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WFZER R OMEEE (330) : This research was performed on experimental methods and curricula
required for training embedded software engineers with knowledge of hardware technologies.
A set of experimental method was proposed on the following subjects, and its prototyping
and evaluation was carried out. The results were presented at related journals.

1) A method of step—by—step experiment to learn technologies required to understand and
develop embedded systems.

2) An experiment to learn the basics of HW / SW co—design method using SystemC language
was proposed. Inparallel, a simple educational tool for behavior synthesis was developed.

3) Corresponding to the tendency of networked embedded systems and M2M (Machine to
Machine), experiments related to remote sensing and control via the Internet and wireless
sensor networks were developed and evaluated.

AT IR TERR
(AL« 1Y)
[ERPEES [ECTES ¢ o &

2009 4 HE 600, 000 180, 000 780, 000
2010 4FHE 600, 000 180, 000 780, 000
2011 4F 300, 000 90, 000 390, 000

R

R
&t 1, 500, 000 450, 000 1, 950, 000

e 8 - B EE

B DSF - fiH AFRE - Y 7 o =T

X —U— N HIALFINEZE, BEARR, o xry hU—7, MM AT A, HillakEt



1. AFZEBRAE 4 FI D 5

AMFFRIZEF LMoL, 1Ewmdr (IT)
DT~ A7 aa L Ea—F AT
FLIA R AT DL K L, A B as
V7 hy=7 (LT, #iAZ SW EBE3) 2
ML L, BHZRHIREL - 2 X oK EWEN
FREIZ 72 o TN 2. RRIBPEEA DB, LY
DO TWAHIARY 7 o = 7 REEFREH
TEEETITHIAL SW HiFE OB F5h
SN, HIALY AT NFREED T OE
D] IZBWTKERMELHDDLH—HT, K
FHE TN a o SV HAEEE N
Thoh, EEROEL L RN D - 7=

—H DKL TITHIAR Y AT LHE DH
PR 23R T TV DN, ElRRDOZER Tk~
fr7aaryta—FERANWEES - EBREE
SR L C & 720y, AURIZIEE LA
s, HOAZTR v T — 7 1Zx BRI
MBEBILTWS.

1127”79 M2M (Machine to Machine) 3/ &
FAINFEZN S TICHBRRENEET S
e LTHEA SN, 777 REOE#ELL
FoTWD., BUHRFEE, Av—hA—X
REORy NU—TRIZE L2, v A m
U a—%, BEEE, B VPR TOEE
B, BEMEREDNN—F T =7 (W) #
WaHETXD/MARY 7 b =T (SW)
WEDRO LI TND.

EFL, AT AT AT OEE L &
LT, fHIAZ SW HINBEEBE AR Y 2
T LB LOEAER LML TX2. 4
X, IAHT AT LDXy U=k, &
VYR NI =T R EOERE Y U —7
LISEZT- ) F 2T LAEMARY AT A
FEERARL LT, HW O D HHIA I SW
BB IS A=D1, THY Hiffi & B © %
DHRLIAS SW HifiE 2 BRT DD DOHEN
KREFERSFX] 2RETHLEHNE L.

IR T
WMT It =
-F—5A—RE—A ;
~APPH— S, Watr—at

AT
HbwsI—

.
e
B
i ERARE
ki '—‘?L?
s A
| 1 L [ L ]
5= 1 T e 1
. 1 1
TAVr—iraAgk Fok—ofEm M2MEIR
25F-avEr—Ff  |[1us—Fub qbSEok |[ERaRTL
Weirtf—E 2 R 25 ER.00 Lt ET—8 B
SHLFIr—vav Jokan, £¥254 i —E, TAF R TEE

1 MM & AT AOHEE

2. WHEDOHBY

AR BIE, 1H#RROFFET SW ik
RS, HLAR Y AT DD AT It
W, MOALBEZHZ VSIS HW 05k 4
Foif, MERR0F A R DR, HHA LA B
HOBRRFEEZBEE S, fiAAL SW il
~OBENRIERK DL ETHD.
PERDORKFTOHE, EBROITIIBEEL
O f= W=, FEEREE ZMm L,
KR TOBEE T 5.

(DHW Z5% 3 T < TH L 28, HW o3
ZHfREL, HlIETE5X51T 5.

Q)W & SWEHFH L TG & D X HIcv A
7 LNBREE, HW/SW Whalexdt, FL— RA 7~
DIRZRD D .

(B) v MU — 7 EHRMIAL L AT B
Wl EN AL, E5T 5.

