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[Abstract]

In this paper, we propose a prototype platform combined with the power management system using, as
an auxiliary power storage device, a supercapacitor that can be fast charged and discharged with high
power efficiency as well as semi-permanent charge and discharge cycle life. For the proposed platform, we
designed a technique which is capable of detecting the state of power cutoff or resumption of power
supplied from the solar panel in accordance with physical environment changes through an interrupt
attached to the micro-controller was developed. To prevent data loss in a computing environment in which
continuous power supply is not guaranteed, we implemented a low-level system software in the
micro-controller to transfer program context and data in volatile memory to nonvolatile memory when
power supply is cut off. Experimental results shows that supercapacitors effectively supply temporary power
as auxiliary power storage devices. Various benchmarks also confirm that power state detection and transfer

of program context and data from volatile memory to nonvolatile memory have low overhead.
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I. Introduction
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III. Platform Prototype

1. System Design
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Table 1. Comparisons between LDO and DC/DC
Core Voltage Regulators
Core Characteristics
Regulator

LDO Default Mode on System Initialization
High Efficiency in Lower Voltage Range
Relatively Long Wake-Up Time

DC/DC - — - -
High Efficiency in Higher Voltage Range
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2. Power Outage and Availability Detection

MY 2Z U el PMICES E5) AsE|0] A2ste
OgRt 71 & STATUSE &= Ao
2 Bojx|H o5 ZAlIsto HxE Al
o2 oduxl slAsERE Z3Es F2io] Welst A
T Yt 27o] FEEU B URE Ao s E
2 & 4 Qo

Fig. 19] STATUS[O}= #H7ATAIEl ekl el
Afle] o] k53t ARl =Pelw LDO7} gt
A Fdeld 4 &S UAE A2E Low AlZdA
High Mg 2 w75t d2ifan, fuATAIE Aol o
AR olsh2 WREM LDOE Ahe|o] Ah 600ms £
STATUS[1]9] tix]E AlS7} Low AlSoj|A] High Alg 2

Fig 4t 2 =20 SRB0|H 7Y 33 A L A%

2 RI2 g A ZINH QU oluA] sEAR o
UAHel A 2ol ATl o]F thA| Heo] BaEE
AUl Qol #HATAIEI] FIg), STATUS 415, ofo]
Sz7Egeo] ol Wel 9 BAS Jladi

STATUS[1] turns on
to indicate upcoming
outage

[\ / (low-to-high transition) <
. /

Voltage of the
supercapacitor

STATUS[@] turns on
N\ to indicate power
availability

(Low-to-high transition)

Voltage (V)

Time (s)
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3. Program Context Relocation
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5 ARE S¢S A S0l AFREAY S8A] 2 Aol

EN
suHol W3E AREY 28 7159 %Eoﬂ AL

// Configuring P1.6 (STATUS[1]) &

// P1.7 (STATUS[@]) as input with

// pull-down resistor.

P1->DIR = ~(BIT6|BIT7);

P1->0UT = ~(BIT6|BIT7);

P1->REN = BIT6|BIT7;

// Raise Interrupt on low-to-high transition
P1->IES = ~(BIT6|BIT7);

// Clear all P1 interrupt flags

P1->IFG = 0;
// Enable interrupt for P1.6 & P1.7
P1->IE = BIT6|BIT7;

// Enable Port 1 interrupt on the NVIC
NVIC->ISER[1] = 1 << ((PORT1_IRQn) & 31);

Fig. 5. Interrupt Controller Initialization Code for Power
Outage and Availability Detection
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.thumb

.ref pCtx

.def SaveCtx
.def RestoreCtx

Ctx: .word pCtx
.align 4

SaveCtx: .asmfunc
mrsr@, psp

;/* Get the location of the current
context. */

ldr r3, pCtx

ldr r2, [r3]

;/* Save the core registers. */
stmdbro!, {r4-ril, rid}

;/* Save the new top of stack into the
context memory */
str ro, [r2]

stmdbsp!,
bx ri4
.endasmfunc

{re, r3}

.align 4
RestoreCtx: .asmfunc
ldmiasp!, {re, r3}

;/* Get the task top of stack. *
ldrri, [r3]
ldrre, [ri]

;/* Pop the core registers. */
ldmiare!, {r4-rii, rid}

msrpsp, re
bx ri4
.endasmfunc

Fig. 6. Partial Code for Saving and Restoring Program Context

IV. Experimental Results
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extern void *pCtx;

#tdefine Flash_to_SRAM()
memcpy (pCtx, (void*) CALIBRATION_START1,
sizeof(pCtx))

void SRAM_to_Flash(void)
{
/* Unprotecting Info Bank ©, Sector @ */
MAP_FlashCtl_unprotectSector
(FLASH_MAIN_MEMORY_SPACE_BANK1,
FLASH_SECTOR31);
MAP_FlashCtl_unprotectSector
(FLASH_MAIN_MEMORY_SPACE_BANK1,
FLASH_SECTOR30);

/* Trying to erase the sector. */
if (!MAP_FlashCtl_eraseSector
(CALIBRATION_START1))
while(1);

/* Trying to program the memory. */
if (!MAP_FlashCtl_programMemory(pCtx,
(void*)CALIBRATION_START1,
sizeof(pCtx)))
while(1);

/* Setting the sector back to protected */
MAP_FlashCtl_protectSector
(FLASH_MAIN_MEMORY_SPACE_BANK1,
FLASH_SECTOR31);
MAP_FlashCtl_protectSector
(FLASH_MAIN_MEMORY_SPACE_BANK1,
FLASH_SECTOR30);

¥

Fig. 7. Partial Code for Relocating the Program Context
between Flash Memory and SRAM
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Table 3. Supercapacitor Parameters

Parameter Value
Initial Supercapacitor
5V
Voltage
Superr.:apautor 0.09F
Capacitance
Supercapacitor ESR 95mQ
Pulse Width 1.3ms
Effective Capacitance 20%
(Pulse)
Pulse Period 4.8ms
Effectivi itan
ective Capacitance 50%
(Charge)
Continuous Current 0.0092mA
Pulse Current 0.7569mA
| —Voltage (Supercapacitor) ——Current (Supercapacitor) —Current (uP)
5.88081 8.e81
s [ - - 8.6088
4.99399
- 8.8086
g 4.99998 —~
L] - 8.8084 5
:’ 4.99997 m
bt ™~ ™~ | o.0o02 G
£ 40006 a
3
Lo G
4.99395
4.99994 - -0.0002

4.99993 -0.0004
] 8.082 @.004 8.806 8.868 8.01 8.012 @.814 @.816

Time (s)

Fig. 8. Accurate Simulation Results for Voltage and
Current (Supercapacitor & Microprocessor)

Table 4. Repetition Counts for Benchmarks

Benchmark Repetition Counts
FIR 20000
dijkstra 20
basicmath 200
BCNT 100000
blit 10000
cre 100000
g3fax 500
pocsag 5000
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Fig. 9. System Overheads in Terms of Normalized Energy
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V. Conclusions and Future Work
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