
                  

              

      

  

      

  

      

  

 

 
ABSTRACT 

Th s p p   p  p s s     mp  v d p ss v   qu   z      

       hm   s d        -  m , s  s  -  ss d   c  cu               

  s s   c  (D I )  s  m         c mp  s    f   I  d  ps   d 

 ccu     y  s  m     h    u   p  -c  cu   v       (O V) du     

     c     p       s.   mu         su  s sh w  h    h  D I -

c mp  s   d        hm  ff c     y m       s sw  ch    ch         

  d m   m z s  h       c      p    w    c   s        w   mV. 

Add        y,  h  p  p s d m  h d m       s h  h      c    

 ccu  cy  c  ss v  y    c               s s   c s ( . ., 0.0 Ω    

0.09Ω), d m  s           us   d p       y    c         . 

U   m    y,  h s s f w   -  v   O V c mp  s       pp   ch 

s    f c    y   h  c s  h  p  f  m  c    d           y  f 

c  v         p ss v       c    c  cu  s w  h u   dd    h  dw    

c mp  x  y. 

 

1. INTRODUCTION 

Lithium-ion batteries are essential for modern energy 

storage systems and electric mobility due to their high energy 

density and long working cycle life. In applications like electric 

two-wheelers and industrial energy systems, many cells must be 

connected in series to get the required voltage output. But 

manufacturing variations, different temperatures, and varying 

aging rates lead to cell imbalance within the multi-cell battery 

pack. This imbalance limits the usable capacity of the pack to that 

of its weakest cell and further degrades battery lifespan and 

increases the risk of thermal instability. Also, conventional 

methods for preparing and testing battery uniformity are complex, 

time-consuming, and require high-costs equipment[1].Passive cell 

balancing is mostly adopted in industrial sectors for its simplicity 

and low cost; But traditional voltage-based strategies often fall 

short in high-precision applications. These traditional methods 

depend on terminal voltage, which is affected by resistance effect 

and chemical polarization. This leads to balancing errors of 8-10 

mV. While recent improvements have used fixed ohmic 

compensation to reduce these errors, they often fail to deal with 

the dynamic resistance changes found in aged battery pack[2]. 

Furthermore, many literatures suggest using SOC for better results. 

But estimating the SOC of each cell accurately is difficult and not 

practical[3]. This paper proposes an enhanced adaptive current 

sensor-less balancing approach that focuses on achieving 

balancing accuracy. Through rest-state diagnostics to estimate 

fresh direct current internal resistance (DCIR), the proposed 

approach eliminates the need for physical current sensors, reduces 

hardware costs, and ensures reliable balancing even in aged cells. 

2. PROPOSED METHOD 

The configuration of the proposed system uses passive 

balancing architecture, as shown in Fig. 1. Each cell in the series 

string is connected in parallel to a balancing branch consisting of 

a switch and a shunt resistor Rbal. To minimize the hardware size 

 

 

 

 

 

 

 

 

 

F  .   ch m   c  f p ss v       c    c  cu  . 
 

  d c s s, phys c   cu      s  s  s        m     d. I s   d,  h  

     c    cu      Ibal   s d   v d m  h m   c   y   s d     h  

   m     v       m  su  d  y  h        y m     m    sys  m 

(BM ). Th  p  p s d  qu   z             hm w  ks     h    s  ps: 

f  s   h  m c  c          u     s  m   s  h       c    cu      

f  w     h  u h   ch      c        ch us     h  m  su  d 

   m     v       Vm    d  h  k  w    s s   c   f  h  p        

  s s    Rbal: 

Ibal =
Vm

Rbal
 ( ) 

  c  d y,     mp  v   h     us   ss      s  m  uf c u     

v           d      , wh ch    ds    c     m     c ,  h  p  p s d 

       hm  s  m   s  h  dy  m c D I   f   ch c      c  du     

 h               c    pu s   y c p u      h    s        us v       

d  p wh    h       c    sw  ch  s  c  v   d. Th s m   m z s  h  

       ss c    d w  h f x d-p   m      pp   ch. Th          D I  

 s  s  m   d  y us     h  f    w            sh p: 

