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Optimal Power Leveling by Charge-discharge
Control of Multiple Batteries of Laptop PCs

TADANOBU TSUNODA,! HIROTAKA OsHIMA, !
HirosHI YAMAMOTO, *1 MasaHIRO HARAT!
and NoBUTSUGU FusiNof!

Power leveling technique with batteries receives much attention as a technol-
ogy that can reduce CO2 emission and cut the cost of power rate. The goal
of our research is to create a power leveling system, which consists of multiple

small and inexpensive batteries such as laptop PCs’. It is difficult to realize
optimal power leveling with methods that charge-discharge power of each bat-
tery is individually controlled. We propose a novel switching algorithm, which
can be applied in the environment where batteries in the system are connected
with a central control server through a communications network. Each battery
has a switch that controls charge-discharge power. The server decides threshold
values, which indicate optimal power energy that should be supplied to each
battery and load. Those values are calculated using statistical analysis with
past total power demand of all loads. Then according to the threshold values
the server controls each switch through the network to realize optimal power
leveling by which all batteries operate as if there was only single big battery
connected with all loads. We have evaluated our algorithm by a simulation
and its results have showed that our central controlled method is better than
individually controlled one.
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Fig.1 Summation of power supply by individual power leveling control.
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Fig.2 An image of a power leveling system with multiple batteries and switches with a control

server through a communications network.
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Fig.3 An image of power supply when the switch is on or off.
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Fig.4 Relation between charge-discharge power energy to battery n, supply power energy to load

n, and demand power of the load when the switch is on or off.
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Fig.5 A flow chart that decides individual target value p,, (t) of every device.
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Fig.6 Data of power consumption of laptop PCs for the simulation.

l00o0oo0oooooooooboooooooobooboo

ooo0oO0oo0ooO0O000oooOoOooo pCOODOOOOOODOOOOOOOOOO 0O
oooo0O 10000 20.00000 9000000000000000000O00O0DO0O
goooboooooooooooooonoonb 423000000000 10000000
010% 00000 271 Wh)OO0OODOOOoOooooooooooooooooooo
oo0do4[ClO0O0C0D 10W]OOODOOODOODODOOOOOOOOO

gooooooooooooooooooboooboooooooboboobooooDooD
ooo0oOoo0oO0Oo pCcOO0O0OCOOCODO 100000000000 100000000
gooooobooooooooooboobooooobooboobooooobooboooobooooDoboo
oobenOOOO

oooO0o0oU0o0oO0bO0D 4OooDOOooOobOooUooOooOooOooUOoUoUoO
Oo0000ooo pCOOO0OO0OO0 2000000000000000000O000O00OO
goo tDDDDDDDDDDDDl;l(t)DDDDDDDDDDDDDDDDDDDDDD
000000000000 w=1000000 400000000000 OO0OD 10
ocoooooOoOoOoO0oO0o pPOCOOOOOODODOOOOOOOOOOOOOOOOOODOD
DDDDDDDDZ;(t)DDDDDDD d; 00000000o0o0oooooPSoO0OOOO
gobooobooobooooboooobooboooboobooboOo sbb00oboOo0obooOoooDo
gobooooboooooooooboo

gbooboooooooooobobooobooooooobOoboboobooboobooDo
goboooobooooobooooboooOooooOooooOoOOoboboOooOoOobOooboOoDo

(© 2011 Information Processing Society of Japan



947 000000 PCOOOOODOOOOODOOOODODOOOOO

350 2
---- BERAB AR (FHELL) .
300 | . +- (BRI PAEANN
[ x- REFE(ARRATETA) Y
250 L1 o REFX =
i ~ GRRR %

= 200

R i
@ 150

[ERRAC D
= XuFU8

100 f —-\yT9

50

S SL S S S
PO INCRRAIR SN LIRS

P R NI I - B B =S VI =R S = SRV =
______________

wa 08 000000000000O0D000O0O0000
07 00O0OO0OOOOO
Fig.7 A comparison of power supply.

Fig.8 Transition of all battery levels by
proposed method.
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