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HRAL IR A K 2 b % i Abstract

Abstract

This design takes the construction of intelligent connected vehicle technology v
erification platform as the research goal, and puts forward the design scheme o
f intelligent connected vehicle based on robot operating system (ROS) for the t
echnical pain points of high research and development cost and high test risk
of full-scale vehicles. By constructing a layered hardware architecture of'STM3
2 microcontroller+Jetson Orin nano computing unit", integrating multimodal sen
sor array (LIDAR/depth camera/fisheye lens), the multi-source fusion of environ
mental perception data is realized. The modular software system design based
on ROS framework uses distributed communication mechanism to realize hardw
are abstraction and data standardization,and develops a three-tier algorithm archi
tecture including environmental perception,decision planning and control executi
on. Aiming at the core functions of lane keeping system (LKS), a solution bas
ed on the combination of visual perception and control strategy is proposed. T
he experimental verification shows that the car can achieve stable lane keeping
under straight-line and curve conditions, which proves the stability and adapta
bility of the design.The research results provide a reusable technical framework
for the technology and prototype development of intelligent connectedvehicles.
Keywords:Intelligent connected vehicle ROS Lane Keeping System (LKS) h

ardware design; software development.
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Analog >
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TIMZ2
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+ TIMa

TIM1 Mode and Configuration

e |

Slave Mode |Disable

Trigger Source |Disab|e

Clock Source |Interna| Clock

Channel1 [PWM Generation CH1

Channel2 |PWM Generation CH2N

Channel3 |PWM Generation CH3N

Channel4 PWM Generation CH4

[ Activate-Break-Input
[ Use ETR as Clearing Source

[ Cne Pulse Mode

K 4-3 Efas 1 WE

TIM8 Mode and Configuration

System Core 2>
Analog ?

Timers .4

RTC
v TIM1
TiMz2
TiM3
Tiv4
TIM&
TIMG
TIM7

M

Slave Made |Disab|e

Trigger Source |D\sab|e

Clock Source |Interna| Clock

Channelt [PWM Generation CH1

Charnel2 [PWM Generation CH2

Channel3 [PWM Generation CH3

Charnel4 [PWM Generation CH4

G isable

[ Activate-Break-Input

[]Use ETR as Clearing Source
[ XOR activa
] One Pulse Mode
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PR HATIRAE ] 4-7.

FEFP TR AN & 4-8.

SYS_JTCK-5\

KEY1

PA14

LED

3 SYS_JTMS-SWDIO

RCC_OSC_IN  [geli TIM1_CH4
RCC_OSC_OUT _

— 8 TIM1_CH1

1 TIMB_CH4

PC2 TIMB_CH3

— TIME_CHZ

STM32F103RCTx L | Tiue CH

LQFP64

BEEP [#3

TIMT_CH3N  [ig=d]

TIMI_CHZN [l

Kl 4-5 O BCE 51

Algorithm 1: Optimized Motor PWM Control
Input: id, speed
Output: PWM register update
begin
speed ¢ max(min(speed, MAX), —-MAX);
speed < speed + sgn(speed) - DEADZONE;
switch id do
case M1/M2 do

(ccrA, cerB) + {

(1,2) if M1
(3,4) if M2’
if speed > 0 then
TIM1 > CCR[A] - speed;
TIM1 > CCR[B] « 0;
else
TIM1 > CCR[B] « —speed;
TIM1 > CCR[A] < 0;
end
end
otherwise do
| Motors handled similarly
end
end
end

B 4-6 HILAKE) bR K Oy AR
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m.

Motor_Set_Pwm

SEXShFR

PWM{EPRH+3600

M1/M2 M3/M4
‘ .

Riepkg ‘ HiZfER ‘

)

N
< pulse>=0? >

/ \é
‘ )
e

55 :PWM_A=0\nPWM_B=-
£:PWM_A=pulse\nPWM_B=0 pulse

K 4-7 BT IR

fEzh
STM32CubelDE
EESHER

l

FER 28 112
REIIES [ HEsEE®
HPWM
e . FEHHIFRAER
RS [ EFHAM2857 b

K 4-8 R TR R
4.3 Fe¥lIRshiEF T
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AV STM32 2L fii /2 it 5 Wi Dh g, Bl PWM (55, $= 4] PWM
el MRTE BT E, MEML ST S2 S3 S4 43R5 STM32 f) PC3 PC2 PC1 P
CO 5|, & PCO PC1 PC2 PC3 5| Ak iz, BEAASEWE 4-9 Fik:

