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Abstract— During their lifetime, electrical wires and 

connectors in cars are ageing and can induce short-circuit or 

open circuit, due to the external environment or technical 

intentional action. It is therefore possible to see changes in the 

overall system behavior thus compromising the system safety 

and reliability. There is consequently an issue about diagnosis 

and maintenance. In modern cars, the electrical wire harness 

maintenance and diagnosis become crucial due to automated 

driving. Estimating the line impedance (resistance and 

inductance) is beneficial to the evaluation of the health state of 

the wire harness during their lifetime in the vehicle. It is very 

difficult to measure the very low line inductances through an 

integrated system. Moreover, the required measurement 

sensitivity is even harder to achieve if a very small variations of 

about 𝟎. 𝟏 𝝁𝑯 is a target over a wide range of inductance values 

(e.g. 𝟔𝝁𝑯) This paper describes a new method for implementing 

an embedded measurement  of the wire inductance and detect a 

relative variation of about 𝟎. 𝟏 𝝁𝑯. 

Keywords— Inductance measurement, wire health check, 

wire diagnosis, electrical power network, predictive 

maintenance, impedance measurement, wire aging, connector 

aging, wire protection, electrical vehicle, smart fuse. 

I. INTRODUCTION  

Requirements for a high availability of comfort, connectivity, 

and safety functions in modern transport (vehicle, aircratf, 

etc.) leads to an increase in on-board electronics [1]. More 

elements (cables, connectors, fuses…) are therefore taking 

place in electrical wire harnesses. Electrical power 

distribution networks become complex and cumbersome. As 

a result, accumulated length of wire harness rose up in 

automotive systems. For instance, in modern vehicles, all 

these comforts are available thanks to embedded electronics 

into onboard network, which weight grows up toward about 

50kg consisting of at least 1500 cables measuring between 

1m and 10m in length, as well as relays, connectors, 

fuses…[2], [3]. Consequently, modern vehicles consume 

more energy giving rise to a huge impact on environment in 

term of green-house gas.  

During their lifetime, wires can be damaged leading to 

serious issues of safety, reliability, maintenance and 

diagnosis. Indeed, electrical connectors suffer aging and also 

short-circuit or open circuit can occur due to some technical 

mistake or external environment. It is therefore possible to 

see changes in the overall system behavior, compromising the 

system safety. If the latter issues are well known as critical so 

far for aeronautic and nuclear system, it becomes more and 

more significant in automotive sector. 

Besides, the current protection doesn’t consider the wire 

harness aging. Regarding a traditional fuse, the wires will 

appear less and less able to operate safely depending on a 

protection at nominal power. Even if the fuse eventually 

comes to blow conveniently, it should be replaced with a new 

one to ensure the protection [4]. Traditional relays used 

jointly with fuse have high internal resistance giving rise to 

high power dissipation. So, in a next generation, it is planned 

to replace the traditional fuse by a semiconductor-based fuse 

known as “smart fuse” [5], [6]. With a smart fuse, lower 

dissipative power may be achieved compared to the 

traditional one. A smart fuse allows to have less margin 

between supply line melting point and its own protection so 

the wire size is no more oversized. Interestingly, it enables a 

closed-loop control capability: the protection system could be 

controlled and adjusted off-line during the lifetime of 

vehicles [7]. Thus, it would be very convenient to capitalize 

this capability of smart fuse to improve the protection during 

the wire harness lifetime in a vehicle. To do that, wire health 

state parameters like resistance or inductance are needed to 

estimate the network health state so that an appropriate 

protection is provided.  