 

 DCIRest = (Vrest − Vm)/Ibal ( ) 

  

wh    Vrest   p  s     h     m     v       du      h    s  s       d 

Vm   s  h     m     v       c p u  d  mm d     y  f     h  

     c    sw  ch  s  u   d ON. Th  u h c p u      h s v       

d     (Vrest − Vm),  h  c           c c    ccu     y  s  m    c    

        d m  uf c u     v        s  h      d               s s   c  

m sm  ch w  h    h  p ck. A  s  p  h  d  h  M U c     u us y 

upd   s  h   s  m   d  p  -c  cu   v       ( Vocv_est ) du     

 qu   z      du          p  v        y    m        du      hm c 

d  ps. Th  c mp  s          c  s d f   d  s: 

 

Vocv_est = Vm + (Sn × Ibal × DCIRest) ( ) 

  

wh    Sn   p  s     h  sw  ch    s     (  f   ON, 0 f   OFF). Th s 
  su  s  h    h  p ss v       c    p  c ss c     u s u      h  

 c u    p  -c  cu   v        f  h  c     s      c d w  h     ss  h   

  mV  h  sh  d. Th  d      d        hm f  wch     f  h  p  p s d 

m  h d  s sh w     F  . . 
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T      .   mu       p   m    s 

     

I pu s: T  m     V      s (Vm)

    ck  u      (I p ck)

Is

(V cv  s  - Vm  )  

Th  sh  d 

 w  ch ON (       )

  s

 w  ch OFF (      0)

Upd    G            s   Ou pu  D I  s , V cv  s 

Is   ck  u        0A 

(  s       )

  s

N 

    m     Es  m          c

 . Es  m     u     : I    Vm       

 .  D I  s     (V  s  - Vm)   I   

 .   mp  s    V      : V cv  s    Vm  (   I    D I  s )

N 

E su        0  , M  su     d s     V  s 

Tu   ON B    c     w  ch (       )

M  su   Vm  mm d     y (    0 )

F  .4   mu         su  s  f  h  p  p s d  d p  v       c           hm: 
 ( ) m  su  d    m     v       Vm,   d ( )  s  m   d O V V cv  s . 
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F  .  F  wch     f  h  p  p s d      c           hm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. SIMULATION & RESULTS 

T   ss ss  h  p  f  m  c   f  h  p  p s d  qu   z      

    c, s mu       w s c     d  u  us      E   s f w   . Th  

      y p ck w s c mp s d  f s    s-c    c  d    h um-    c   s 

  s d     h   8650- yp  ( .7V  .9Ah) p   m    s. 

T  v   d     h     us   ss  f  h  p  p s d cu      s  s  -  ss 

D I   s  m             hm, m  uf c u     v        s   d       
 ff c s w     mu    d  y             y   c   s     h           

  s s   c   f  h  sp c f c c       0. 09 6Ω. 

Th    su  s f cus     h   ccu  cy  f  h   s  m   d  p  -c  cu   

v       (V cv  s )   d  h   v       qu   z       ccu  cy u d   

d ff                 s s   c  m sm  ch s. Th  p  p s d        hm 

 s  m   s  h  O V w  h   d v        f   ss  h     mV,  ff c  v  y 

m   m z     h     m     v            s. Th         hm   s  

m       s     w   mV  ccu  cy    s mu        v   u d   

  s s   c  m sm  ch, u   k     d        m  h ds w  h up     0 mV 
f     d ff    c , p  v           y cu  ff. M    v  ,  h  sys  m 

 d p s    c  cu     f  sh            s s   c   v  y   m       c   s 

   d d,   su              p  f  m  c   v    h  c      f cyc   

w  h u     d      y  dd        s  s  s. 