Catcasia] -

System Core ~ |Group By Peripherals ~]
DMA LED
| Search Signals
- [Search (et [ Show only Modified Pins
vRes 5 = = - Modified |l
v sYs =
WWDG s c_out
PC1 nia Low Output . No pull-_. High ~ S3
PC2  nia Low Output ... No pull-... High ~ §2
g Pc3 nia Low Output ... No pull-_.. High ___S1 sS4
Analog PCS ™A Tow Gutput . No pull-_ Low BEEP s3 B8
2] Reset_State
- PC13T... nila Low Output ... No pull-... Low LED A
imers v s2 —
= PDZ  nia na Input m__. Pullup  nfa KEY1 SN
il ADC3_IN10
BTG GPIO Input
M1
TIMz
vz
Tiv4
TiMs
Tive PCUE
v 7
Tive
GPIO output level [Low ~]
Connectivity >
GPIO mode [output Push Pull ~]
Multimedia >
GPIO Pull-up/Pull-down [Mo pull-up and no pull-down v
Computing >
Maximum output speed [High <]
Middleware >
User Label e« ]
Kl 4-9 HikSH
~N Z
sy H S K —
S —
BLEEM# 7, AARESHNE 4-10 Fios.
Categaries Mode
System Core ~
[ One Pulse Mode
DA
GPIO
WDG
NVIC
~ RCC
" SY
Analog >
Timers >~
RTC
TINA
TIMz2 guration
TIMZ
Tinaa
TiMs — .
CR—— S PcnsieSeiiigs
TING Configure the below parameters -
NE Cerit @ (&) a
N ~ Counter Settings
Connectivity Prescaler (PSC - 16 bits val__ 71
) ) N Counter Mode Up
RaG e Counter Period (AutoReload . 9
& ) N auto-reload preload Enable
Qmpriting - Trigger Output (TRGO) Parameters
S N Trigger Event Selection Resst (UG bit from TiMx_EGR)

K 4-10 Bd & Emf a8 7

T ER a2 Rk B Ak 4-11,

@ User Constants & NVIC Swttlngs

MWVIC Interrupt Table F-‘reemptlon Priority

TIMT global interrupt
Kl 4-11 7T 2 25 4 m h Wi &
RENLIXB) o8 K Dy AR U e 412,
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Algorithm 1: Optimized Servo Control Protocol
Input: id €[1,6], angle €]0,180]
Output: RS485 command frame
begin

if id invalid or angle > 180 then

| return

pulse + L%%J%— FlashRead(id);
pulse +— min(pulse, ARM_MAX);
cmd <+ [0x55,0x55,1d,0x07,0x01, (pulse:>8)&FF ,pulse&FF,0x00];
fori+ 0 to 7 do

USART Send(cmd][i]);

while ~USART Ready() do
| 1 // Spinlock

bl

end

end
end

K 4-12 FeHLIRS) ek £ D AR RS
FERFHATRIE R 4-13.

P —— PwmServo it ——  GPIO¥fAfL ‘—» RESIARED

BHBET

>
/E SERVO_x_HIGH
g pwm_pulse <= )
/ g angle_num?

o I ERT

i i 1 -’ ? 1=} 14#irag &
PwmServo_Handle ———»  iHEREH ; & SERVOLx LOW —v“L‘rﬁb 20007 Va HHEET

N

EifEE

/%’ ‘ it

PwmServo_Set_Angle  ———»( FE<=1807

o

A B&m

K 4-13 P AT

R BRI 4-14.
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Kl 4-16 HEARIEHIR
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Algorithm 1: FreeRTOS Task Initialization
Input: System configuration flags
Output: Active real-time tasks
begin
// Create tasks with priorities
foreach task in [ ("Speed”, 512, 10, vTask_Speed), (” Control”, 128,
9, vTask_Control), ("KEY?”, 128, 8, vTask_Key), (”Report”, 512,
7, vTask_Auto_Report), ("App_Handle”,128,4, vTask_App_Handle),
("MPU”, 1024, 8, vTask_-IMU) | do
xTaskCreate(task.func, task.name, task.stack, NULL, task.prio,
NULL);
end
if ENABLE OLED then
| xTaskCreate(vTask_ OLED, "OLED”, 512, NULL, 1, NULL);
vTaskStartScheduler();
4 // Never returns
end

Task Priorities
10 (Highest) Speed Measurement
9 Control System
8 Key Input
7 Data Reporting
4
3
1

Application Logic
IMU Processing
OLED Display (Conditional)

K 4-21 FreeRTOS {14713

N R BN vTask Control (), %O FER WK 4-22.

