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Useful Life Prediction Based on Electrochemistry Model: A
Tutorial

Yohwan Choi®, Hongseok Kim’

o ok
2 =%

A Iz 2 ZAAA 3] 7]%(Prognostics and Health Management; PHM)<> A|~8l] &) AbellE 2odsla
S5 b et 7 AR A oA olAlshe J1eEs 4 ug ulge) Azt W Assle) g 3

< #alaa} she ofokdt AljjEcklA 2hdslAl o) 4= gtk ambE TE|Ee] ofuix] A, A7|R, 2w
EE s 5 e ’\l—&XMW T8 AR ARE L gle wiEle] w3k AT AEt 2 FH
o] Sl RZHE AHEE F §7] wlEel olzldt A oA E A ] 7]ge] wkmA] AHgwolok & of

A= HM—4 71849 NS 2NEEE Al wiEE]e] AL A 4H(Remaining
Useful Life; RUL)S ¢I53hs 245 dels 2 s 7 Ax Agd 23S U555 vl t&e] ez
7154 B2 ] 9 A28 Zake] melglel] tigk Adwe Fal 5 2]l 7FsAS Ad elele]e] 2wk
Ql B4 tigh e olsl 2 34 7i%ol gt $EHES A|AslaA} gl

me =

Key Words : Remaining Useful Life, Lithium-ion Battery, Prognostics and Health Management,
Electrochemistry

ABSTRACT

Prognostics and health management(PHM) is actively utilized by industry as an essential technology focusing
on accurately monitoring the health state of a system and predicting the remaining useful life(RUL). An effective
PHM is expected to reduce maintenance costs as well as improve safety of system by preventing failure in
advance. With these advantages, PHM can be applied to the battery system which is a core element to provide
electricity for devices with mobility, since battery faults could lead to operational downtime, performance
degradation, and even catastrophic loss of human life by unexpected explosion due to non-linear characteristics of
battery. In this paper we mainly review a recent progress on various models for predicting RUL of battery with
high accuracy satisfying the given confidence interval level. Moreover, performance evaluation metrics for battery

prognostics are presented in detail to show the strength of these metrics compared to the traditional ones used in

the existing forecasting applications.
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Table 1. Nomenclature for performance metric
TH}rle A7
EoL End of Life, time instant when a RUL
prediction crosses a failure threshold
End of Prediction, time index for the
EoP last RUL prediction before EoL is
reached
End of Useful Predictions, time index
beyond which it is futile to update a
EoUP RUL prediction because no corrective
action is possible in the time available
before EoL
First time index when predictions satisfy
Tog B-criterion for a given «,
min{ jl(jEp) A (x[r()]F2) = 5}
p Set of all time indices when predictions
are made
I} Minimum desired probability threshold
r(j) Predicted RUL at time index ¢,
Probability mass of the prediction PDF
7r[ ( j)] To| within the o-bounds,
o =ritatyy, o =r—atgy
Time window modifier,
A ty, =tp+ Aty —t,) where A< [0,1]
7. (t;) Ground truth RUL at time index t,
Appropriate  central  tendency  point
r(t;) estimate of the predicted RUL
distribution at time index ¢,
c Euclidean distance between the center of
M mass(acn7 yc) and (tP,O)
Non-negative  prediction accuracy or
M(3) precision metric with a time varying
value
Center of mass of the area under the
(z,y,) P
curve M(i) between t, and ¢ ,p
A r/ ( l{)
.--.._ Logistics
Lead Time

- E
D 1
[ !
| oL*
{P t/« rEaUP onP .
time ’
O 10. 783 A7 Ad~Ee] AHoidE =Ag e
2Z[29]

Fig. 10. An overview depicting critical prognostic time
indices
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5.1 OfIX| H2|(Prognostic Horizon)

Prognostic Horizon(PH)-2 A EoL ] ¢il4]
A olle] vzl W9 W= ellSsh=A] of -5 Aule
o] ARgSh= A Fot). F, ollFe] AFow 54
& 7S SIS we] A EoLe] A7t
o] & vrehdict. A5 27271E AAl BoL A2 3
4 7Fsd ol WSl a & AREHY, o= AREAE
F3l7] flell == A Akl web spHEich
PHe A0 A7) 3ho] Aok

