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Development of Simulated nano-satellite as an
Educational Tool of Compound System

Rei TANAKA “! and Kentarou KITAMURA™

Abstract

CanSat is a fake artificial satellite to learn a coordinated operation with various subsystems which
makes up an integrated satellite system. In order to apply the CanSat to an actual curriculum to be
invoked at Tokuyama College in 2017, a prototype CanSat is developed in 2016. The CanSat has basic
bus systems including, power, structure, communication, thermal control, attitude control and data
handling systems. In this paper, we introduce the basic function of this CanSat and discuss the
prospective application to the actual engineering design education.

Key Words :

1. Fril

AB T F— RRFED Twiggs 12X o> THREI N
CanSat |, FERONTHEBFHAITO12DOD hlL—=
Y7L LT, fEOAR ) VAT AEREEEY
A RDTHFRATHE TH D, 2 H D CanSat |2
LAWY AT LBHFED b L—=0 T AT, BUET
1%, BERORFATBDTHETEROB/ NI T2
(CubeSat) OBAFEIM T TE T, BRCENT20
A2 DT BIFNFEES N CE TG 29,
TERDRFAZIT H N IHERFIT, AARTIEFEZ
B LIy varadde LT ey s b
ZHRINZFME SN TETRY, BRI RS ZEN
RO DB TR CHER SV T E T2 b DD, FAH
BLOHLDOE AN ETHHEMFE T 1Y =7 MIFHE
L7Z2hso 7z,

ZAUTH L, FAFARTEFE I41H CubeSat 14 2003
FEIZHR E T RS RIFICEE LCLsk, FITHt

CanSat, CubeSat, Engineering Design Education

ZEFHT LRSI T D B b AR BE & L TR
BICFESNTEZ, LvL, SEHZRBWLTE, 2009
RICHINPESERANREAS, Y (FHX) OfH B
(2R U CLISROBRZE SRR T2\ .

ZO LD IRIRMOT, SRR A LT 5
Wzl Atz e (R T A BRI
077 L) | \ZEEEERE LT D 8 mEOEHEE
¥ L UC [ENCE R M RS CoRER
ERHPEEEHT A B RS ARSI, 2014 4FFE LY
FEEER LT, 20T T T AL, 2 O CubeSat
BEFE 2o, EHICIUNTEERIC CubeSat BAFEIC
B TE D FEDEREHATLTCIETHHDOTHY,
BN S COEINEHE ~DT 4 — Ry 7 &
fELTND Y9,

ARETIE, FREOFHMMER T 7 7T LA E 2
T, fElEECHE AR OTT Ve b -CanSat
Nz, RS EINEE WD T2 DHE
AR N T2 OBFIC W TS 375,

1 R R R
G e

B0 TS M AR T AL 2



H e AERHERRR

2. MEIRTLIZKAHNELT

SCHRFFE NS LT MR B2t
e (EEATHEFMER T 177 L) | &k
HafFReET 5 8 izl LT [EEEE
/INEME R SEBLZ ) C O E mEREEE T A B
¥ PEIREN, 2014 FEL D FELFM L. Z0
7v 7T AT, 2 %0 CubeSat BIFE A HED-OD, HELT
FUWTIHEERIZ CubeSat BAFEIZBHICTE 5 ED B E
WATLTIIET 20D THY, 2015 AL, mEAN
—AF ¥ T B EIRIERTT T, BT AR Y
 OFEYWED B RaspberryPi Z{#i> 7= f#5) 7% CanSat DHL
VEBESEZIToT-. ZOF ¥ BT E 1 4
BEML, RO TEEOR N I F—NEf S,

—T, TR T LAOSEKTH OIS
TIE, FHERHZERNT, EEOH U X 2T AMIFHPE
T5% 7 —<IZL7=PBL (Project-Based Learning) %
U2 T AOEAEFHE L TND.

YRR 28 EFEBE, [ENLE R I T A BT 5
FRHIAE L2V, FAUCHBIh O, FEUFEI AR
BT 07T AT CubeSat & W= HAFEEE
70T AOEEHE O BHE B, AT
HIRITBID 2 BAF A F— LM GHIEINEE AT 5
HBICHD L OGRS, MRS AT LD
FEARZ X 1 1R T

BESATL

// MAVAT s H\ SIS SN
LR PYITES
HENE, MmhP Bh%g. ERIe Syl av R

= QYR T, 3
BRAR T—H0ER T4, PEHE.
Wit5%. WHEH || oc2—swm. 70 SRR, At

TS50 oo
BER  |[ss-nuEmnegk
(BRI EETS || gigTee. sHaTey / \ )

B 1. — W7 HIRE S AT WO & TR R
H & DRI

NTERAEERT DY AT AL, RO
HHEREA T DAL AT AL, BRI L > TEET S
2T aVEERTAIODRETH LI v a Y
AT NIKRINEND. 2 vva AT AL, BE
BUIN LT 22 A —PEIN SRR 2 T ey 2
— VIR EZOFEKRENII v a VOB L - T
Fex THDH. ZIUTK LT, NAVAT AR

No.40 (2016)

W ECEIRE AR L, HE S O 4w LT
AHIERE AT B 720D AT L THY, — T
V() AR (2) FEGR (3) 15 % (4) BufiliE % (5) 7 —
S A (6) LB - WBEHIEREDY 7> 2T A5
END. FNTNOY T VAT AL, R REE
IIHANESRI NI L TR Y, X1 I2Eple LTk
AN IR O SV TS TR OFEER BT
ZORLLCHD. bbb, ZOXH R AT A
T DEAERCT DEANAIZREERE, T L b L
SR LT BB Lo TR STV B bl T
3 <, IBAW T F R O FIME A SR ol S
BZLEWELSTUVAT AP L TS, 2ozt X
Dz lL, FEVAT ALV EMITEEOL S 2k
0 EEARE ) S VHBZERLIZEE ) 27
DITR LT, fd T B2 &2 LB 2 T2, RIS,
HEDI v a K LTI R Y 7 B AL~ LA TE
#LT, HERE, 3G R LED DR AT — L
X, T V=T V)T TYAS UHE O L LA
IEM T D EBZ T

3. MEVATLEME LTORBAIRHENR
2l

A L R LR AR T2 R CI, 2009 4RFE &
DIEEMBANY a7 7 —2 & LT, FBRE Y
A E DT ER7eE ) 5< Y PBL U F 2T A
ZREALCELY. BYE, Z0Oh ) X2 T 25UGTL,
RO IR FIREF N BT 2 7T LORREE
UTz, BIFEBER T v 7T 2 EEOHEKR O 1
FaTLE L TEHEATDZ EERaPchHD. HAT
TEOFFETHIR} | AL 2 FAEITDT=5 2 DT
177 LEEELTEY, BN 3 DOHEIZHBNT
SRR & PBL %4k 0 288 CHENid 5.