Algorithm 1: Compact Data Frame Parser

Input: buff0..len-1]
begin
sum < Ei?{z buf[il; // Checksum calculation

if sum # bufflen-1] then
| return

end
switch buf/3/ do
case AUTO-REPORT do
| > Process sensor data
end
case MOTION_CTRL do
| target + buf[4:7]; // Extract 4-byte float
end
case PID_TUNE do
| Kp « buf[4], Ki + buf[5], Kd «+ buf[6]
end
otherwise do
| Log unknown function code
end

end

end

Bl 4-22 fifbiT BREL
KA % R 3N vTask Auto Report (), 3 ¥ K i% % ORI K 4-23.
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Algorithm 1: Optimized Telemetry Transmission
Input: Vx, Vy, Vz € [-32768,32767]
begin

buf « [HEAD, DEV ID, LEN, FUNCREPORT]; // Initialize
header

// Pack 16-bit velocities

buff4:9] « (Vx&FF, Vx»8, Vy&FF, Vy»8, Vz&FF, Vz>8);

buf[10] + ReadBattery();
buf[-1] « Ziz buflil; // Checksun calculation
USART Send(buf); // Atomic transmission
end
B 4-23 JikpR %K

Ry EE R S PAT IR A 4-24,

main
R

UartServo T
est_Read Sta SystemInit()
te() A
s
Clear CMD_ UartServo C :
AR etz o
t 4 v
Upper Data z Motion Han
Parse() 6;1%;;2& dle() -t
MM AT = iEnmEH
Send Reque * ‘
st_Data() Get_CMD Flag() App Start FreeRTOS() Encoder_Up
Podes i oSl EEIRTOS date_Count()
7y ImADER T
/|
52 y E: A
Get_Request vTask_Contr el vTaskStartSc % vTask Speed
Flag) | ol) l«—7F | heduler) |—7T-» 0
BRI =HES ;}Tl | ShE = ;;L HEES
1T 7

K 4-24 FEfF EERHCS PAT IR
[F) R AR A P AL AT DA I e 145 SR B /22 i R BB A F) 45 AT
il
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Py thon F£Fp A SR IR 5 SO AE I Wl i 4018 AR in e 4. 1k 3X.
AU ARYT python FR/F 4N 4-25.  [A) i) B AL SR &4 ] 4-26..
R A1 BRI A S EIR

FEAAK ik AN IKIED
mizk (_ HEAD) AR mir e bR, [EEEN 0xFF, OxFF
W
TR RIEBECE R 1 2 bR, [EE(E N 0xFC, 0xFC
ID(_ DEVICE 1ID)
K
FRBNBAROMKE (BRESEMAEIE ST . 10
(ext len)
iR 7
fae BRI ThRe sk #elE, Blangd R #=HfE 2% . 0x01
(FUNC_XXX)
B N 25
W INREFAE, BEARPSEEEIENE. KAEHHRE
(ext data)
R AE AR SGAE, BT i PREE 1) S8 5 14 AN IR A 4 0xA5

Algorithm 1: Serial Frame Processor

begin

while stream-active do

if ReadByte() = HEAD then

if ReadByte() = DEV_ID then

len + ReadByte();

type + ReadByte();

payload <+ [ReadByte() — i € 0..(len — 3)];

checksum < ReadByte();

if (sum((len, type] + sum(payload)) % 256 = checksum
then
| Dispatch(type, payload);

end

end

end

end
end

Kl 4-25 LU A
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Algorithm 1: Command Frame Construction

begin
gcmd + [HEAD, DEV ID, 0x05, FUNC REQ, func&FF,
param&FFJ;
emd ¢ emd U (sum(cmd) % 256);
SerialSend(cmd); // Atomic transmission with checksun

end

4-26 |7 Ji& JE V5 SR Edhs

4.6 REING

BT LN T AR R RS RE R T ACRIE S Pl & - il A
P B T HAE SRR AE I A610AS, I Keil 58I BERERMI4RTE . 1 STM32
(17 I 255 T B8 7 A2 BV FE LR AT 42 i Rl e R B0 26 T 52 4 . EHLIR B0 2
Jp i I STM32 5 I 255 H WAL i AL A0L PWM A 5 S 30 A FE P R4 o R385 R i,
18 H EEAE S2 3 _EAIHL (Jetson Orin Nano) 5 AL (STM32) #dE=s H..
fdi ] CH340H 45 v 5E B USB-TTL Hi~F#e4t, 535k, JFR T python BRENEE, il b
WERIUR B 5 F R AL, NIRRT K BE € Bl
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5 ZE T ROS BUEHE/NZE LKS ThEESEIT

