z=2.8), carla.Rotation(pitch=-15))
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364 self.camera = self.world.spawn_actor(self.camera_bluepri
nt(), camera_transform, attach_to=self.car)

365. weak_self = weakref.ref(self)

366. self.camera.listen(lambda image: weak_self().set_image(

weak_self, image))

367.

3638. calibration = np.identity(3)

364. calibration[o, 2] = VIEW_WIDTH / 2.0

370. calibration[1, 2] = VIEW_HEIGHT / 2.0

371. calibration[0, O] = calibration[1, 1] = VIEW_WIDTH / (

2.0 * np.tan(VIEW_FOV * np.pi / 360.0))

372, self.camera.calibration = calibration

373.

374. def control(self, car):

375. i

376. Applies control to main car based on pygame pressed k
eys.

377. WIll return True If ESCAPE is hit, otherwise False to en

d main loop.
378- nin
374. keys = pygame.key.get_pressed()

380. if keys[K_ESCAPE]:
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381.

382.

583.

384.

385.

3860.

387.

588.

3849.

390.

391.

392.

393.

394.

395.

3960.

397.

398.

3949.

400.

return True

control = car.get_control()

control.throttle = O

if keys[K_w]:
control.throttle = 1
control.reverse = False

elif keys[K_s]:
control.throttle = 1
control.reverse = True

if keys[K_a]:

control.steer = max(-1., min(control.steer - 0.05, O)

elif keys[K_d]:

control.steer = min(1., max(control.steer + 0.05, O))

else:
control.steer = O

control-hand_brake = keys[K_SPACE]

car.apply_control(control)

return False
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401.

402. @staticmethod

403. def set_image(weak_self, img):

404.

40s. Sets image coming from camera sensor.

406. The self.capture flag is a mean of synchronization - onc
e the flag is

407. set, next coming image will be stored.

408.

404.

410. self = weak_self()

411. if self.capture:

412. self.image = img

413. self.capture = False

414.

415. def render(self, display):

416. S

417. Transforms image from camera sensor and blits it to

main pygame display.
4‘18- nin
414.

420. if self.image is not None:
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42.1.

arvay = np.frombuffer(self.image.raw_data, dtype=n

p-dtype("uints"))

AR

ge.width, 4))

42.3.

424,

42.5.

paxes(O, 1))

42.0.

42.7.

42.8.

42.9.

430.

431.

432.

433.

434

435.

436.

437.

433.

4349.

def ga

i

Ma

i

arvay = np.reshape(arvay, (self.image.height, self.ima
arvay = arvay[:, :, :3]
array = arvay[:, :, ::-1]

surface = pygame.surfarvay.make_surface(array.swa

display.blit(surface, (O, O))

me_loop(self):

in program loop.

try:

pygame.init()

self.client = carla.Client('127.0.0.1', 2000)

self.client.set_timeout(5.0)

- 100 -



WAL T K2 2021 faARHEE S

o)

441,

442.

443.

444,

445.

self.world = self.client.load_world('Towno2")
self.setup_car()

self.setup_camera()

# abc = carla.TrafficLight()

# abc.set_red_time(3.0)

self.display = pygame.display.set_mode((VIEW_WIDT

H, VIEW_HEIGHT), pygame.HWSURFACE | pygame. DOUBLEBUF)

446.

447.

Pt

444

450.

451.

452.

453.

454

455.

456.

457.

458.

pygame_clock = pygame.time.Clock()

map = self.world.get_map()
self.set_synchronous_mode(True)

vehicles = self.world.get_actors().filter('vehicle.*")
walkers = self.world.get_actors().filter("walker.*")
# vehicles.append(walkers)

current_w = map.get_waypoint(self.car.get_location())

debug = self.world.debug

while True:
self.world.tick()
self.capture = True

pygame_clock.tick_busy_loop(20)
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4549.
460. next_w = map.get_waypoint(self.car.get_location(),
lane_type=carla.LaneType.Driving | carla.LaneType.Shoulder | carl

a.LaneType.Sidewalk )

461. # Check if the vehicle is moving

462. if next_w.id != current_w.id:

463. vector = self.car.get_velocity()

464. # Check if the vehicle is on a sidewalk

465. if current_w.lane_type == carla.LaneType.Side
walk:

466. draw_waypoint_union(debug, current_w, n

ext_w, cyan if curvent_w.is_junction else red, 6O)

467. else:

4638. draw_waypoint_union(debug, current_w, n
ext_w, cyan if current_w.is_junction else green, 6O)

464. debug.draw_string(self.car.get_location(), str('%
15.0f km/I' % (3.6 * math.sqrt(vector.x**2 + vector.y**2 + vecto
r.z**2))), False, orange, 60O)

470. #debug.draw_string(current_w.transform.locat
ion, str('%15.0f km/h' % (3.6 * math.sqrt(vector.x**2 + vector.y**

2 + vector.z**2))), False, orange, ¢O)
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471.
white, 60)
472.
me time
473.
474.
475.
476.
477.
State.Red:
478.
Good to go!")
474.
e.Green)
480.