So far, to know the health state or to detect defaults in cable, 

different methods have been used. It could be a technique like 

visual inspection, X-rays, ultrasound guided wave, infrared 

and thermal imaging, continuity measurement, high pot, 

pulse arrested spark discharge [8]–[10] or reflectometry [3], 

[11]–[15] depending on the application. Most of the methods 

are non-embeddable except reflectometry. Reflectometry 

consists in injecting a probe signal at one end of the cable 

under test. This signal propagates along the cable and each 

impedance discontinuity (junction or fault) returns a part of 

its energy towards the injection port. The analysis of the 

received signal provides information on the presence, 

localization and the type of discontinuity [14]. Various 

researches on reflectometry in time and frequency domain 
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give rise to accurate and effective methods able to be 

embedded for application like aeronautic sector [13]–[15]. 

Despite their advantages, reflectometry sensors are expensive 

for automotive applications [16]. In addition, sensor-based 

reflectometry is not yet integrable in a chip. In that way, paper 

[16] proposes an integrable circuit to detect open (measuring 

capacitance) and short circuit (measuring inductance). Even 

though it’s a simple and integrable in chip, it is limited for 

diagnosis and predictive maintenance purpose.  

Furthermore, for various reasons, there is a requirement for 

Original Equipment Manufacturers (OEMs) to provide 

suitable, reliable and cost-effective systems for wire 

diagnosis regarding aging, predictive maintenance, wire 

harness conformity check at manufacturing step, etc. In this 

perspective, providing accurate and reliable data related to 

the variation of the wire parameters like its inductance will 

be useful to monitor the wire health during the vehicle 

lifetime. This paper details a method suitable for subsequent 

integration to measure the line inductance of a wire in vehicle 

with an accuracy of 0.1 𝜇𝐻. 

 

II. GOLDEN UNIT AND HEALTH CHECKING 

METHOD 

 

The goal is to build a system that can be integrated into the 

new upcoming semiconductor-based fuses. For instance, 

Infineon PROFETTM smart fuse is specifically designed to 

drive high current loads up to 40A in automotive applications 

such as heaters, glow plugs, pumps and fans, where high 

energy capability is required. Their ability to drive high 

current loads makes them well suited to replace 

electromechanical relays and fuses in power distribution and 

other applications in a 12V network [2]. So, the purpose of 

this work is to establish a diagnosis method able to be 

integrated into a smart fuse like a PROFETTM one. 

To control the health state of the power network, a golden 

unit concept is introduced. The golden unit concept consists 

in a perfect and healthy power network to establish a 

reference wire inductance map. Initially, the developed 

estimation method will be used to establish the reference 

impedance map (e.g. inductance) of the healthy wire harness. 

The goal of the golden unit impedance map shown in Fig. 1 

is to set the initial reference for comparison to later 

measurements. Therefore, it becomes possible to quantify if 

it exists a variation in the measured parameters of the wire 

harnesses. The inductance measurement method will be 

presented. 

 

 
Fig. 1: Golden unit impedance map 

III. LINE INDUCTANCE MEASUREMENT SYSTEM (LIMS) 

The line inductance measurement system consists in charging 
a so-called capacitor 𝐶𝑑𝑒𝑡𝑒𝑐𝑡  during a known time 𝑡𝑑  by the 
voltage source 𝑉𝑏𝑎𝑡 . When measuring the voltage 𝑉𝑑  across 
the capacitor 𝐶𝑑𝑒𝑡𝑒𝑐𝑡 in the case of a step transient stimulus,  
the effective inductance 𝐿 of the wire branch can be computed 
since the voltage across the capacitor and its charging time 
depend mainly on the inductance 𝐿  which is principally 
related to the wire length at constant frequency and in a same 
environment [18]–[20]. Consequently, variation of the 
capacitor charging time in similar stimulus conditions means 
a variation in wire inductance. Fig. 2-a) shows the electrical 
schematic of the system where the battery supplies the load 
through a smart fuse and the wire-under-test, which is 
modeled by series of resistance and inductance. During the 
measurement process the smart fuse closes the circuit with the 
sensor capacitor 𝐶𝑑𝑒𝑡𝑒𝑐𝑡 and the related measurement circuitry 
as depicted in Fig. 2-b). 

