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Python 3.8+

OpenCV 4.x / YOLOvx
PyTorch / TensorFlow/ etc.
Stable-Baselines3 (gl,» RL)
etc.
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ESP32 DevKit :u>
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2985 (s ROI: Kol sl

Hough Transform :hs axsis

/G2 bghs gjlwlaz

center_offset, angle, confidence :lo o)l auwlxo

°.V wu o L Exponential smoothing : sloj yidud

{center_offset: -100 to 100, angle: -90 to 90, confidence: 0-1} Joli Dict :>g,5

(6525 paoucii) Decision Making :¥ 4,V

:edl> F b (FSM) 3ga0 wlls ¢puitlo
IDLE: g9, (gly Uil
AUTONOMOUS: (gsle IS595 (Sl
OBSTACLE_AVOIDANCE: (asuwgi sl 63kel) 2ilo jl bzl
EMERGENCY: (¢l sl cadgs
el kol g lane confidence Gwlwl p edls Jlanl ghio

b3 S50 99,5 oS 05lw juumo (Gju)aeliy

(J,iS) Control :¥ @V

:0loyd gl PID 61iiSJy5S
Kp = 0.8 (goyw Ewly gl 62b@udais)
Ki =0.05 ([Bxlo glas LiuolS)
Kd = 0.3 (wblwgs (2lyo)
Anti-windup cusga=e U integral
100+ G 100- : ,>9,>
FoRalal ey S
Vo :ayly cucyun
steering @lbo jlago wlwl j :lozw )5 oS
o.A Ly po b confidence > GislS
Exponential smoothing : ey cucpw GiuslS/Olih

(b)) Communication :¥ ayV

Adapter Pattern (g;Lwesly g5 Lt
AVISAdapter: jlwauui gl Avis Engine
ESP32Adapter: (sslol) ,=dlg &) sl
Factory Pattern sl=ul (gl adapter lod s logS)l (wlwl p cuwlio

1ol gjlwosly

main.py:
- Argument parsing: --mode avis L esp32
- >l=ul adapter ;| Factory



- boJgjlo adgl o3)lado
- 30-20~ w58 L Lol adl> Hz:
1. jl pouas cu8ly,> adapter
. L b3 jauxis LaneDetector
. wlwyjg s State Machine
. b ployd awwl=o PID
L Cucpw auwl=o SpeedController
. @b 5l wlygiuws JLw)l adapter
. sl Wil Giules debug

N o oahs wN

:Avis Engine > cuui gl

RMS jioilw 0% tlas SaiusS los wids
ZAO< 105lw loymo )d Cunbdgo &)

aulilwe Ao-loo~ :(end-to-end) Js ,usU
paiiumo bohs )5 plwgs yg 6)lab

©p 0loyd iwlio Cucyuw oS oz )o )ls,

(awgi Jl> o) End-to-End aidyiny asuws
:Multi-Task Luac aSui (g)loxo

Backbone (Feature Extractor Syiiw):

Input: RGB Image (640x480x3)

i

Conv2D(24, 5x5, stride=2) + ELU + BatchNorm - 24x238x318
Conv2D(36, 5x5, stride=2) + ELU + BatchNorm - 36x117x157
Conv2D(48, 5x5, stride=2) + ELU + BatchNorm - 48x57x77
Conv2D(64, 3x3) + ELU + BatchNorm - 64x55x75
Conv2D(64, 3x3) + ELU + Dropout(0.5) -» 64x53x73

Flatten - Vector(246,848)

Head 1: Control (eaiiumo JyiS):

FC(100) + ELU + Dropout(0.5)

FC(50) + ELU

FC(10) + ELU

FC(2) - [steering: tanh(-1,1), throttle: sigmoid(0,1)]

Head 2: Sign Recogpnition (gl yausuis):

FC(256) + ReLU + Dropout(0.3)

FC(128) + ReLU

FC(num_classes) + Softmax - gLl (glowlS wVleis|

Lo wMS: {NO_SIGN, STOR, SPEED_LIMIT, TURN_LEFT, TURN_RIGHT, PARKING, ...}



Head 3: Temporal Reasoning (il JViwl):

