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Outline of Environmental Technology to Materialize a Concept of "Evironmental
Management"

7w OEHE

Tatsuo TANI
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ABSTRACT

In order for us to maintain a stable society over the future generation, it is necessary to control
environmental impact generated in the social activities to a level which the earth can tolerate within its
restoring capability. This is a task with a great difficulty which we cannot postpone any more, and all of us
as a constituent member of the society must challenge it with all our full-scale effort.

As a constituent member of the society, a company can keep growing while carrying out
“Environmental Management” by materializing improvements of company quality and cost reduction at the
same time as well as the reduction of environmental impact in their products and the business processes,
thus resulting in maintaining competitiveness and contribution to the society. Ricoh group has been in the
development of environmental technology in the early years, which is a key factor of the “Environmental
Management”. Ricoh group has developed various environmental technologies to materialize our
reduction targets of environmental impact of energy, natural resource, environmentally sensitive chemical
substances used not only in our products but also in all the business processes (life cycle) including our

business partners.

S BREEAE

Corporate Environmennt Division
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Development of a Green Laser for New Type of Printing System using Full-Color
Rewritable Paper

fut I ORI REfE IR g EERL =iy A
Tsuyoshi SUZUDO Yasuhiro HIGASHI Masaki HIROI Yasuhiro SATOH Hironobu MIFUNE
= =
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mtH A V=R, B L — =G Th LD~ A 7 uF v S L—F =L, %
Ot eEE S L2, L= —kdh & LTONd : YVO 52 W25 A IC iR 1126.9W D
EAE L —P =MD 252N MR, Nd @ YVO,#idh ENd @ GAVO, fEa Dl iz BV TiE, 1§
HETNEPFEREAICKRELSEE L QD ER D)o, £z, LBO (LiB,0;) #Eif%E AV
HIRIRIE RA BRI L Dk L —F— AL Em L, HKRH10.6WDRkE L —F—it
EFDEMHRT.

Abstract
High—power and small package visible laser source for the novel printing system using a full-color
rewritable paper has been developed.
High power laser structure is a diode pumped microchip laser, and it is developed. Fundamental laser
output is 26.9W using a Nd : YVO, single crystal. Comparing of Nd : YVO, and Nd : GdVO, microchip
laser, heat generation of laser crystal depend on its radiative quantum efficiency. A 10.6W cw green

output generation was achieved by intra cavity frequency conversion using LBO (LiB,O5) crystal.
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Tohoku R&D Center, Research and Development Group
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Imaging Technology Development Center, Corporate Technology Development Group
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Fig.8 Performance of infrared laser output.

Table 1 The characteristics of infrared laser output.

Nd: YVO, Nd:GdVO,
- NP 26.9W 24.2W
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IR )RR 1 — 7 73 61.1% 71.7%
WE AR — 7% 53.3% 55.6%
> (BeKHIAIRE) 3.2 3.2
1-3 L——EREREDR

Fig 8 LSRR DR LV, Au—T %N\ kx|
KT LEHEIMERFIREN T EEREZ NS, £
T, v uaF v L—Y BB TH
£29°%. Table 2124 Rz L—H—fE L0 L 72 Rk
(NABEFEL.0at.%) %345 Y L—¥—FIEICH G
ZFFMEIING © GAVOfG A & Nd : YVO il ClEk & 7e

ZEPENFEN DS TWDH, BEHEFRIFRIZIBNT
RERENDDENDIND. ZOFEICE L TR RE
RaIEhiT 5.

Table 2 The characteristics of laser crystal.

Nd : YVO; | Nd : GAVO,
808nmPULLREL (cm™) 484 31.3
FHE TR (10"em?) 14.1 103
AmiER (/WK) 12.1 105
TEH R (%) 93 50~70
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Fig.9 Relationship of heating power of laser crystal
and absorbed pump power.
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Fig.10 Performance of the green laser.
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Fig.11 Photograph of green laser output.
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VAT TIVINAT )Y RAF PRTI VT 1 2Tl
New Thermal Rewritable Printing Technology for Rewritable Hibrid Media
B FHR CIEi A

Hideo SAKURAI Satoshi ARAI Tadafumi TATEWAKI

= g
WA, ARERET DO VEET, BRICBT 2 b000NE ) TAZ A MNEET 5T
Bt L, RFID (Radio Frequency Identification) A7 AAMEA SHIAD TND. ZHD
FETHE, RFIDOETHREZBHUELTES “VIALZTANAT IV RAT 477 OIFHN
HEATWD., FRICBITOIEEREE LT, BTV 20 VM) HEf6#E{L) A8%ET
bole. TNOLOMEERRTE D7) U EEIREFT- IR L, A bA RS Lz,

ABSTRACT
In recent years RFID (Radio Frequency Identification) system is began to adopt as a means to real time
management of phisical distribution at the manufacturing company which represents Japan.
In these companies a Rewritable Hibrid Media that can look a digital data of RFID is bing applied. As a
important subject to spread,the printer should become “downsizing” and “cost reduction”.
We developed a new printing technology that can solne these subjects and have made possible

productive.

P —2 U RTF 4 ThHYNRE— U TA Y T IVEEHEE

Thermal Rewritable Solution Business, Thermal Media Company
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Fig.3 Printing speed vs Paper direction.
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Table 1 Erasing Device of Conventional type.
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Fig.4 Cross section of Conventional Erasing Device.
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Fig.5 Thermal Analysis model.
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Fig.6 Thermal conductivity vs device temperature.
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Development and Introducing "On-Demand Toner Filling Machine"

eI CS

Kunio MAKINO
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ABSTRACT

The toner production process has been remarkbly changed due to a great increase in the kinds and
numbers of the toner products, such as switching over from monochrome to color products and increase
of the brands. However, there is an obstacle for low cost production by using the conventional marketing
filling machines, which is low productivity due to significant change—over time. To solve the problem, a
machine called “On demand filling machine” has been developped. It can fill up the toner products at
narrawer space swiftly, inexpensively, anywhere, and anytime. On demand filling machine utilizes the
fluidizing filling technology (the unique technology, i.e., the powder is mixed with an air, and make the
powder behave like a liquid). On demand filling machine design has been completed and started the mass
production from year 2000. Later, On demand filling machine has been further modified to improve the
productivity, and the new machine has obtained the capacity equivalent or even higher than that of the
large conventional marketing models. On demand filling machine is quite flexibile for handling the products
from small quantity to large quantity.

On—demand filling machines are suitable for various applications, e.g., the mass production lines for the
main models, the small production lines such as the satellite filling lines, and overseas factories. Today, a

total of 67 On demand filling machines are in operation worldwide.

* R PERIEARTE RSN

RS Products Division, Production Business Group
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Environmental Load Reduction by the Introduction of Capacity Variable Envelopes
and Paper Protection Materials for Optional Products
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ABSTRACT

A new form of wrapping material was developed for the purpose of reducing costs and the
environmental burden by means of a reduction in the volume of wrapping materials for function
enhancement cards (SD memory cards) used in hybrid devices and printers.

Up to now, wrapping materials for function enhancement cards had to consider product features, such
as differing part counts according to function and the need to protect easily breakable parts such as the
key—top buttons, not to mention standardization of wrapping materials. This was solved by use of large
cardboard boxes to deal with fluctuations in internal capacity. As a result, this often required making the
free space in the boxes larger than necessary, which in turn led to a reduction in shipping efficiency. In
order to solve this problem, the authors devised a packing method (patent applied for) that allows changes
in volume in order to distinguish the packaging size according to the product volume by developing a new
packing materials configuration, while also switching away from bubble wrap (air cap) bags, an exhaustible
resource, to case—type packing materials made of paper as the protective materials for the function
enhancement cards. This made it possible to reduce part costs and shipping costs thanks to a reduction
in volume which was as much as 80% compared to former packaging, not to mention a reduction in CO,

emissions amounting to about 3 tons yearly.

* o MFPHEEARER 9 &Gt vy —
2nd Design Center, MFP Business Group.
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Production/Distribution Business Group, Ricoh Logistics System Co., Ltd.
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Fig.7 Shape of a conservation member. (Fine Press)
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Elemental Technology Development of Direct Ethanol Fuel Cell
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ABSTRACT

In an environment marked by global serious climate change and energy problem, expectation to the
hydrogen energy or the renewable energy rises rapidly. At a point having the potential that it can
replace a small high—performance secondary battery, a direct alcohol fuel cell (DAFC) attracts interesting
attention and expectation as a portable power supply. From the perspective of the energy density and
availability of bio—fuel, ethanol is more preferable to the other alcohol as fuel. Despite all the advantages,
an essential breakthrough is necessary for the realization when we can use ethanol as fuel.