481.

draw_transform(debug, current_w.transform,

# Update the current waypoint and sleep for so

current_w = next_w

if self.car.is_at_traffic_light():

traffic_light = self.car.get_traffic_light()

if traffic_light.get_state() == carla.TrafficLight

# world.hud.notification("Traffic light changed!

traffic_light.set_state(carla. TrafficLightStat

self.render(self.display)

bounding_boxes = ClientSideBoundingBoxes.get_bo

unding_boxes(vehicles, self.camera)

482.

bounding_boxes1 = ClientSideBoundingBoxes.get_

bounding_boxes(walkers, self.camera)

483.

ClientSideBoundingBoxes.draw_bounding_boxes(se

If.display, bounding_boxes, BB_COLOR)
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4384

ClientSideBoundingBoxes.draw_bounding_boxes(se

If.display, bounding_boxes1, BB_LCOLORZ)

485.

486.

487.

4838.

4849.

490.

4491,

492.

493.

4a4.

4495.

496.

pygame.display.flip()

pygame.event.pump()
if self.control(self.car):

return

finally:
self.set_synchronous_mode(False)
self.camera.destroy()
self.car.destroy()
self.cari.destroy()

self.player.destroy()

pygame.quit()
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502. S

503. Initializes the client-side bounding box demo.
504. S

505.

506. try:

507. client = BasicSynchronousClient()
5038. client.game_loop()

504. finally:

510. print('EXIT")

511.

512.

513. if _name__ == '_main_"

514. main()
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MR D ZFEWERNRIEHIER

1. import numpy as np
2. import math

3. import glob

4. import os

5. import sys

6. import cv2

7. try:

8. sys.path.append(glob.glob('../carla/dist/carla—*%d.%d -%s.eqg" %

q. sys.version_info.major,
10. sys.version_info.minor,
11. '‘win-amde4' if os.name == 'nt' else 'linux-x8 6_64")[0])

12. except IndexErvor:

13.  pass

14.

15. import carla

16. from carla import Transform, Location, Rotation

17. from carla import Map
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18. from carla import Vector3D
149. import random

20. import time

21. actor_list = []

22.

23.

24. class Controller2D(object):

25, def _init_(self):

26. self._conv_rad_to_steer = 2 / np.pi

27. self.alpha_previous =0

28. self._wheelbase =25

29. self.steering_previous =0

30. self._steering_diff = np.linspace(-10, 10, 21, endpoint=Tru
e)

31. self._Kmpce = 0.3

32.  def set_steer(self, input_steer_in_rad):

33, # Covnert radians to [-1, 1]

34. input_steer = self._conv_rad_to_steer * input_steer_in_rad
35. # Clamp the steering command to valid bounds

36. steer = np.fmax(np.fmin(input_steer, 1.0), -1.0)
37. return steer

38.
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34.  def get_alpha(self, vi, v2, [d):

40. inner_prod = abs(vi[O] * v2[O] + vi[1] * v2[1])
41, return np.arccos(inner_prod / [d)
Fie

43.  def get_lookahead_dis(self, x, y, waypointx, waypointy):

44. a = math.pow((x - waypointx), 2) + math.pow((y - waypo
inty), 2)

45. return math.sqrt(a)

46.

47.  def get_steering_direction(self, yaw, yaw1):

48. if yaw > yawd:
449. return -1
50. return 1

51.

52.  def get_heading_ervor(self, current_yaw, v1):

53. waypoint_delta_x = v1[O]

54. waypoint_delta_y = vi[1]

55. waypoint_heading = np.arctan(waypoint_delta_y / waypoin
t_delta_x)

56. heading_error_mod = divmod((waypoint_heading - curvent

_yaw), np.pi[1]
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57. if heading_error_mod > np.pi / 2 and heading_error_mod <
np.pi:

58. heading_error_mod -= np.pi

549. return heading_error_mod

©0.

61.  def get_predicted_wheel_location(self, x, y, steering_angle, yaw,
v):

62. wheel_heading = yaw + steering_angle

63. wheel_traveled_dis = v * (self._curvent_timestamp - self.var
s.t_previous)

64 return [x + wheel_traveled_dis * np.cos(wheel_heading), y +
wheel_traveled_dis * np.sin(wheel_heading)]

65.