5.1 ROS IMEIBE TS/ 4B

(1) ROS MEA=T5 5t

B R AR IHED, HLEE NP L IE T 2 2 R K R . F 20 s h s 2
HIANF R SR BEAT AR X T — AN IR K R GER Ul — RSB 31X 2 AN [R] 1 A SR
& AU X AN R AL AR R Sk, IX R 2 AN AT & R
N [FIE A 2 TR SO 5, ROS TEIXPFIIT S FHEZ T,

Spy fic . E.:M"’
UP\- J _"‘ 3 ' Il;
Chey  dsst A8l

4 s S

ARG LR g
it it it

L%7 NP
T \ %HLEE /\/

K 5-1 ROS &RGi4ES

(2) ROS XM %&%
ROS SCAF R G H A5 # KB ] L] 5-2.

2 AR ERE
o
— g
= Wi aEETT
(T2
e i FER
I include/<package_name >/ |
- JefiR B XER
i msg/
mxnan .
=] W xmEXER
o
THeziE HIETE package3 bash. pythonZoHITHIA X &iRES
e T
launch X f#FE®
azm
s
= AR SRR AR

5-2 ROS 1t %40
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(3) ROS HMfk it

H1 T ros P22 28 1) R HB 7 OB A R AE [ AP IR 25 %, o T 1 9 P ok
TG BTV L 8 TR DNy W 5% o) je 22 2 SR, e DAASETHAE D T H #7 ROS AL (X
et — R o &, W 22 EId AR

175 ROS — i 22 4% T HOE H B IAIASE S 1 ROS K% 0o KM S W FH T AL
R T AL Gt 2 e v B IC B A2 (T3 miR . B IR AR5, It

FLEEXH B AT O0AG S B, TR0 4% BIR 1) S 3 v %
FTJF ubuntu %3, A

wget http://fishros.com/install -0 fishros && . fishros

SNJG 22 I T ] 5-3 (1) 5T

BN “17 —HR2edE - DA HIE A - DIEFE ubuntu MRS R ros fRA
- DHEAT R

IR — 2, THMA S 8] rosmaster.

roscore

K 5-3 f07 ROS —HE ey 4
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Press Ctrl-C to interrupt
Done checking log file disk usage. Usage 1

started roslaunch server http://x-MS-7D18:40083/
ros_comm version 1.14.13

SUMMARY

PARAMETERS
* [rosdistro: melodic
* [rosversion: 1.14.13

NODES

auto-starting new master
process[master]: started with pid [6970]
ROS_MASTER_URI=http://x-MS-7D18:11311/

setting /run_id to dfa6c152-0988-11T0-8cb3-90deB80929673
process[rosout-1]: started with pid [6981]
started core service [/rosout]

K 5-4 JA%h rosmaster

LR G 42w [/rosout] ] 5-4, FRETESE AL, WA

rosrun turtlesim turtlesim node

TurtleSim

: Starting turtlesin with node name [turtlesim
[ INFO] [1742914544.898566451]: Spawning turtle [turtlel] at x=[5.544445], y=[5.
544445], theta=[6.000000]

Kl 5-5 ROS i/ ]Nifg £
BT AR/ S e A & 5-5, B =A%, A

rosrun turtlesim turtle teleop key
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5-7D18:~$ rosrun tur L teleop_key
from keyboard

Use arrow keys to move the turtle. 'q' to quit.

Kl 56 JH Bl /N B R AR I
B TBCAE 55 =/ 28w, g T DOd s 4% T A ) B R e A R N gt AT 2
¥ T B 5-6. FiX B ROS ZRMIN T .
(4) LKS DiRef o
B ros 45[A

mkdir —p LKS ws/src
cd LKS ws

catkin make

BN src G ros HIFIRINIK

cd src

catkin create pkg lks roscpp rospy std msgs

EibdanS, SAETIERE MER D0 Tks BFITIRER, 548 IRFFAR
REF A AR A Th g A S B
(5) TR SEE R AR
WG SN AR ARG ARSI, A AR 5. 1.