In this report, the development approach and its result that went ahead through a study on prototyping
of the fuel cell and its application (prototype printer operated by fuel cell power system) in parallel with
materials and the device development are reviewed. Focusing on the high active electrocatalyst which
becomes indispensable to the direct oxidation of ethanol, the development result, remaining problems,
and the future prospects of basic materials for the realization of a direct ethanol fuel cell (DEFC) are

reported.
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Fig.11 Polymer blended electrolyte solution and the
membrane.
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Fig.12 Proton conductivity (indicated value with
dots;unit X 102S/cm) vs. content ratio (mol%)
of phosphonic acid group containing
monomer (P), sulfo group containing
monomer (S) and crosslinking agent (C).
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Fig.13 Polymer electrolyte membrane composite.
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Table 2 Material characteristics of newly-developed membrane.
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Sem ! % um mmol-m*-s? mmol-m?-s*
RY~—T7 Vv NELIE 0.060 191 559 2.95% 107 5.28
aVRYy MEMRER 0.051 105 40 0.285x 10 7.13
a VR Yy NEMER 0.051 105 26 0.231x10% 9.08
Nafion117 0.080 113 230 1.20%x10° 5.22
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Fig.14 1-V characteristics of DMFC operation by use
of self-made MEA composed of the polymer
electrolyte membrane composite compared to
Nafion117. Anode;3wt% methanol solution,
Cathode; air, Cell temperature;80°C.
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Prediction of Stress-Induced Characteristic Changes for Small-scale Analog IC

EE AR ST

Naohiro UEDA Hirobumi WATANABE
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T a ZRHEOREEE N LISt TRIEEIA Oy 7= 0 ) IC K DED RSB N EGL T
X 7poTETWA. Al LUImmA O/ T JERREE (IC) 12\, SFstAL
TR OIS I H 5 & Z TR O LB &, B ICBI% L7oa Ml 5 & -V C il 2 Rk
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FPMEEEEE BAETE S Z E2HLMIT L. 2O LWFEEZ AW/ TY - a Z1CoF v 7
FHISIRCONWTIRE TS, S5IT, ZORISM &R LT v 7RO RIS S 2
L— a EERNT 5.

ABSTRACT
Stress—induced parametric changes during the resin-molded packaging of a small-scale integrated
circuit (IC), which is smaller than 1.0 mm?, have been evaluated by a new methodology with specially
designed test chips. Multiple test chips with different resistor locations have been fabricated, measured by
die—to—die correspondence and one contour plot was reproduced from all of the measurement results.
This paper shows distributions of parametric change for the small scale ICs. In addition, a new method for

evaluating the circuit performance change due to stress—induced parametric changes is presented.
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Fig.1 Test Chip.
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Fig.2  principle of the multi point measurements
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1% (4 point Kelvin resistance measurement method® )
ZHWe (Figd) .
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Fig.3 outline of a piezo sensor cell.
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Fig.4 calibration equipment by cantilever technique.
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Fig.6  configuration of piezo sensor sells for 0.8 X0.7
mim test chip.
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Fig.7  stress-induced resistance change results of

102 packages of the test chip.
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Table 1
Chip size 0.5 x 0.5 mm? 0.8 x 0.7 mm?
N of sensor 20 17
Package A Figure 8 Figure 9
Package B — Figure 10
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Fig.8 contour plot of parametric change for 0.5x0.5
mm Si chip resin-molded with package A.
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Fig.9 contour plot of parametric change for 0.8x0.7
mm Si chip resin-molded with package A.
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Fig.10 contour plot of parametric change for 0.8x0.7

mm Si chip resin-molded with package B.
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0.5 mm

Fig.11 Experimental circuit
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Fig.12 Simulation results.
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FIBIC & 2 ULSIEIFIEIERF D FERH LMD R H

Antistatic Techniques for Suppressing Charging in FIB-SEM Combined System
EEHE AL we TE

Hirotaka KOMODA Chie MORITANI

= g

FIB (Focused lon Beam) |Z X ZULSIORIFEEIE (NESEGRRO D228 %) X, ULSIT /N1 AB
FHEREOT Ny IO B, vAZUETEROBRBICZ K2 FE54 L T\d. LaL, 7rhr
T AR SN DA TIE, A A4 E— LN X 2 W ENFEE TE L DESD  (Electrostatic
Discharge) i, 7 /34 AP 7 NRBEERMEE /o> TWA. 22T, HIbiuIFIB-SEM
BALERE & W23 D OB (EBT 2 Bi% Uiz, ARG T, 4RI LI23 AR ER 1R
ks L OB M 2 S FEERE RN SO L, TNThORMERYT. S5, HEIC
KBTS RS 7 R EBAIE LI2RIET, R—EBNTORMET s,/ myy 7T/ AD
WAL BBIE R 2 FRT 5720, T3 2 « I TEMEORMEIE#E 23 TEOMOT 23R
T5.

ABSTRACT

Focused ion beam (FIB) technologies are now routinely used for circuit modifications during the
debugging phase of ULSI development. However, FIB-induced charging causes electrostatic discharge
(ESD) damage and changes transistor parameters. Thus, for ULSI makers, achieving successful circuit
edit without the FIB—induced charging is one of the most critical issues to reduce the development costs
and time—to—market of new devices. We have developed three antistatic techniques for suppressing the
FIB-induced charging in a FIB-SEM combined system. In this paper, the effectiveness and mechanism of
our antistatic techniques were investigated and discussed. We also proposed an application criterion of
the three methods to realize successful and efficient circuit edits of various devices without FIB-induced

charging in the same FIB-SEM combined system.

* BTN AD V8= i ELORGIEE

Quality Assurance Department, Electronic Devices Company
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LvL, A4y =B XD HENFRKTEL S
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I L1283 DB IEEAT OFEM AR, 7734 2 < N
TOFEREIZ et 72 FIEOEWV T 24T 5.
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I2_ FIB-SEMfEE&=RE

TATATA «F T2 )0 —HFIB-SEM#E A4
& SMI2050MS2.35 & TNSMIB050SE % F v 7=, JE & Dk
¥ & Fig. 11277, FIBOMHETEIZ30kV T, 0.1pm
PIRICE ~7=Ga' A A v B — A E N THERN TAS v >
T %. SEMEEfEIXFIBHEfE & 55" D ff fE THE S v T
4. ¥, AFHALAT ALY, FIBF RGeS
X O'GAE (Gas Assisted Etching) #§REZ A3 5. ikt
EARH A IX-3~600Tdh 5. 4E 0 FEEKRTIE,
SMIB050SEIZ~A 7 a7’ a—bE v 7V AT AEiE L
7. GNDICEHt SN X v T ATV l~ A /a7 a—
7 (e - flm) &ZSEMg TE=4— L7272 bnm

LoV DOREE CAEAEFHETH 5.

Ga'* ion source

Vee =30 kV)

ace

Secondary-electron

Gas injector detector

Microprobe

W

Fig.1 Schematic diagram of FIB-SEM combined system.
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EiIES 200
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F—E - ZFBIN LEROAMHGT 2 Z ENEETH
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Za— 7 T4 P =L LTHWHZI LT, ZOMEY
R % = L BB RFETIE, IEEEL00V
TE—ABEHM0mIZK - 72E T — 2L (FEB :
Focused Electron Beam) # FIBJN T A3 Z [RIREHE -
5.

3-1 By 7ILE L UEREFIE

+12VEBZ HEEN 2 hr—L 7 — 1k (CG) 2
FnEAUIEIEEE (V) 7 F& LTRIHATRET
% %5 EEPROM ( Electrically Erasable-Programmable
Read-Only Memory) 7 /34 A% AT, FIB, FEBM
FHZ XV AU D HEEEM AT Lz, ERICHWY
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ENz U = — VREEOEEPROMEAE L THDH.
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Fig.2 1V, shifts of irradiated and the neighboring

(250pm and 500pum apart from the irradiated
device) EEPROM devices as a function of
FEB (500 eV) probe current.

EREOREREZFAT 57012, B — L BERO
BT EZ IRE B KOO FRE D =W TE
295 (Fig3@EM) . s ZRE 1O
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L, E.L8& DEMREIFFig30)D &k 512725%. 0 < E. <

Eu, F7013Ew < EOHA, §<1THDHZ &bkl
I~ A FRCHEL, HEBM (V) 1TEhEny, =
-E./q V,=-(E.-Eu) /qCREMIT 5. 22 Cqidk
BATTHD. —F, Egi <Ee <EpDHANE, §>1ThH
L2 ENBRENIT T ACHEL, TOREIRmIEE
I RE TR U COEE R S 5 L IRE T
DO %5 & 2720, REORFEBMIL10%V
PUFCz bnZEd 5.
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Fig.3  (a) Emission and redistribution of secondary-

electron and (b) dependence of secondary-
electron yield on electron energy for electron
beam irradiation.
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EITEB O R KRR, PUBMERIA R ST L &
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e/NRICN Z D BUE RO 1 D& LT, AREEE
DF ¥ —V=a— 7 TAYP—TIIT 7 AHELRE G
>1) OBFBFE—LEZHNTND. §> 10EE— LM
FoGE, REEEE X O% OO B BN A
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WEL, TOEIT A ADCG/ Sy REMIL KET
DOEFCEY A FRTHEL WL EEZLNS.
ZOFER, FEBIC XV S S /ZEEPROMT /S A 2D
Vld 7 Z 227 b L, FOFEIT A ADOVli~A
FRZ7 15 (Fig2) .
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g. 0 ] l ++ | 1
@ H 1
g i Y AU i
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Secondary-electron redistribution region

Fig.4 Tlustration of surface potential distribution on
insulator for electron beam (secondary-
electron yield & > 1) irradiation.
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Fig.b W shifts of irradiated and the neighboring
(250pm and 500pm apart from the irradiated
device) EEPROM devices as a function of
probe current ratio (Z/£) of electron (500eV)
to ion (30keV) beam. The probe current £ of

ion beam was kept at 50pA.
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Fig.6 Scanning electron micrographs showing

procedure of microprobing and FIB-assisted
deposition method: (a) after touchdown of
microprobe on sample surface and FIB
deposition to form carbon line which makes
current path from gate pad to microprobe
(GND) and (b) after FIB irradiation to
bonded-wire to gate pad of NMOS transistor
and lift-off of microprobe.
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Fig.7  Pre- and post-FIB f vs V; curves of NMOS

transistors for FIB probe current of 6.9 nA:
(a) without or (b) with microprobing and
FIB-assisted deposition method.
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Dependence of frequency of ESD occurrence
on tilting-angle during FIB gas assisted
etching with XeFs,. For each experimental
condition, FIB processing was performed five
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Scanning ion micrographs taken after FIB gas
assisted etching with XeF, for (a) 6 = 0° and
(b) 6 =60".