1. (LA B & SR

ETNaTy T R B IO OMEE OSSR
ETVRTy MO OBE

MBI GREERENT) |, B0 7385 (REh32
W), AT (RGRSEEY) |, BATEIER (KGR
PRBEFEER) |, ERLFFER (77 Fax—2 3R

2. () arba—XRaiEs

CanSat ZHUWES 5 7O DIEREHAH OER, BN
THPEZFIE LTS 2T LRSS

B T RONT I F o —H T S T e
TR VR

3. QQHEF) HEHIERR G

IN—T T =7 KbET AT v MERED



BEV AT LEREM & LT o/ NURHEE N TH2 OB %

CanSat 1B, ET /147w MI LD CanSat DFTH B
EHER v a v OFE

8 a~REDMEY: (Y AT MBI &
OBSFIE, Fvy=r MEBROFEE) , £D%7
N—TU—=71kB vy a U ARAIOET Vel b
M X CanSat OBEYE

FRZ, BHHE 1 AFEHICETED T B a— 2R
BECE T, AR Y AT LAOSEEET 5
ZEHREME LT, BN TR A RS AR
B LTV,

4. EBRAIBEOHE

AHFFECRAZE LA N THRTENL, (1) XBee 2 V=
MER 1 B 1EbRENC K> T, JPEG U A T2 L D
e, (2) ZOMEHED SD J1— R ETOEE, (3) B
K DEGHREEI TV, (D) ZNEOEWE B L 72 55
T KGRI LVIEEL, 6) 3y T VICEET
DEOWREZA L, AR AN THREOMSEZ B
TV, ZOBRATHREZZMERT D Z Lok
0 AT DEEAE, 1ZA TR, %o 2R,
RyT 47, W7 hr7—7, CADi%it, 3D 7'V
2N #y70, V——"URY, KUV
Kb, BRNPOO/NN YT U FEE, KEEN Dy
7V IEE, DCDC 2 o/3—H <A a7 a7 T K,
XBee MR, SD — RERTE, JPEG 77 X Z8ME, &S
ISR L OB AN - T 5 2 L3 ARET
Y (3), TLOTEWABIRPEIFSND. BHEA
THEOIMEZ X 2 1T~ T

X 2. f AN THEOIME

B N TRIRNY, BRSIPEERNE S TR SN
7= Presat-1 ?&&&£ L LT, ARO = a—FHIfH
BT AL ORI BE LT S L-, AR

FEATHED CCD 4 A 7% Arduino THIEIZATH X9
IR b STV, T72bh, 1 AT Ol & e
0D SD 71— R~DRAE, PC ~DE(F &\ > 7-BhfE
75w 7Ry 7 2 LT Arduino TV, &7 2%
T DA% Bt~ A = & L CPICI8F2550 Z£7H
L7z (X3 &) . Zhud, BEKTHRICRNT
1% 3 AR &V PIC ~A 2 &R L= 388 hM 1o
NTEY, FHEICE S THIRAOH N~ A 2 OB
EEWRLIZIZOTHD.

ZylalFiRmEies)

2

KB AFIL | [180570—]

| 1

\
I [ ] I
- T ¥ ]
#lHEE | Arduino_| EEEE] #lEIE |
soh—F CCONAT Xbee
NFosmER 7 N Iviavk < N lER EBF emisey

X 3. AT IERKX

Arduino \THIZ THIZIZ PIC 2488 L7=Z Lo k-
T PIN ®¥% PIC ® PORTA @ 8 78— |, Arduino & 4%
A PIN Z[#\ /= PORTB @ 4 78— b, U 7 /L5 PIN
Z RN PORTC 0 6 A8— K, At 18 AR — M2 Hiz
IR A BT RE T o T2 FERAOICIZZ @ PIC &AH
HALTE—RA U Z LRA =Ny T U OLRGEREESR
BIMD X v v a A EOIERATREE 720, KD
TR RER Y AT KRGt OFE bR CE 5.

PICI8F2550 & XBee MHDIE(FIZBI LTI, USART % H
WCHEREAIAR— « L— b 19. 2kbps TOI Y 7 /L3
EL, VATADIL ha—/L T RS232C %1 U TN
PCINDAT O FNTE DML LT

5. |EIviavn—4 R

PICI8f2550 L PC & XBee &4 L7=V 7 VilfE 21T
W, i BRI RS TR PC HE L D A O TE 727 %
A MIGUT, FBESHIZPIN 2 HIGH (235707
ANEZIAEN TS, FEIESE L A A B S
ITEND EBEANZAZ— R A o=V REESN, A
A N—TNEENT D EZE LTV TAT— XIS
T RBO~RB3 DV 117D PIN % 10msec ODffE HIGH |2
T5. ZIUZE T, €D B A ZDiliEE1T S Arduino
~YE gy RERET 5.