R 5.1 WRIIAE SEERAR

B! ife PN A i
TG LB R /camera/image raw
camera_node T
R, SERTRE IR AT R KB
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JTIEH R G R .

/processed image (4t
BIMGAEEE T i, #2k

image processor A I EMEO
JRAE MG T 42184k /camera/image raw
node /lane error (ZiE{w
I 5 0w 221 H 5
ZE)

FEIRAT R, HRAE

22 3 i 22 1 A2 A 1) LI E =R
controller node /lane error
RS (FehLEE /steering angle)
AR .

AIARARTT A, BoRAd
visualization_no HJ5HIEME A& M /processed image/1  /visualization/imag
de EZER, HT A ane error e (AFRALEE B

T

5.2 LKS ThEEN 43

ZIERFFR Y (Lane Keeping System, fFK LKS) &% A2 B b i) SC BB
Yuz —, I I AR )RR S AR AT B R eh 1 ) DR AE T I 1) TE A 2R
e,

LKS Jo 3R A AR AL 1) A o T S ) A SRR AR A S B 5000 A 38 SRV 1 2
REBUThREZ — . BTG CSRIRIE TGS R, AR5 R TSN B 520 00 0%
SEAE S — ELRGURLIN B A0 25 M AT 4508, LKS RLHR @ I 2R 0 B A R Goxt
ZERREAT LB R AR R, OR AP D [ B R R AT B AOE . Wl 57,
5.3 £T OPENCV HIZEEIR#F
5.3.1 FiEZ A7

ARV V458 P A G5 10 2 T8 2R A 7 3 S B 2 T R R 2 RE R R B8 A% Sk SR U
I EBAE S, X518 OpenCV Xf EURBEAT 70 A AHAR B, R0 2R 42 . il
BB (B e BIMEAL . DRI AR AR, K R 4Rl 2 NS A

HRBRER SR, R R A R AR e A T 2 ) R R A
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K 5-7 B fRFREE
(1) Hough CEFR) HELAN 5
BAVE NEMALVRRPHEHD S A B, BT —%EZ% v = kx + b,
KB 1R k AR b At PARHIE — 2 B2k R R R R A (e T an ] 5-8,
A LHIE HREE A x W, g Rl B B A

BEFRTEPNESZ
— e
8 o FAUHREBEO) |
,
6
5
4
3
2
1
0 2 4 6 8 10

K 5-8 HR/RE R H Lk

42



HE AL BN R AR KR S 5L B it HT-ROS (8 B8 /N4 LKS T BE LI

SR, ARBUAEAE AN R R 1 EEELNE: HEHLEET x W, &
ok ALFH K. 2. ZECEHETLIR: k Al b WEETGEN (—o, + <), FHS

B Ta) e AR HAL .
N IR A, R RAR R R AL b 2 B B 2k
p = xcosO + ysind (5.1)
Horp

-p: BHLZR|FESMEEES (p [-D,D], D ANKEMGIAHLKED .
-0: HZELH x HikMm (0 [0,m) .
WHZ L ME4&T7mNe, R Bl HELNEEEE Np. W HL FEE— X
(xy), HEHL L KRR R (K 59 Bros) -
p = xcos6 + ysin® (5.2)
(i ASPUNE
BLRIELR T M B &N n = (cosB,sinB). i x5 O 2 B 2k 1 1A & 55 pn,
HINER2 IR ENE
rn=p (5.3)
IESIWEEGEIE
XC0s0 + ysind = p (5.4)
B (8] IS HCR R B R &, BRI — A 5D (G, y) AN S HE
(] o () — 2R IR R 42
p = x;cos0 +y;sin@ (6 [0,m)) (5.5)
PG 7 ) v B — 2% LA N2 30 18] 7 B — A 1L (Po, Bo)
WEHA:
BB R RAAE R HE Lipg = xcos8g + ysinBy, H ERIFTA &
(X1,Y1), (X2, Y2, ey (X, Yn) 3570 A TT R
Po = Xjc0sBy +y;sinBy (i=12,..,n) (5.6)
BN S S H0A (A) Hp AR AR 1 5% th 2635038 5 55 (po, 00) » Rl M1 i BT A Hh 28

FRIAE
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MALREEFIEMNIAEN (p=5 ©6=60°)