Ricoh Technical Report No.34

67

DECEMBER, 2008



5-2  EEMERIINIIC & 2ESDIKIERFIEX A= X L

F9, BT rurIal—ra il D
30keV GaA A > % SiyN HEIZ ST L7-BROA A 3EA
HE, BIOBITEELA —v FOREHERIM A KM E
R L7z, ZOREE, 60°% TOREMERNI® L TA A
VIEARIIFIEETHY, A A IEAICK DHE~
DFBEL—ELEZTINWI ERboTz.

WIT, ZIREFHHE () ORBHERMAEKA A,
B SN - A A T — DIZFIBA RS9 5 = & TR L
7o, ZORER, yITRURMERHE & & I L60°TIX0®
DOEEDIRFUFITET H 2 ERNbhoTz. FIBICLD
XeFy GAEDSE, “IRE TS S BHTEI T T8
By, OZWEFHRBELAEE, @QIRETEHTA
o BT OfEZE (Fig.10 (reaction A) M)
2OMEBZHND. KPIZIE, TAST - JRf&EARy
KR & DEEDB), BIOHTAST - i1 EGa A A4
Y EDOEEO) BR LTS, IRE i B ARIEEE
Rz 77 AWMEIE LMD, it ZkET
DFIR/y 2 _R—3 g U EDOESDAEEEE 2 )
IKVCHhHDHZ LR EELZETDHE, (DO REFHKM
H (A1 ZESDAlEZ

. : Gas molecules or atoms
(XeF,, Xe etc.)

O : Sputtered particles

+++++++

Fig.10 Tlustration of collisions of gas molecules or
atoms  with  secondary-electrons  (A),
sputtered particles (B) and Ga* ions (C)
during FIB gas assisted etching with XeF,.
These collisions induce ionization of the gas
molecules, atoms and sputtered particles.
Redistribution of secondary-electrons is also
shown.
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Table 1 Features of three antistatic techniques for

suppressing FIB-induced charging.
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Table 2  Application criterion of three antistatic methods

to realize successful and efficient circuit edits of
various devices without FIB-induced charging
in same FIB-SEM combined system.
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Automatic Tuning Technology in Ultrasonic Level Meter

M EEE OBER ORET ORI R i

Kijurou MATSUBARA  Yoshihiro SEKINE Takashi YAJIMA Seiichi FURUSAWA

K3k

%l‘l

3 =
LPA A B DL - BAETMT & TERISEADEA TV DL 7 AT S E N
IV BRE - BRERTIAR - B A K- G A — UMD Y SRR OBRGHEE TEE BE S
2 RPRESAUE S BUEHDRZRWMEIL T o 7. TiRIZH %730 7 R OSBRI ZHPEN ThHiud
HIEF NG AN T = — = 7 DAl 2 BigE L 7=

ABSTRACT

Introduction of a bulk supply system is progressing by business use with many amounts of LP gas
consumption.

The type, the size, and the supply maker of a bulk Storage tank have more than one. It was the
situation that the bluk Storage tank steel plate thickness usually specified on the requirements for a
design of a ultrasonic level gauge could not be specified.

The technology automatically tuned up to the steel board thickness of a bulk Storage tank was

developed.

* oY a—x L Xy 7 ARt G - GHIEEESEARTT
Measurement Equipment Division, Ricoh Elemex Corporation
#Y a—I L Ry 7 AKX Bl s

Technology Management Office, Ricoh Elemex Corporation
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Fig.1 LPG Bulk Storage Tank.
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Table 2 Tank steel plate thickness.
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Fig.3 Thickness-Pass Frequency.
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Ricoh SD-Development Technology for Image Quality

g A ST HEH EC b mEEsE S
Koichi KATO Junichi TERAI Kiyonori TSUDA Ermi KITA Yutaka TAKAHASHI
HH A R e FHE A

Satoru YOSHIDA Yuki OSHIKAWA Kohichi UTSUNOMIYA

= =]

IR OELEZER TS, LT AD T — lnBB e AT LA L. 0V A
T A, BEFIOFTNE T 57201 A 7 U 2 OBEESBER 1TV, Blfge — T RFHHTO k
FIRERZEA BRI LT, BERSEOREZL T 280 (SDBUE T A7 A : Stable Density)
ThDH. £, BGHOEMEFHESE L7201, BBAIERFM LY AT A (KA N LA
X, 7Ly 7 2ABUEHFR) O THRLEZ. ZhCXVEBBEOLE L &bz, HEFo
EHFMLEER LT

ABSTRACT
High stability of image density was achieved in newly developed full color development technologies.
SD development system shows no fluctuation of the toner concentration all the way to the developing
area on the OPC. Besides we also adopted another system to make developer-lifetime longer. Using

these two systems, we raised the stability of image density to higher level.

* WRT VY VBHFAT 'Y a— BTk Y —
Module Development Center, Imaging Engine Development Division
wOWIR T Y Y Y BAFEATR BRI R v 4 —

Functional Material Development Center, Imaging Engine Development Division
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Automatic Image Annotation as a Random Walk with Priors on the Canonical
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ABSTRACT

In this paper, we present a graph—based scheme founded on the GCap method of Pan et al'® to
perform automatic image annotation. Our approach, namely enhanced GCap (EGCap), takes advantage of
the canonical correlation analysis technique (CCA) to shorten the semantic gap in the image space and
define a new metric in the text space to correlate annotations. As a result, linkage errors at the image
level are decreased and the consistency of tags output by the system is improved. Besides, we introduce
graph link weighting techniques based on inverse document frequency and CCA metric which are proved
to enhance the annotation quality. Simple and self-consistent, the present approach achieves image
annotation in real time due to the lightweight Local Binary Pattern image features used, the absence of
image segmentation, and the reduced size of feature vectors after CCA projection. We test the proposed
approach against top—grade state—of-the—art techniques on Corel and Flickr databases, and show the

effectiveness of our method in terms of per—word, per—image and processing time performance indicators.
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1. Introduction

The rapid expansion of the Web and the growing
number of digital imaging sensors embedded in
consumer-level products are producing larger and larger
image repositories. As the mass of accumulated data is
meant to be useful, successful image indexing and
retrieval systems have become a necessity. Querying
databases by an exemplar image has been one of the first
techniques to search digital photographs. In such
scenario, images of the database which are visually
similar to the query are returned. This procedure is
inconvenient, for two reasons: i) it constrains the user to
always have an image at hand. i) the contents of
retrieved images are different from these of the query
because of the semantic gap occurring in the image
feature space. A more promising alternative consists in
with  high-level
information keywords prior to the retrieval task. This

indexing images automatically
way, the user can retrieve more semantically consistent
images upon text query, which is more effective and

suitable.

There are basically two ways to carry out such
computerized image annotation. The first, called fexz-
based approach, consists in mining keywords from any
kind of textual information attached to the image to be
indexed. The text metadata used comprehends the
image file name, caption, and text wrapping the picture
when the latter is embedded in a Web page. While such
technique has been widely adopted by major Web search
engines, it has two limitations: i) it is prone to indexing
errors as the text metadata is not necessarily related to
the contents depicted on the image. ii) it is constrained
to the processing of photos incorporated into electronic
documents, such as Web pages, and cannot process
standalone images. The shortcomings of the text-based
procedure are addressed by the alternative image-based

approach. The latter is based on Computer Vision and

statistical Machine Learning techniques to discover the
intricate relationships among words and image features
given a training set of human-annotated images. The
trained statistical model is then able to predict a set of
relevant keywords related to an image unseen in the
learning phase. For nearly a decade, computer scientists
have achieved progresses in this field since the
pioneering work of Mori et al'v. However, automatic
image annotation remains a challenging problem, and
because of the moderate annotation accuracy and recall
performance obtained, no fully operational system or
product has emerged till now. For the past years, various
approaches have been proposed, including methods

based on machine bilingual translationS), generative

D, 4 8), 14)

probabilistic models , graph theory and multi-

classification? .

class Recently, more efforts were
dedicated to achieve automatic image annotation in real
time. In 12), Nakayama et al. disclosed one of the fastest
annotation schemes of the moment. Implemented on an
8-core machine, their method achieves image annotation
in 0.02 s and yields the best performance on the Corelbk
data set designed in 3). The main contribution of their
approach is the pre-processing of image features by a
subspace method which maximizes the correlation
between image and text information contained in the
training set. The reduced size of image features after
subspace projection fastens the image annotation
procedure which is similar to that of Feng et a/*. In the
following, we highlight the main contributions of the
approach presented in this paper:

Firstly, we explore the benefit of the Local Binary
Pattern (LBP) image features for the task of automatic
image annotation. These features are attractive as they
compactly embed various sources of information such as
contrast and color and have a low computational cost.

Secondly, we introduce the canonical correlation
analysis (CCA) subspace technique to improve the
graph-based scheme of Pan et al'®. The advantages of

CCA are manifold. First, it reduces the semantic gap in
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the image feature space, which decreases errors in the
"image-to-image" linkage. Second, in case we deal with
weakly annotated' training data, CCA is most effective
when considering image features at the whole image
level. We consequently do not need to segment images,
which saves processing time and simplifies the structure
of the graph linking images and their annotations. The
computational workload is also cut by the smaller size of
feature vectors after projection in CCA space. Third, we
use the CCA-projected text space to measure the
similarity among annotations based on visual impression.
It allows the creation of new "word-to-word" links in the
graph to increase the consistency of words output by the
annotation system.