3. WD IIE

3.1 FHIAR SWHAMTFESNE ORGET
FHIA TR SW B 123k D B 10 2 Fask-oHi
OREEE A X 2 (2777,

AT LEROSR-ET AT
VAT LF—FTOFv DR

f HW/SWiGEE %A
SRR — LI R b AT T X B
HW/EWHL— A 78 rt &gt -3

" LAT LTS OF ot
-]

b

2 MIAZT AT KEME

AW TIE, X2 OFRORIAIZ SW 5%F
i O#HE EIRE LT,

D HW Ofif 5 K0IA T SW BT H O BRI B &
TR D FEARFAN 2 HEH U, ESN MR R R
e L, R EmET 5.

D) HIAIL Y AT LD LR TDO Y AT A
Fxat, HW & SW ORERE Sy FHER FH D BER D 7= 8
VAT LR EFETH D SystemC HHW=
HW/SW 1% 7t 0 JLpE R 15555k 2 /a4 5.
3)VHW/SW Baex R I S EEG ALY —
VOB AR, SystemC TaElR L7-ZhEEH]
# % FPGA (Field Programmable Gate Array :
EEHZ LS ICEZIALZ LA FREICT 5.
DAY AT DD Ty b T — 7G5
L T o hmbaies 4 LAN CHiliE3 2 =0
FHAL - HlAET D R, BIOERE YR
U — 7 EBRGREREL, 3 UE- T 5.
X 3 1ZAMEL, BEt L= U 2T LD
R



[EEDikiRRITHERA]
HmaENE EEYas
N—Fox7 AR (EROE. HEODE) | FHE
L E 2 —2EE (CPU, AF). IO, B
BIOS, #HEE. FELFUER) R
BRE@m A behs #E
CEE. JavaEis, FRVIELT EELWE
VI F IR OSElE s

HETE (FRAOEIE, FliH. €00 &EEE)

HIFATL | 2yhT—2(TCP/IP, LAN, WAN) H=E

(RDFFHOM) [F_5<_Z(RDBS. SGL), Y—/1 -
(App, Web, DB /%) HEERE

FHOTESAN. A0 vEL—F EE

ERATAL ICEIFE. FPGASRAT.

T, GPUF—FTIF FRIRE
S bl —And-EE
(RILFERT, WWHIETO5S L) =&
[HRAHREEERE] T
EEAE EEL G
AR HSWEIR -
(TP ILBA LOS, O ava, XML) HEERLER
HAHHWEI R FE SELEG

(FAFE[DIEE. F XML IR ME, LSINAT

HAA
| HRAAHLATLF—XTOFvEEFE -
SWIF |(E5005 $Iuaormn, 7ot rory) | BREER

BIFLZL| hyysw BEREHEROTE

(HW/SWHL—FZ4 7. #2553 BROER

ER-ERTUET 0. D5 UFER

(RFID, ZigBee, A& Andioid, 129—3}) HRLRR

3 EHGEa— XA DALY 2T LA L

ERDIERZ T —ADHEEBIL, Y7 U=
THFDHEZB LV PC FTOFes5 I
THEMNETH- 2. AR AT LBEHET
X, ~A a7 b7 FPGA %5t LY
OBENENLH D0, AR AT Ay RU
— 7, EHRE Y NU—27, HW/SW iR
HOFEENTE D720,

AAFFETIL, LAY AT AT OEE %
TOTZHORAE &R E LT 3O IR
THAZEE L., FERIZOWVWTE, K41
AT X ICEBEICET D Z & THER
RAEEFLTRE LT

4. WFIERRE

(1) A 3 L DT HER

A/D g, D/A BHZGRZENE LTz~ A =2
YAR—RERY (PO EANT, TFrY
ET U NDEWEBETIERTHD. T

BABYRTLAvky—szg MWW Codeign RE
A A -YRT LRHB LU
Rt N f‘:’jﬂ_’%’* HWISW | YRTAETUVVY
-éyg/GPjSFI_!; Co-design | - SystemC Z&&
FoahmERam | | X% | -HWISWCodesign
v & HWISWhL—F4 7

T
/ﬂ EAHWRHER

Fu VEERIEE T Z AL LT PC IZEY
ZH, C EEBCHALE 9 /I LA TT—4%
T4, D/A =2 3—Z = PiM(Pulse Width
Modulation) THiAIL, &%%ﬁﬂ?é S
Braim U C, A/D BT AERL, &1
m B LRRZE - M ORI, ~ A 3>
\ZE D AN DHE G EEEET 5.
(2) HW/SW Bkt I8k
LA AT LBAFETIE, %ﬁtﬁ,zx
NEE D7D, HW/SW Hhalak st o8 AL 2.
fwé.m5:fﬁﬁmw%ﬁmﬁ%%%%
EL-. BB TIIY AT LARKRSEETH
% SystemC Z W, HW & SW & XBIHE3IZ
BWREE V2 — ViREt T2, H£EV2—1D
%%#ﬁ@xx;V~va/%,W,Wb
L— R 7 %47 > CHREH Z RS, HN &
SW 2 ATRAF 5. Z 0 HW/SW Wik &t FIE
OMFEE %2 B CHfR ¥ 5. AREBRTIE, #
MELTIPEGya—XDSW, HWEY 22—
NEHABELTRE, MHEDORHME, hL— K4

nXu+ LSI HXIJJ[‘@EZKEG{}IL“%EEﬁ%éJ@é
L& BT, SW OFEKAEE L HV OWHI LB D
E, 7 a7 RO oA KBRS
\CARFEBR & F2fiE U 7= G R o] 2.

