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Customer 
value/money

Market share of Evs

KPI: not ICE
Main pain: range

KPI: not ICE, range
Main pain: cost

KPI: not ICE, range, value
Main pain: cost

KPI: not ICE, range, value, affordability 
Main pain: keeping up with demand ☺ + Value by powertrain:

• Performance
• Range
• Agility
• Safety
• Comfort
• Vehicle complexity
• Road data

ICE VALUE 
parity

ICE VALUE for 
MONEY parity



One driven axle RWD + FWD True AWD

• Range ++
• Vehicle complexity +

• Range -
• Performance ++
• Safety +
• Agility +
• Vehicle complexity -

• Range -
• Performance ++
• Safety ++
• Agility ++
• Vehicle complexity --



One driven axle RWD + FWD True AWD Gearless True AWD

• Range ++
• Vehicle complexity +

• Range -
• Performance ++
• Safety +
• Agility +
• Vehicle complexity -

• Range -
• Performance +++
• Safety ++
• Agility ++
• Vehicle complexity --

• Range +++
• Performance ++
• Agility +++
• Safety +++
• Comfort ++
• Vehicle complexity ++
• Road data ++
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Example for an Elaphe in-wheel motor:
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𝑇 𝑡 = T 0 +
𝑘𝑇𝜏𝑈

𝐿
∗ 𝑒− Τ2𝑡 𝜏(𝑒 Τ𝑡 𝜏 − 1)

≈ 

𝜏 =
𝐿

𝑅
≈ 5 𝑚𝑠





~

Source: VICTOR HERMANSSON & KEDARNATH MOPARTHI, Control of an Electric 
Vehicle Powertrain to Mitigate Shunt and Shuffle



Step response with 500 Nm/ms electromagnetic torque increase rate

4 ms to match input 
and output torque

Much lower 
overshoot



SAFETY

Road grip mapping with high frequency probing (wet vs. dry). 
Source: ELAPHE
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Source: 10.1109/TIE.2019.2942537 

*DOI:10.1177/0954407019867491
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SAFETY







COMFORT
•

•

Source: 10.1109/AIM.2017.8014069



COMFORT
•

•

•

Source: 10.1080/00423114.2021.1916048;





- Accurate wheel speed sensing – 0.1° mechanical 
position resolution

- High bandwidth sampling at all speeds – 10 kHz
- Accurate phase current measurement with high 

correlation to corner events

- SotA wheel speed sensing – 5° mechanical 
resolution

- Slow sampling bandwidth (@low speeds down to 
10 Hz)

- Accurate phase current measurement with low 
correlation to corner events



COMFORT
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•
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Example training data for vibration and road profile 
detection
Source: 10.1109/ACCESS.2019.2935770 ;

SAFETY



23

IWM & CAS Conventional

Detection-to-
command latency

<1 ms >20 ms

Execution latency <10 ms >100 ms

Travelled distance 
@108 kph

<0,3 m >3.6 m

Trajectory 
correction needed

No Yes

Trajectory 
correction latency

N/A 100-200 ms in 
ADAS, >200 ms in 
humans

Passenger 
discomfort

No Yes
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IWM & CAS Conventional

Detection-to-
command latency

<1 ms >20 ms

Execution latency <10 ms >100 ms

Travelled distance 
@108 kph

<0,3 m >3.6 m

Trajectory 
correction needed

No Yes

Trajectory 
correction latency

N/A 100-200 ms in 
ADAS, >200 ms in 
humans

Passenger 
discomfort

No Yes



•

•

•

•

•

•

•



26


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

