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Sensoriamento para veiculos inteligentes
Niveis de automacao — como SAE J3016

Execucao de direcao| Monitoramento do |Contingenciamento| Capacidade do
e aceleracao e ambiente de na tarefa de sistema (Modo de
desaceleracao conducao conducao dinamica Conducao)

Motorista Humano monitora
o ambiente de conducao

Sem
Automacao
Assisténcia do Alguns modos de -‘
Motorista conducao O ]
Automacao A\[e[V[g il ifele[elFe[-B] MERCADOS
Parcial conducao MADUROS

Sistema auténomo de conducio ("sistema”) _—_
monitora o ambiente de conducao

Automacao Alguns modos de
Condicional conducao

Alguns modos de
conducao

Automacao TODOS modos de
Completa conducao

N/A

Alta Automacao
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Sensoriamento para veiculos inteligentes
Duas categorias principais
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Sensoriamento para veiculos inteligentes
PC e UAT - diferentes configuracoes & capacidades

Duas aplicacbes
Dois objetivos

Dois sistemas

Taxis Urbanos Automatizados

UAT “Green World”

Veiculos Privados

PC “Blue World”

Baixa utilizagdo .
(~2 horas/ dia) Relevancia no

Utilizagdo intensa

(12-18 horas / dia) A0+ Relevancia nas

funcionalidades

Ambiente estruturado preco Ambiente complexo sensores
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Sensoriamento para veiculos inteligentes
Veiculo espelhando as habilidades do condutor

/\: Interpretar / planejar / decidir

Localizar
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Sensoriamento para veiculos inteligentes
Localizacao precisa e atualizada

Satellite-based Landmark-based
localization

(Bosch road signature) m

positioning
relative to map

Radars Cameras

localization

positioning
absolute to map

SO
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Sensoriamento para veiculos inteligentes
Localizacao precisa e atualizada

Performance

: -

Performance

Satellite-based Landmark-based
localizati 1 Timati

Satellite-based Landmark-based
localization localization
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Sensoriamento para veiculos inteligentes
Sensores: Complementares, redundantes e confiaveis

Long-range radar
Mid-range radar Particularidades de cada sensor
Ultrasonic sensors‘!

. pr— Objetos macios como de
Stereo-video 2 ® : madeira podem ndo ser bem
‘& - - - = detectados por radares

Near-range cameras

Lidar ﬁ Long-range radar

Angulos baixos do Sol podem

Mid-range r r ,
d-range rada ofuscar sensores de video

- 8 Entradas de tunel podem afetar
-4 a performance de sensores de
video e radar

Porque a redundancia
dos sensors é
necessaria?

A direcao autonoma cria novos desafios para 0s conceitos de sensoriamento
> Aplicacdes mostram a necessidade de um terceiro principio para garantir um modelo robusto e confiavel do ambiente
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Sensoriamento para veiculos inteligentes
Sensores: Complementares, redundantes e confiaveis

LONG-
RANGE LIDAR
RADAR
(77 GHz)

SHORT-
RANGE
RADAR

(24 GH2 UWB)

ULTRASONIC VIDEO

RANGE MEASUREMENT <2 m

RANGE MEASUREMENT 2 to 30 m

RANGE MEASUREMENT 30to 100 m

ANGLE MEASUREMENT <10 DEGREES

ANGLE MEASUREMENT >30 DEGREES

ANGULAR RESOLUTION

DIRECT VELOCITY MEASUREMENT

OPERATION in RAIN
OPERATION in FOG or SNOW

BLOCKAGE (DIRT on SENSOR)

OPERATION at NIGHT

- IDEALLY SUITED FEASIBLE, ONLY WITH LARGE EFFORT

GOOD PERFORMANCE - IMPOSSIBLE

0 POSSIBLE, MODEST PERFORMANCE
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Sensoriamento para veiculos inteligentes
Deteccao e medicao robustas: 360°