Thirdly,

techniques based on inverse document frequency and

we investigate graph link weighting
the distance in CCA-projected subspaces to improve the

quality of annotations.

The remainder of this paper is organized as follows. In
sections 2 and 3 we recall the background of LBP image
features and the CCA technique. In section 4, we outline
the shortcomings of the GCap method™® and propose
counter-measures based on the random walk on the
canonical correlation space. In section 5, we provide
experimental results to assess the efficiency of the
novelties exposed in this paper, and compare the
proposed scheme to top-grade state-of-the-art
techniques. We show the effectiveness of the proposed
method in terms of per-word, per-image and processing

time indicators, and conclude in section 6.

2, LBP image features

The LBP feature is a compact texture descriptor for

which each comparison result between a center pixel

1 In "weak annotation", keywords are attached to an image without

localization information. It is opposite to region labeling.

and one of its surrounding neighbors will be encoded as a

bit in a LBP code (see Fig.1).

6|52 1{0]0 1124

7161 1 0 128 8

9 8|7 1] 1]1 6413216
Fig.1 LBP code computation for gray level image

and an 8-neighbor window”. The 8-bit pattern
is 11110001, and the corresponding LBP
code: 1+16+32+64+128=241.

LBP codes are computed for every pixel and
accumulated into a histogram to represent the whole
image. Statistical analysis can also be used to generate
even shorter or compacter LBP histograms, such as
rotation invariance (RI), uniformity (U2), or the
combination of both (RIU2) (see 9) for more details).
LBP is flexible as it can be enhanced by contrast, color or
multi-scale information. In the proposed approach, we
adopted the uniformed LBP (59 bins) to which contrast
information - quantized into 5 levels - was added. Finally,
we took advantage of color information by extracting the
aforementioned LBP feature from three intra-channels
(R,G,B) and three inter-channels (RG, RB, GB). The
final LBP feature size is then p =59x5x6=1770, which
is high, but as we will see in the following, CCA can
reduce it to a more reasonable size. According to our
experience, the above LBP settings are a good balance
between annotation performance and time complexity.
As LBP extraction mainly requires addition operations, it

can be achieved at a very high speed.

3. Canonical correlation analysis

Founded by Hotelling in 1936”, the canonical
(CCA)

the correlation between two linearly

correlation analysis is a technique which
maximizes
dependent signals while minimizing their sizes. CCA and

kernel-CCA were first used for the purpose of image
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annotation and retrieval by Hardoon et al. in 5).

3-1 Inputs of CCA

Assume we are given a training set of N pairs of
observations (X,»,y,-), where x; e R”and y, e Rirefer to
the image and annotation feature vectors of the ith
training sample respectively. Later on, we assume that all
feature vectors corresponding to the training images are
of the

stored in the columns

Xempr :(xl,,..,XN)-

sample matrix

The vector y, e R? refers to the caption of the ith
image of the ftraining set Im,. It is the output of a
function mapping the caption of Im, to an indicator
variable G, €{0l} where w, is a word of the
annotation vocabulary V and with G, =1 if w, is an
annotation of Im,, otherwise it equals 0. In such case,
\7 :(Gwl,...,qu) where q denotes the size of V. All
annotation vectors are stored in the columns of the
sample matrix Ye®R*Y =(y,,....y,) . Prior to the
computation of the CCA projection model, one has to
center the matrices X and Y and normalize them by

the standard deviation across the samples as follows:

Z = ((Zl _ﬁlz)(ézlds )71""’(ZN _ﬁl:)(&zlds)il) (1)
where 7Z-X or 7Z-Y , ﬁl;:%i\];zieﬂ%’ and
i=1

(z, s) = (x, p) or

~2
0. =

N
Z(Zi_ﬁl:)z eR’ with
=1

z|~

(z,5)=(y,¢),and Id, isthe sxs identity matrix.

3-2 CCA model calculation

CCA is to find pairs of canonical directions W, and
W, that maximize the correlation p between the
projections W'X and W'Y . The definition of the

correlation is recalled in equation (2):

where €., €, and €, are the unbiased estimations
of the within-set and between-set covariance matrices.
The maximization of p is realized by maximizing the
constraints

covariance WIC W,

X xy

given the
W/C, W, =W/C W =1. It leads to the resolution of two
symmetric eigenproblems which can be resolved
successively, or by resorting to the Singular Value
Decomposition (SVD) techniquelo). In the SVD-based
approach we consider the following matrix:

M=C" 26X},é;i/ Pewrr (3)
M can be decomposed by SVD as follows:

M=UD,V' @

where ven»r and vewr¢ are two orthonormal
matrices and D,, is a pseudo-diagonal matrix so that
D, = diag(p?,....p2)e R” | with m=min(p,q) . The
diagonal elements of D, - which are referred to as
singular values sorted in decreasing order - correspond
to the squared correlation values of the canonical
directions. The CCA projection matrices are finally
W, =C/"?U and W, =C,/>V. The canonical directions -
or eigenvectors - of both image and text spaces are
stored as the columns of W_and W, respectively. As
any subspace method, it is possible to only retain the
canonical directions pertaining to the most significant
m, correlation values and consequently decrease the

size of the projected features.

3-3 Outputs of CCA

Given two CCA projection matrices W, € R”" and
W, eR®"™™ and some arbitrary image and annotation
features x and y, the projection in the image CCA

subspace is achieved as follows: x, = W:!X e R™ , while

proj
in the CCA text space, it takes the form: y,, =W/ye®R™ .
Alternatively, the projection matrices W, and W, can
be weighted by the correlation values contained in D so

as to enhanced the main canonical directions.
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4, Random walk with priors on canonical
correlation subspace

4-1 Background and limitations of GCap method

The training model in GCapM) is represented by a 3-

layer undirected graph: i) the word layer whose nodes

correspond to the keywords of the annotation vocabulary.

ii) the image layer whose nodes relate to the training
images. iii) the image region layer whose nodes embody
the sub-areas of the training images. Such regions are
typically output by an image segmentation procedure,
and ideally correspond to the image objects. In the
training phase, the image nodes are connected to their
respective annotations by an "image-to-word" link. Each
image is connected to its regions by "image-to-region"
links that establish parent-to-child relationships between
the image and its sub-areas. Finally, image regions are
connected to each other across the whole data set based
on their visual similarity: each region is connected to its
k,, nearest neighboring regions in the sense of a metric
defined on the image feature space ("region-to-region"
links). In the image annotation phase, an incoming test
image is first appended to the training graph. This is
realized by connecting each test image region to its k,,
nearest neighbors of the trained graph. Then, a random
walk with restart (RWR) — beginning from the test image
node — is performed to determine the most relevant
words to annotate the test image. The RWR can be
regarded as a Markov chain transition process biased
towards the starting node, and is modeled by the
following iterative equation:

U, =(-c)AU, +cV )

is the N , -dimensional vector which

node

where U
represents the Markov transition state of all nodes of the
graph (N, , is the total number of nodes in the graph).

A is the adjacency - or Markov transition - matrix which

is populated with ones when a link is realized in the
undirected graph. ¢ is the restart probability and the
N,...-dimensional restart vector Vv is null, except at the
entry of the test image where it is set to 1. When the
values of vector U have converged according to
equation (5), the entries related to the word nodes are
sorted by decreasing order, and the annotations
corresponding to the top-n values are chosen to annotate
the test image. In the following, we list the limitations of

the scheme of Pan et al'?.

4-1-1  Region-to-region linkage errors

The k,, nearest image region nodes in the graph are
connected based on visual similarity. However, whatever
the region similarity, all "region-to-region" links have the
same constant weight. This is problematic as the k.’
neighbor, which could be somehow very different from
the region query, would have the same influence as other
nearer neighbors. If the "farthest" neighbor is very
dissimilar to the query, an incorrect link would be made,
which decreases the annotation quality in the end. As a
result, only small values of k, can be used, which
precludes from investigating long-range interactions at
the region level. This fact is verified in 14) where the
annotation accuracy starts to decline for values of k,,
superior to 3.

The nearest neighbor search to connect regions is not
scalable if a brute force approach is employed. As a
consequence, it is desirable to resort to optimized
nearest neighbor (ONN) search engines to fasten the
process. In 13), the Approximate Nearest Neighbor
(ANN) engine based on kd-tree data structure is used. In
a kd-tree, L, norm must be used to partition the k-
dimensional feature space into hyper-rectangles to
optimize the search. However, such L, metric is
incompatible with the multi-form image features often
used in automatic image annotation. For instance, in 3),
13), and 14), color histograms, texture histograms and

shape descriptors are merged together, which calls for
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muore sophisticated pseudo-distances to compare images
(entropy, chi-square, etc.). Since such pseudo-distances
define manifolds that are inconsistent with kd-tree
optimization, L, norm must be used anyway to the
detriment of the accuracy in the "region-to-region"
linkage.

4-1-2  Bias in "image-to-word" linkage

Some word nodes might be connected to image nodes
more often than others. Such terms relate to the most
popular tags used in the training phase, and there is a
natural bias towards them in the RWR process due to
their prominence in the Markov transition matrix. This is
an unwelcome effect as popular words would always be
output by the annotation system, regardless the image to
tag. Balancing the link weight values between frequently
and seldom used tags is a possible counter-measure to

this problem.

4-2 Proposed counter-measures

We address the aforementioned issues by resorting to
the CCA technique to improve and simplify the
construction of the graph which associates image and
word nodes. The merit of introducing CCA in the graph
lies in the two following aspects.

