
“This research project is funded by the National Research Foundation Singapore under its Campus for Research Excellence and Technological Enterprise (CREATE) programme.”

Introduction

Health Indictors Extraction for Prognostics of Lithium-ion Battery
Hasmat Malik, Md Waseem Ahmad, Sanjib Kumar Panda, Kameshwar Poolla and Costas J. Spanos

 Online health assessment of LIB is required to 
predict the RUL of the battery based system
 Generally, internal resistance and capacity of 

the battery are utilized as a health 
identification (HI). 

 However, measurement for both internal 
resistance and capacity are not an easy task, 
which leads to high analysing cost.

Research focus
This research will explore the use of online condition 
monitoring and data driven algorithms to detect health 
assessment of the battery in following scopes: 

1) Health Indicator (HI) Identification, 2) Most Relevant 
HI Selection, 3) Remaining useful life (RUL) Prediction, 
4) State of Charge (SOC) Estimation and 5) To Prevent 
Over Charging/Discharging

Benefits
Enhance the operating life, reliability, stability and
uninterrupted emergency power backup and reducing
maintenance cost.

Demonstration of  LIB’s HI Evaluation 

Raw HI Extraction and Optimization

Extracted HI Performance Evaluation Demonstration of  RUL 

Conclusions

Table 3: HI Evaluation Results of Four NASA LIBs

 Proposed new health indicators (HI) for
online health assessment of LIBs

 Performed Qualitative and Quantitative
correlation analysis for all HI

 Verified the extracted HI performance using
four NASA’s LIB

 Demonstrated RUL estimation using ANN
approach

Fig. 1: Proposed Approach for 
Prognostic of LIB

 Discharge Time (Dt) Based HI 
Extraction

1) from Measured voltage indicator 
(mV_Dtmax)

2) Measured voltage difference indicator 
(DVD_DtD)

3) from Battery load voltage indicator 
(bLV_Dtmax)

4) from Temperature indicator (bT_Dtmax)
5) from Temperature difference indicator 

(DTD_DtD)
6) from Mean indicator (Mean_Dt)
7) from RMS indicator (RMS_Dt)

1. Raw HI & transf. HI
2. Transf. HI & battery 
capacity

Performance Evaluation:
1) Absolute Error (aE): 
= aRUL-pRUL
2) Enhanced percentage 
accuracy: 
= (aE2-aE1)/aRUL

8) from STD indicator (STD_Dt)
9) from Variance indicator (Var_Dt)

 Battery Temperature (bT) Based HI 
Extraction

10) from Time indicator (Dt_bTmax)
11) from Time difference indicator based 

on battery temp. difference (DtD_bTD)
12) from Shape factor indicator (SF_bT)
13) from STD indicator (STD_bT)
14) from Variance indicator (Var_bT)
15) from Kurtosis indicator (KR_bT)

 Application of Box-Cox (BC) Transformation: Application of Box-Cox (BC) Transformation:
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1. Qualitative Analysis1. Qualitative Analysis

Fig.3: HI & Actual Capacity 
with Time Interval

2. Quantitative Analysis2. Quantitative Analysis

Fig.6: Graphical Representation for LIB#5

 Battery Ah and estimated Ah correlation: Battery Ah and estimated Ah correlation:

Fig.7: Graphical Representation for LIB#6

Fig.8: Graphical Representation for LIB#7

Fig.9: Graphical Representation for LIB#18

Table 4: RUL Estimation for NASA 
LIB#5

Table 1: Result of BC Correlation Analysis for LIB#5

Table 2: Relationship of Pearson’s CC and Parameter Lambda

Fig.2: Change of Pearson CC with Parameter Lambda

Fig.4: Correlation of HI 
and Actual Capacity

Fig.5: Correlation of Transformed 
HI & Actual Capacity

 Evaluation is presented with and without 
Box-Cox (BC) transformation

 PCA & SRCA approaches have been 
implemented to verify the potential of 
BC transformation in improving linearity 
between HI & actual Ah

RUL evaluated based on: 


