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Advanced Driver Assistance (ADAS) and Environmental Sensors

• Cameras: Vision sensors that detect lane markings, traffic signs, pedestrians, 

and other vehicles. Often multiple cameras (front, side, rear) provide a 360°

view used by features like lane keeping and automatic emergency braking.

• Radar: Radio-frequency sensors that measure distance and relative speed of objects. 
Radars are commonly used for adaptive cruise control and collision avoidance, reliably 
detecting vehicles ahead even in poor weather.

• LiDAR: Laser scanners that create a high-resolution 3D map of the environment. LiDAR 
can provide very detailed detection of obstacles and is used in some autonomous 
driving systems (though not all manufacturers use LiDAR).

• Ultrasonic Sensors: Short-range sonar used primarily for parking assistance (detecting 
curbs or obstacles at very low speeds).
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Actuators in EVs

If sensors are the inputs of the system, actuators are the outputs – they execute actions. In 
an EV, actuators convert the commands from the control units into physical movements or 
adjustments. They span everything from big components like the drive motor down to 
small devices like valves. Some key categories of actuators in electric vehicles include:

• Propulsion Actuators: Chiefly the electric traction motor(s) and the inverter’s power 
electronics, which together produce and modulate torque to drive the wheels. These 
are the primary movers of the vehicle.

• Steering Actuators: Electric power steering units (motor-driven) or more advanced 
steer-by-wire mechanisms that control the wheel steering angle.

• Braking Actuators: Electromechanical brake boosters, caliper actuators, and ABS 
modulators that generate braking force, often coordinated with regenerative braking.
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• Battery Safety Actuators: High-voltage contactors (relays) and pyrotechnic disconnect 
devices that can isolate the battery pack when needed, as well as cooling system 
pumps/valves dedicated to the battery.

• Thermal/HVAC Actuators: Electric pumps, fans, and compressor units that actively 
manage temperatures of the battery, motor, and cabin.

In essence, actuators “convert electrical or electronic commands into concrete actions” 
within the vehicle (EV Powertrain and its components | Dorleco) – whether that action is 
spinning a wheel, turning a shaft, opening a valve, or applying pressure. We will now 
examine these actuators in the context of an EV.

https://dorleco.com/ev-powertrain-and-its-components/#:~:text=some%20EVs%20have%20direct%20drive,to%20preserve%20longevity%20and%20efficiency
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Steering Actuators

Electric vehicles commonly use electric power steering (EPS) systems. In EPS, the traditional 

hydraulic power assist is replaced by an electric motor actuator on the steering rack or column. 

This steering actuator applies torque to help the driver turn the wheels, or even turns the wheels 

autonomously under computer control.

• Electric Power Steering Motor: An electric motor (often a brushless DC motor) is 
connected to the steering mechanism (either via a belt drive or directly on the steering 
rack). When the driver turns the steering wheel, sensors detect the torque/angle, and 
the EPS controller drives the motor to assist in turning the wheels. For example, at low 
speeds, the motor provides a lot of assist to make steering easy; at higher speeds, 
assist is reduced for better road feel. This is an actuator responding to the driver’s 
input dynamically. One application note describes: “Electric power steering systems, in 
response to driver input, use motors to help in steering” (Types and Functions of 
Actuators in Automotive Systems) – highlighting that a motor is the actuator providing 
the force in the steering system…..

https://www.monolithicpower.com/en/learning/mpscholar/automotive-electronics/automotive-sensing-and-actuators/types-and-functions-actuators?srsltid=AfmBOorUTOb9-c1dqVlUxF7CTGQdH3JPl3LPKTEHd56Kuj2_ysya_zdz#:~:text=Electric%20Motors
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• Automated Steering (Lane Keeping/Steer-by-Wire): With EPS in place, it’s also 
possible for the vehicle to steer itself under certain conditions. ADAS features like lane-
keeping assist or automated parking send commands to the EPS motor to turn the 
wheels without driver input. Future steer-by-wire systems will go even further, 
removing the mechanical linkage; the steering wheel will just be connected to sensors, 
and the wheel direction purely controlled by actuators. Already, for ADAS, “steering 
actuators are essential – they modify the steering angle in response to sensor 
information (e.g., for lane keeping)” (Role of Sensors and Actuators in ADAS). This 
underscores that modern actuators can precisely control steering, enabling partial self-
driving capabilities.

https://www.monolithicpower.com/en/learning/mpscholar/automotive-electronics/advanced-driver-assistance-systems/role-of-sensors-and-actuators-in-adas?srsltid=AfmBOoq5rZI_vewiqOjXbCjZJpqkE_RWEn7QP57s6uU2oYzohSk07MoE#:~:text=Steering%20Actuators
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Braking Actuators