Arduino (ZIFFNEB B DIE TS L, CCD B A Z, SD
T — ROHFZAT S 1-bD7F 1 75 AREZIAENT
W5, MENES T S L Arduino IE &K AIC

B0 TS M AR T AL 2



i

configuration RUOMAEL L 72 HEHDFGERAT D . £z,
Z D analogPIN 2 AJJ PIN & L C#EHT 572012
it (215) 224X thresholdni IS 5. A A L L—7
NC, Arduino @ analog0, analogl, analog0, digital6
AN & &, ENENFESRE M TR LONSD
PRAF2AT O B8 (Shoot) , G A HIFRS 2 Bk (Delete)
XBee (Z L ¥ PC {ZHifg &5 9 B B84 (XbeeImageRead)
=72k PCICH g T S K
(PCImageRead) #3179 5. M4 \ZFD7a—Fr— |
TR

(_start )
Conflguration settings

Define functions

threshold=215

NO

vbl >= thre_ic_b’l_g_,_,-
vold Shoot(vold)| Yes
. NO
>=
g
bool Demg(wln)l
Yes

woid MbeeImageRead{void)

wvoid PCImageRead(void)

(3. W AFHEHOT a—F v — |

2 L7-HiRIE, XBee W= U 7/LBE %215
7= PIC18F2550 /% RBO % 10msec 721} HIGHIZ L, #4L
ZAg0 LTz Arduino 23R 2RSS L SD 71— RIZPRAET
% B4 (Shoot) #3479 5.

—HOT m AL, # ERIZENL T PC A BSERA
TR Z R LR v a & T ek X
ERERT 5O ThHS. FEHEL, 00X ERER
Ly a AR U TRERY 7 U AT MO A BE
fRL, FNENOY T ZAT AR ED X 5 R
\THERET DD D D7y, FHERIZFE T 55N TX
. BIRESTIL, ACEREFIH LIV AT Ll o> T
WDH, SHKGE SR VERAT 5 TETHS.

6. A F¥aTL~AOERRE

AN TR R D X H1C, FEY AT L0
SBLY, VAT LAREHOE Z AN OOFHE
HELIZ OO THD. BUE, HHURHEERHE L5
T, GEROD/IVIANY a7 2 —DORESRGHIE D S =
> T & LT CanSat & VAT S D-3< 0 Hifr
FHBRDTZDDOH Y ¥ 2T Aaalfchs. o

No.40 (2016)

» ALATEERER

(2R T, AR TR CanSat BRFEODEA L LT
FIRAMBARETH D LB HND. ARITBWTHIT L
T~ O AN THEA AW RES v 3 v OARTH
B0, BN THEARIE, o7eisREs bt
TRV, FEEVPH2I v a Y ERE LLERY
TYVAT LB TS SR AEETH D (X 33800
FEHE A B 72L) . 2O X D TR A RS H9HC X
> T, FIRITABRAN TR L L2267 2— b
TS, BRPIcEh—7 7 Fax—2 2FH
Lizvvay @R vy a o774y 73y
vay) EITHENAEEL 70D, ERITHE ATRE R
LY —LESNDGI v a DY A MERLITR
R

#F1. HEETErL—LRESNSI vV gy

Here T — HES voa
GPS = (rEzh
et S — R
A DA ne— | GBHEL v
EIV
R A — BEC L ORR
G
B e Y — R
Y L — BEZEDRG
IRl
% TIAT i NIV

INBEDI vy arETHBROFIAILLTOLEY
ThH5.

WITHREI v a v EBHRETSH. @ Ivva
ANHTH YT BA L LERET S, (Yo E

A PED via rETNCERT S, I=vLit
TR A RNROFREIZ LTI VY 7 2 AR R
DT A= I 7T b ARG E H ORRE,
T A NTYTRA D TN T AERE S DICRH
MDHDHGEOMINRI v ay) Q) FENTIDI v
g v LYLERRD T OB L 72 DR A E BAA
By e U CEdiE b d 5. () 7RSS Si-séoa i
T T2 OO R ONEZRAT 5. 6) Ikl B
FETLATMTZ L CWDIT A RELT.

S O—HEORIWEERE X FEERORERRIZIBN T
TONTWDFIETHDHA, NSO FEEZ AR S
FEoT, BT via RHOLDIEY DT at
AEPYRETHZ ENFARETH D LB XD,

6. #ER
BWRHNZIIT 2 6 OIED 205 128V Tl rTRE %




BEV AT LEREM & LT o/ NURHEE N TH2 OB %

BATHREZHEIEL. BALRRIE, Ivvay
A BRE LB AR—L L, MERYT VAT
ABEOWF R BWE T 0 A 2 BYRT A4 A e L
TR v a U ERITADHRRE L, k2 94F
FELARE N v RE 72 AR N T2 2 A L7 BB
V%o T AOMFERIGLTRY, —HE P2 84F
EL0EHRTATETHL. ZNHO—EDOS Y X
T DRV, HEEBEOAX— L5 & LI
BHR T AT BB DO THEL FAN TN PR o5
ZHEE L TWA.

AWFFED—ERIL, Bt e GEE S
26560109) (2 & DBIplA ST CHRMi S -

Xk

1) HEEE—, “EINVUERIC I D8 LT HBRTE
~OPERRRIGERLE, ©D-5< VI 2 HAET
JEL SR OREE)”, BEATE! - BOREIN T HAf
ARG S 2010(18), A1-A5, (2010)

2) Tsuda, Y. Sako, N. , Eishima, T. , Ito, T. ,
Arikawa, Y. , Miyamura, N. : Educational
Pico-Satellite Project CUBESAT - University of
Tokyo's CUBESAT XI and its Operation Plan,
34th COSPAR Scientific Assembly (2002)

3) EER—, R TZEmEFFMTRIIST DM
B R ) b @ APT(AUTOMATIC  PICTURE
TRANSMISSTON) {5 532{5 D", Kl T2~
FAAOEE 45(2), pp. 81-88, (2009) J\IHTHE,

(s &/ VIR, B rE s E i
JUHE. SAT, FEE(E 107(497), 17-21, (2008)

4)  AEAHERRR, AHHE mEdn, SRS,

MR, MR, mEA— 2 L — 7,
“CubeSat (= J 2 E1KE E(<400km) TP Sq
FECEIEHE, B AHERESE R S 2015 42
Kz, PEM28-P06(2015)

5) AF—HE mEdh, AAERRS, SFAHEAN, &
AR GHHE 7 V—7, “EELEHE CubeSat
(L DREBREBIN T 0 =7 MZHOWT,
138 [FIHHERFERES « HUERER BB il s,
R009-P14(2015)

6) JABEE web site, http:/www. jabee. org/english/

7) National Institute of Technology, http:/www.
kosen-k. go. jp/ english/index. html

8) AREPEUE, /NHFNL, ALRMEORES, PR,
ANV a7 Z—% T A T b adfiofks

9)