— xrcos(60” ) +y-sin(60” ) =5
Bl EEAE (9607 )
6_
p=xcos8+ ysinf
x-cos(60° ) + y-sin(60° ) =5
4_
24 ;
0
= pCos @
_2_
_4_
-5

Bl 5-9 AR ARKR BL LR J7 R IR LA 3 5L
L 5-9 o B H R R ] 5 8 R A I WL S, 3aiE J DL RS ie:
HOA4,4)H1 B(8,6) FEH R/RZAIHAE R HL y = 0.5x + 2 X MW )8 K4S
A2 54 (p=566,0=135). K24 p=566 Ml 6 =135 fCARBITIE,
R JFON AR RS ] i BT T
xcos(135 ) +ysin(135) =566 y=—x+8 (5.7)
ZHLANEES y = 05x+ 2 FELTT R, Wk T 80 E R .
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BRI RIS E X RS
aneile ERSERHBES TR

8 — y=05x+2 10.0
® FA4 Q)F=BE.6)

Kl 5-10 fR/RAA HERT
(2) ZEIEL N EIE S

IR B T ARG SL BN R 8 2, 7R 7 Hh il R A e ) /)
LBEKEZH nin_line length M KIAIFRZH max line gap, AJ LA RN SE
REIER R E AT AT 54525 M min line length BI{E Al € #% MH
ZULCFI S, AR /NE max line gap 7% 2318 B A 150 RIS A7 78 5 10 25 i 2
HRERE Ul Oy 58 BE L B ATV T DA S22 b I AE 52 2% B0 T RIR FT DLER KR AL
e TR AERA B, [ IR R R A B B B S BT LA R RR B S TR 0%

X T2 ETE LA, T DUBIE B P E RS H . BRI 1 BN B
KR, 0O B K TR B 1 70 V5 R 2 (BB o ZERC & FIERE Canny BIME, W] DAE
R BR 1058 K 2 2 1) TR B B (IR SO B T 0 o £ 38 B 25 T 37 53¢ T IR 4R B AR AL AR
BRI

FERAENARY, FEFHATRENE 5-11, ZFELENFEFRAZmE 5-12.
5.3.2 FELME

B/ ARAE TR AR B T2 MR, S B2 R B A (RS,
AR R I AT R A

(1) JRIEAH

@ —HEHEXx. yi(i=12, N), BREENEALMERR, MafblA y=
kx +b BT TG, ROTES KBRS E kK 1 b, EHREL y=
kx + b REfRRFERE R, XA /N ZRIEHIR EHS T .
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FETF ROS 2 BE/NZE LKS Thg sl

Algorithm 1: Visual Processing Workflow

begin

frame ¢ ImageAcquire(src);

edges + frame > GrayConvert() > GaussianBlur(c)
CannyEdge(low, high);

roi + edges N PolyMask(vertices);

lines + HoughTransform(roi, p, 4, thresh, min len, max gap);

valid + {1 € lines — O, < £(1) < Oz}

Visualize(frame, valid);

end
Kl 5-11 FEFPPITRER
EXIMEH
tho (BEEIHIEE) theta (RBERHE) thmhog)(muggm minLineﬁQ&Leng;gt? s maxune%?%)@m
SRR
—{afEE Cannyiis BiAE BIMERKE BRI
L - > ExmmRNES |
BEERSH
A
X low_thres{REB(E high_thresEIE
- Cann%@i&@ J— |
i le— 1
Y
R > R BEIRAIES

JTRIRE 3+

Kl 5-12 ZEIE LR PR
RNTHIR BN WE Sk b BB, & R, AR

f=3(yi — kxi — b)?
A SRR BAFIN, B2V T7 MR/, BT 07 Ml /N ORI, ) A AL,
NRAE £ MBS, k F1 b E 2
NTHRBINAE A, BRATTEX kK A b 4 5R W SFEOEEHL AN 0:

of

ok

== 25 (yi — kx; = b)x;

=—2(Zyixi — k3xf —b3yx) =0
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o _ Ly
% - ZZ(yI kXI b) (5.9)

=—2(%yi —kixi—Nb) =0
B (5. DS AN 0, WH b MFRENX:

Zy. le
b v KN (5.10)
=y —kx
F (5. 10) RN B (5. 8) 13RI (5. 11) -
Syixi —kIx2 — (y —kx)¥x; =0 (5.11)