EVs handle braking through a combination of regenerative braking (via the motor) and 
conventional friction braking. The friction brake system in EVs is often augmented with electronic 

actuators to achieve finer control:

• Electro-Hydraulic Brake Booster (Brake-by-Wire): Many EVs use an electric brake 
booster or fully brake-by-wire system instead of a vacuum booster (since EVs have no 
engine vacuum). An electric brake actuator – typically a motor or solenoid – generates 
hydraulic pressure in the brake lines based on brake pedal input or electronic 
commands. This allows the brake system to be controlled by the vehicle’s computer. 
For instance, in an emergency braking situation or an automated driving scenario, the 
car’s control unit can command the brake actuator to apply the brakes even if the 
driver doesn’t press the pedal. According to one ADAS review, “braking actuators play 
a big part in features like collision prevention – when they receive data about a possible 
collision, they apply the proper brake force to prevent or lessen the impact” (Role of 
Sensors and Actuators in ADAS). In practical terms, an EV’s brake actuator might be an 
iBooster (Bosch’s term for an electric booster) which can build pressure very quickly for 
ABS and stability control.

https://www.monolithicpower.com/en/learning/mpscholar/automotive-electronics/advanced-driver-assistance-systems/role-of-sensors-and-actuators-in-adas?srsltid=AfmBOoq5rZI_vewiqOjXbCjZJpqkE_RWEn7QP57s6uU2oYzohSk07MoE#:~:text=When%20designing%20vehicles%2C%20safety%20is,collision%20prevention%20and%20emergency%20braking
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• Regenerative Braking Integration: During normal deceleration, the EV’s control system 
will use the motor (as a generator) to slow the car down – this is handled by the 
motor/inverter (an actuator in its own right). If the required braking is stronger than 
what regen alone can provide or if the battery is full (can’t accept charge), the friction 
brake actuators seamlessly come into play. The blending is done electronically: the 
brake pedal sensor tells the controller how much total deceleration is desired, and the 
controller engages a mix of regen and friction brake via the brake actuators. The result 
is a smooth braking feel. From the actuator perspective, the friction brakes are applied 
by electric commands rather than direct driver force – truly brake-by-wire in many EVs. 
This not only improves response time but also allows the system to prioritize regen for 
energy recovery and only add friction braking as needed.
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Battery Safety Actuators

The high-voltage battery in an EV is not only monitored by sensors but also protected and 
controlled by several actuators for safety

• HV Contactor Relays: Inside the battery pack, there are heavy-duty contactor switches 
(electromechanical relays) that connect or disconnect the battery from the rest of the 
vehicle’s high-voltage circuit. When you power up the car, the BMS closes these 
contactors to allow current to flow; when you shut it down or if a serious fault is 
detected, the contactors open to isolate the battery. They act as an on/off gateway for 
the battery’s energy. This is an actuator function – a small coil in the relay moves a 
contact to break the circuit. Under normal conditions, the contactors close after pre-
charging the system to avoid arcing. Under fault conditions, they open to protect 
against things like short circuits.
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• Pyrotechnic Battery Disconnect (Pyro-Fuse): For crash events or extreme emergencies, 
EVs include a one-time-use actuator called a pyrotechnic disconnect. This device 
contains a small explosive charge that can sever the main battery connection almost 
instantaneously. In a severe collision, for example, the car’s safety system triggers the 
pyro-fuse to physically break the high-voltage link, preventing high currents from 
continuing to flow and greatly reducing the risk of fire. According to Tesla’s patent 
description, a “pyrotechnic disconnect can sever the electrical connection between a 
battery pack and a motor, increasing the safety of the electrical system” (Tesla Patents 
Device that Can Improve EV Battery Safety). It literally blows apart a section of the bus 
bar, quenching the current. This actuator operates in milliseconds, faster than any 
mechanical relay, to isolate the battery in dire scenarios. After deployment, it has to be 
replaced, but it provides crucial protection.

https://www.motortrend.com/news/tesla-patents-device-can-improve-battery-safety/#:~:text=According%20to%20the%20patent%2C%20a%C2%A0,Tesla%27s%20system%20hopes%20to%20overcome
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Thermal Management Actuators
Electric vehicles have sophisticated thermal management systems to keep the battery, motors, 

and power electronics within optimal temperature ranges. This system relies on a number of 

actuators:

Electric Coolant Pump and Radiator Fans: Unlike combustion cars that use engine-driven 

pumps, EVs use electronic coolant pumps to circulate coolant through the battery and 

motor cold plates or radiators. These pumps are actuators that can be modulated (via PWM 

or CAN commands) to vary the coolant flow as needed. They often run at variable speeds or 

activate different cooling loops on demand. A technical guide notes that “electric coolant 

pumps manage the temperature of various parts of an EV, allowing accurate thermal control 

at a component level” (Understanding the role of electric coolant pumps in Electric Vehicles -