First, the distance in the CCA-projected image space
will somehow tell us how visually and semantically
similar image nodes are. Such characteristic - inherited
from the high-level annotations of the training set - helps
bridge the semantic gap and decreases linkage errors in
the graph at the image level. Moreover, CCA enables the
use of a Euclidean metric in the CCA-projected image
space, which allows to fully take advantage of the speed
capability of ONN search engines without lowering the
accuracy of the linkage. Finally, as we deal with weakly
tagged training images in this study, CCA best befits
image and annotation information at a global level.
Consequently, image features can be computed at the

scale of the whole image and no segmentation is needed.

This allows a significant cut in the computational
workload and the simplification of the graph in which
only image and word nodes are needed (the region
nodes can be removed, see Fig. 3). As CCA is a subspace
method, image features are also projected in a lower
dimensional space. The population to be investigated in
"image-to-image" linkage by the ONN search engine is
then smaller and carried out in a low-dimensional space.
It dramatically enhances the processing speed for
training the graph and annotating new images.

Second, the distance in the CCA-projected text space
will somehow tell us how similar words are based on
their visual impression. Akin to the "image-to-image"
linkage procedure, we connect each word node of the
graph toits k,, nearest neighbor word nodes based on a
metric defined on the CCA-projected text space. This
way, we intend to reinforce the consistency among the
words of the vocabulary to output annotations which are
semantically more similar in the end. Such process is
different from that of 8) where dictionary-based prior
knowledge is used to increase the consistency of the tags.
In synonymy hierarchy like in WordNet, only closely
related terms can be correlated. As a result, the words
"water" and "boat", while being conceptually correlated,
cannot be associated to each other using lexicon-based
tools like WordNet. Instead, measuring the word
similarity in the CCA-projected text space allows
which

simultaneously on the training images. In Table 1, we

correlating  concepts are often depicted

provide some examples of word correlation in the CCA
space based on the Coreldk data set described in section
5.

Table 1 Examples of "word-to-word" relationships in
the CCA-projected text space built from

Corelbk data set.
Query word Top-3 nearest neighbors
boats sailboats, lighthouse, ships

leaf plants, branch, stems
horizon trail, peaks, lake
plane prop, helicopter, eagle
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Fig.2 illustrates the benefits of CCA in both image and
text spaces in order to narrow the semantic gap and
construct a text metric to correlate annotations.

In order to investigate longer interaction ranges at the
image and word levels, i.e. higher values of f, and f,_,
we set the weight of "image-to-image" and "word-to-
word" links as a decreasing function of the distance

measured in the CCA-projected space:

67)= x| 22

Winim \LJ ) = €XP| — a (6)

Wosord-word (i J ) =exp| - di (7)
‘ B

im

where d;" is the Euclidean distance between image i
and j measured in the CCA-projected image space of
dimension m,, ; d;* is the Euclidean distance between
word i and j measured in the CCA-projected text space
of dimension m, ; a and g are parameters controlling

the decrease rate of the functions.

CCA-projected image space

Image feature space

sea, water, ship, boat  sea, hght}}ouse‘ sky sea, Wi ner waves
N 7

vOrH omQpZ —~

prop jet. sky, plme

o / /
~ /

~ / / - /

- 6—6- - °

-0—0—& - g

CCA-projected text space

Fig.2  TIllustration of projections in CCA image and
text spaces.

To counter the bias of popular words learned in the
training, we determine the weight between images and
words by resorting to the Inverse Document Frequency
(IDF) method. The latter sets a weight value to "image-
to-word" links which is inversely proportional to number
of times the considered word node is connected to image
nodes. Consequently, in the graph building phase of the
training, we set the weight between image i and word j as

follows:

Freq, ., —Freq,
Wim-word ( Imi ’ Wj )= (1 7}/)+ }/[,

J ®)

Freq max - Freq min

where Y is a parameter tuning the weight balance
between popular and rare words, Freq,, is the
occurrence frequency of the most popular word in the
training set, Freq,, Iis the occurrence of the most
seldom used word in the training set, and freq; is the
occurrence frequency of the ;j” word of the annotation
vocabulary. Note that in 8), Liu et al also used IDF to
improve the quality of automatic image annotation.
Unlike our proposal, the IDF technique in 8) does not
intervene directly at the graph level to alleviate the bias
towards high frequency tags in the RWR process. It is
rather used with exogenous linguistic knowledge derived
from WordNet' to filter out irrelevant tags from the
outputs of a graph-based RWR procedure. As a result, it
is a counter-measure to improve the consistency of the
final output words, rather than a procedure to alleviate
the problem of popular words learned in the training.
The schema of Fig.3 summarizes the contributions

disclosed in this paper.

Image similarity measured
in CCA image space &
weighting w.r.t distance

[ ———— s o Training
L2 kNN ks TR L _ .. images

Image
as LBP
features

IDF to balance
weights of

popular and rare
words

T keNNmks - -
L e o Annotations
‘Word similarity measured
in CCA text space &
weighting w.r.t distance

Fig.3  Illustration of the enhanced graph to perform

the RWR on canonical correlation space.
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5. Experimental results

Two image data sets were used to assess the image
auto-annotation quality of the present scheme against
that of the state-of-the-art. First, we employed the
Corel5k database® which is made of 5,000 color images
annotated with 371 English keywords3> (the image size is
768x512 pixels). Typically, 4,500 images are used for
training, while 500 images are used for testing.
According to the Corelbk protocol, the schemes will be
evaluated based on the first 5 tags they would assign to
each test image. To evaluate per-word performance, the
260 keywords that are actually used in the ground truth
of the testing set are considered. While Corelbk database
has been the reference benchmark for computer
scientists to compare their algorithms for the past years,
it has the following limitations: i) images are taken by
professional photographers, which is far from being the
case in real world applications. ii) images are originally
analog, then scanned. The digitization process always
introduces noise. iii) the visual and semantic information
contained in the images is not diverse. iv) the most
outstanding problem is that the testing set is very similar
to the training set. This makes the performance
evaluation over-optimistic and biased.

Because of the aforementioned issues, more and more
researchers carry out experiments on more challenging
and diverse photos such as these available on the Web [7,
17]. As a result, we also built an image data set made of
photos gathered from the Internet to evaluate the
performance of our approach. Using the Flickr API, we
downloaded 11,981 color photographs stored in Flickr’s
repository in 2007. 8,979 images are used for training
while 3,002 photos are employed for testing and the
annotation vocabulary is made of 298 English words.

Per-word performance is evaluated based on the 292

2 This publication includes images from the Corel Stock Photo Library
images (Fig.2 and Fig.4) which are protected by the copyright laws of the

U.S., Canada and elsewhere. Used under license.

words used in the testing ground truth. Unlike the
Corelbk database, Flickr12k has the following features: 1)
images are taken by average camera users, i.e. non-
expert photographers. ii) the wvisual and semantic
diversity of the images is high. This is due to the random
selection of images while acquiring them from Flickr. iii)
there are errors and inconsistencies in the annotation
ground truth as the users are not experts. iv) images are
originally in the digital form. In the Flickr12k protocol,
we decided to evaluate the proposed annotation scheme

based on the first 15 tags assigned to each test image.

5-1 Performance indicators

In this article, traditional performance indicators are
used. They are per-word precision&recall (eq. 9-10) and
per-image precision&recall (eq. 11-12).

PW precision (W) =100*Im, (W)/ Im 470 (W) ©)

PWyeea (W) =100%Im, (w)/Im,, (w) ~ (10)

where Im.(w) is the number of images correctly
annotated with word w by the system, Im ,,,,(w)is the
number of images annotated with word wby the system,
and Im,,(w) is the number of human-annotated images
with word w (ground truth).

1 (Im)=100 * W, (Im)/ W, (Im)

pl precision

1D

pi .. (Im)=100* W, (Im)/ W, (Im) ~ (12)

where W,(Im) is the number of words correctly
assigned to image Im by the system, W,,,,(Im) is the
number of words assigned to image Im by the system,
and w,(Im) is the number of human-produced
annotations for image Im (ground truth). In case a word
w is never used by the image annotation scheme to
annotate test images, its per-word precision is not

computable as the denominator of equation (9) is zero.
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By convention, we set the precision of the word to zero
when such situation occurs. To derive the global per-
word and per-image indicators, the individual scores are
averaged over the whole annotation vocabulary and

testing image set:

14
P Wp/r :;E PW precision | recall (Wi) (13)
=

where ¢gis the size of the annotation vocabulary.
1

‘Vlc\l
N, Z pt precision/ recall (Im J )

test j=1

P, =

plr

(14)

where N,

test
The following F1 measures are also used to tune
2PI,PI,

PI, +PI,~

2PW,PW,

parameters: PW,, =——————
PW, +PW,

and Pl =

We define n,, as the number of words with non-zero
recall. Such performance indicator n,. indicates how
many words were used for automatic annotation in the
testing phase and represents the number of terms
effectively learned by the system. Finally, we also
measure the processing time ¢ which is needed to
annotate one image on the average over the testing set.
The time ¢is reported in seconds on the basis of a one-
core implementation®. It covers all operations needed to
annotate an image, including the cost of feature

extraction.

5-2 Cross-validation

In order to tune the parameters of the proposed

scheme - namely ¢, k,,, k., «, B, 7, m,,and m, -

we carried out a 5-fold cross-validation procedure on the
training set of Corelbk and Flickr12k databases. Given a
training set, we selected 5 different validation sets made
of 450 images each. Optimal parameters are the ones
that maximize PW,, +PI,, on the average computed

over the 5 validation subsets.

