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ABSTRACT

In developing the embedded firmware for printers and copiers, it has become prevailing to adopt

the simulators for sheet handling control. Conventional simulators were, however, unable to verify
sheet handling control in a complicated system at high speed with high accuracy. As a solution to this
problem, we developed TIMES, Tool for Innovation of MEchatronics and Software co-development,
which is utilizable throughout the development process. TIMES substantially improves the efficiency
of sheet handling control verification by providing the high-accuracy sheet handling simulation for the
complex combinations of a printer/copier and several peripherals. This paper presents the case studies

of TIMES effectively applied to actual firmware development.
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Fig.1 Conventional process to design sheet handling
control with an actual machine.
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Fig.2 New process to design sheet handling control
with TIMES.
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Fig.3 TIMES structure.
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Fig.4 Virtual mechanical modules of TIMES and
typical virtual components.
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Fig.5 TIMES configuration for design and verification
of mechanical control.
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Fig.6 Example of sheet handling control requirements
specification.

A XY MATNE, Figb FiED X 22T 3 A 24
RHENEZBRAN L TVE, ZORERE T4
b (R ) ANCERGEHE PR LT WIET
FR LTV D, HIEHERAARMRIR > — L D3 il 2R
fEkkD T4~k (AE) | FITERA I Sz
TONA AL EHIHNE, A XV N2 A IV T OfEE
FEFRIAFR, FEPIANTES A 2V TIERITHE - TRAE
ANEY a— b~ B hkikD 2 ET, HEERAAR
EBVIZT AL AREE, ARAEIND.

AR — N D FEB L O E A3 5.
AR Y — 1L, A W REE DR Lo A
v MERE AL, NEHTHRIFFL TS, REFS
NizAX MR, REBADEY 2—LOE O
B, EAEA R NE N =L L TR ENS.
FEOVH S AL72 A R M, BREHEEDFEEE L7221
VITIERENTEOX A~ ERHWWTA Y ML, A
IR T LIRS AR M E2EITL, LA
ROFFOH LEFTS . ZHUc kD, A BEGFHE T
AR NOFEITITE L TEBEA DEY 2 — LN é: D
EOCENT DN EHRTHI LN TES.

Ricoh Technical Report No.39

111

JANUARY, 2014



2-4-2 YO MEREEAOFETOS S L

Fig.7!2, TIMES% Y 7 h#IEMREEICHFIH T 5 7=
DO Z Y. V7 MBEREEIZ BV T, AL
FRCHIELTMAIARY 7 b0, IRKBADEY 22—
NEBET DR T 0 7T Akl n. BRI

LT MIATRY 7 N DT 8A A LA & AR
TADEY 2—/LOAPNCEEHZ 52 & T, £
DORIIARHY 7 N ERIET v 7T A L CEIfEs
DHTENTESD.

FEADED2—IL

_ - ..
' ﬁﬂ@?’ﬂﬁjh el HETosS L e HETOsS L
IR PO NG o C RIS e
1 (#nE) = (€3>~ (AiTn2)

Fig.7 TIMES configuration for design and verification
of software control.
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Fig.8 Sequence diagram for virtual time management.
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overlayed with TIMES sheet handling simulation.
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Table 1 Comparison among actual machine, TIMES,
and conventional simulator.
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Fig.12 Failure analysis
machine.

procedure with an actual
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Fig.13 Failure analysis procedure with TIMES.

F7o, BRI o RO TR THEMET 2 Y 7 Ml
MREEIXERE W TFEETIToCneled, 2T
ORFEE B 2 £+ 2 023, A b OHF 3 #H -
TWiz. F£72, BOEOMA G E i LT 7R
WIERD YV X o b—F ZHWERGEE T, BT
BREEHEE O 9 BIFILLT LFERTE 20V oo,
nn B PRAEMGESIF 2 R L L Tuvz. TIMESTI,
MAEXENAIRE L 72~ 72 2 & T, 8,000F2E DIH
HEOIEILL L& EiT 52 ENTEXDHE IR0,
REENWRH LWL S R 7 n e A&/ L,
FH B R A FEEL LT

LRIz, TIMESZ BB 3% 2 & T, QCD
(Quality : &h & /M k=, Cost : == A b Hil &k,

Delivery : Hif%EiE) (25 2 28RO EZRT.