BB, AT AT D L5EEE(CD-ROM),47
£(2009)

)1 B W Rk, P IE—, /NSEER], 7
HEERE Y T T IREN O T T R A1 5 R
BE WSS 58 RIFH A PR G UE,
3111 (2014)

(2016. 09. 20 =)

UL T Y BB AR






RATNE AT v L AT — e — 2D
EHEACE LRy R — T AT A

L

AR R B R i

The Sensor Network System Suitable for The
Management and Operation of The Local Heating
Stainless Steel Foil Tape Heater

Takehito YAMADA™, Takuya OKABAYASI 2, Johshin TURUYAMA™,
and Hiroshi MIHATA™

Abstract

A growth monitoring in horticulture has become an important technology for an efficiency of
agricultural work, a quality improvement and a safety of an agricultural products. Recently, in order to
achieve environmental monitoring efficiently corresponding to a scale of a greenhouse, sensor network
technology using a network communication has become a major technique. In this study, we propose a
sensor network system which is suitable for the management and operation of a local heating stainless
steel foil tape heater in the efficient growing of the strawberries. The system is constructed by a gateway
used the Linux-OS based Raspberry Pi computer, and small sized sensor modules which include a ZigBee

wireless device.

Key Words : Sensor network, Tape heater, Spot heating, Horticulture

1. [XCHIC

IREEHEE 72 E O FE=IC BT AR R T =4
VUL, RO, BEEYOSER RO
PRICEER I & oo TETWA. IEFETIE, HED
FIUIZKIE L, EBBREE=4 Y 7 R0 iE
BT 2570lcry NU—J EIEHR LY 2y R T
— T HWREAIND L7 TETRY, BEE
M T FERR BRI 2o TETD Y .
—7, HEE OIS NV—TTL, TEORERE:
B BIE LI RFTINEAT v L RETF— b — &
QLT T—Te—%) VAT LERFEL, RSN
DOESREL, AT ALEHEEL WYY %
DB, KB LHEA TODIRRNICINT, [k,
ZRCOFEMI AR E =2 ) L VR FEBTHZ &
%, 77 e —2ERIC LB =Rl %)

KA L OEHMCEHE - AT 2 2 SIZ8R 5 L LB,
TEDEB G % J 0 FE L BT 2 EIROBFEIC S
NG,

ARFFECIE, 7 —7 b — 2 E R OFSHRENE %
e Uiz, /B - IRIHEED) - IR X Fo 3
v NU—7 OEEE BEe 9. FRC, fisE=ICBT 5
T =T —=FERDTDDRGNE) & Lo AT
OBIEINR S AT AOFHCE L2 Ry NT—
J VAT DOWF L ©=— T AN TOER-WEE K
IR COFERRBRCH LN 5 2 L 2%En A &
L7c. ZOVATAEHRIEDLZEIZED, kO
HIERET =4 Y 7 VAT LAY LIFRRY, fEA
V2 HRE B - > Tl B= 4 Y v 7
LT ENFREL 720, VEMIOAEBERBESA O X 0 3E
IREIINTED LR D LEZ NS,

S\l PR B BT 5 —
"R A



RO (A« PiAR 4R2K - BRI ¥R - SIEE 5T

EEo AR LA T SRR
(LIRS B BT 5 —FR )

DSV
{Dropbox}

T3 LRI 2

30, Jj-

y =)

7 - I (Raspberry Pi)« /]I ‘}I.,

BRI S 2 bR || %

- OSTE b — iR z 1
-7 TR :

v‘,
ﬁee GBS

T St

SFI LS AR CEER T A ISRl L T 2

X1 ®Brtry hU—7 OARERIX

2. EBIRATLOBHE

BHE 11X, AF 3BT —7 e —X 2% L7
Thb. BE 1 HUOYV—FT T 7 4 b b LD
(2, A F OIS TR RN T D & 725
TWb., 77— =X, AT IAOMILE BTN
IR D72DITHMoTIZIR 9 L O ICRLE S, £ 30m 725
50m ROFEHE L ITHEAMHC o> CGRiE SIS
(5E 2 2 . T—7b—XOIREHRIETIE, —5
(hEs S oA FIOREMTCOREZRE LT, 7
— 7't — 4% OifER (FEE) ARET D ES 2
RE-> TS, KBWRRIRETIE, 20X 5 IThiEEk
SNTeA FAORINPEAFRRE SN TR Y, =D
PR B TR O— IS SRR T =4 Y
N SN NI QG Y o (NQAVR

ARFFECUE, TR OIREE 2 Akbs Fs ki 2 o
7o T, KVFHHICE=X U v 7TV AT LD

No.40 (2016)

#1 TWE-Lite OB IAR, TEA X —Tx—R

BlO~ A o olske
GBS TEEES02. 15. 4 YEHL || ekt 2. 4GHz
F ¥ V| 16 F oL I 0-QPSK, DSSS
S 250kbps KEHD +2.5dBn @3V
SR -95dBm @3V RNl AES-128, AES-256
UART 2 R— 12C 1 R—h
SPI 3tL bk A/D 10bit 4 F¥ R/
PWM 4 R— aSb—8 | 2 R— |
Ir T Ry T EA~ SO R
T AT T T A= TR ¥ MEE

o s
BIET 2T T\
£

n

T ADBGED]

ZHEL WS, K 1IGELIeE vy NU—2
DRIRERRIX A~ EREHE Y784 2 (LU
U TNALR) OBFEEY 2 — I,
TWE-Li te (MONO WIRELES #) Z-f#H] L7-. R 1IZTWE-Lite
DOFEGET (WAL, FEA ¥ —Tx—R, BX
O~ A 2 OERE) 2R d. ZOEEY 22—/,
~A AL PEH SN TR AV/DEBEEL A LTV D.
Z D A/D ZEHTF ¢ U OMOS T L S-8120C (STT
vIary 28 T 5 2 L CIREGHNA ATEE
k7D,

GE 3BT, AW AERT.  TWE-Lite,




JAFTIMBEAT > VAET —7 e — 2 OFEHEAICE LYy NT—7 VAT A

Raspberry Pi

7R
” i

- 3GIR(E I 17

- TigBec 1B1E FIAR

- B{UHRNIE

. ;E?g)_ﬂg-fﬁﬁ USE ToCoStic EEr LY

= FIA

ZigBee
BIE B AT T
i FhA7

K2 A= bh7oA LT AOH

BE Y, Ry B VO IEFICEE, Ho, K
A NCIIETEDL LT ->TRY, Z8 - JRGET
M2 EL L 2 KBRS D& 734 2 & LT
WLTWD.

