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Abstract—We present a holistic approach to maximizing the
energy efficiency of energy harvesting embedded systems which
consist of a processor system and an energy harvesting system. A
power management program integrated on a real-time OS opti-
mally switches operation mode of the processor and configuration
of the energy harvesting system according to the workload of the
processor and harvesting situation. The demonstration will show
that our prototype system consisting of our processor chip and
harvesting system board stably runs using harvested energy only.

The processor has multiple cores having a different perfor-
mance in each to improve the energy efficiency of computation.
The energy harvesting board has high transferring efficiency to
reduce the power loss. The entire system is controlled efficiently
by our power management program implemented on Toppers
0OS.

A. Entire System Management

We use Toppers kernel as OS for our system. The OS
checks the status of the energy situation in the energy har-
vesting board, and determines the processor operation. Fig. 1
shows the management diagram in our system.
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Fig. 1. OS-based energy management.
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Fig. 2. The prototype system with solar panels.

The prototype board (Fig. 2) operation will be demon-
strated. The processor power and control circuits (FPGA) are
supplied by the energy harvesting devices. We use Li-ion
battery and supercapacitors as an energy storage for the system.
The circuits for the demonstration such as SRAM, LED, USB
or OLED are powered by another external supplier because of
its high power consumption.

B. Demonstation Key items
1. Energy Harvesting Board and Application Board (Fig. 2)
2. Dual Core Mep Processor (1.2V and 0.8V cores)

3. Toppers Kernel (http://www.toppers.jp/en)

[kslee@cupertino asp-mepsim_1.4.0]$ s

arch configure include library pdic sample target utils
cfg  doc kernel ~MANIFEST README.txt syssvc test  work
[kslee@cupertino asp-mepsim_1.4.8]$ s ./include

histogram.h kernel.h queue.h t_stddef.h t_syslog.h

itron.h log_output.h sil.h  t_stdlib.h

[kslee@cupertino asp-mepsim_1.4.0]$ 1s ./work/

atarm.o eventflag.o mep-small-bak.ld  std_cache.o
ample.o exception.o mep-small-good.ld strerror.o
asp interrupt.o mep-small.ld syslog.o

asp_bak.dump  kernel_bak.c mep-small-org.ld  sys_manage.o

asp. dump kernel_cfg.c mep-spm. 1d target_config.o
asp.map kernel_cfg.h mep-tiny.ld target_serial.o
asp.srec kernel_cfg.o nop.o target_support.o
asp.syns kernel_cfg.timestanp  offset.h target_timer.o
banner.o Llibkernel.a prc_config.o task_except.o
cad.csh log_output.o prc_support.o task_manage.o
cfgl_out logtask.o pridatag.o task.o
cfol_out.c mailbox.o samplel.c task_refer.o
cfgl_out.o Makefile samplel.cfg task_sync.o
cfol_out.srec Makefile_2013_12_03 samplel.h time_event.o
cfgl_out.syms Makefile.bak semaphore.o time_manage.o

cyclic.o Makefile.depend serial.o t_perror.o

dataqueue.o  Makefile.spm vasyslog.o

det.c makeoffset.c.00.cgraph g vector.

dct.cfg makeoffset.s pminit. wait.o

dct.h memory.o start.o .
7 mempfix.o startup.o

[kslee@cupertino asp-mepsim_1.4.0]s []

4. Monitoring System with DAQ
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