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TECHNICAL REPORT

D. INABA    T. ISHIDA    N. HAYASHI    F. SATO    T. HIBINO

Autonomous driving has seen significant progress in recent years, and demand for such systems is expected to 
increase. This report explains developments in J-EPICS, a technology that combines compatibility with automated 
driving with the comfort of manual driving. This system must continue operating even if a failure occurs while 
driving. The system may stop if a vehicle power failure occurs, so it was necessary to supply power to enable safe 
evacuation. To achieve this, a BPS using high heat-resistance Lithium-ion capacitor (Libuddy) exclusively for 
J-EPICS was developed.
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Development of Backup Power Supply for Steer-by-Wire System 
(J-EPICS) without Mechanical Link

1.  Introduction
In recent years, development into autonomous driving 

has proceeded, aiming for widespread use of Level 4 
(fully autonomous driving under particular conditions) by 
2030. Under these conditions, demand for solutions and 
service related to autonomous driving is expected to grow 
in the future.

As a technology which achieves both high levels of 
compatibility with autonomous driving and comfortable 
manual driving, JTEKT has developed a steer-by-wire 
system without a mechanical link (JTEKT Electric 
Performed Intelligent Control Steering (J-EPICS))1). 
Because this system must continue to operate even if a 
failure occurs during driving, safety is ensured by means 
of a redundant design for the motors, microcomputer, 
and other elements. However, there are concerns that the 
system will stop in the event of a complete failure of the 
main battery. In order for the system to continue operating 
and safely allow an emergency parking maneuver when 
such an event occurs, an emergency power supply is 
necessary. We therefore developed a backup power 
supply (BPS) specifically for J-EPICS using the JTEKT 
internally produced lithium-ion capacitor (Libuddy), an 
energy storage device with high heat resistance, high 
power, and longevity (Fig. 1). This report introduces the 
features of this BPS.

2.  �Development Objectives and Vehicle 
Conditions

2. 1 Development Objectives
The BPS is a dedicated power supply for improving the 

safety of J-EPICS in the event of trouble with the main 
battery. It was developed assuming installation inside the 
vehicle as a separate device between the main battery and 
motor control unit (MCU).

2. 2 Vehicle Conditions
The vehicle conditions considered for installation of 

this system in a vehicle are listed below. 
⑴�Must allow the MCU control system to continue 

operating in the event of an instantaneous interruption 
in the main battery power supply. This can prevent 
system stops caused by instantaneous interruptions of 
the control system power supply.

⑵�Power must be supplied from the BPS to enable an 

Fig. 1  Backup power supply
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emergency parking maneuver in the event of a failure 
of the main battery.

⑶�Must be maintenance-free, with durability ensured 
during long-term vehicle use.

⑷�Must be compact, allowing unrestricted selection of the 
mounting location in the vehicle. This will improve the 
degree of freedom for vehicle installation.
Above condition ⑴ was achieved by means of the 

electronic circuit configuration, while conditions ⑵ to 
⑷ were achieved using the JTEKT internally produced 
Libuddy as the key device. The advantages of using 
Libuddy in the BPS are explained in the next section.

3.  Development Concept
3. 1 �Power Supply Route Switching Method 

(Control System and Motor Driveline System)
In the event of a main battery failure, it is necessary 

to switch the power supply from the main battery to the 
BPS. Typical methods of switching the power supply 
route include the use of a field effect transistor (FET), 
relay, or similar device, and the parallel installation of 
diodes.

As described before, in order to guarantee the safety of 
the J-EPICS system even in the event of an instantaneous 
interruption in the main battery power supply, it is 
essential that the steering MCU and reaction force MCU 
continue to operate. Therefore, the BPS is required to 
supply backup power without interrupting the control 
power supply of both MCUs. For this reason, we adopted 
the method of parallel diode installation for switching, for 
a configuration where the power supply route switches 
seamlessly when the voltage of the main battery drops 
below the voltage of the backup power supply (Fig. 2).

On the other hand, because a short power supply 
interruption in the motor driveline system power that does 
not cause an irregular feel in the steering is not a problem, 
we adopted a power supply route switching method using 
an FET.

A: When normal

B: When main battery fails
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MCU
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Backup power supply route used
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Fig. 2  Circuit configuration using diodes

3. 2 �Ensuring Energy for Emergency Parking 
Maneuver and Selecting an Energy Storage 
Device

The goal of this system is to supply power to the MCU 
until an emergency parking maneuver is completed on 
the road shoulder or other safe location in the event of 
a complete failure of the main battery. Although it is 
not necessary for the BPS to contain a large amount of 
electrical energy, it must supply large electric power when 
steering.

For this reason, the energy storage device installed in 
the BPS must have high output performance. Therefore a 
capacitor, which is a power-type energy storage device, 
is optimal. Lithium-ion capacitors have the highest 
energy density among commercialized capacitors, and 
therefore using such a capacitor can produce a compact 
system. The JTEKT internally produced Libuddy high 
heat resistance lithium-ion capacitor was selected as the 
key device of the BPS because it is expected to deliver 
the maintenance-free performance and improved vehicle 
mounting flexibility that will be described later2), 3).