FE AL, BT A, RAETTAT v 7 K amllE
AL, A4 FTOBTEEE LT-FITHD. T3 A%
WL, TTAF v I REATEAINTEY, BEROH
BRIV IR RE & B A ClElE S VCIREE
DERBEEN TS, REE PN LORNRIT, BoR%
Bl L TEUYTF S ZD A/D BT ¢ TR S
NTEY, ERROT-DOEGERIIHAEAITEIE LT
5. Flo, TIAF v 7EEERECE, oo YT
A AT HICEET D7D URIETE Y (BE4 D
TRNERSY) A HEERCE L T D.

IR Y CRHAIL A/D ST 4 P4 VRE
T 4213, ZigBee IEIZ L V) 30 HIE CTHT /3 A
5, flig 72~ A 2 7"— K (Raspberry Pi) ZH.lx& L
THERR L2 — b U = A D ZigBee 52/EH% ToCoStick
(MONO WIRELES ) (o CoHE S5,

TPtz VTS AORERIXZX] 2 1R
T S A OFEFEREY 2 —UE, v A2
R — K Raspberry Pi, USB R— MIZH L 7=
ToCoStick, =4 2 R— ROJEEEI R T X THH LT-
JEBER— R TH 5 36 IEE Y 2—/LD 3PI (A5 b T
o 7 AR IDEkD. 7835, ToCoStick DEZEARGHIL
MWE-Lite TH DT, FEGETIIUSBA F—7 =—
AEREFRNTE 1 ERILTHD.

~ A =1 7"— K Raspberry Pi (2, /INE « Z2Afi72 @it
e~ A 22 7R — R CLinux ~X—A®D0S T 5 Raspbian
OEPET CEWET 5. £77, ToCostick M USB A > & —
72— ATHEA LTINS EnD, 7 — b A O]
BIAR—RELTRE L. 2B, £EYa2—/VEDH)
E7m 75 W, 227 )7 NEFED Python 711 75 A
WZEVFER LT, = U =A%, LT OB ETT .
O ZHOE AT ZANEOEET—4, ERE

JEFZORHAIE A5
@ NTP(Network Time Protocol)|Z i AR5AEHR

@ MET —XFEOHINERIC Y A LAK T EAN
L, CSVIERD 7 7 A L& LT &t
@ 3GEITLY, SV 77 ANE B NIRRT I
RH— R EDOH—E 2 TdH 5 Dropbox® 1Z3E
3G TOENAAJVIEITA 2 —F v Maf~ERET
7B 2RI AHEEE LT, Dropbox 1%, A 74 A ML
—VY—ERT, JI7U RLEDOANL—VEa—0L
(2D DAL— A RT N R LD TT—H D
HAEAPFEWINTE D, 1T, 7T REDOARL—
T A EHL— A RTS R Zae—T5 2
& T, T X OEBRE NS TE S, 728, Dropbox
HITEENTZ T 7 A UL CSV 7 7 A Ve Uiz
b, FEE Y 7 bO Excel STHiRATZ & T, P
PRI T ARSI ATHE TS .

3. EfSEERE(CREI S EEERET

TWE-Lite GE{EMH) & ToCoStick (BAFMI) ThEmkS
Nzt T R — Ny = A X, BOGH i
225 Im O S EERTE UL, AR 1K 100m DiE(E
MWEFEL 72> TWD. LinL, B HT /31 2D
TWE-Lite ZHIRMEICIEY V2354, WEHEEEL 70D
ZEMHERTEIT O TV, £ZT, A FED
THEEEAARE L, TWE-Lite OHIRmRREROEHE W]
RERRREZ R I - Al 2 38R atT o7

R DOIRNEHNZ S — R =1 (ZigBee {51
ToCoStick) Z & & Im DEIZERE L, 20D TWE-Lite
A HEREICERE L=, ZOIREET TWE-Lite DT — X 1%
ERZ 10 BRICREL, 7 — N U = A D OM#EEA
BlE L7223 DAEIRRBAHIE L. ZEIREEOFHImIL,
&b HIHECE T ZADKERRERHRIR & o —
R A D 0EEAF LTz & & OZEHHIREE & O
FRERHRI A F R 5 2 & T T T

[ 3|2 TWE-Lite A HIRmIZERIE LI5A & 7 — by
A LRIUESICERE LA O FRER 2R, 1%
SRR ERHIMNG & (5 & OREOHINE, B
BOAHUEHRLTRY, K 3 ITRTIBERND,
TWE-Lite ZHiRmIZEE L75A, TWE-Lite &7 — |k
v oA WOWEHEE (Zighee XEZIEHEAE 13, 20m LA
TREYTHDZERmmoT-. BT/ A RS
— N A [EOEBEHEEEDS 20m LAT &35 & i a
TOERMZERITE L. a4 5120,
TWE-Lite |ZH&H AT & Hflkbae AR 92 103
Bz o, JFEIXATRE CH D 2 LI B0
5. oL, ZEMOMEET VT Y XABEHEZ D
7O %BOFEE L, LLTF OGRS N COERTI,
ZigBee ZAGIEAEA 20m LA TN & 72D K O ITRRIE LT

UL T Y BB AR



(L .

[ 72 S IR A

400
E 350
= 300
B
fa 250 AT AU
5, 200 bz EEL
BE S L e
150
100
50
o
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
ZigBee #F{EMHIEHE [m]
3 BT AL RES— T = A [HOREEEE
R ERRERHRIMIRR & S B RRRIRR DR E
3G WEEY 2
—/

HE5 E=—/bNTARNICEE L2 — b Y = A

4. E=—)bi\v) REIGHIRIR TORREESEEHER

Ut Ry NU—7 T 2 E - (YT
NAZIE, 7= T=A 15, ACTHTH—I2L)
ZRIEL, N REMR G v & —NOA F 3%
FEE=— T RAIZRWT, k2842 A 3 Hinb 4
H 20 H O T, BB COBRBSEERER AT 7.