 

Fig. 2: LIMS Concept schematic 

If 𝑅  and 𝐿  are respectively the equivalent resistance and 

inductance of the measured loop, the measured voltage across 

the capacitor 𝐶𝑑𝑒𝑡𝑒𝑐𝑡  is an ordinary RLC step response 

described by (1). 

 

 

 

Where: 

𝜔0 =
1

√𝐿𝐶𝑑𝑒𝑡𝑒𝑐𝑡
 – natural frequency  

𝜆 =
𝑅

2𝐿
 – damping factor 

𝑡   - time 

 

To identify the variation of inductance, two methods are 

developed based on either time or voltage measurement: 

A. Time method 

It consists to set a specified voltage 𝑉𝐿  and to record the 
charging time 𝑡𝑑  needed by the sensor capacitor 𝐶𝑑𝑒𝑡𝑒𝑐𝑡  to 
reach the voltage level, 𝑉𝐿. Fig. 3 depicts this measurement 
method. 

For two different values of inductance 𝐿  (𝐿1 , 𝐿2 ), Fig. 4 

shows the voltage across the sensor capacitor 𝐶𝑑𝑒𝑡𝑒𝑐𝑡 

clamped at maximum voltage of 10𝑉. In fact, for a variation 

of inductance 𝐿 (𝐿1 to 𝐿2), there is a variation of the charging 

time Δ𝑡 =  𝑡𝑑1 −  𝑡𝑑2. So, based on the variation of charging 

time, the inductance variation could be estimated. 
 

𝑽𝒅(𝒕) = 𝑽𝒃𝒂𝒕 (𝟏 − (𝐜𝐨𝐬(𝝎𝟎𝒕) − (
𝝀

𝝎𝟎
) ∗ 𝐬𝐢𝐧(𝝎𝟎𝒕)) 𝒆−𝝀𝒕) (1) 



 

Fig. 3: Time measurement method 

B. Voltage method 

The second method consists to set a specified charging time 

(𝑡𝐿). At the end of the charging time, the voltage 𝑉𝑑 across 

𝐶𝑑𝑒𝑡𝑒𝑐𝑡  is measured. So, any variation in measured voltage 

means a variation of inductance as shown in Fig. 4. It is 

therefore possible to estimate the measured inductance value 

based on 𝑡𝐿 and 𝑉𝑑. 

 

 
Fig. 4: Voltage measurement method 

Although the above two methods are able to measure 

inductance variation, a high resolution over a wide voltage 

range is required. Consequently, high frequency clock and 

large size of Analog to Digital Converter (ADC) are 

necessary. Then, it has been found that it is possible to get a 

high resolution with less resources by combining the above 

two methods. 

C. Auto-adaptive time floating method: combination of time 

and voltage methods 

Instead of considering either time or voltage measurement 

method, the proposed approach consists in measuring the 

charging time 𝑡𝑑  while the capacitor voltage 𝑉𝑑 is between a 

predefined range. This method named as auto-adaptive time 

floating voltage measurement is described by the flowchart 

in Fig.5. 

This method is interesting since it allows to get a good 

resolution while reasonable resources are used. Table 1 

shows the comparison of described methods. When using 

auto-adaptive time floating voltage measurement method, for 

the same sensitivity, the clock frequency can be reduced from 

100MHz to 10MHz as compared to time method while ADC 

size is reduced from 10Bits to 4Bits compared to the voltage 

method. 

 

 
Fig. 5: Auto-adaptive time floating method flowchart 

Table 1: Inductance measurement methods comparison 

Method Target sensitivity 
Clock 

frequency 

ADC 

size 

Time 

measurement 

0.1𝑢𝐻

6𝑢𝐻
=  1.67% 

100MHz 9Bits 

Voltage 

measurement 
10MHz 10Bits 

Auto-

adaptive 

time floating 

voltage 

measurement 

10MHz 4Bits 

 

In next sections, the auto-adaptive time floating voltage 

measurement method is used to measure wire inductance 

values. 