5. 126

H‘f “3 FI’\ 3. e

S 25 LER S (1 ||
[ |
B — #

['.'z A7 LP=¥70F ¢ it

h\ |Hw,fsw FL—FA 78
v EYa- L5

20 | | =m0 ‘
SwikEt | - HW kst |
----- >y

L | ®&7zk )

Mos 1 FPGA Evaluation kit

X 5 5% —2ADMIAR Y AT LF B il

H2HSWHERER FPGA - LSI(FPGA)& 3t
UZVEAL0S | 7844 05 SEEB ODERER
faaswmR U7»94Lﬂﬂ 5

cFny33 /7 c pEEY |-TUINVERO
%ﬁmswsﬁ% frﬂ:Msww £ HREER

HREEH

4 BeWEAOIC N ATREZRMLIA A o X T LSRR T

JPEGI»O—4 (SystemC)

RGB-YCCI_. DeT | I sk _.‘ T4k |

JL
FL—F A 2B (EBRPC)
| JPEGIT L a—4 (TFEF L) D EFIEE |

Il
BEEDI—IILOEHEEH
I RGB DCT 874 | H#5it
WIAEERI[s)2 4GHz)| 0.047 3961 | 0005792 | 0.0953
|swmlmra‘1[s](50qu) 2256 | 180128 | 0278016 | 45744
~TL akEE B
AT = F-CPLU2 4Ghz T =& CPUS0OMHz

JL

EIRL~JPEGILO—4 OI#EHESE

DcT RGB-YCC X THE ik

HWWER SWER

[X] 6 HW/SW 1 FHa% 71 S5k D5



(3) SystemC-Verilog HDL k7 v AL —#
BETITIVAT LUNVREFEE HW
72 HW/SW it O K s tEA TN D, L
L, AT %Y =, Bl ZEEARY
— /UL EAT T o D BB BB T Ol A R
ThDH, ZODFAEN BRI ORKE
KB AT 52 ENRETHD.
REFFETIL, FAEICTV AT A LVRES
Fh A AN HW/SW bk G T 2 (RBR S 5 728
12, SystemC-VeriloghDL b A L —% L FR
TAHMBEEARY — V2R LZ. b
AL —HHEOEDICT7a bR, IR
N RIEEFTRICBHREL, Ny 7= NiX
Design Methodology Lab f&fLDFEFE-S A% CAD
> — L [Simple Logic Design System(SLDS) |
ORREZFIA L=, X 7 (2R3 L=y — ol
AT, AL AT AOHHA DA ST
L7273, SystemC TimPRRIEZ %3 DD

| C=A8B; |systemC / | Wxx | [7500)
[ Wik, % ] -‘
OR(C)AE

RETAEY
LIZEM =
i T R
50 1
J 720 ||| 7652
ST 2| eopzok

1828 || ([ 1740
o0_ex || [| o_ex
1488 15;0 1652
ecallecs s assign C=A|B ;
’ Verilog HDL
\‘|£I A |i| A |£.|/1 \ 3_Fiﬁ )
7 SystemC—Verilog-HDL b7 AL —#

BAFSIEA T bk T 5.

4) BV hU—7 AT IEFTRR
FLAFL L AT LD F vy b T — 7RI &G LT
DIFOFBRZIRR L, RIEL T ZIT 7.
O koY — ROIAMERETER

o, LED, VU L—HiliFEIK A FF S, HITP
P MEREA S LT~ A 2R — Rk o
J—RERZLUTLAN [ZH:T 5. D7
— 7 CHEBREIT, FEBRIL—TI1EK 8 @
Groupl \Z/RTHERL T PC 2067 7 A HWT
vV — REHETSH. LANOIP 7 FL XA,
H7F v b, UDP, TCP OFHE, LAN f&iHTHOE
MR A T S B B Y ) — R
BB HARKRE A 75,
@ A & —x hib@Ea - HE SR
ODOFEERT, BT N—TIHELE L= TR
T LENT, —H TERL, 8 127753 LAN
& WAN 2672 D BB EED. K7 —T
D PC DT Z U MNLEEDOE Y ) — RITT
72 A L Cmb@Eatll] - fiHsERE175. v—F
WZLDN—T 4 IHEE, N—T T T—T
NOLEENZER L, A X —F% v MEHOE
HIlE 2 B3 5.