BH 5 |\ =— T ZARNCRE LT — P = A
9. F— R =A%, Raspberry Pi (A L7k
— ) , ToCoStick (ZigBee ZEEY =—/L) , 3G i@
FEVa— VLR SITRY, #IEROME—
AL TS, FTz, 7 b A TS In R
OB RIZEEL, BT 30 A LOEHY, KT
t, 10m FREEOIBIGHREL 702 L9 IChCE L, ERWE
(2B L CIIRIRE RV VIRRE & L7,

B4, X 51%, A F ITDIRET —Z IR &
PT N ADOERETEBORERS % 7 Z 7{0 L=l
THD. A FITOITIILON/OFF filffl S 57—
— A PNEER EITN DT, B LISRET — X ORF

No.40 (2016)

10

e

45

40

S
2

n

5

1] T
00 300 A0 900 12200 1500 1800 2100 000

BEl (B 53]

X4 A FIRRSTIREOZEE) (2016 42 H 21 A)

i
]

R [m]

5
=

000 300 G0 900 12:00 1500 18:00 21:00 000

B [85 - 53]

X5 &7 AEPRETAE) (2016 422 H 21 H)

FE6 [EEE MW LT
(gl S

WIT B PT/3A AD

FINTIE, B=— b7 ZAPNIREEOZSE & ON/OFF il
ST —7 b —ZIC K DIRELEBOREHIRIA
FNTN5.

AlENE, VAT ARROBBFEERR A BREE L.
D72, FHUINEEOHEEIZE L IR TH Y,



JAFTIMBEAT > VAET —7 e — 2 OFEHEAICE LYy NT—7 VAT A

L%, BE=— oy ZNIREORIERBIEZT > 721
FERH A U C OB R 21 T 5 BN H 5.
72, K5 O VTS AOERETAEORER
I, EEHOTHFBIREBOIRIEIC 25 b D LB ZHIEL
b DOThD. ERETEEOT —F b7
A ADK#FME TR 5 Z L 2B 27203, TWE-Lite
DHEED S FHI SN D IBERH I D BIRZEIOELL
FICEET 5 2 ERN ot TOEENER E LT,
BTN AJEFOIRBEZEE) 2 EDOFENE 2 il
B0, FERUZAT QL E 0 EEZRE N TH 5.
FE 6 1L, EEY S OHSETDHD T L7z
DITE YT ZAPEINT AR TH D, Zoftich
EE B OB Y 7o EBE SN BRE LK
15 fHOB T3 ZTBNT, 6 flAZ DL 9 72k
ReL7polz. MotllRE LT 3 R, 45
SO TLE I 720, BEEhICBO TR
YT ADETFERER L, RHBRES D)
DRI ECT= b D EEZ NS, o, WET VT
7+ (FE 3 M) 1%, Hmlcx U CERiBE AT S
MERD DT, BTN, AENDT=T T AT
7 BmDIGIREMEROMERIC LTS, ZibBod
FREICH LW ol ko7 ERMAEEZ S LE
BT 7 F OIIRETRLRAR A BRI T D7 E DR
BB THDZ LT

F7z, BT AOBSGIIEIRSER T80,
LOBHIZLY, 2EOENT A, ZADT T ATy
7 e CRERRIRE MBI ST, ARl 2 AR
DEGEREAR T, BB IR
YT AOBWERITEIIR bivie o7z, L
L, BRI L D8 L DOH bR £ 72
EDPEEINDT=, L 0RO S B RD W
HChHZ EHHLME T

5. £&H

SR LT RTOWTIE, ERRAREY
2—/VEAR I A N CRYWERTRECH 5 2 LT DWW TEEE
TEED, BT, ZORENR S — XIS
DFREIZNC A DI T272, 1 —ZA 85 » H)
\ZT=o T, RF R 1 ETT— &5 TE HRE
IR L CIHRRIECE 220 o7z

AREBNCL Y, JFFINEAT v L AET—F b —&
OEFEERCE LIzt Ry U —7 OFEARER &
ZOMFRT — S EHE CORSHIRER TE T2, %
BTl T, BRGNS AR,
FEHIME T AOBRA S, 7 T Dl
X EBE LT L EE A, WEREEE R

11

%< OIEDAEC 22 o7, 5%, BS OISR
ke L, FEAMKICAIT72Bigs 2D 5.

ik
AWFIENE, EATEN FEE AR DB
AT CEMLUE L., Z2ICHEERLET.

3k

1) FPESEL, HELEE Innovation Nippon AP HRE
F BENTOT—4% « A /=13 (2015)
http://innovation—nippon. jp/reports/2014StudyRep
ort_DataAgri. pdf

2) EBILNGE, PSR, AR R, M, 1L EE
A FARPIMER T —7" & — & OBFE & RIS
HHFFE R 2 ) RFTIMEA A T TR ORI KX
JRE, RS TRR 23 IR

3) MIABER, IR, ARERerE BRI, HmbR
I, TR, AT VAET—7 e — 2 K ORI
NIRERIE S 2T Kok, LTS,
pp. 59-64, No. 35 (2012)

4) AN, BIBREEE =2 ) TV AT L Iy e
A VA F—] OB, ExGER, 98 &, 11 &,
pp. 80-81(2013)

5) Dropbox, https://www. dropbox. com/ja/

(2016. 09. 05 =Z#F)

UL T Y BB AR






HE R EEOSEAEZADE AT VAL

(ZBET D MEET

Wb BT EA EET

Consideration about a Memory Saving Method
of the Compiler of the Educational Computer

Hayato SAKAGAMI | Tetsuji SHIGEMURA™

Abstract

It is important for students of computer science cource at the universities to understand the operation
principle of the computer systems. In order to understand them, it is preferable to perform practical
learning with the system that actually works. So we developed an educational computer of simple
hardware configuration called TaC. In this paper, we describe a method for operating the language
processor on the small main memory of TaC. We divided the compiler into six modules. Thereby, we
describe a reduction method for main memory size consuming at a compile module-divided. Object size
of each module is expected to be within 15 kiB.

