ISSN : 0974 - 7435 Volume 8 | ssue 4

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 8(4), 2013 [496-501]

Sudy of battery resistance online monitoring system using hilbert-
huang transform

Guo Chunhua
Department of Computer Engineering, Weifang Univer sity, Weifang, Shandong, (CHINA)
E-mail : gch58@163.com

ABSTRACT

In battery’s internal resistance online monitoring system, voltage col-
lected isinfluenced by charging ripple, load changes, AC frequency inter-
ference, etc. It contains high harmonics and other interference. As Hil-
bert-Huang spectrum has perfect time-frequency characteristics, it can
describe frequency varying with time accurately. Hilbert-Huang trans-
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form containstwo steps: empirical mode decomposition (EMD) and Hil-
bert transform. Battery voltage collected isimplemented EM D and Hilbert
transform respectively, in the obtained time-frequency distribution do-
main, fundamental component which frequency isthe same with fed cur-
rent ispreserved, while others are removed, it isthe voltage which hasthe
same frequency as fed current. According to the relationship of average
power and resistance, the battery resistance can be computed
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INTRODUCTION

Battery asabackup power hasbeen widely used
indectricity, tedecommunications, chemicd and ail, etc.
Itsreliability isrelated to the security and stability of
application system. If battery islack of capacity or
loseefficiency, that will causeamajor accident. Asde-
terioration process of battery islong-cycle, cumulative
and perishing slowly, how to detect deterioration of
battery in running stateisnot only user’s primary con-
cern, but also one of the most difficult problem for
backup!?. For theworking principleand failure mode,
new standard 1188-2005 of IEEE providesthat inter-
nal resstancevaueof battery can bedeterminewhether
fail or not, changing of 30%-50% compared with ref-

erencevalue can beregarded asfailure mode®

Internal resistance of battery containssevera fac-
tors. physical connectionresistance, ion conductivity of
electrolyte, electrochemica activity onthe surface of
plates, connection resistance of batteries. In spareoc-
casion, battery’scapacity isusualy large, theinterna
resstanceisusualy milliohm. It isdifficult to measure
internd resistanceexactly in onlinemonitoring system,
egpecidly thebattery’stermind sareinfluenced by charg-
ing ripple, load changes and AC frequency interfer-
ence4,

At present, therearetwo main methodsfor battery
internal resistance measurement!®. Oneis DC method,
the other isAC method. DC method isasfollowing:
add aload at two ends of battery, measure the step
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changevalueof current and voltage, theresult of volt-
age changevauedivided by current changevdueisthe
internd resstancevaue. Thismethod issuitablefor the
system which preciseand safety isnot high, anditis
suitablefor static or offline measurement. If it isused
online, thestability of resultisgreetly affected by envi-
ronment. AC method isasfollowing: add an excitation
AC current (or AC voltage, inthispaper itisAC cur-
rent) which frequency and amplitudeareknown at two
electrodes of battery, measure every battery’sAC volt-
age drop response, then battery’sinternal resistance
can be computed by Ohm’sLaw. Thismethod issuit-
ablefor onlinemode. But theresponses areinterfered
by noise, thekey of AC method ishow torestrainin-
terference effectively, which playsasignificant rolein
system preciseand result effectiveness.

BATTERY’SINTERNAL RESISTANCE
MODEL AND MEASURING PRINCIPLE
Tomeasure battery’sinternal resistance, firstly we
Sudy itsinternd restancemodd. Figure Listheequiva
lent circuit ™.

Figurel: Battery’sequivalent impedancecir cuit

Inwhich, L1, L2 arethe positiveand negativein-
ductance. R1, R2 arethe migration resistance of el ec-
trodeions. C1, C2 arethe double-layer capacitance of
plates. Z1, Z2 arethe Warburg impedance, which are
decided by ions’ diffusion velocity of electrolyteand
electrode. R3isthebattery’sinternal resistance.

Asmeasuring battery’sinternal resistance, there
exists contact resistance of measuring wire. SOAC
method is used by means of four-wire connection
method. Computing resi stance need to measure volt-
age between two termina s of battery. Theprincipleis
shownasFigure2®, inwhich, | isthefed AC current,
V1isthetermina voltage of battery, R1lisequivalent
internal resistance of battery, R2 isequivalent load re-
sistance, asbattery’sinternal resistance and terminal
voltagefluctuation arebothlittle, theACvoltageV is
littletoo. In order to measure, V must beamplified, R3
istheequivaent amplifier interna resistance, C1, C2,
C3 and C4 are bridge coupling capacitors.
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Figure2: AC method for battery’sinternal resistance
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Feeding controlled AC current | =1__ sin(244t) to
theterminasof battery, the collected AC voltagedrop
of Rlisasfollows:

V=V, sin(2nrft+¢) @

0 isphase shift of | and V, then theinstantaneous power of R1
is:

P, =V, e SiN(2rft)sin(2nft + ) 03]

Energy consumed of R1in nperiodsis:

W = [Vl e, Sin(2nft)sin(2rft + ot 3
nT

Then the average power of R1 inn periodsis:

