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Internet of Things
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DC-DCOV/N=HDFFI1E(2/2)
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Hybrid Energy Storage System (1/3)
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M. Pedram, et al., “Hybrid Electrical Energy Storage Systems,” in proc. ISLPED,
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Hybrid Energy Storage System (2/3)
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Hybrid Energy Storage System (3/3)
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Y. Wang, et al. "Charge migration efficiency optimization in hybrid electrical
energy storage (HEES) systems," in proc. ISLPED, pp.103-108, August, 2011.

Y. Wang, et al. "Charge allocation for hybrid electrical energy storage
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Systems," in proc. ASP-DAC, pp.627-632, January, 2012.
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Maximum Power Point Tracking
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Max. Power Transfer Tracking (1/4)

OMPTTIEXIT I —RbU—JICEBEIND
ESYRl--Vn PN ¢
V Fo—IJ v DERIEN T KIC/5DREMPPT
EDEMKIV =R DTS

Proposed optimization scope

mppr \Output power-maximizing

optimization method scope

Charger

Image Credit: Prof. Naehyuck Chang of SNU and his group 21



Power loss (mW)
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Max. Power Transfer Tracking (3/4)
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Tracking method MPTT MPPT MPTT MPPT
Supercap. 2,378| 2,378|23,780| 238| 874| 874| 8,740 87
Capacitance (F)

Final supercap. 90/ 89 22 110 152 148 42| 191
voltage (V)

Final sueprcap. ok| 93k| 50k| 14k| 102k| 9ek| 77K 16k
Energy (J)

Energy ratiotothe | 4551 97| g1| 15| 100 94| 76| 16
optimum (%)

Data provided by Prof. Naehyuck Chang of SNU and his group




Max. Power Transfer Tracking (4/4)
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K. Lee, T. Ishihara, “A Dynamic Reconfiguration Technique for PV and Capacitor Arrays to Improve
the Efficiency in Energy Harvesting Embedded Systems,” in Proc. of International Conference on
Smart Grids and Green IT Systems, pp. 175-182, April, 2012
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EEBDt Vs PV
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Current (mA) Sun | Scqp
No. I "CPU [ Mem. | RF Amp. | (%) | (%)
Case1 | 1 ] ] 100 | 20
107&280) Case2 | 1 T T 100 | 40
=~ = —> [ Case3 | 1 I I 100 | 60
>7)A Cased | 1 1 1 100 | 80
Case5 | 100 | 30 I 50 | 20
Case 6 | 100 | 30 ] 50 | 80
Case7 | 100 | 30 ] 100 | 40
Case8 | 1 30 100 | 50 | 20
Case9 | 1 30 100 | 50 | 40
Case 10 | 1 30 100 | 50 | 80 5
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Configuration Oper. Converter power loss (mW) Red.
Case | (4, ne,mpy,ny) | mode | CPU [ Mem. | RF Amp. | Charg. | Conve,, | Total | (%)
MPPT 03 | 05 05 953 - 96.6 | -
Case 1 M proposed 2334 | O [01 | 09 2.4 374 - 408 | 58
MPPT 03 | 05 0.5 82.5 - 838 | -
Case2 ~proposed 3226) | © [02 [ 05 17 439 - 463 | 45
MPPT 03 | 05 0.5 69.6 - 710 | -
Case3 " Proposed (6,134) | O [ 01 | 09 2.4 374 - 408 | 42
MPPT 03 | 05 0.5 56.8 - 581 | -
Case 4 ~proposed (6,126) | © [02 | 05 1.7 439 - 463 | 20
MPPT 287 | 157 0.5 - 200 | 740 | -
CaseS " Proposed (1,62,6) | B [153 | 154 17 - 20 | 344 | 54
MPPT 287 | 157 05 - 100 | 549 | -
Case6 " proposed 322,6) | B [153 | 154 1.7 : 17 | 341 | 38
MPPT 03 | 157 | 505 - 1168 | 1833 | -
Case 7 proposed (1,6,1,12) | B [ 03 | 157 | 505 . 213 | 878 | 52
MPPT 02 | 376 | 3321 | 476 - 475 | -
Case8 [ proposed (1,62,6) | B [ 02 | 154 | 1721 | 259 - 2135 | 49
MPPT 0.1 | 263 | 2373 | 412 - 3049 | -
Case 9 Proposed 1,6,1,12) | B [03 [ 157 | 505 259 - 2.4 | 70
MPPT 02 | 90 | 1165 | 284 - 542 | -
Case 10 proposed 23,1,12) | B [ 03 | 157 | 505 259 - 2.4 | 40
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K. Lee, T. Ishihara, “I/O Aware Task Scheduling for Energy Harvesting Embedded Systems with

PV and Capacitor Arrays,” in Proc. of IEEE Symposium on Embedded Systems for Real-Time
Multimedia (ESTIMedia 2012), pp. 48-55, October, 2012



DRI a— )70

O EFZRBREXRZEZRBLICYRAIR T 21—

v C
v KORNRBVZE

CPU1

CPU2

CPU3

CPU4

/0

PUSRDEN/ 0D AT DA — /N

]

Uamable ~

[EEREN OJgE

(Vi + V) LT

Q 2 crPu2
[riggering task CPU3

>
tdea,dlzne

—>
Time

(a) Conventional

CPU4

/0

ujﬁﬁwm

ay=re.