 

 

 

 

 

 

 

 

 

 

 
F  .  T  m     v       ch           d  0mV f     d ff    c     

c  v         p ss v       c    m  h d. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I  F  .   h     m     v      s sh w ch         du              

  s s   c , wh ch c   c us      y cu  ff       d             c   . 

Th s    c   s   h     c   c   s   ss    MO FETs   d    v   h  

c   s w  h    u d  0 mV  f f     d ff    c . F  .4 sh ws  h  

p  p s d        hm dy  m c   sp  s . F  .4( ),  h  m  su   

   m     v       (Vm)  xp     c s      s        us I  d  p up   

 c  v       f  h  sw  ch, wh ch c  v         y    ds    ch         

      d        sys  ms. T  m         h s  ssu ,  h  M U 

c     u us y c  cu    s  h   s  m   d O V (V cv  s ), d p c  d    

F  .4( ). Th s     -  m  c mp  s       f  h  I  d  p y   ds   

s      v       p  f   .    s qu    y,       m     s ch           d 

  su  s c     u us      c    w  h u    qu      c mp  x M U 

c           c. 

4. CONCLUSION 
Th s p p        duc d s  s  -  ss  d p  v   qu   z      

 pp   ch f     -          y p cks. By  pp y    dy  m c 

c mp  s      du       s  c  d     ,  h         hm   duc s 

   m     v            s  h   c us  p  m  u   cu  ff    c  v         

p ss v       c    sys  ms. Th  s mu         su  s d m  s      

 h    h  m  h d  ch  v s   p  c s     f   ss  h     mV,   duc    
 h  c   -  -c    v       d v        y  v   75%  s c mp   d    8-

 0 mV  d v      s f u d       d        m  h ds. Th  p  p s d 
sys  m   s   d p s    c            d m  uf c u     v        s 

du       s   f   m . As     dd        cu      s  s  s       qu   d, 

   p  v d s   c s - ff c  v  m  h d f    mp  v          y c p c  y 

  d d     s  c           y      dus       pp  c     s. Fu u   w  k 
  c ud s h  dw     mp  m           d     -  m  v   d       f  h  

p  p s d        hm        w-c s  m c  c         . 
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B     y c     yp     h um-    ( 8650) 
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➢Fixed ohmic compensation strategies fail to handle dynamic internal resistance

changes in aged battery packs[1], while SOC-based methods are too

computationally complex for low-cost microcontrollers (MCUs) [2].
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3.  Simulation Verification

4. Conclusions
➢An improved passive balancing strategy based on real-time, sensor-less direct

current internal resistance estimation has been presented to accurately compensate

for dynamic IR drops.

➢Simulation results show a cell-to-cell voltage deviation of below 2 mV, achieving

an error reduction of over 75% compared to conventional methods.

➢By updating parameters in real time without physical current sensors, this method

provides a cost-effective and aging-adaptive solution for commercial BMS.

➢Experimental verification will be added as a subsequent study.

1. Introduction

➢ Series-connected lithium-ion battery packs suffer from cell-to-cell imbalance

due to manufacturing tolerances and aging.

2. Proposed method

❖ Current and DCIR Estimation Logic

Schematic of passive 

balancing circuit

PS3.101

➢ Passive balancing relies heavily on terminal voltage (𝑉𝑚), which includes

dynamic 𝐼 × 𝑅 drop and the polarization, causing an inherent balancing error.

➢Proposed solution: A current sensor-less true OCV compensation algorithm

using a dynamic, rest-state DCIR estimation to achieve high precision with

zero added hardware cost.