= W 1

P=—=— |V, .| . SN2xft)sin(2rft + ¢ )dt
o = o | Vol (2nft)sin(2nft+ o)t (4

So the internal resistance of battery is:

R=/(lu/N2f =—2— [ V| e Sin(2eft)sin(2nft + )t

T2
Imaan nT

= L"’”T [ sin(2nft)sin(2nft + p)dt

I max nT

AT ) % [cos¢ — cos{4nft + o)Lt ®

I maan nT

Vv
= lﬂcosnt

max

Astheaccuracy of interna resi stancerequireshigh,
especidly thebattery termind sareinfluenced by charg-
ingripple, load changesand AC frequency interference
inonlinemonitoring system. When exciting sourceis
fed to thetwo terminal s of battery, the output signa
containsnot only stationary response, but also non-sta-
tionary transient harmonicsand varietiesof noise. Hil-
bert-Huang Transform (HHT) playsanimportant role
for non-gtationary and nonlinear sgnd 9. Hilbert-Huang
Transform containstwo parts. empirica mode decom-
position (EM D) and Hilbert transform. Thekey part of
HHT isEM D with which any complicated dataset can
be decomposed into afinite and often small number of
intrindc modefunctions(IMFs). Theinstantaneousfre-
guency defined using the Hilbert transform denotesthe

s LBioTechnology

An Tudian Yourual



498

Study of battery resistance online monitoring system using hilbert-huang transform

BTAIJ, 8(4) 2013

FULL PAPER o

physical meaningof loca phasechangebetter for IMFs
than for any other non-IM Ftimeseries. The decompo-
gtion method isadaptiveand thereforehighly efficient.
Asthedecompositionisbased onthelocal character-
isticsof thedata, it isapplicableto nonlinear and non-
stationary processes.

At firgt, voltage collected is decomposed into sev-
erd intrinsgcmodefunctions(IMFs), thentheIMFsare
transformed by Hilbert, and the corresponding time-
frequency distribution datacan be obtained. Intime-
frequency distribution domainwhich frequency isthe
sameasfed current ispreserved, whilethe othersare
removed. Thentheintrinsc modefunctionswhich have
no multi-harmonic can be obtained by inverse Hilbert
transform, after that the IMFs have been added, it is
thevoltage datawhich hasthe samefrequency asthe
fed current. According to therelationship of average
power and resistance, the battery’sinternal resistance
can begottenonlinerdiably.

RESEARCH OF REMOVING
HARMONICSAND VOLTAGE RECON-
STRUCTION BASED ON
HILBERT-HUANG TRANSFORM

EMD decomposition

Thekey part of HHT isEMD that any complicated
dataset can be decomposedinto afiniteand oftensmall
number of IMFs. TheMFsneed satisfy thefollowing
conditions: (1) In the whole data set, the number of
extreme and the number of zero crossings must either
equal or differ at most by one. (2) At any data point,
themean vaueof the envel ope defined usng theloca
maximaand the envel ope defined us ng thelocal mini-
mumiszero.

With the abovedefinition of anIMFinmind, then
onecan decomposeany function through asifting pro-
cess, whichisasfollowing. Theloca maximaare con-
nected with acubic splineto form an envelope, after
whichthesameisdoneto thelocal minima. Next, the
envelopemean mof local maximaandloca minimais

calculated, and thefirst component h(t) isobtained by
Eq.(6).
h, (t)=x(t)-m (6)

If h,(t) dissatisfy the conditions of IMFs, regard
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h,(t) asorigind dataand repeat Eq.(6) until it satisfy the
conditions. After thelast subtractionthefirst IMF s is
obtained, that isS1=h,(t). Thefirst residueisobtained
by subtractingthefirst IMFfromtheoriginal signd,
r=x(t)-s, ©)
Consequently, another round of sifting processis
started using thisresidueastheorigina signd, ..., the

processisfinished until s, becomemonotonicor s,

hastoo small effect. Asaresult, theorigina signa can
be decomposed asEQ.(8),

x(t)=>s +r ®)
i=1

Inwhich, r isaconstant or representsatrend.

Hilbert transform

For any IMF s (t), itsHilbert transform §(t) isasfol-
lows,

& (0)=Hls )]s () L= L= 50
sO-Hs -0 2113 g
Thenwe can obtaintheanaytic function,

z (t) =S5, (t)+ is, (t) = a(t)ej"’(t)
Where j = /-1 . So the corresponding amplitude, in-

stantaneous phase and i nstantaneous frequency areas
follows,

(10)

a (t)=VSi2(t)+§i2(t) (1)
9, (t)=arctan i: 8 (12)

Using theHilbert transform to every IMF, the cor-
responding ingtantaneousfrequenciesand ingtantaneous
amplitudes of IMFscan be obtained. Inthat way, the
origina signal can be expressed asEq.(14).

x(t)= Rezn: a, (t)91sui (t) = ReZ”: a, (t)ejzn[fi (t)at
i=1 i=1

Inwhich, a and r, aretimefunctions. Asinstanta:
neousfrequency isdefined asthe phasedifferential of
an IMF, thistechnique decomposesnon-stationary Sig-
nalsinto aset of IMFsadaptively, soitisintuitive, di-
rect, aposterior and adaptive, with thebasisof thede-
composition derived from the data®®.