LSTM(input=246848, hidden=64, layers=2)
MultiheadAttention(embed=64, heads=4)
- Context vector

Fusion Layer (wleMbl wus)ys):

Concat(Context, Sign_probs)

FC(32) + ReLU

FC(2) » Adjustment

Final_action = Base_action + 0.1 x Adjustment

:objgel Lbg)
Imitation Learning (Behavioral Cloning) :\ jl

Avis Engine > Liw> Saiil) 631> (5)9lgaz
(steering, throttle, sign_label) couzyp b 0,8 10,000~ : 830>
Loss function:
L_control = MSE(predicted_actions, expert_actions)

L_sign = CrossEntropy(predicted_sign, actual_sign)
L_total = L_control + 0.5 x L_sign

Optimizer: Adam U learning rate \e-4

Batch size: »y

Epochs: ~1eo

Data augmentation: Random brightness, slight rotation, horizontal flip
Validation split: Yo

Reinforcement Learning Fine-tuning :V ;lé

Stable-Baselines3 L SAC (Soft Actor-Ciritic) :i,e3I

Avis Engine lp Custom Gym environment wrapper :loa=o

:Reward g,is
Jlow b > # R =+1.0 x (1 - [lane_deviation])
cuwlio cucypw # (speed / max_speed) x 0.5+
ol jl cclbl # sign_obeyed x 2.0+
ol LA aey,> # sign_violated x 5.0-
@p 0loyd # |Asteering| x 0.1-
Wlaj dayy> # crashed x 100.0-

Training timesteps: ~\oo,000
Replay buffer: 1oo,000
Learning rate: Ve-4



Update frequency: 0338 1 o

Sign-Aware Controller:

:confidence > 0.V L gLl yousuid 1 Gy
STOP: throttle = 0 a sl V¥ (gl

SPEED_LIMIT: ¢usga=e throttle
TURN: (y39;8l bias cucyw (iuslS + yloyd @
PARKING: cJl> ay 59,9 parking mode
timestamp b saubosud gloghli 6,55 :loghli akasl>

Hybrid Integration:
if ri_model_confidence > 0.8 and system_safe():
action = rl_model.predict(image)

else:
action = classical_controller(lane_data)

- Confidence wac aSui
- Lane detection confidence

" 9)39> gy

= .))S.LQ.C MJLJ

SpSEreual 9 (R yrme (uiblo (2l (bilo (§SoL (lovein,gSUI
(SawllS adgl aiges) aibvle (b

ths Ganduis @ikeS)!

2oy )

Grayscale: gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY) ay RGB (Juauw

Gaussian Blur: blurred = cv2.GaussianBlur(gray, (5,5), 0)

A panSil 39404 9 j29) GLolS 1830

:q..‘J y ] _Y

Canny Edge Detection: edges = cv2.Canny(blurred, 50, 150)
100 YU aslia] o ¢l asibin Lyl

Load [ binary g 29,5
:ROI 2 )zl W

2ai b ZFe Ll



roi = cv2.bitwise_and(edges, mask) :,l38Suwlo
b Hausiil | F

Hough Transform: lines = cv2.HoughLinesP(roi, rho=1, theta=np.pi/180, threshold=50,
minLineLength=30, maxLineGap=20)

s gl (o gl 02bpbais oyially
iuwly/ > bobs (gjlwlas .0
for line in lines:

x1,y1, x2, y2 = line[0]
slope = (y2 - y1) / (x2 - x1)

if slope < -0.3 and x_mid < center:
left_lines.append(line)

elif slope > 0.3 and x_mid > center:
right_lines.append(line)

ool awlxo &

) 9 Gz bohs cuedeo uSilw b Sy
Offset: 100+ U 100- @ oxus (gjlwloy «pguai jSye jl aluold
a5 90+ U 90- (bghs s Guwlwl y tayglj
Confidence: sxicudl bghs cudsS g dlasi Gwlwl p