6.  def get_distance(self, x1, y1, x2, y2):

67. return np.sqrt((x1 - x2)*2 + (y1 - y2)**2)

638.

9.  def get_cte_heading_ervor(self, v):

70. proportional_cte_error = self._Kcte * self._closest_distance
71. cte_heading_ervor = np.arctan(proportional_cte_ervor/v)
72. cte_heading_error_mod = divmod(cte_heading_error, np.pi)[

1]
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73.

74.

75.

76.

77.

78.

74.

80.

81.

82.

83.

84.

85.

86.

87.

88.

84.

q0.

if cte_heading_error_mod > np.pi/2 and cte_heading_ervor._
mod < np.pi:
cte_heading_error_mod -= np.pi
return cte_heading_error_mod
def calculate_steering(self, x, y, yaw, waypoint, vf, m):
waypointx = waypoint.transform.location.x
waypoint_y = waypoint.transform.location.y
if m == 1.
yawl = waypoint.transform.rotation.yaw
[d = self.get_lookahead_dis(x, y, waypointx, waypoint_y)
vl = [waypointx - x, waypoint_y - y]
v2 = [np.cos(yaw), np.sin(yaw)]
alpha = self.get_alpha(vi, v2, [d)
If=01*vf+20
if math.isnan(alpha):
alpha = self.alpha_previous
if not math.isnan(alpha):
self.alpha_previous = alpha
steering = self.get_steering_direction(yaw, yawd) * np.ar

q1.

ctan(
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q92.

93.

a4.

q5.

96.

7.

q8.

qq.

100.

101.

102.

(2 * self._wheelbase * np.sin(alpha)) / If)

if math.isnan(steering):
steering = self.steering_previous

if not math.isnan(steering):
self.steering_previous = steering

return self.set_steer(steering)

elif m ==

vl = [waypointx - x, waypoint_y - y]
yawl = waypoint.transform.rotation.yaw
heading_error = self.get_heading_ervor(yaw, v1)

cte_ervor = self.get_steering_direction(yaw, yaw1)*se

If.get_cte_heading_error(vf)

103.

104.

105.

106.

steering = heading_ervor + cte_error
return steering
elif m ==

steering_list = self.vars.steering_previous + self._steeri

ng_diff * self._pi/180

107.

1038.

1049.

110.

min_dis = float("inf")
steering = self.vars.steering_previous
for i in range(len(steering_list)):

predicted_wheel_location = self.get_predicted_whe

el_location(x, y, steering_list[i], yaw, vf)
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111. dis_to_last_waypoint = self.get_distance(predicted_

wheel_location[O], predicted_wheel_location[1], waypointx, waypo

int_y)
L3, if dis_to_last_waypoint < min_dis:
113. min_dis = dis_to_last_waypoint
114. steering = steering_list[i]
115. return steering
11e.

117. def main():

118. client = carla.Client('localhost', 2000)

1149. client.set_timeout(10.0)

120. world = client.load_world('Towno2.")

121. mapl = world.get_map()

122. blueprint_library = world.get_blueprint_library()

123. vehicle_bp1 = blueprint_library.filter('tt)[O]

124. vehicle_bp1.set_attribute('color', '1255,255,255")

125. spawn_point_vi = Transform(Location(x=-3.7, y=300, z=
1),

126. Rotation(pitch=0, yaw=-120, roll=0))

127. vehicle1l = world.spawn_actor(vehicle_bpl, spawn_point_v1)
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128. actor_list.append(vehicle1)

1249. controller = Controller2D()

130. try:

131. while True:

132. x_v1 = vehicle1.get_location().x

133, y_vi = vehicle1.get_location().y

134. z = vehicle1.get_transform()

135. z1 = zrotation.yaw

136. Xvl = xvl - 1.5*np.cos(z1)

137. yvi =yvi - 1.5%np.sin(z1)

138. z2 = vehiclel.get_velocity()

1349. vfo = math.pow(z2.x, 2) + math.pow(z2.y, 2)
140. vf = math.sqrt(vfO)

141. waypoint = mapl.get_waypoint(vehiclel.get_location

(), project_to_road=True,

142. lane_type=carla.LaneType.Driv
ing)
143. ¢ = controller.calculate_steering(x v1, y_vi, z1, way

point, vf, 2)
144. vehiclel.apply_control(carla.VehicleControl(throttle=
0.5, steer=c))

145. finally:
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146.

147.

148.

144.

150.

151.

152.

153.

154.

155.

for actor in actor_list:
actor.destroy()

print("All cleaned up!)

if _name__ == '_main__":

try:

main()

except Keyboardinterrupt:

print("\nCancelled by user. Bye!")
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