Technical Services). When the battery is heating up (say during fast charging or aggressive 

driving), the control unit will ramp up the coolant pump and turn on electric radiator fans to 

increase cooling. Conversely, during cold weather, the pump might circulate coolant through a 

heater to warm the battery. The radiator fans are also electric actuators that draw air through 

cooling radiators whenever needed (e.g., cooling the battery coolant or motor inverter heat 

exchangers).

https://www.technical-services.co.uk/module/electric-coolant-pumps/#:~:text=Electric%20coolant%20pumps%20manage%20the,and%20high%20voltage%20coolant%20pumps
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• HVAC Actuators (Heating, Ventilation, Air Conditioning): EVs use electric compressors
for air conditioning – essentially an electric motor-driven compressor that compresses 
refrigerant to cool the cabin. This compressor is an actuator controlled by the climate 
control system (and it can also be used to cool the battery if the thermal system is 
linked). For cabin heating, many EVs have either resistive PTC heaters or heat pump 
systems. These involve actuators like electronic expansion valves, pumps, and fans that 
route heating or cooling to where it’s needed. For instance, some EVs can use a heat 
pump to move heat from the powertrain to the cabin. In advanced designs, valves are 
electronically actuated to switch the refrigerant flow between cabin cooling and 
battery cooling loops (Electric vehicles thermal cooling systems - Faist Group). All these 
HVAC components are under electronic control: by adjusting compressor speed or 
opening/closing valves, the system efficiently manages temperatures with no human 
intervention beyond the set temperature.

https://www.faistgroup.com/news/electric-vehicles-thermal-cooling-systems/#:~:text=Electric%20vehicles%20thermal%20cooling%20systems,electronic%20systems%2C%20and%20the%20motor
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Sensors-Actuators Interaction: EV Control Systems

All the sensors and actuators we’ve discussed are orchestrated by the EV’s control 

systems to work in harmony. The vehicle’s main controllers (like the VCU – Vehicle 

Control Unit, BMS, motor controller, etc.) constantly perform sensor-actuator fusion: 

they take in data from sensors, make decisions, and send out commands to actuators. 

This closed-loop operation is what makes an EV intelligent and adaptive. A few key 

aspects of this integration:

• …..
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• Feedback Loops: Virtually every EV subsystem runs a feedback loop. For example, the 
motor controller uses sensor feedback (rotor position, current) to adjust the inverter 
outputs – if the torque is too high or low compared to target, it will tweak the current. 
Similarly, the battery management system monitors cell voltages and temperatures and 
can actuate cooling pumps or limit current flow to keep conditions in range. Actuators 
often provide indirect feedback too (e.g., the effect of a brake actuator is seen via 
deceleration sensors, confirming the action). This continual adjustment ensures 
accuracy and stability. “Actuators frequently provide feedback to the decision-making 
module to guarantee accuracy… ensuring the desired effect (e.g., steering angle) is 
achieved” (Role of Sensors and Actuators in ADAS). In simpler terms, the EV doesn’t 
just blindly actuate – it checks outcomes via sensors and corrects errors.

https://www.monolithicpower.com/en/learning/mpscholar/automotive-electronics/advanced-driver-assistance-systems/role-of-sensors-and-actuators-in-adas?srsltid=AfmBOoq5rZI_vewiqOjXbCjZJpqkE_RWEn7QP57s6uU2oYzohSk07MoE#:~:text=Feedback%20Loops%3A%20Actuators%20frequently%20provide,steering%20wheel%20a%20given%20amount
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• Coordination and Safety: Multiple actuators often work together based on sensor 
inputs. For instance, in a stability control event, the system might reduce motor torque 
and apply brakes on one wheel – two different actuators – in response to sensor data 
from the IMU and wheel speeds. The timing and amount of actuation are computed so 
that they complement each other and maintain vehicle control. This requires a high 
level of coordination. We can think of the EV’s ECU network as an orchestra: sensors 
are the instruments sending signals, and the controllers are the conductors directing 
actuators to perform in unison. The concept of “Sensor-Actuator Fusion” entails using 
inputs from many sensors to make meaningful decisions that actuators then carry out 
(Role of Sensors and Actuators in ADAS). The result is enhanced safety – for example, if 
the car detects an obstacle (via sensors) it can simultaneously cut motor power and 
apply brakes (actuators) to mitigate a collision.

https://www.monolithicpower.com/en/learning/mpscholar/automotive-electronics/advanced-driver-assistance-systems/role-of-sensors-and-actuators-in-adas?srsltid=AfmBOoq5rZI_vewiqOjXbCjZJpqkE_RWEn7QP57s6uU2oYzohSk07MoE#:~:text=match%20at%20L651%20incorporation%20of,is%20the%20key%20to%20this