Ricoh Technical Report No.39

115

JANUARY, 2014



Q : MEARGREIEE DRI T 5 2 & T, #&eEh - FE
MOFTRY KRR, ERCTOMEZ M ESH
%2 ENTET. TIMESTIX, AW DRWVEEFHET
OBFET b B A, EEO LA INIESSL K
IIRELFHHSED 2 LT, Bix RS ToRGE
bA[REL 7o Tn. FHEEE, AIDIXSLoXL, AEA
HEY 2—)VOE %2 DEEED/RT A —2 TS5
ZETHIST D, HlAIE, v—I NHRE ST S
B, FEHECITHMOE LRI & OfHIC L -
TSR PIAE D> TL 528, TIMESTIE, (1)
DINTG A—=HZETLTERELTND.

F72, Fig13lrnd Xk 902, HAMIREORIEN —
HTHMWBID, A ey 7 boREENRa I

VNIRRT DD DR R — el TS,

C: EMAZTFR TEXRNVWI L TEBMTEX o7z
EFEHLS CTORRE L ATREE LTV D, RFIZHEIMILAT
B TIE, FERECHEEHOITD, MEIEES T
X EICHERARED S TWOER, 2 b ZHIET
%2 &, FM BT 10EM L EE D SMILE T
DA A M EUEMAU AR TE TN 5.

D: TN THRAEZBBT 22N TED
7o, MEEBHAGRE I OFIEI L 2 "lee L L. E£7-,
PRI D > TOWT N OBIES, 54 A
YITODY T NORENBRRHICHER TE 5720, &)
KANCBHFE FTRRIC R Y, FEERICBHRE O 2 LA Hg
L72fE S, TIMESHEE A I ARTD2/3D T3 TH
WARE & e o T-. FTo, REGMNTIZHND T %
KRB AR L 7.

HhYIc

KL TIE, BEH - T uXrva 7)o a24e
Kaxtg LT, REARHRELAZWE Y 7 atk

AWEDOVFY I 2 L —Z THATIMESZ I LT-.

TIMESIZ RS 2 S EECTRIL, KEx 2RE
& DAEEARE L T OMBER FEHL LT, EEEO

FLBARICHIAT 5 2 & T, 9L LT A MNAH
ORFEZEATREE L=, 72, FEBICTIMESZFIH L
TaRFHIB T DRI OV TR LT

TIMESIZ, WHMER &<, MR A D2 -
TV DEEL IR E~DISH B TRETH VY, 51k
IR EEME A AR IA A Y 7 N BRFE D L)Y — L &
L TCIASKTERHLTWE .

HHEE

A AT LOBFE - BH, 2L NCH R T8
S LA LTSS o 7 BRE AR < AL
LEFET.

SEXM

1) N\SBH: HIAKLRY 7 b = T REEOE L B
R 251, Embedded Technology 2008 (2008).

2) THEB—, WBHEIEY, fEikt#—: 3D CAD 7—
B ERWTRLEARH Y 7 b U = TR R Y A
T LOREE —F— W AT LOBE & FEARR
i, LA FZSNRRE ST 74 7 A L
CAD, Vol.2002, No.109, pp.1-6 (2002).

3) Sky ¥k K&tk F ¥ F v E A KB R
http://www.skygroup.jp/software/dcopy/ ( =& M
2013-07-05).

4 HAA 77 e —HAEHt G-VPM V7
MM E T ARER AR I 2L — 4,
http://www.gaio.co.jp/product/dev_tools/pdt_gvpm.
html (Zx#:2013-07-05).

5) MiPE: v— FEHOEHR I I 2 L— 3 v,
Ricoh Technical Report, N0.25, pp.125-131 (1999).

6) Ve AMozdigxs Ia— 3, |
ARG 74358, Vol.43, No.3, pp.193-201 (2004).

Ricoh Technical Report No.39

116

JANUARY, 2014