Key Words : Compiler, Memory Saving, Educational Computer
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Preparation of Layer Structured Vanadate Rb;V504,4
and lon Exchange Reaction

Masao OHASHI ~

Abstract

The layer structured vanadate of Rb;Vs0y4 has been prepared using Rb,CO3; and V,0s at 500° C.

The ion

exchange reactions of rubidium ion (Rb") in the interlayer space with sodium ion (Na*), hydrogen ion (H") or

lithium ion (Li") were studied in aqueous solutions.

NaglooHo_ngbo_03V5ol4'3.5H20 was obtained.

The sodium ion (Na") exchange product of

The host layers were retained on this ion exchange reaction.
In contrast, any of ion exchange product of H" or Li* was not obtained.

The reaction products were

characterized by atomic absorption or flame analysis, TG-DTA and XRD.

Key Words :
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1 RbVsO, D

LEOM (g ITFET D 1MoL eY T AA 4
(Rb") OIEEMIC L i S, ERA7RPEZ - T
W5, ZORBNTIE, oWk E = oolmHEn+
NENOBEIZ L > THEL D FLEBRDHERE U7 AEE)
M THS. FTOBOLEROBIILVE DT A F
DHET D, ZHIVE TS LTZEIRT 7 ok
A TEEDOA AR LEbE L E, 20
JERNCAFAET DRI, T A U Al A A okEA
T EBGNA AU T D Z ENTAEE RS, Ll
7RI 5, AWFFETIBNT, JERIORD DA AL Atz sk
WP CTRATIZE A, TOfEEEERRSToEFA AR
BSOS T L=, T R DAL A4 (Na) OYs
DI TIhoTo. AHFIETHRLITRBNE, JFTes T
FITINT, BNE R AR TS KO XAET
BIEIZE D, ZORALEEEZ B SN Lz,

2. =EER
RbV:0y OERRTIFEEE LT, RBLE YT A

(RbeCOs) & FifiRfb— 37 A(V205) &=
FTELLDIREW % 500° C T 20 HEIEE, HWHES
L7

FRUC LD AR L2 RogVs0y DERIDONALE T T LA
A RbYDA A2 A%, T hU LA A4 (Nat ),
KFEAAY HY ) BEIRVFULLAY Lit) 120
WCRAT2. LIt IO Nat DA A AZHARO ST
b 1.0 molll DD LiINO, 351 T8 NaNO; /KK
ZHe. 60° C T2 HFBUS SETo. JKIARIL 24 I
M2 LT LWRIRIC R T2, H DA Ao 23 #alix
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0.05 mol/L H,SO, 7K¥HEA VY, IR T 1 H Ui SH 7z,
WINOEA D, #ERY 29 (2% LT 1L Ok H
Wz ARINET 7 a7 4 B —E O TTRE | Al
L, AF K THag LTz
FEHO Rb, Li 8 X O Na 1R e eeisst (H

SERWERTRY, ZA3300) APV T, Rb IO &
D, Li & Na JF o L @& L. #EH9 0.05
g % 2 mL OERilEE &1 20 mL OF R IAfRE b
AT o=, REFO AR TR & BVE B R 22 E AT
(TG-DTA)Z LV F~7-. HIEIZIE Rigaku f TG8121
Z Az, FHEHEE 10° C/min & L, 400° C £
BT~ AW T DI AR OfE SIS, R
XAEHTHIEXRD)C & 0 F~7=. HliEIZI T Rigaku
Ultima IV % Hv 7=,
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3.2 FR)ILAFY (Na') it
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Worey st dy RbY) ZKFEAAL H) T
S5 2 LAy, TOEIREL, Kol
BEHADTTORBITZEL L, D% < 1T RVOg L7225 2 &
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BEHAVIOUR OF R/C COOLING TOWER
SHELL UNDER LATERAL LOAD ON
NON-UNIFORM FOUNDATION

17th TAHR International Conference on Cooling
Tower and Heat Exchanger

Vol.1, pp1-10

Takashi HARA

Abstract:

The stress distributions and the wultimate
strength of a reinforced concrete (R/C) cooling
tower shell under a self weight and a lateral wind
load were investigated under the conditions on
non-uniform foundation. The construction site of
the cooling tower is quite huge and the site may
have different bearing capacities within location
by location. Therefore, to design such structures,
the effects of uneven settlements of supporting
system due to the non-uniform foundation should
be considered. In modeling the cooling tower, the
height of the shell was about 160m and the
radius at the lintel was about 60m. From the
numerical analysis, the stress concentration was
the

unsettled column and the lintel and the ultimate

arisen near connections between the
strength was reduced by the uneven settlement
depend on the wind direction. The foundation
beam plays an important role to transfer the
stresses.

Application of Steel Sheet to the Scaffold
Elements

8th ISSS2015

Vol.1 pp 173-174

Takashi Hara

Abstract:

The toe boards are applied for workers and
constructional materials on a scaffold deck to

25

X

lateral load from the scaffold deck or the load
perpendicular to the scaffold deck. The proposed
toe boards were examined numerically by use of

the finite element method. Then the
experimental works were done. From both
numerical and experimental results, the

performance of the thin steel toe board proposed
here was confirmed.

STRUCTURAL BEHAVIOR OF R/C SHELL
CONSIDERING THE POSITION OF EDGE
BEAM

ISEC08

Vol.1 pp 299-304

TAKASHI HARA

Abstract:

Reinforced Concrete (R/C) shell has been constructed to
cover large public spaces and large industrial buildings.
RC shell is originally a continuous structure and shows
the large load bearing capacity. To apply these structures
to such purpose, the structure is cut at any particular
portion and loses their continuum properties. Therefore,
edge beams must be placed to avoid the stress
concentration and a local failure. In this paper, R/C
cylindrical shell with edge beam on meridional free edges
was analyzed by use of FEM. RC shell had 960 x 960
mm plan and the thickness was 10 mm. The radius and
the depth of the shell were 688 mm and 190 mm,
respectively. As the edge beam, three kinds of rectangular
beams, which had 2 cm width and 4 cm depth, were
arranged. One was connected to the shell at the gravity
center of the beam and the others were connected at the
bottom or the top of the beam. From the numerical
analyses, the deformation and the stress distribution of the
shell mentioned above were analyzed precisely. The shell
connected with the gravity center of the beam showed the
smooth deformation and the stress distributions.