SR (5. 11) M7 LA k [RiA= s

Kk ZYIXI NXy
¥ X2 —Nx2

SYiX; (3 i)(Zyi) (5. 12)

X2 (le)
X
Pl k M b BRIE AT IR IR N

K = 2XiYi—Nxy

Sxf—Nx? (5.13)
b =y-—Kkx
HREFRIE, FHEREM k A1 b:
y1 =kxg+b
Y2 =k *b (5. 14)
yv =kxy+b
5 R RE T
Y1 X1 1
Yol _[xo 1frk
YN Xy 1
4 (5. 16)

Y2

K= []x_l ‘ (5. 16)

AT 0T DLIEE S R PR A
Y = XK (5. 17)
PATEM K, XHE X a2 7 BRI A B AR vl AE A PR IL EIRE 3R X 1)

47



Zn &b

ML B AR R 2 Bl it T ROS [l 68 /N2E LKS THES 23

W, {HR X AR GTECRTAIED , JATTUAEG R, X HIFEE, #%
T MR AR CHRRERII AT RATI A A Z) , Bk, sRAEGmny
il bl
Y=XK
)((xix;—)l(x)T(\}; = (XTX)"IXTXK (5.18)
BT LRSS K FA{R:
K= XTX)"IXTY (5.19)

@ WNHIE
251 HEL KR
— NI E y=1937+4.12

HAE y

0 2 4 6 8 10

BEE z

K 5-13 b “RMETRER

(2) FEEME S MET HEVESI

FEREFHATRE S, SR B L BUAT 702K, REFONIENINA TFIEL, N
TR L, 73 A E AT AR . RERFIEERE B o 0 T2 W4 2,
3 AR R ORI E 2 B A R AR A B ST SRR AR, R SEEI 4
EZEIG . JFE R L4 St L Bobric kI 21 i) 4B £&

FEAZE VT SE AR BT R T B & N 0 22 T SR o 2 [ IR 21 e A G
LRI, I TR 2k R TE LR R R A B S R RO IR ZE R E B 1A A R
ORI 2 I 2R T8 2, I 12 4R a8 2R 1 A AR R OR TS 22
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FE PO AR an il 5-14.

Algorithm 1: Lane Deviation Calculator

begin
(left, right) < Partition(lines, Al: slope(l) 0);
if left # 0 A right # 0 then

Pmid == %(leftbase + nghtbase);

€ITor <— ”pmm! 7= pcenter”;

else if left # () then
| error + — arctan(mean_slope(left));

else if right # () then
error ¢ arctan(mean_slope(right));

return error;

K 5-14 ZRiE bl R e Oy AR

2 ] AW
PREY control servo(error) :

FR1E error 7£[-40, 40135 N

LA
RsFEIIR S

RE P AT UURE B n ] 5-15.

= EEEE
‘ EaEEs T e ‘
[ J
!
RS HESERLE RS
‘ HERE SRR
. | |
HESRRES HESRETES R
R left AR right S

HERRRE

v
BRéE-40-40

NS
—

=

K 5-15 FEfr AT iR
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5.4 JiK LKS ThEe
5.4.1 KWERFIT

T BT T BT T PR AN [ G ISR AT SR8, AN EIE A, AR
I8 25590 58 ORI 6 98 FE WA 50em,  WiE 5-16 BT AP A IE i .
5.4.2 WXL R 7

AR AE BTSN 280 1) A A i 2 1 485 AR E RO E G OIS R
(i ZE KA BRI M B . Wil 5-17 fos, AT RO AR TRl 2] 7 IR & T
HIEZEIEZ . K 5-18 Frax, EAT A At m] DRI 3 IEH 258 4R 2. K
5-17 A& 5-18 R, ZFIEZ OIS, Kl 5-19 FE 5-20 ARG T B P
ML, [FRERT AR AR 2, IR A 5w . B 5-21 AT 5-22,
FE RGN MR 0, [ERE BT R HE AR 28, % Hh AR 26 5 AR A R i 22

W

L1

| o Jam
Y| Wiy

(B8

Juim

T
]

LN

Juti
I |8

K 5-16 EIEMEIERE K

B 5-17 IEH BT 45 5
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Adjusted Exposure

