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Fig. 7 Battery voltage and Mahalanobis distance

(No.3 experiment sample, AB5 type battery)
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4. Experimental results interpretation

4.1 Statistical analysis application (SL type battery)

Figures 8 to 10 shows the Mahalanobis distance
distribution of the super lattice alloy type experimental
battery shown in Figs. 2 to 4 respectively. In Figs. 8 to 10, the
center line which the Mahalanobis distance from the standard
feature group of the battery terminal voltage of the 100th
cycle mode experience to the verification group regressed on
itself. The distribution plot points show the Mahalanobis
distance from the standard feature group to the verification
group of cycle mode voltage. The Mahalanobis distance
distribution of the verification group of the battery terminal
voltage of cycle mode experience shows much distance from
the standard feature group. It is indeed that the actual battery
deterioration is in progress with the cycle mode experience
which can verify the Mahalanobis distance distribution of the
The Mahalanobis

terminal

battery terminal voltage information.

distance distribution of the battery voltage
information indicates that the super lattice alloy type
batteries change each other in progress of the cycle mode
experience although the experimental batteries are like the
same terminal voltage transition on the initial stage. In Fig.
10, the drastically change of the Mahalanobis distance

distribution can be recognized.

4.2 Statistical analysis application (ABS5 type battery)
Figures 11 to 13 shows the Mahalanobis distance
distribution of the ABS alloy type experimental battery
shown in Figs. 5 to 7 respectively. In Figs. 11 to 13, the
center line which the Mahalanobis distance from the standard
feature group of the battery terminal voltage of the 100th
cycle mode experience to the verification group regressed on
itself. The distribution plot points show the Mahalanobis
distance from the standard feature group to the verification
group of cycle mode voltage. The Mahalanobis distance
distribution of the verification group of the battery terminal
voltage of cycle mode experience increases the distance in
progress of the experience cycles from the standard feature
group. It is indeed that the actual battery deterioration is in
progress with the cycle mode experience which can verify the
Mahalanobis distance distribution of the battery terminal
voltage information. The Mahalanobis distance distribution
of the battery terminal voltage information indicates that the
ABS5 alloy type batteries have the same relations to change
each other in progress of the cycle mode experience, which
coincides with the experimental batteries are like the same
terminal voltage transition on the initial stage battery
terminal voltage of the 100th cycle mode experience. The

ABS has the honest characteristic of the experiment cycles.
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(d) 1300 cycle

Fig. 8 Mahalanobis distance distribution from the standard
feature of 100th cycle voltage, (No.1 SL type battery)
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Fig. 9 Mahalanobis distance distribution from the standard
feature of 100th cycle voltage, (No.2 SL type battery)
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Fig. 10 Mahalanobis distance distribution from the standard
feature of 100th cycle voltage, (No.3 SL type battery)

o 20

.2

=

20

5 15

4

g

Q

k=

2o 10 5

©o ‘7

2 5

2

=]

S 0

=

< 0 5 10 15 20
= Mahalanobis distance from the standard

feature of 100 cycle

—— 100cycle = 400cycle ===-=app.

(a) 400 cycle

- 20

.8

=

20

z 15

2

g

o

5 o

2, 10 =,

00 8

£ 5

&

g

= 0

= 0 5 10 15 20
= Mahalanobis distance from the standard

feature of 100 cycle

—— 100cycle = 700cycle ====app.

(b) 700 cycle

= 20

.S

=

.8h

z 15

>

g

> °

& =,

2o 10 8%’

8%

g )

2 5

2

2

g

= 0

< 0 5 10 15 20
= Mahalanobis distance from the standard

feature of 100 cycle

—— 100cycle = 1000cycle ===-=-app.

(c) 1000 cycle

- 20

.8

=

20

z 15

Z o

g

s @

S i)/

2. 10 5

00

%’ z

£ 5

2

g

= 0

= 0 5 10 15 20
= Mahalanobis distance from the standard

feature of 100 cycle

—— 100cycle = 1300cycle ===-=-app.

(d) 1300 cycle

Fig. 11 Mahalanobis distance distribution from the standard
feature of 100th cycle voltage, (No.1 ABS type battery)
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5. Discussion

Figure 14 shows the Mahalanobis distance distribution
of the verification groups. The horizontal axis is an average
of the Mahalanobis distance distribution of the verification
group and the vertical axis is a variance of the Mahalanobis
distance distribution of the verification group. Each plot
points are the experiment cycle of 100, 400, 700, 1000 and
1300 cycle respectively. The plot points are shown from the

left bottom in the experiment cycle order of seniority.
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Fig. 14 Mahalanobis distance distribution from the standard
feature of 100th cycle voltage, (No.3 experiment
sample, ABS5 type battery)

Fig. 14 (a) shows three sample relations of the super lattice
alloy type experimental battery. It can be recognized that the
cach sample battery characteristics are different from the
relations between the Mahalanobis distance average of the
group distribution and the Mahalanobis distance variance of
the group distribution in progress of the experiment cycles.
Especially, the No.3 experiment sample battery SL (3) which
is drastically change the relations from the 1000 cycle on. Fig.
14 (b) shows three sample relations of the ABS5 alloy type
experimental battery. It can be recognized that the each
sample battery characteristics are the same relations between
the Mahalanobis distance average of the group distribution
and the Mahalanobis distance variance of the group
distribution in progress of the experiment cycles. The
Mahalanobis distance average of the group distribution and
the Mahalanobis distance variance of the group distribution
can be recognized that the AB5 alloy type batteries have an

honest characteristic in progress of the experiment cycles.

6. Conclusion

This study verified with two types of different alloy
structure of Ni-MH battery and acquired following
knowledge.

(1) The drop range of the battery terminal voltage grows
larger along with the experiment cycle increase which can be
recognized of the Mahalanobis distance.

(2) The actual battery deterioration is in progress with the
cycle mode experience which can verify the Mahalanobis
distance distribution of the battery terminal voltage
information.

(3) The Mahalanobis distance average of the group
distribution and the Mahalanobis distance variance of the
group distribution can be recognized that the super lattice
alloy type battery characteristics are drastically different in
three samples, although the ABS5 alloy type battery
characteristics are well matched in three samples in progress

of the experiment cycles.
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