3 EGCap was implemented in C++ on a 2.33 GHz CPU machine with 2 Go

RAM (the ANN engine was used to fasten the "image-to-image" linkage).

is the number of images in the testing set.

5-3 Results

In Table 2, we compare the performance of the
proposed scheme EGCap to that of the state-of-the-art
on the Corelbk benchmark. We also provide results of
EGCap with LBP features only, after CCA processing,
and with all proposed novelties (CCA + eq. (6-7-8)). The
baseline EGCap-LBP is similar to the GCap approach [14],
except that there is no image segmentation and LBP
features are used. We notice that CCA projection at the
image level drastically improves performance indicators.
Indeed, compared to EGCap-LBP, EGCap-LBP-CCA
enhances by 40% to 50% per-word indicators, while it
improves per-image scores by 26% (relative increase).
EGCap-LBP-CCA outperforms state-of-the-art methods,
except that of Nakayama et al (Proba CCA, 12)) for
which results are similar. The number of words learned
by EGCap-LBP-CCA increased by 22 while it is lower
than that of SML. Note that the processing speed of
EGCap-CCA is higher than that of EGCap-LBP. This is
due to the smaller size of image feature vectors after
CCA projection (mOX = 60) , which alleviates the
computational burden in the NN search to append test
images. The full configuration of EGCap (eq. (6-7-8))
allows improving performances compared to EGCap-
LBP-CCA. The enhancement is however more subtle as
it ranges from 4% to 12% regarding per-word and per-
image scores. The most remarkable observation is the
higher increase in per-word recall than in per-word
precision. It would confirm that the proposed
countermeasures not only enhance the accuracy by
outputting more consistent tags, but also allow the use of
more diverse words to annotate images (this fact is
verified by the increase of #,, ). Having a high per-word
recall is especially interesting for the image search task
as more relevant images would be returned upon
keyword queries. Considering the PW;, measure, the
full configuration of EGCap outperforms the scheme of
Nakayama et al'? while having a similar processing time.
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The time complexity of the Proba CCA scheme is
O(N x(m,, +¢))=410N according to the parameters used
in [12]. The EGCap is in
O(2x Nxn,, x(ii+k, +1))~640N | where

complexity  of
n,, is the
number of iterations needed for the RWR to converge
(20) and 7 is the average number of tags per training
image (4 in Corel5k). We notice that the time complexity
ratio between Proba CCA and EGCap corresponds to the
difference in processing time reported in Table 2.
Besides, EGCap can achieve faster annotation speed if

k,, 1sreduced.

Table 2 Performance results of EGCap on Coreldk.

Number of training images N = 4500,
vocabulary size g = 371.
Method | Ref. | PW, | PW,| PI, | Pl | n,, 1(s)
EGCap Eq. 29 | 37 | 41 | 58 | 144 21
(6-7-
8)
EGCap LBP+ 27 33 39 56 132 21
CCA
EGCap LBP 18 | 23 | 31 | 44 | 110 27
Proba [12] 30 32 - - - 16
CCA
AGAnn [8] 24 29 - - - -
SML 2] 23 | 29 - - 137 1620
GCap [14] - - 37 - - -

In Table 3, we compare the baseline of EGCap to its
full configuration on the Flickrl12k data set. As observed
on Coreldk, the measures we proposed to enhance GCap
are effective to improve the annotation quality. Note that
the processing time is higher as there are more training
image nodes in the graph. Besides, Flickr images have
various sizes which are in general larger than that of

Corel data.

Table 3 Performance results of EGCap on Flickrl2k.

Number of training images N = 8979,
vocabulary size g = 298.
Method | Ref. | PW,| PW, PI, | PI, | n, | I(s)
EGCap Eq. 32 23 35 37 250 43
(6-7-
8)

EGCap LBP 27 | 11 29 29 182 47

5-4 Examples of image annotation

In Fig.4, we illustrate the benefits of EGCap on a few
images extracted from Corelbk. In the second column,
we notice that the joint use of IDF and "word-to-word"
linkage is effective to lower the rank of the mistaken tag
"water" which belongs to the most popular words learned
in the training phase. Instead, the more relevant and
correct tag "fox" is output. In column three, whatever the
EGCap configuration used, only the tag "snow" is correct.
However, note that irrelevant terms like "water", "sky",
"grass" could be filtered out and more consistent labels
belonging to the snowscape&animal topics were
proposed by the most complete version of EGCap. In
column four, we acknowledge that the tags of the full
EGCap which do not match the ground truth are more
relevant than these of EGCap-LBP and EGCap-LBP-CCA.
In column five, there is a significant improvement
between the baseline EGCap-LBP and the full version of
EGCap where the top-3 suggested words are the same as
these of the ground truth. Note that there is no
significant difference with EGCap-CCA in this case,
except that the latter output "tree" which seems less
relevant than "frozen" regarding the information depicted
on the image. In Fig.5, we illustrate examples of
annotations on Flickr images. In column two, we observe
that the full version of EGCap output tags related to
flowers and colors, while these of the baseline scheme
are all irrelevant. In column three, the irrelevant tag
"water" could be moved to a lower position in the ranking
order of the keywords while ‘'street" could be
successfully predicted. In column four, we show that
paintings can also be handled by EGCap as the full
version of the system could predict keywords consistent
with the depicted contents, even if they do not match

the ground truth (e.g. "graffiti, "portrait").
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6. Conclusion

In this paper, we presented a simple and self-
consistent graph-based method to achieve automatic
image annotation. Based on the scheme of Pan et a/'¥,
EGCap takes advantage of the canonical correlation
analysis (CCA) technique to shorten the semantic gap
occurring in the image space, and define a metric in the
text space to correlate words directly in the graph. The
combination of the enhanced graph with some link
weighting techniques dependent on IDF and CCA metric
was shown to effectively improve the annotation quality
by alleviating the bias towards popular words and
enhancing the consistency of tags output by the system.
The use of lightweight LBP features, the absence of

segmentation and the reduced size of feature vectors

after CCA projection allowed performing automatic
image annotation in real time. Experimental results on
Corelbk that EGCap

performance results with a processing speed similar to

showed reached top-level
that of the fastest scheme of the moment. Future works
will be dedicated to the evaluation of EGCap for the
image retrieval task, the incorporation of less empirical
link weighting functions, and the reduction of tuning

parameters.
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pn s 5

Ground fox, snow, tree, wood lynx, snow buildings, clothes, shops, frost, fruit, ice
truth street
EGCap: LBP festival, street, people, frost, tree, sky, grass, water street, buildings, shops, leaf, tracks, fruit, plants,
school, arctic people, tree cars
EGCap: water, rocks, grass, head, dog, snow, wolf, street, buildings, cars, mast, fruit, frost, ice, snow, tree
LBP+CCA birds,tree water sign
EGCap: eq. birds, den, fox, water, tree snow, head, bear, polar, street, buildings, sign, cars, frost, fruit, ice, frozen,
(6-7-8) tree shops SNOW
Fig.4 Examples of annotations output by EGCap on images extracted from the testing set of Corelbk database.

The top-5 auto-tags are displayed.

o b TNt

drawihg,

Ground closeup, macro, color, graffiti, street, art, ainting, wood,
truth collage, yellow streetart, Atlanta city, art
EGCap: LBP woman, water, white, water, girl, art, white, water, white, UK, summer,
summer, street summer street
EGCap: eq. flower, macro, color, art, city, water, street, art, family, portrait, city,
(6-7-8) nature, green white graffiti

Fig.5
database. The top-5 auto-tags are displayed.

Examples of annotations output by EGCap on images extracted from the testing set of Flickr12k
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ABSTRACT

To improve the software quality and the development efficiency, we have used Object Oriented
Method with UML (Unified Modeling Language) to develop the engine control software. However, the
development man—hour has increased because of the increase of the number of products and functions
that should develop

Then, we changed the approach to develop the engine control software. Previously, we developed
engine control software of a product by reusing software of other products. Currently, we develop the
common framework that focus on the essence of the control, and develop software for various products by
combining the common framework and differences according to the products. And we also make core
assets including not only develop models and source code, but also the test environment and the manuals
of development using those deliverables. In this way, we can develop software for various products by
reusing those core assets.

By changing the development process, and having constructed the common framework, the software

quality and the development efficiency are improved still more.
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2nd Designing Center, MF'P Business Group
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Fig.9 System of development of each function.
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GeoFi™ - A System for Indoor Location Using WiFi Access Point Labeling

H-t €7V ATFTAY FI4 V%= Vav AFA
Kurt Piersol Stephen Savitzky John Barrus
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ABSTRACT
A system for location of devices is presented that works well indoors and in urban settings. The system
uses special geographic locations codes embedded within the human readable names of 802.11 wireless
network access points. A code system, a simple location estimation algorithm, and example usage

scenarios are presented.
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I 1. Introduction

Over the past several years, many forms of geographic
location system have been developed. These systems
enable a wide array of research and commercial
applications, in a wide array of fields. One of the most
common of these is the Geographic Positioning System,
GPS,;, which was invented for military applications but
has found wide adoption in automobile navigation. GPS
is widely useful, but has well known problems with
indoor operation and operation in urban settings. Office
equipment is commonly used in precisely the
environments where GPS is least useful.

Many research and commercial systems implement
precise location based upon beacons that advertise their
positions. The problem with such systems is that
significant expense must be undertaken to install the
beacon devices, locate them precisely, and then keep
them supplied with power. As a result, few of them are
deployed.