➢ Equation (1): Balancing current 𝐼𝑏𝑎𝑙 calculation

without physical sensors:

𝐼𝑏𝑎𝑙 =
𝑉𝑚
𝑅𝑏𝑎𝑙

➢ Equation (2): Dynamic DCIR estimation during the

initial balancing pulse (𝑉𝑟𝑒𝑠𝑡 is captured at 𝐼𝑝𝑎𝑐𝑘 = 0𝐴):

𝐷𝐶𝐼𝑅𝑒𝑠𝑡 =
𝑉𝑟𝑒𝑠𝑡 − 𝑉𝑚

𝐼𝑏𝑎𝑙

❖ True OCV Compensation

➢ Equation (3): Continuous software-level OCV

calculation to eliminate voltage drops from the raw

measured voltage and avoid premature cutoff:

𝑉𝑜𝑐𝑣𝑒𝑠𝑡 = 𝑉𝑚 + 𝑆𝑛 × 𝐼𝑏𝑎𝑙 × 𝐷𝐶𝐼𝑅𝑒𝑠𝑡

• 𝑉𝑜𝑐𝑣𝑒𝑠𝑡: Estimated true OCV ( compensated for accurate balancing decisions).

• 𝑉𝑚: Raw measured voltage (distorted by internal resistance).

• 𝑆𝑛: Switch state (1 = ON, 0 = OFF) of the balancing circuit.

• 𝐼𝑏𝑎𝑙: Balancing current (calculated without physical sensors) by equation (1).

• 𝐷𝐶𝐼𝑅𝑒𝑠𝑡: Estimated internal resistance (adapts dynamically to cell aging) by equation (2).

❖ Proposed Balancing Algorithm Flowchart Logic

Battery cell type Li-ion (18650)

Nominal voltage 3.7 V

Rated capacity 2.9 Ah

Pack Configuration 3S

Balancing resistor 27 Ω

Healthy cells IR 

(cell 1 & cell 3) 

42.6 mΩ,

32.7 mΩ

Aged cell  IR (cell 2) 92.6 mΩ

Cell equivalent model 𝑅𝑖𝑛𝑡

Simulation software PLECS

Evaluation 

Parameter
Conventional

Fixed ohmic 

compensation

Proposed 

Method

Final Cell 

Voltage 

Difference

20 mV 8-10 mV < 2 mV

Adaptability 

to Cell 

Aging 

None

Fails under 

dynamic 

DCIR

Calculates fresh 

dynamic DCIR

Voltage 

Deviation 

Reduction

N/A Baseline

Over 75% 

Improvement

Table 1. Simulation parameters Table 2. Balancing Performance Comparison

Simulation results of the conventional passive balancing method, showing terminal voltage 

chattering and a 20 mV final voltage difference.

Simulation results of the fixed compensation passive balancing algorithm.

Flowchart of the proposed balancing algorithm.

(1)

(2)

(3)

 
 
 
  
 
  
 
  
 
 
 

 
 

 
 

 
 

𝑅𝑏𝑎𝑙

𝑅𝑏𝑎𝑙

𝑅𝑏𝑎𝑙

𝑆1

𝑆2

𝑆3

𝐶𝑒𝑙𝑙1

𝐶𝑒𝑙𝑙2

𝐶𝑒𝑙𝑙3

➢So, OCV compensation is required.

❖ Conventional passive balancing

❖ Fixed IR compensation passive balancing

❖ Proposed adaptive passive balancing

Simulation results of the proposed adaptive passive balancing algorithm.
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  Is 𝑆𝑛 = 0?
(Rest state)

Estimate

𝐼𝑏𝑎𝑙 & 𝐷𝐶𝐼𝑅𝑒𝑠𝑡

Store 𝑉𝑚 as 𝑉𝑟𝑒𝑠𝑡

𝑉𝑚

𝑉𝑜𝑐𝑣𝑒𝑠𝑡 using Eq (3)
Estimate

(𝑉𝑜𝑐𝑣𝑒𝑠𝑡− 𝑉𝑚𝑖𝑛) >
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Update gating signal & output 𝑉𝑜𝑐𝑣𝑒𝑠𝑡
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