Q@ MRy NU— 7 g

WXRMOF v

8 A F—Fy MEAIEMREHA - ISR
Sewer Hod2

Sk Bole
SereerEC I (lom ko Iatertce fode} E‘I Dl L0 pest | £ome

it g | - o 1
!- E Pavier Supply a
m]ggl iy =
[uss ]

B

[N LT ]

X9 itV xry FU—2 FER

Original % Sensor data in XML format
Sensor data z <temperature=25</temperatures
25 70.1013 | == =} -> <humidity=70<humidity=>
il = =atm=1013</atm=
@ <time=20091100123400</time> |
E
P

X 10 0SGi /3> R/LEREDF]H

ZigBee HIMEMEHLOMEARXZ(EEY = — /L
ERAWEE YRy U —7 L, AR
EA MR T 5. FERREZX 9 1R T. &-
BEE Y LE YT =X ERDIAL, T
A NVAENEHL, T X IR LB AT O
VAT LRSS L. B — RO,
vy )—K (F—=hrUxA) OBERE% HfE
SHD5. vy ) —RETHEITTAET S
—va (T RV 7))L, Java THLA,
0SGi (Open System Gateway initiative) /3> K
e XML 7T —F R EH W THEE L. B
BT =KX PC 1Tk, T—HNET SV
— g CHRIL L7z, 0SGL 1T 7V r—v
g DPREA L H T = — A FERELT A,
T, N RLVEWIHNT SW Y a2—b
DEMRCERE B Z FREIZT 5. N KLd
Fl %X 10 (2R

(B) F&

~A 3N XD A/D-D/A EHTEER, B
F v NI — 7 VAT AEFEIERRT, T
RECEAL, EEERODIEME LT
Thote. BV O, 7—X0B 7 s
TLAONEBEEFEIIEZIED Z ENETK
OB TH D, HW/SW W FH% BRI KPR
AT, ERAbO RS L 2157



5. ERFERE
(BFgEfEeE, WIFEo s K OB TR 12
TR

UEsEams) GG 10)

(DHiroyasu Mitsui, Hisao Koizumi : Use of
Student Experiments for Teaching the
Basics of Sensor Networks Including M2M
Technologies, Proc. of International Con—
ference on Embedded Systems and Intelli-—
gent Technology, 2012, pp. 120-125, &&FcH

OVEREE L, ZJHIEHE « SLDS #it 4 H 7z
SystemC-Verilog HDL k7 A L — & D
J¢, TEEAOAE 2 WFSS 155 [A] SLDM - 5
24 [B] EMB & lr138#£< (ETNET2012) FasCHE
vol.26 pp.1-6, 2012, &Fi

@ /IR, VEREE SC, B HE - A %5
ELTMIAR Y 7 R = T HAE B RO
72O HW/SW b L— KA 7 ZBRHF KO
%, 2010 FEERFE - IFR- VAT L
EB PR AR LA, pp. 1698-1703, 2010,
AHie L

@=SFVERE - ~N— R =7 & MM el o
HRLARY 7 b = T HINE B DT D
FAEFERS A, FOUERK R A TR
Wi, 2010 4EEERR, pp. 121-126, 2011, 7
AP

(®Hiroyasu Mitsui, H. Kambe, H. Koizumi:
Student Experiments for Learning Basic
M2M Technologies by Implementing Sensor
Network Systems, Proc. of 9" International
Conference on Information Technology
Based Higher Education and Training,
DOI:10.1109/ITHET. 2010. 5480082, pp. 257
-264, 2010, &FA

© ZHIEE, th A 5], /NS - M2M Bl o
EWREEBO-ODOE Ry hT—T
AT DEFEAE TR, 2009 FEEERFEAE
T THH - > AT LERT R GE T R S,
pp. 1698-1703, 2009, ZAFHi7s L

(MHiroyasu Mitsui, H. Kambe, H. Koizumi. Use
of Student Experiments for Teaching Embedded
Software Development Including HW/SW
Co—Design IEEE Transaction of Education
Vol.52, No.3, pp.436-443, 2009, A

(%K) G2

(D Hiroyasu Mitsui: Use of Student Experi-
ments for Teaching Sensor Networks
Including M2M Technologies, Proc. of
International Conference on Embedded
Systems and Intelligent Technology, 2012
1.28. Nara, Japan

@ Hiroyasu Mitsui: Student Experiments
for Learning Basic M2M Technologies by
Implementing Sensor Network Systems,
9" International Conference on In-
formation Technology Based Higher
Education and Training, 2010. 4. 30,
Cappadocia, Turkey

6. WFIEHLRR

(1) WFgefRs

=H ¥#5EE (MITSUI HIROYASU)
HORUEE RS R BT - g
MeEHF=S: 70328532

Q) brgentas 7L

(3) HHENITEE  7a L