What is needed is a system for producing location
beacons that does not involve new hardware deployment
by businesses, and works well indoors and in urban office
settings.

GeoFi™ is a technique for applying labels to existing
802.11 (WiFi) hardware access points so that they can

be used as location beacons.s

I 2. Basic Principles

The basic idea of this GeoFi™ is simple. We encode a
precise geographic coordinate into the Service Set
Identifier (SSID) of the wireless access point, using a
compact encoding.

A WiFi access point broadcasts a human readable
name, called a Service Set Identifier (SSID), which helps
humans and computers find access points and know
which passwords to apply when using the access point.

SSIDs are strings that can have alphanumeric characters

and spaces, up to 32 characters long.
We construct a code, which we call a GeoFi™ code. In
order to construct the code, we encode latitude and
longitude into a pair of base 60 numbers with the two
highest order bits from each combined into an initial hex
digit. The resulting code uses nine characters to encode
a position that is precise to a distance of roughly 2.5 feet
at the equator.
More specifically, a GeoFi™ code is a 9-character
string constructed from a geographic latitude and
longitude in the following way:
1. Scale the latitude and longitude to 0<=1<360
2. Represent the latitude and longitude as b5-
character strings by multiplying by 144000,
rounding to the nearest integer, and converting
the result to Base-60 using the "digits" 0-9, A-Z
and a-w. To reduce ambiguity if the code is being
typed by hand, replace the letter "O" (uppercase
o) with the letter "y", and replace the letter ""
(lowercase 1) with "z". Otherwise, the replaced
characters might easily be mistaken for the digits
Oand 1.

3. Compute the first character of the tag by taking
the high-order digit of the latitude, multiplying by
4, and adding the high-order digit of the longitude.

4. The second through fifth characters of the tag are

the four low-order digits of the latitude.

5. The sixth through ninth characters of the tag are

the four low-order digits of the longitude.

This works because 360%144000 = 360*602*40 =
40000 (base60).

Base 60 notation is particularly convenient because it
maps well into the standard degrees-minutes-seconds
notation for angles. Clearly one can build other coding
schemes to encode this data, or slightly more or less
accurate information.

Geographically, a nautical mile is 1 meridian arc
minute at sea level, and is defined as exactly 1.852 km.
So a second is 30.867m, and 1/40 second, which is the
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resolution of a GeoFi™ tag, is 77.1675cm.

By inserting this code as the final nine characters of an
SSID, we can alter the access point into a precise
location beacon. Note that GPS location is often accurate
to no more than 26 feet, which is approximately the
range of a wireless access point. However, a given WiFi
receiver can often see several access points, with relative
signal strength. This may be good enough to allow the
device to position itself within 3 or so meters, depending
on the number of GeoFi™ enabled access points it can
see.

If we wish to include altitude information, we add a
two digit additional code, which would include 600
possible height codes by allowing the first digit of the
pair to represent a multiplier from 0-9, and the second to
represent a base 60 number encoded just as specified
above. This allows some structural redundancy to reduce
the accidental appearance of a height code as part of an
ordinary SSID word. By specifying that this two-digit
code represents the number of floors above ground, and
allowing it to optionally appear in front of a GeoFi™ 9
digit code, we allow users to encode height information.

Since most access points broadcast SSID information
several times a second, whether or not a user can
connect to that access point, it can be listened to
passively be a radio receiver. This can be done with a
very low power cost to the receiving device, because the
no radio transmitter power is needed. GeoFi™ receivers
should be able to determine location with accuracy
similar to a GPS, within a fraction of a second, even in
dense urban environments. It thus makes an excellent
complementary technology to the GPS system, which
works best in open areas free of obstruction.

GeoFi™ codes are designed to work with almost every
available access point hardware. As long as a 9 character
SSID is supported, and the character range is allowed,
then the access point can be configured to broadcast
location information without disturbing its utility as a

network router.

It is clear that someone can set up malicious access
points with misleading GeoFi™ codes. Indeed, it is quite
likely that some points will appear to have valid GeoFi™
codes by accident. Simple sanity checks against
previously calculated locations, the time that has passed,
and other visible access points should mitigate such
problems almost entirely. It is very difficult to travel 300
miles in a half second, after all. Combined with
accelerometer data, one can get a very good idea how far
a device has moved for modest power costs, and check
such dead reckoning information against the GeoFi™
data, which can be seen.

Availability of precise geographic information in urban,
indoor environments enables many applications. GeoFi™
technology might allow users to find their location from a
laptop print driver dialog, for instance, giving a relative
distance and direction for a chosen printer or MF'P. Mobile
devices might find their relationship to other devices for
document transfer, or might query location based
information or allow location based superdistribution of
documents. Devices like smart phones might be able to
find the nearest printing kiosk or print shop to allow

documents to be printed.

3. Access Point Location

In order to create a GeoFi™ code, a user must
precisely specify the latitude and longitude coordinates
for the access point. One method is to use a mapping
program, such as Google Maps™ mapping service, to
allow a user to place a marker precisely on the map, and
then calculate the resulting GeoFi™ code. The image
below is an example of just this sort of interface, built
using the Google Maps™ Application Programmer
Interface. The user places a marker on the map, and the

page returns a code for them to use.
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Your GeoFi code is...
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Fig.1 An example of a map-based mash-up for
determining the GeoFi™ code for a given
location.

Once a code has been obtained, the user would use his
ordinary access point management software to insert the

code as the final characters of his access point SSID.

4, Location Determination

Once nearby access points have been located and
labeled, any device with WiFi reception capability can
determine location by the following process:

To determine one's location using GeoFi™, then,
simply:

1. Passively listen for the SSID strings of nearby

access points

2. List the access points with valid GeoFi™ tags at
the end of their SSID strings.

3. Discard any that are too far (e.g., > 100m) away
from the centroid of the other points. This gets
rid of access points whose SSID accidentally ends
in a valid code, or have been intentionally
mislabeled.

Interpolate location based on signal strength to locate

the receiver.

Fig.2  The relative location is determined based on the
signal strength from each access point.

This procedure yields a location with an accuracy of,
at worst, the roughly 30m range of a WiFi access point. It
may be considerably better, but is constrained by the
effect of walls and interference from other WiFi devices.
The location computed is always inside the convex hull
of a polygon whose vertices are the locations of the

visible access points.

5. Advantages

One of the great advantages of GeoFi™ is that it needs
no database of access point locations. This means that
locations can be derived based on passive reception of
beacon frames, even if all the visible access points are
closed and no network will allow a connection. This also
makes it possible to build location beacons and receivers
very cheaply.

A direct consequence of this is that locations do not
need to be mapped in advance. Although it is necessary
to know where the access points are, it is not necessary
to map anything else. Current commercial location
products that use WiFi access points have sophisticated

data collection methods, where a sensor is moved
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through an area on foot or in a vehicle.

On the device side, the advantage is that devices do
not need to have an active Internet connection and do
not need to store an internal map. Another advantage is
that SSIDs are completely under the control of the
organization or individual setting up the access point.
GeoFi™ can be deployed locally and provides immediate
benefits, regardless of how widely it has been adopted.

GeoFi™ devices can determine location very quickly.
Within approximately 2/10 second, a given device should
be able to detect all available location beacons, and
perform the necessary calculation. The device need not
broadcast anything in order to calculate location; it just
listens to nearby access points. Hence, it can be
extremely low power.

GeoFi™ works with all existing WiFi access points and
clients. No hardware or software changes are required on
the access points and existing WiFi devices like laptops
and cell phones can be converted to GeoFi™ clients by

installing relatively simple software.

6. Potential applications

Since GeoFi™ tags are nothing but compactly
represented geographical coordinates, they can be used
as tags or labels in many places beside access points.
Examples include computer and printer names (DNS
names), and even printed labels on objects. A GeoFi™
tag can easily be represented in a QR-code, RFID, or

other machine-readable format.

6-1 Equipment location

An obvious use for this technology in an office setting
is to automatically locate equipment. Any object that is
equipped with WiFi capability, with some software
modifications, can determine its location from GeoFi™
beacons and update a central database. For example, a
WiFi connected MFP could determine its location and

advertise it though the Simple Network Management

Protocol. This would allow a service technician to locate
a printer without needing to ask directions from nearby
people, who may not know the network name of the

printer.

6-2 Advertisement

Another use is to enable mobile printing applications.
In this usage case, a central web service would contain
maps of local areas, indexed by geographic location. A
client would ask the central database for the map of the
area closest to the current GeoFi'™ location, and display
the location and network name of those printers. This
would allow a visitor from another facility to locate
available printers directly from a program or even from

the printer driver dialog box.

6-3 Document geolocation

Another use is to allow devices to automatically label
documents with the current location. This capability is
already present in some commercial camera-phones, and
GeoFi™ could enable it in WiFi-equipped cameras, in
laptops when files are saved, and in MFPs when
documents are received. A mail server might tag an
email with the location where it was received, and a mail
client where it was last read.

There are many specific industries, such as law,
military, and finance, where detailed records of where
documents were accessed or printed is very important.
In such cases, the GeoFi™ location system could be
combined with hash-chained document logs to provide a
tamper-evident record of the use locations of important

information.
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A Multimedia Digital Library System to Promote Transmission of Knowledge and
Wisdom
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ABSTRACT

Lectures have not been adequately stored and transmitted in traditional digital libraries. Lectures are
focused on as an important field of knowledge creation. By providing lecture archives with presentation
materials, knowledge can be transmitted to many people who otherwise can not attend the lecture. We
have built automatic archive creation functionality to minimize the cumbersome archiving operations.