IV. RESULTS 

To validate the proposed method, a discrete-device circuit 
board (PCB) has been made. The discrete components are 
wisely designed and chosen so that the measurement system 
could be integrated into a chip. 

A. Simulation vs experimental 

Firstly, the board is used to measure discrete inductances. The 

output experimental data ( 𝑡𝑑𝐸 , 𝑉𝑑𝐸 ) are compared to 

simulation data (𝑡𝑑𝑆 , 𝑉𝑑𝑆 ) obtained for the same values of 

inductance. The measurement setup is shown in Fig. 6. 

 



 
Figure 6: Measurement setup for method validation 

An Arduino microprocessor is used to control the board 

through a suitable designed interface (with MATLAB). The 

device under test (i.e. measured inductance) is in series with 

a capacitive load of 4700μF. Note that, today with the 

massive use of electronics which facilitates the control of 

loads, more loads in car have capacitive behavior. For 

instance, there will be more and more so-called smart loads 

optimizing energy consumption. In addition, for reasons of 

flexibility, manufacturers put electronic systems at the end of 

line to adapt the lines to any type of load. Then, motors will 

have their control electronics completely embeded [21]-[23]. 

Thus, the main loads (between 80 to 90%) in modern vehicles 

will be capacitive load type. It follows that in the context of 

this work, loads are considered to be capacitive between 10μF 

to 4700μF. 

Based on the aforementioned setup, the experimental 

measurement has been performed for reference inductances 

from 1μH to 6μH. To ensure the robustness of data, each 

inductance has been measured in similar conditions over 100 

times. Fig. 7 shows the result of these measurements.  

 
Figure 7: Experimental measurement data 

It’s very interesting to observe that measured experimental 

time is unvaried over the hundred measurement for each 

inductance. However, the measured voltage can face some 

variation with maximum value of 0.2V compared to the 

minimum measured voltage when the inductance value is the 

lowest (i.e. 1μH). To evaluate the robustness of measured 

voltage data, Fig. 8 gives the deviation of measurements from 

the overall average for each inductance value.  

 

 
Figure 8: Robustness check using standard deviation 

The voltage standard deviation (STD) is also depicted for 

each inductance. The maximum deviation of 6.7% is 

observed for 1μH inductance while for others inductance it is 

around 2%. It shows that the deviation in each measurement 

is relatively small. Consequently, one could consider the 

voltage measurement as sufficiently robust for inductance 

estimation. Moreover, since the measured time is unique for 

each inductance, the combination of measured time and 

voltage (𝑡𝑑𝐸 , 𝑉𝑑𝐸) gives rise to a strong and robust data to 

differentiate inductance variation. 

 

Table 2 gives the comparison between the simulation and 

experimental data of the experimental average voltage 𝑉𝑑. 

  
Table 2: Simulation and experimental measurements data 

 Experimental Simulation 

𝐿(𝜇𝐻) 𝑡𝑑𝐸(𝑛𝑠) 𝑉𝑑𝐸(𝑉) 𝑡𝑑𝑆(𝑛𝑠) 𝑉𝑑𝑆(𝑉) 

1 700 2.83 700 2.21 

2 900 2.43 900 1.6 

3 1200 2.6 1200 2.93 

4 1300 2.46 1300 2.23 

5 1400 2.32 1400 1.84 

6 1500 1.83 1500 1.65 

 

Simulation and experimental time are always the same for all 

measured inductance between 1μH to 6μH. For measured 

voltage 𝑉𝑑, there is a small difference that can be explained. 

In fact, this difference is due to various reason. For instance, 

at the end of measurement even capacitor 𝐶𝑑𝑒𝑡  and load 

capacitor are discharged, the initial voltage across them could 

not be the same at the next measurement introducing some 

measurement deviation. In addition, ADC conversion could 

add some conversion errors. Moreover, the accuracy of the 

measurement depends also on the speed of the threshold 

detector and the stability of the clock frequency. Even 

thought, the difference between simulation and measurement 

remains acceptable and it does not affect the inductance 

estimation. Results are quite encouraging and enough to 

validate the method. In the next section, this method will be 

used to estimate a wire inductance in preparation of wire 

harness health check perspective. 