(14)
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TheIMFs s (t)can bereconstructed from §(t) by
inverseHilbert transform 9, whichisEq.(15).

s)--2[" 2Wq;

15
Ty et—1 (15)

Removing high harmonicsand voltagereconstruc-
tion

AsexcitingAC sourcewith certain frequency and
amplitudeisfed to the electrodes of battery online,
systemisinevitably suffered from high order harmonic
such aschargingripple, AC frequency interferencefrom
thegrid, load change, and noise, etc. The voltage col-
lected from el ectrodesisdecomposed using EMD, the
resultisshown asFigure3.

signal and the EMD decomposition
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Figure3: Voltage collected from electrodesand the EM D
decomposition

In Figure 3, r5 represents average component
mainly, imf2~imf5 aredifferent order harmonics, imf1
ismainly noiseand others.

TheHilbert-Huangtime-frequency distribution data
is shown as Figure 4. From Figure 4(a), there have
different order harmonicsand noise besidesbase com-
ponent obvioudy. Thetime-frequency distributionisas
shown as Figure 4(b) which frequency isthe same as
fed current and the othersareremoved.

ThelMFscan beobtained by inverseHilbert trans-
form, and added to get reconstruction signd. In order
to provevalidity, thetime-frequency datawith remov-
ing nothingisreconstructed, whichisshown asFigure
5(b), compared with Figure 5(a), thereconstructionsg-

————, FyurrL PAPER

29 -

2000 =

=

~ 50 100 150 200 250
(a) time-frequency distribution of voltage collected

25F

1

L
50 100

150 200 250
(b) time-frequency distribution data preserved
Figure4: Time-frequency distribution of signals

nal and origina signal aresimilar. Only preserving fun-
damental component which frequency isthesameas
fed current, thereconstructed datais shown as Fig-
ure 5(c).
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(c)reconstructed signal with only presening base component

Figure 5 Original signal and reconstruction signal
The process described above can be depicted be-

low.

1) Applycurrent | withacertain frequency and acer-
tain amplitudeto the electrodes of battery;

2) MeasurethevoltageV of electrodes, decompose
V by EMD, every IMF s and residue r can be
obtained;

3) TransformthelMFsby Hilbert, the corresponding
joint time-frequency distribution data can be got-
ten;

4) Preservethebas sfrequency datawhichfrequency
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isthe same asfed current, the others are cleared
away,

5) Thenew IMFscan beobtained by inverse Hilbert
transform, thenthereconstructed voltageV canbe
gotten by adding the IMFs;

6) Accordingthefed current | and reconstructed volt-
age V, compute instantaneous power P of elec-
trodes, average power p canbeobtained by inte-
gratinginn periods;

According average power p and valid value

| /2 of fed current | , the equivalent resistance of
battery can becomputed, that is r= /(1 ., /v2] -

RESULTSANDANALYSIS

Taketwotermind battery for example, their speci-
ficationare 18Ah/24V and 18AN12V respectively, and
in state of float charging, they are used about 1 year.
When measuring on line, themagnification of amplifier
iS50, A/D converter is12hits, fed currentisAC which
peak valueis 1A and frequency is 100Hz, sampling
interval of electrodesis4ms, and thetotal collected
pointsis300. Thedatacollected and their frequency
spectrum, datafiltered and corresponding frequency
spectrum are shownin Figure 6 and Figure 7 respec-
tively. Figure 6 isthe battery of 18Ah/24V, and Figure
7 isthebattery of 18Ah/12V.
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(c)filtered signal (d)frequency spectrum of filtered signal

Figure6: collected data, filter ed dataand the corresponding
frequency spectrum
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According thefed current and reconstructed volt-
age, theinstantaneous power and average power in 3
periods can be computed by Eq.(5), theinternal resis-
tanceof Figure6is30 milliohm, andtheinternd resis-
tance of Figure 7 is25 milliohm, compared with stan-
dard specification, thebattery of Figure 6 doesnot lose
efficacy, whilebattery of Figure 7| ose efficacy.
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Figure7: collected data, filtered dataand the corresponding
frequency spectrum

CONCLUSIONS

The paper givesadetall anaysisof measurement
on-lineusedintheinterna resstanceof battery, itintro-
ducesaAC method that apply acertain frequency and
acertain amplitude current to the el ectrodes of battery,
Asthevoltagescollected on-lineisinfluenced by charg-
ing rippleand 50Hz power interference, they contain
high harmonicinterference. Hilbert-Huang spectrahas
perfect timefrequency characteristics, it can describe
frequency varying with time accurately. In thispaper,
Hilbert-Huang transformisused to internal resistance
measurement, preserve basisfrequency datawhich fre-
guency isthesameasfed current, theothersarecleared
away, lastly according to therelationship of average
power and resistance, the battery resistance can be
gotten.
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