Long-range radar rear
Mid-range radar rear

Ultrasonic sensors

Mid—ran@,g radar

Stereo-video camera
Near-range cameras

Lidar

Long-range radar
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Sensoriamento para veiculos inteligentes
Evolucao dos Radares Bosch

LRR3 | RR4 MRR MRR Evo14

front front

SOP: 2009 SOP: 2015 SOP: 2013 SOP: 2014
* Range: up to 250 m * Range: up to 250 m * Range: up to 160 m * Range: up to 160 m
* SiGe MMICs * SiGe MMICs » SiGe MMICs *» SiGe MMICs

(bare chip) (packaged chip) (packaged chip) (packaged chip)
* Opening Angle: 30° * Opening Angle: 40° » Opening Angle: 70° * Opening Angle: 90°
* Dimensions (HXWxD) » Dimensions (HXWxD) » Dimensions (HXWxD) * Dimensions (HXWxD)

96 x 74 x 58 mm 78 X 75 x 58 mm 60 x 70 x 30 mm 60 x 70 x 30 mm

»

* Weight: 285 g * Weight: 240 g * Weight: 200 g * Weight: 200 g
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Sensoriamento para veiculos inteligentes
Espectro eletromagnético

Espectro visivel pelo olho humano (Luz)

ravermelho

400 nm 450 nm 1500 nm |550 nm 600 nm |650nm |700 nm 750 nm
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Raios Raios Raios X Infravermelho Radar UHF | | Onda média Frequéncia
cosmicos gama VHF Ondacurta Ondalong extremadamente
baixa
‘ ‘ ‘ | Micro-ondas —————  Radio |
[ | [ |
1 fm 1 pm 1IZ\ 1 nm ‘ 1 pm 1 mm 1 cm ‘ 1 m ‘ 1 Ikr'n 1 Mm
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https://upload.wikimedia.org/wikipedia/commons/thumb/3/36/Electromagnetic_spectrum_-pt.svg/2000px-Electromagnetic_spectrum_-pt.svg.png
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Sensoriamento para veiculos inteligentes
Constelacao de radares: 77&24GHz X 79GHz

a common radar sensor source from 76 to
todays safety 81 GHz that covers all applications,
system concept Interference free operation (shown
partition is only one possible example)

polarization a !§§§§§§
polarization b
24 GHz SRR

76 77 81 GHz
. next generation
safety system layout
" |
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Sensoriamento para veiculos inteligentes
Evolucao dos sensores de video Bosch

NVC1/NVC2 NVC3 DPC/MPC1 MPC2 SVC2

SOP 2005/2009 SOP 2013 SOP 2009 SOP 2014 SOP 2014
> Detection range > Detection range > Detection range > Detection range > Detection range
~90 m ~120 m up to ~ 80m up to ~120 m ~120 m
(pedestrians) (pedestrians) (objects) (objects); ~ 50m (objects); ~ 50m
> FoV hor. 24°/ > FoV hor. 32°/ > FoV hor. 41°/ (pedestrians) (pedestrians);
vert. 12° vert. 16° vert. 19° > FoV hor. 50°/ ~55 m (3D)
> Image size > Image size > Image size vert. 28° > FoV hor. 50°/
640 x 480 px 1,024 x 512 px 1,024 x 512 px > Image size vert. 28°
1,280 x 960 px > Image size
1,280 x 960 px
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Sensoriamento para veiculos inteligentes
Sensore de video Bosch

7 ‘ x building

n]
.4“
building I 7 gt

car

- car

8 pole
-

road / free-space
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Sensoriamento para veiculos inteligentes
Evolucao dos sensores ultrassom

USS1 USS2 USS3 USS4 USS5 USS6
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Sensoriamento para veiculos inteligentes
Sensores Ultrassom: Comp. & ex. App PSC

System Configuration ‘
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Sensoriamento para veiculos inteligentes
Lidar — Light detection and ranging

https://upload.wikimedia.org/wikipedia/commons/f/fe/Velodyne_High-Def_ LIDAR.jpg
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