 



B. Application to wire inductance estimation  

 

Table 2 shows a good agreement between simulation results 

and experimental ones. Therefore, due to unavailable large 

amount of data for experimental measurement, to estimate the 

linear inductance of wire, a database has been built based on 

simulation data for inductance from 1𝜇𝐻  to 10𝜇𝐻  with a 

variation step of 0.1𝜇𝐻. Then, to estimate inductance of a 

given wire length, the measured time 𝑡𝑑  and voltage 𝑉𝑑 are 

used to find the corresponding inductance thanks to an 

interpolation algorithm build upon the aforementioned 

database.  

Inductance is estimated for wire length variation of 10𝑐𝑚 

from 1𝑚 to 6𝑚. Measurement setup shown in Fig. 9 is used 

to measure the line inductance of wires with diameter  𝑑 =
2𝑚𝑚   and hold at distance of 10𝑚𝑚  from the ground 

(metallic ground plane). 

 

 

Figure 9: Measurement setup for wire inductance estimation 

By using above setup and considering capacitive loads of 

4700𝜇𝐹,  measurement results for 1m to 6m wire are given 

in Fig. 10. 

 

 
Figure 10: Wire inductance estimation 

Experimental results of line inductance validate the auto-

adaptive floating time measurement method. As it is shown 

in Fig. 10, by using raw data (𝑡𝑑 , 𝑉𝑑), the wire inductance can 

be estimated. For instance, the inductance value estimated for 

1m wire length is about 1.1𝜇𝐻  while it is estimated to be 

5.2𝜇𝐻 for 6m wire length considering the defined setup in 

Fig. 9.  Note that, due to lack of space on the testbench, for 

wire length above 2m, 1m wires are connected in series to get 

the desired wire length as shown in Fig. 9.  The distance 

between two wires is approximately 3cm when two wires 

come to be on the same holder. This changes in setup 

configuration from one desired wire length to another can 

explain some deviation. Consequently, it could explain the 

fact that the estimated inductance is not strictly linear from 

1m to 6m since wires become parallel and the environment 

conditions of one specific wire change. Despite, it proves that 

the developed method is sensitive enough to be able to detect 

geometric abnormality in wire harness. Importantly, it’s 

possible to detect a variation of 10𝑐𝑚 in wire length which is 

approximately 0.1 𝜇𝐻 leading to promising application. 

To see how a change in capacitive load could affect the 

measurement results, Fig. 11 depicts a comparison of 

estimated inductance (1m to 6m) with a 10𝜇𝐹 and 4700𝜇𝐹 

load respectively and under short circuit. 

 

 
Figure 11: Effect of load capacitor variation on inductance 

estimation: short circuit, 10μF and 4700μF loads 

 As depicted in Fig. 11, there is no significant difference in 

the inductance value estimation for a capacitive load variation 

between null and 4700𝜇𝐹 . It means that the measurement 

scheme is robust enough Oppositely, when load becomes 

short circuited, auto-adaptive time floating voltage 

measurement, helps to detect that fault since estimated 

inductance get changed. 

 

 

V. CONLUSION 

The experimental results confirm the validation of the Auto-

adaptive time floating voltage measurement for estimation of 

wire inductance. This method helps to measure inductance 

variation down to 0.1 𝜇𝐻 leading to promising application 

for modern car diagnosis and predictive maintenance. That 

makes it is possible to detect a variation of 10cm in wire 

length. Then, an inductance map of the vehicle could be 

established to check health state of wire harness at 

manufacturing step and during its lifetime. As further 

development, a resistance measurement method should be 

developed as a global to map wire impedance.  
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