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II. EARL Y WORK 

A substantial amount of work for prediction of discharge 
profile has been carried out by Bhangu et al on Lead Acid 
batteries [3]. The analysis results for a NiMH battery are 
different due to non uniform and step-type discharge profile 
compared to flat discharge profile for Lead acid battery. Usual 
NiMH discharge profiles consist of a normal discharge period, 
followed by over discharge if the normal discharge period is 
exceeded. These two stages are separated by a point known as 
knee of discharge as shown in Figure 1. At this point the 
polarity of cell reverses itself. 

(a) (b) 

Capg,c:tty Ol.tt;harg.d Cap.clty Dbcl,.rOld 
(% of rated CIiIIII',c:lty) {% ot rOlt,d C;:ilP"C:ity� 

Figurel: Discharge profile of NiMH Battery 

III. GOAL OF THE WORK 

The uneven battery discharge profile, due to comer point 
(knee point) creates major problem for prior to outage of 
power across a load. Hence accurate prediction of state of 
charge for NiMH battery prior to reaching the knee voltage is 
important. However under this condition the code complexity 
and software execution timing overheads for accurate state 
estimation in real time needs to be taken care of. As per 
available literature, implementation of microcontroller based 
Kalman filter for real time battery state estimation is relatively 
new area. This motivates to design this filter on chip using a 
microcontroller for prediction of discharge pattern of NiMH 
batteries across a load which is applied for early prediction of 
knee voltage. 

IV. SCOPE OF WORK 

The primary scope of work is to estimate probabilistic 
duration of discharge voltage of a NiMH battery against a 
constant load on the basis of battery internal parameters which 
changes due to aging. This is estimated from battery model in 
terms of an equivalent circuit described in this section. The 
other part of the work is to develop a suitable methodology to 
detect the knee voltage at an early stage of occurrence. The 
work describes a methodology for early stage estimation of 
remaining using useful battery life ahead of 5 sec of actual 
time of reaching knee voltage which can be used to execute 
some critical task. This can be utilized to execute 2.712673 
* 106 single machine cycles instructions to perform a safety 
critical task assuming the controller operates at 11.0592Mhz 
with 6 clock cycle for executing each machine cycle. 

A. Battery Model 

A model of a system describes its behavior in absence of 
actual system. Hence one important task is to describe a 
mathematical model of the battery to understand the aging 
problem under operation with reference to time. In literature 
number of battery models are available such as 
Electrochemical model (Doyle et al) [4], Electric circuit model 
(Hageman) [5], Analytical model (Peukert) [6], Kinetic 
Battery Model (Manwell et al) [7]. All these models have their 
own advantages and disadvantages. Electrochemical model 
requires numerous battery parameters which are difficult to be 
known. The Electric circuit model is based on look up tables 
which increases data complexity. The analytical model 
(Peukert' s model) is simple but ignores the recovery effect in 
battery which makes it less accurate [9]. The Kinetic Battery 
Model is not suitable for modem batteries which have sloped 
discharge profile. 

To maintain simplicity in the battery performance analysis 
the model as described by Johnson et al [8] is considered. The 
battery equivalent circuit is shown in Figure 2 which consists 
of a simple circuit with resistances and capacitances as electric 
components with their values tabulated in Table 1. An 
experiment has been performed in the laboratory to confirm 
the effectiveness of the circuit to suit the basic objective of 
state estimation and for comparison a model was developed in 
simulink for the battery equivalent circuit. The experiment was 
conducted with periodic discharge of 50 seconds across a load 
of 100 ohm resistor followed by a period of 100 seconds with 
no load and simulink model was also simulated under same 
conditions of load. Digital multimeter was used to log the 
battery terminal voltage to computer during the experiment. As 
shown in figure 3 the battery terminal voltage obtained from 
model (blue-dotted line) during recovery and discharge period 
of the battery is close to the extreme values of experimentally 
obtained battery terminal voltage (red-continuous line). Good 
agreement was observed between the terminal voltage data 
obtained from the model and that obtained experimentally, 
with a maximum error of 1.4%. 

Figure 2: Equivalent Battery Circuit in Simulink 
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