[ Vfua'riabie ~ Vl

i V‘Ua/riable ~ VZ

:

>

| 75dear, ine

>
> Time
(b) Proposed



T3 2= DT ERERRETL

O3 a-")2)7 CEMEE L 70—
v ZEBOERBEI

15t phase

2"d phase

Cw27%s D
!

F4LLLL

DRI a—)27T0

— BEF/N\TES D

v

BT /N1 20
REEAsTA

v

ST /\THD
BilldEkzEIL

—_IYRFLOREE_D




O B8

(B ER -
NHgR®BE

C

& E

A

ESYRES
FUEFOEL =S SBEK

Power loss (mW)

(1/3)

1

ST ST TN SN LTINS ST ST ST ST
nnnnnnnnnn
nnnnnnnnnn

nnnnnnn

The lowest power loss

Configuration (me, ne, Mpy, Npy) configuration



BHigRE
Sun
*ﬁ;g%/ SoC
= 120
%\
E
S
e
=
5 60
S
% 30
o
5
0
2
&
(%)

1

80

SRR (2/3)
00 60 20
20 80 20 80 20

B cam.
proc.

B loss_mod

W loss_char

JTRIIRITR |
1 - I|| TRIT s

B mod.
B loss_cam

o loss_p
" loss_conv

41



ERio>k (3/3)

O E018KBIRMER (6)
VIVIWIPIRT LHR=251
80%

60%

40%

20%

0% @ o
g8
= O
g &

Q

B Total reduction [ Converter loss reduction I



Qll

O #8TTUIEEINDERESD
RERSDIFI— L —

=& 6D (BDEKRBIR M)

=) ¥ A

B N\oTDRMEDRRESE N — I D) — I EFREI
v MPTT: Maximum Power Transfer Tracking

V RABRITCFT/N\IYDES

19l Fezitoe 22 BN

B /NSO F—IJvDBIIEERZHIE

O EDA1R

vV ERRESTI Y-V —IFR

B 10%~50%DEIEINZRNE
v MPTT: Maximum Power Transfer Tracking
B MPPTICEENTEDRIXRNZR 2% ~85%cNE

VRABRITCFT/\IYDES

19l Fezitoe 22 BN

B SERBRCHDOED/RZHwR AN T0%ER



D:ll::
==

/ —
’ T3
- "1F N
(i o =
& n /bL:]?T'r\/’J
/ — \E\J \\
_ % ~TJ
‘/ i JN\N— —
! EIEE%@ @_:j
{EGIRNF2 1N
\]




O KRR XT LD

= CTH

RO)

vV IRT A

vV BHE

| 2=—bnozo1i— |

HRALE TS

) = #
| .,
myJ ¥
- ‘.“
l - be
N ]
[ - -
L] -
- -

- » .
™ ¥
L]

RritRaR
BiStEE

@éf}

AW =A==

EHEOEI
T [ZrE0®s |
EHHET %
HmT A 3 L 4&!}
BRI BB IS 4
FITRTP| & -
LED#ZER 3
= A - |9l
T (ORI R Bt
*.‘.:.:A - |
- ..... i il | il LN -
Y= (B2 54k - 5HE) N
HIFTLE ; d
FEEILE—iEEE | SBEHE S EIS R
HFALELR&EATAT 15 80 51

AN—FN\DRDTA-I R (EHEBFEFEER)

A —l

LRI F—EEBRINNADER
DN B IAMECBREIEEIRY
D38H CdpodE LA s DimILA

ITXRIVF—| |ZRILF—| |ZRILF—
SIBE0S SIB0S SIB0S
) A YA A YA A
KEXG KERG FXEXG

mlfEl O] P

P
™
RELE |~
NP I I [} I
sl T
‘ =
I

il {EN O] S
[ 4 |

IRIF—EEBTJTOtzvY

45



Sal\')

Qll

O S8
V AZEZRBATIRIF—D -5k
V ITFI - —IETIN-HDESMHHLK
O BB
VIRIBHSBDANIZEEINERIT /N1 ACKDT
RBSNOT COBKRZHIR G SEeAaidsT
v 1BEIFLIADFT UL MR ZPICICHEIT
0 3R RE
V AN =T AN =T =HBIIREAD
ISHTYEE
V ABHORBECOINTOREICLHER