3. 3 Maintenance-Free
The BPS continually monitors the main battery while 

maintaining the maximum value of electric power 
required for an emergency parking maneuver. The energy 
storage device in the BPS is subjected to extremely harsh 
usage, remaining continually in a fully charged state, 
which accelerates performance deterioration.

Because Libuddy has higher resistance to performance 
deterioration when fully charged and a greater longevity 
than previous capacitors, it can contribute to making the 
BPS maintenance-free.

3. 4 Compact Design
Even when the above requirements can be achieved, 

freedom of mounting design for installation in the vehicle 
is also required.

Libuddy has more than double the energy density of 
a conventional capacitor (electric double layer capacitor 
(EDLC)), and can make the power supply system more 
compact. Because it also has superior heat resistance, 
and conforms to the temperature requirements for parts 
mounted in the vehicle interior, the BPS requires no 
cooling or heating device, allowing the system to be made 
even smaller and improving the mounting flexibility 
(Fig. 3).
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Fig. 3  Libuddy operating temperature range

4.  �Overview of System Configuration and 
Characteristics

4. 1 J-EPICS System Configuration
This system is composed of a 12 V main battery, MCU, 

BPS, and the power and signal harnesses which connect 
them (Fig. 4)1).

The BPS contains two 1 000 F Libuddy capacitors 
installed in series, with standby, charging, backup supply, 
and backup prohibit states. Voltage and current are 
monitored by multiple monitors, and Libuddy capacitors 
supply power to the MCU when the main battery fails. 
At normal times, the main battery charges Libuddy, 
continually maintaining the storage of electric power 
required for an emergency parking maneuver.
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(BPS) unit

Legend:
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External
equipment

MCUMCU
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Fig. 4  J-EPICS system configuration

The safety mechanism judges whether there is a failure 
in the BPS itself or an external failure, and as necessary 
prohibits the power supply backup. Redundant monitors 
are used for the judgment to prevent false detection of 
failures, and local CAN communication can be used to 
communicate BPS failure information to the MCU and 
notify the driver.

4. 2 BPS System Configuration
The motor driveline system power supply has two 

supply routes: from the main battery and from Libuddy. 
The switch is operated by commands from the BPS 
microcomputer, switching the supply route. Because 
power is supplied from the main battery system at normal 
times, the switch is configured as a redundant system to 
improve safety. The control power supply also has two 
supply routes, from the main battery and from Libuddy, 
and uses a diode configuration to enable seamless supply 
(Fig. 5, Fig. 6).

The supply of backup power uses a booster circuit to 
raise the Libuddy voltage to the voltage that can operate 
the MCU. Libuddy charging reduces the main battery 
voltage via a step-down circuit to the rated operating 
voltage of the two Libuddy capacitors in series. During 
standby and when a failure occurs, power is supplied 
from the main battery to the MCU.

Fig. 5  BPS system configuration
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Fig. 6  Control power seamless supply result

4. 3 Characteristics of Libuddy
One feature of Libuddy is a higher energy density 

compared to an EDLC. It also features a useful life under 
repeated charging and discharging at large currents, 
reliability in harsh temperature environments, and safety 
in terms of preventing fire and explosion.

Regarding the useful life, only minimal performance 
deterioration in internal resistance and capacitance was 
seen even after 1 000 000 cycles of harsh large current 
charging and discharging (Fig. 7).
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Fig. 7  Large current charge/discharge cycle test

Heat resistance is also higher than conventional 
lithium-ion capacitors. Based on the Arrhenius model, 
an accelerated evaluation of the total heat load was 
performed at 65℃, simulating the vehicle lifetime. A 
test of float charging, which accelerates performance 
deterioration, confirmed that the results fully satisfied the 
allowable deterioration quantity (Fig. 8).

Regarding safety, because the active carbon used as 
the cathode active material contains no oxygen, a thermal 
runaway reaction does not occur even in the event of an 
internal short circuit or similar fault, and as a result the 
material configuration is extremely safe (Fig. 9)3).
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(Upper: Lithium secondary battery, Lower: Libuddy)

5.  Conclusion
The installation of a BPS using Libuddy can maintain 

J-EPICS function for safely performing an emergency 
parking maneuver in the event of a main battery failure or 
instantaneous interruption during driving.

The technologies introduced in this report are the 
following. First, we achieved a method of using a diode 
circuit configuration to prevent control power reset.

Next, the use of lithium-ion capacitors enabled 
the supply of power necessary for steering during an 
emergency parking maneuver.

Furthermore, the adoption of Libuddy with excellent 
heat resistance and durability contributed to the creation 
of a maintenance-free and compact product that can be 
used for extended periods.

We believe that the use of these technologies can 
contribute not only to J-EPICS but to autonomous driving 
and the electric brakes that are expected to see widespread 
use in the future.
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Fig. 8  High temperature float charging test (65℃, 3.6 V)
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