1 lej yiked .V

filtered_value = a x current_value + (1-a) x previous_value

:Lljo
(LU s, fps 30-20~) Vb ey
debug g pubais Js18
Gjgel 0315 51 Jdtiumo

(lbcudgao

wlw 9 y95 @ b=

Lo yiohy pudsis @y 5Lo
oz bulyd > b 5)Sloc

(i iy Aeuns) @aroc (6550



0.0z \ol NVIDIA DAVE-2 (g)loso

Multi-Task Learning ()59;91 L Lol DAVE-2 ;| olgJl
Feature extractor (g ,u55L lp y5goc representation yign
Batch Normalization bjgel (g)l3ub (slp
Dropout ;l g,:S¢l> gl overfitting

129400 (SLOSLGSS

Data Augmentation: loesl> g£9i5 inljsl

Transfer Learning: ;| o>laiwl pre-trained weights (oSl w)g0 )5)
Curriculum Learning: yiesusu 0,35 05Lw (Gl pumo b Egy
Domain Randomization: glp 5, (g5 95Uas wlypuss robust gy

Reinforcement Learning:

SAC: aiu,93Jl off-policy as sample efficiency »)l> Vi
Continuous action space: aiuwgy cucyw 9 Oloyd gy uwlio
Entropy regularization: WLias! g9 (exploration)
Reward shaping (g,.55b culas (gly (G285

:(FSM) 39320 cll> puisle

States:
- IDLE: (o905 Lo)gigo «£g s ygiw hiio
- AUTONOMOUS: I eslasuwl «yS595 (Sauwl, controller Jled
- OBSTACLE_AVOIDANCE: Gliizl (gl Gl wacymw il
- EMERGENCY: @ jLs (JolS adgi reset uw>

Transitions:
IDLE - AUTONOMOUS: .sl,> start command
AUTONOMOUS - OBSTACLE_AVOIDANCE: gilo ousis
AUTONOMOUS - EMERGENCY: L bli)l ysl> cuws ;I confidence ol )l
OBSTACLE_AVOIDANCE - AUTONOMOUS: s B,b,y gilo
OBSTACLE_AVOIDANCE -» EMERGENCY: x5 wlos| xlgi 00
EMERGENCY - IDLE: reset jiuw>

:Hybrid cJl> > G)S‘Q.MJ Blio
def (lane_data, rl_output, system_status):

if not system_status['communication_ok]:
return 'EMERGENCY'



if lane_data['confidence'] < 0.3:
return 'EMERGENCY'

if rl_output['confidence’] > 0.8 and lane_data['confidence’] > 0.7:

return 'RL', rl_output['action]
elif lane_data['confidence] > 0.5:

return 'CLASSICAL', classical_control(lane_data)
else:

return 'CAUTIOUS', cautious_control(lane_data)

2(05lw) hed 35Sy,

003 yauRik b S0 (93,5 Wid
Yo 4 Sy center_offset (yiuil>ass (oo

(026 juya0Upy) Aidpiiinay 3)S0g

Pure Pursuit Algorithm ssuzu (gloyue ly
Lookahead point yipy Siil) gl
Path planning g,5¢3 Suoliuy glocusgise i8S Jas )5 L

G)ig&o? DS

FIRA RoboWorld Cup wlé;luwe gly Jasugs ylys95 (69,595 (gjlwesly g =hb colsisiue ¢l 5>
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ol 631>

L,Lvs sd)gliuwd
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w28l W) 9 jlwauis o JWil gl Adapter Pattern ¢ 5
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Avis Engine ;| Libjgel 6315 048 +lo,000 (g)glgaz
Multi-Task End-to-End uac aSwiv Gibjgel g ,=>1ib
Reinforcement Learning L Fine-tuning wldec

o28l9 Wb 59, Gjlwaings 9 s
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End-to-End &b SuuwMS I w35 Jlasl eulbld b Hybrid (g)leso
az)LSH JYxiwl 9 bl passid (J S (gl Multi-Task Learning wldac
Jasuge fallback L apViz ol einuaw

Avis Engine jl eslaiuwl L Sim-to-Real Transfer sl

:ailuo (gl Solel
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