K 5-18 1E 2 i 47 Bka ) 45

e B SR 51:- -~ —

=

B 5-20 RS T AT AR I 45 2R

K 5-21 rlgOG ELIEAT B I 45 R
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[ 522 RiRE 5 AT Bk I 45
BNAS MR F) 6 B 25 42 T8 2 R0 FVE R G RRE R . 3 3h/N 2 LKS T
e, ZHASTTBRIGME, ICFAR R TE AT I i B 5tk A ol A= 4] 5-23
IR 51 70 BT B 1 524 AR SR A 73 B AN 5-25 1 8 & 1 73BT I

RS W BR8] T L
20
18
16
o
R4
L4
12
1.0
08
U IRBIRETWL
“©
3
a
#
K
BB BTN
2
L]
L
=
@

RGO R RS 2

TR E) (s)

0.02
0.0
04:14

04:14 04:14 04:14
Timestamp

B 5-23 I [a] 751 2 v 1
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WIS TR P 8 e A B e, e PE I s vy ZRiE £k oD s i 22 CRRAL: (R 3R0)
iR ZAE 4 5 IO (E h 2R AL OC &R, el R IR Z 1 K. (HAE 97 40
PRAETE R N, R A BT bndE . IR E AT R R, R X R ZE A 1 bR
ZEVa ], REERIRRE M. a2 5 a8 DN IE Rz, RAK B
srtoth 2ot MACE AR, P RGATEENE o B OEBAONRKININ ], €
Atk RE R B 7] DUE AR BT (1) LKS ThRELE B A G2 56T T REORFF R =
RIS EERIE BT -

SUERESH o BASHSREXR

Exposure
FEERNNE ST WRIE 8537 REMENT

wxpRamARRSR
£,
15
Kl 5-24 I A 1A
BEEOLT GHHEN)
RERERTEE — ENRRPUN
o — THRE

/—/—--.lmn.m !
14

AR 2 R/ 06) 7 Bt (8]

K 5-25 1 E LB
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K 5-26 ZE1E 2k iR nT Ak

5.5 RE/LE

AT EEA T ROS PIMEAETS SO E IR, IR T AR 48 (REF DI AR
FIHBAG SR R T8 R, GBI SR RAR SR AU AR 4R o B0 LB R 2 1 S [F)
M, REAFRE RSHOR ERNSCR . B RILER, R &N ZIRIEX
B L BT A 2RI G,  THEH A A ZE T 2R 1 v A0 22 RS TE R0 10

FEfRS , I B AN 3 A A LU [F) IR S A IR SE SR, B0UE T RGEIA AL
Mo SRIGAIRERH, FEAREM AT, DN BRI 418 LI R R 428
WATSE, UEBH TARFEAR BT AT v 1 LKS DhRe B e P A B o
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6 ENREERE

6.1 B&E

AR AT — PR AR . 5 R 5 PR RE M BR B AR IR & .l
wert, BCDISEIL TR REMICINE IR RGBT AT RGO K LA LKS Thfg
Ko

JiE Z 42 1 LA STM32F103RCT6 {12 il &% J9iZ il 0>, Jetson Orin Nano /F24
BRI, Bk T R i I 28 . WO ER A IREEARNL. MR
AL IR ST /INZE T T B PR R P BRI o T TR JE A I T R ER AT T e
S 2 S RS AT T AR B, R ROS 140 A SOEAE S5, ST
JRJZE G E RSP G PSR 1 i A o A AR B SR T AR AR RR (LKS)D
S R B T RE .

I T S T b AN RGBSR TR (R S, BRI T R T AR B IR R 1
FIERFE RS (LKS) o SEEGZEIRRM, /NEAEA [FITE R 5% 1R T 3 e BTk I 4=
LI ORIFIE G AT IE, TEB T BT (1 LKS DhRe A R A i itk
6.2 GHEEBMSTRE

FEARA VT BLER T L2 A R, (B AR B AR R B R B T — L ] RS
ZHb, PCOnEREAE AT, oA AR 1 B AR ey SUR AR, AR B
2 A~ usb AHL, BEAEEE AN R usb B 56 50K . WIS TR 360 AALIhAE
o A L2 H I e A SR B R . 7E LKS ThRe Bk vh A 7 BN G 7 VE AT 2
WLRIRG, WA KRR Jetson Orin Nano #H5AE /7.

6.3 RE

BEXS BRI, REASKRAABCTH DA R

X ush 42 71 AS JE FOBSCHE 7 5 SR 14 il R0 T DAASE FH DA Do 348 A T 0 £ i« 2
— I RN TR, S A B R SR A H 5 4R 360 AR ThRE, LI
57, 755 R R (3R
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BT, KAHE.
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