2N ok &

PH=tpo— t @

I3 11(a)= F 71| oJd RUL & dxe|Ee)
PH A¥E Jeplisich F WA dae|SI=ta) e
PH7} ©] 27| Wil Hask 2X& A% 5 sl= Al
7 o Rt o] Wel AAA £ Aes veiitke
A = AR ApAE] B A WA dae|Surt
Ao Asate| = 18] 4] 92 AL o 9ok
oL 24 FAF EQlE shte] gl o]-83)7| o
ol I3 11(b)e} #o] S-criterions ARE-glel| u}
2 Wdrbselch grEet 2 &EdEKprobability

RUL

K Fol,

PH'

Aol = p

RUL

()

k time EoL.,

a2l 11. Prognostic Horizon #|3EE o83t 7 dxe]&e]
ZA3H29]

Fig. 11. (@) Ilustration of Prognostics Horizon by
comparing two algorithms based on point estimates
(distribution means) (b) PH based on [-criterion results in
a more robust metric
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5.2 a— A\ Performance

EA AlHel AgE He el AFe] Eolgk=A] o
G5 gdshs, F oS A S el Al
Folrk 4 Al (8)] av— A accuracy+= S-criterion
< W= 1, 1 9JellE 08 ZHe vlo| ] (binary)
Hele] ke 7RIk

1 if W[T(tx)tz >/

a—\ Accuracy = )
0 otherwise

®

o= A% A ZHaccuracy modifier) 4 03} 1
Aol ke 7R dlE B0l a=0.1Y 7% ddlZo]
A=&Zr He 715 AT 10% el 518 A=
=3t} o] A Fe 23 129} 3Fo] AlZle] A el u}
o A AR el)h Zo1%7) dhEel PH
weh % A5 Qe AT Bk, ol Aol
£ nr(e)] 7o sk el slolAl pHe] A5
o= o 9HEM o =n(ty) fart,) 2
a :r*(tk)—ar(tk)gr o] ARE-E %)

o

[/
% time

Aol = p

Z‘ I \i;"ak'

| (b)

A(RUL error)

i, L, Fol

time
a3 12. a—X accuracy= ©]838F RUL A5 &4 Az
[29]
Fig. 12. (@@ «a—X\ accuracy with the accuracy cone
shrinking with time on RUL vs. time plot. (b) Alternate
representation of a-A accuracy on RUL-error vs. time plot.
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= Ee AE FE e oSS 98 Av|skst nd b A o7 2 AAA e Ve
5.3 ATHA Y2tT(Relative Accuracy) ] Cy= (o=t +1% (10)
=4 A7k 1oll4 AAl RUL ()% sl % RUL
"(t. 711—0 AV o aiﬂ =} ou Muﬂzﬂ- /\1 1 Boup ) 1 Boup )
V(1) 7] A ozl = e u} ] R T R
®)F 27} vissithar & 4= AR, A ATl po— 2i=P y 2=
= c EoUP v Jo B UP
oZo] Folxl Aew ul el] Sofeix] ofnE (k) —t)MG) (11, —t,) M)
Bksls Ao] ohe} Ashes} 17 139 A A, -
A7 AAl SA "= A4 AolE 7ixIch
N V. 2E Y g% 67
7 (1, v (t,
P AT mdl ) 9
reld; © B =FellAE wEle) A i 5 «né 2
where t)\ :tP+)\(tE0L_tP) F/] 7]]:“:4] 1;;,_4 /%1_10: bz| ]'X]_u_oﬂ ‘;HS]' 3—1,7:” ] HOLH\ji
3 7)e A3 e 53] Adr)skst l ko] ul
A L ¢ PointEstimate (Median) Ei‘j/] chlao]‘o/] 5;}:;?: X]:!'ZH 4 EL.Q_ 7]"6“}‘é°ﬂ DH H oi
O Distribution Mean 6“]:]— 1_1‘_:4 -‘i HW]'X] /K 1;]] ] ]/H ‘"l‘i _%_E] 9\}]\_1‘_:4
? =gk lumped 2lvlE] 7uke] ECM 282 el
§ o W RS A1k 29 AR el
AN, & gl AL ol WEele) G5 ATEAE o]
Ak A $ S S
(diffusion)ol] W2 QA4AF w23t v AWl wdl]
2 [ [ < gRsk 2 o)F 43 Aux viefe] A% 2
time A iz e A Sha ek
a2 13, F 7 duelEed wad RA A A9)
Fig. 13. Schematic illustrating Relative Accuracy References
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