Dynamic response property of cooling tower

structures

1L T2 M AT T A



CHALLENGE JOURNAL OF STRUCTURAL
MECHANICS
Vol. 1(1), pp 38-41

Takashi HARA
Abstract:
Reinforced concrete (R/C) cooling tower

structures have been used for cooling down the
hot water produced by power or chemical plants.
These structures are designed to prevent against
the failure under a self-weight and a wind
loading, as well as an earth-quake loading. In
this paper, the numerical scheme under parallel
processing 1s intro-duced and the dynamic
evaluation of the cooling tower under an
earthquake loading is examined. In numerical
analyses, the cooling tower is assumed to have
two types of conventional column system, i.e.,
V-column and I-column systems. Both R/C shell
por-tion and column system are modeled by use
of solid elements. From the numerical anal-yses,
the higher stress concentrations are arisen
between the junctions of R/C shell and columns
for I-column than those for V-column. Also, it is
concluded that the additional reinforcements
should be placed around the junction considering

the seismic effects.

Structural Befavior of Reinforced Concrete Shell
with Stiffener under Pressure

Proc. of The Fifth Intl. Conf. On Advances in Civil
and Structural Engineering - CSE 2016

Vol.1, pp 13-16

Takashi Hara

Abstract:

Reinforced concrete cylindrical shell with edge
beam on meridional free edges was analyzed by
use of FEM. As the edge beam on meridional edge,
three kinds of rectangular beams were arranged.
One was connected to the shell at the gravity
center of the beam and the others were connected
at the bottom or the top of the beam. The model
was supported at four corner of R/C shell. Applied
From the

numerical analyses, the shell connected with the

load was the external pressure.

top of the beam showed the smooth deformation

and the stress distributions as well as the highest
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load carrying capacity.

Behaviour of R/C Cooling Tower Shell under
Uneven Foundation Settlement

Journal of TASS

Vol. 57(1), pp 59-66

Takashi Hara

Abstract:

Reinforced concrete cylindrical shell with edge
beam on meridional free edges was analyzed by
use of FEM. As the edge beam on meridional edge,
three kinds of rectangular beams were arranged.
One was connected to the shell at the gravity
center of the beam and the others were connected
at the bottom or the top of the beam. The model
was supported at four corner of R/C shell. Applied
From the

numerical analyses, the shell connected with the

load was the external pressure.

top of the beam showed the smooth deformation
and the stress distributions as well as the highest

load carrying capacity.

Analysis of Hagia Sophia using Nondestructive
Mesurement

Proceedings of EURO-MED-SEC1

Vol.1 pp 199-204

Takashi Hara, Kenichro Hidaka

Abstract:

In this paper, the structural behavior of Hagia
Sophia was analyzed by use of vibration records
of the structure. The vibration records were
measured by the micro tremor meters. The
recorded data was utilized not only to define the
mode shape but also to evaluate the structural
problems. Firstly, the vibration characteristics of
the main building were analyzed by combining
the vibration records. Secondary, the deformation
characteristics and the structural functions of the
second cornice were investigated in the same
manner as the main building. In case of main
building, from the frequency domain analyses,
the natural frequency of the main building was
analyzed and the obtained natural frequencies
were compared with the results of the previous
The

investigated as well. From these results, the

researches. vibration modes  were



characteristics of the total structure were
clarified and the structural problems were
detected. In case of the second cornice, the base at
the corner where was the junction of the main
pier and the sub-dome connecting to the
showed the

embedded stone. To investigate such phenomena,

semi-dome movement of the
the same non destructive measurements were
applying the
method to solve such structures, the structural
clarified the health

monitoring was performed.

applied. Then, finite element

behaviors were and

Numerical analysis of R/C cylindrical shell with hoop

edge beams

Proc. of SCESCM2016

Vol.1 pp1-8

Takashi HARA

Abstract

In this paper, the numerical analysis of the
reinforced concrete (R/C) cylindrical shell with
hoop edge beams was performed by using the
nonlinear finite element method. R/C shell with
free edges must be stiffened by the edge beam.
From the numerical results of the previous
papers, the minimum size of the edge beam was
placed on both hoop edges as the beam having
the maximum ratio of the strength to the weight.
There were several connecting method between
R/C cylindrical panel and the hoop edge beam.
Three kinds of connecting position between R/C
shell and the edge beam were considered. One
was the concentric connection of R/C shell and
the beam (Type C). The second one was the shell
connected at the top of the beam (Type L). The
third one was the shell connected with the bottom
of the beam (Type U).

Structural characteristics of Hagia Sophia under
consideration of the ribs inside the dome

Proc. of SCESCM2016

Vol.1 ppl-6

Akito Oto, Takashi Hara

Abstract

In this study, the numerical analyses of Hagia Sophia,
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modeled by the shell and the ribs, were performed to
clarify the structural characteristics of the main dome
considering the displacements and the stresses in the
dome with and without 40 ribs. In numerical analysis,
tetrahedral secondary elements were adopted to model the
structure. From the numerical results, the maximum
displacement of dome with ribs was smaller than that
without ribs. Therefore, ribs were effective to prevent the
dome deformation. The equivalent stress in dome with
ribs is smaller than that without ribs. The ribs were also
effective to reduce the stresses of the dome between the
openings.

Load carrying capacity of an arch subjected to the
load in one half

Proc. of SCESCM2016

Vol.1 pp1-7

Takuya Tuyama, Takashi Hara

Abstract

In this paper, prior to the structural analysis of R/C shells,
the loading tests of R/C arch were performed.
Considering the melting of snow on south side of the roof,
an applied load was only one half of the arch. In addition,
the loading direction was vertical due to the snow loading.
R/C arch specimens were tested under the load in one half
of the arch span. R/C arches were pin

supported at both ends. To represent the distributed load,
point loads were applied to the several equidistant points.
As the results of experiments, the more the loading points
were, the larger the ultimate strength grows independent
of the height of arch rise. The ultimate strength of a deep
arch was larger than that of a shallow arch.
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