To view the lecture archives, users had to search and identify the contents they wanted to view. Even
if there are a lot of useful contents that help users to create new ideas, users have difficulty recognizing
the existence of such contents through traditional search functions. By providing a portal through which
various types of information can be sent, and a function which the system guides the search, we try to
increase the opportunities for users to happen upon information that they otherwise would not have found.

Utilizing the system, it is expected that creation of new knowledge and wisdom will be promoted by the

encounter between receivers and senders of knowledge.

* WRZEBHREATR v 7 b v = TUSERT

Software R&D Center, Research and Development Group

Ricoh Technical Report No.34 111 DECEMBER, 2008



|1.%%aaw

EAY, SESERER~T 7 AT 5 FELR
e 2 2 LA L TRk AL, OV X
N & ZOAIEITENT & 72, e O KA TILE
£ MR - IR G R & W o Tm W EIRY AR IR Z o
BRI - (RE L, BEICHLTER, £ OfE#H
NWExy hU—27 ETHRAShDBETIE, b0
BreTro2fbl, RCLHcxry hT—27 ETHIA
THZELHIFENS., ZDL I L TEFHEHEN
HETLZ Lotz

U 2 —OE T KERE~ORY LA IA B IR
WRFFERFZD S AT MEEP DIRE -T2V, HAK
PIOFERARBETHEEE LT, BHLTWDIZEAY
DOREPAFEDER—VEAX ¥ LTT U UERE L
TEELTEY B00F<2—YLLE) , OCRTEHLN
7T XA RN L ClEE LTt Z LA TE
5.

LML, Zo77a—FL, HRO%EY FL20F
TNENNORT, ME—RBEO LD LITFERAR 2o
T3,

B F0D RIS, 5 NX EFHROFEICHEN
bbH. FEEE, MBS THRINAERHIA v % —2 v b
OV —ERXTEHELNDLBDNRELL o TETND
—7, WHTAEINDIEROLITINE TETH
FREDOXR &I > TR o T,

& UZRFNTIIEH OEEZ DL OB ORIED
L LTHETHD. REOKRTFETIRLIRET —
HATHRBHL, VEERoTE XIS THEAET
HIEWTEDL., ZIT, BET—NATHVNICHE
HIEN D0l 70 . Z< OffE T LB T —
var 7 T ERAWERDL, £ L & TIRE
L7223 b, slRL, BMIZEZD. B¥ET VAT T
TSGR E S D T-OICET ANEETHDHH, Fhid
FTIRT LB T =2 a7 YT OBENED
A HRTAZ ST LWL, F2, FLEDLET A
R OWEE N EE T D720, RET—hA 7 Ol
HEA TV T2,

SRIO~NVF AT 4 TEFHEH AT LTI, ©
FTAN AT EHRITEHZ L, (ETHIME S A
kY, e FET vy r—var Y7 MU T R
[FH L CHAETTRERIE CT R TOREL TR TE 5. 2
B CIRAD Z ORI, HEIT Tl a0l
M7 I E S ERIET A FER LILE T 572 ORI A
TE, RENTOMOEREZIET S.

WIZHRROZ T 00 RI25E, BB L VD FEIZ
FIRENGFEEA R EL TWD Z L 2RHEE LTHY,
BERMOHSNEHIFTE R, B PRV AT A
MRS, LYEEEINICTY 7o —F TX AN
ROBND.

AE DY AT WIR—Z N Z 5 2 & T2 O
FEICE 22 LTS, R—Z VAT SESE
RIEWAERET DI ENTE, INEEC AR
BBV AT A Z L b, e xETo%
VTR E BIZT D EZAND, HROENT
HHRICHBICT 7B A L CEbDZ LR TE 5.

NI DRET — A T RIS L LT, Al
IC S E S ERBERNIEREND. £, BHHREKD
ALV N VAT ANLESRT A, SETRRD T
DO LY, ZTFOR O L IS E Rk
0 FOHEGFR E DI K D8 LWENORIEDMIEEE T
5 LMREIND.

Iz.ﬁ%?—h47

KETOMOAEDY; & L THA DRENEETH
HZEIEFEIETHRY. BELTELIRET—D
A T H NFaNTTITERRT 5 & 382, FIHE DL
RIERICFERL T 7 B AT HOOHHA S LT

21 BEF-HATOHE

RET =04 713Z < ORFTRESHTEY, B
GaRit T2 b0, Mg L Bk A EE) S TREET S
bONRDHD. HRETBG & IR S &R DR
SHERRE Lo S, g & RS W D B D FE
ZHE) SELEER LOZTERT 2 8B £ To¥E
DY, BIMLE EEERERE E 72> TN D,

Ricoh Technical Report No.34

DECEMBER, 2008



7 BRI KBRS T, i g &
GR B ST RET — A TR L TV,
T —HA T ONERRDT= DI N L DIEER B Y, B
BT L+ TIER o7z, AVATATEH, B
% LR A EE) U CIRET — A T 2B T B, i
WOFREA N T 5720, T—hA THERo Bt %
AT, KL, BEMLORNWIAEEE RV LR, &
AT LD D DFEFRANEDOIEH(Z 2L T2 L 20T
7-.

£, T—AATHRREICEHESND LT D L,

TNERENFIAT D OICRBRSBEL 25, L
DURING, —fRICRET — I A 713+ mL o=
YTUYTHY, T—hATPRRBETE DT T,
BRE L I2WMERICTIEOL T 7B R TH 2 LT TE 7
W, RUATATIE, U HEATORKRERAL,
FEH L~V TOT 7 & AGeR A 57 7.

Fxld, o2 ERT LY T VX7 A%,
MPMeister? OEREZTLIET 2 2 21Tk > THEBLT-.
MPMeisteri%, U 22— TCRHF Iz, BB &R (R
T4 K) ZEEBISETNAVT AT 4T a7 B
HREZFFO Y 7 b =7 ThDH. Figlil, RAT A
WNOIRET — A TV TV AT LAOWEE R,

KRUAT LTI, ETANER, AT7A4 RKRE, 27
A ROR=THmOL oA IV T hEfEER LT A—
DL VGRS, BET—HA 7B LOMPEG-T 2 ¥
HREAERT D, BET—DA 71T ECHRERE
EHETHa 7 YDBIC, hioar Ty ERERICE
ahsd. %72, MPEG-7T A X [EHITM BRI &
I, BET—NATOMBT — A THRND— B

'

AR R—IH<VIHRER

&t

Windows, MacT® %
PowerPoint®IC k2583 *

A
e~

MPEG-7 X518
HD. SDEF#H*5

MOBREFREL T 5.

2-2 BEF—NATZBEICIER

BET — A T EZEHRIMERLT D720, AT LT
13 < OLEERAEML STV 5. BRIER OIS,
HONUO—FETHRESINHERA T Y 2 — /WIS
T, BEITIT b, ATA4 RE#R (X741 FAKE
FORN—=T0 L VIEH) 1, FEETIOPCHNSIEIE AHBN
IV AT MZEEENS.

HEMbICH -0 B E 72D O1F, B & koo B
HFThs. ZHEL EH, HROAETEmIND
e, T—hA T HAERT 272DI2iE, B2 OfFHRIE
2o DMBIER E 27 A Fifa E L < Bl 224
ERHD.

HATE, BONLOHHAET LITIEDPREINTE
D, WERAT Y 2 — Wit > THBIMICIER AT 5 72
W, BHEILITIEOHEHAPCEREL, ZOPCHH A
T A FERAZBUGTIUE, BT IXREE Tlideu.
LinL, ZOWS, #EROTNCEMAPCIZH HrLH A
A REavr—35FM, IEE2mRT2FMH, #ER
BTRICHEAPCO D AT A REHIBRT 572 L, i
TEEDRFAET D, B ITHEAPCEMET 2RDVIT,
FEHOPC (Windowsd 5\ dMac) CTEIET 2 AT A
REESRESGT 7 U r—a U EBFEL, 2O DOIEE
AR L.

RIS, AT A NERRGT 7Y r— a3 U,
FHERIPCO D RRE - BERIFLAERE AT JMTEE L,
VAT IR, TRTCDRT Y 2 — )Vt SRR
H o RERLAEREEMPCOL OB L e+ 5 2 &

HDaF2Y

SDav 7Y

ATIDRR
o=V BAIRRAH T BE

,,,,,

Fig.1. Data flow of the video archive subsystem.

Ricoh Technical Report No.34

113

DECEMBER, 2008



KD EBRL TS, BEMT R L2 GG 1202
AT A RABROREEMTON DT80, RS CHIA L
T2 AT A ROGR- CRETPCH HFtH 92 ATREMEIVIN &
WS, REEEERET B2, T r— g Rk
M7 245 ORI GERTI SRR A SR DTN 5.

AT A REEHE MG ER & OBEM T 235 T4,
T =, TEAERTHZENTES., LvL, T
D#EFZTATA REMLHEICLTLE Y O ThIUE, i#
FIFATA RBLELRWEETHH-TH, AL
DATA REHAEERIZR DT, MK EENRES
% B \IBURIERI T IS bIRET — A T OIERK
ZAREIC L7z,

RET —HA TOVERIL, VAT LBNATA RIEHR
DGR & —ERFFORRE T = v 7 LTRET H. A
T A FIEROBEENET LTV DA TG ER & 2
T A RIEH ORI BB ET —h A 7 % ERL
T5. AT7A REFRN2L & D, —EORRIARE L
ZHAE, MEEROZNS ABNICIRET — A 7
EVERT 5.

Pl 7= 89512, VAT LTI, #BATFYa2—
IWEANTHENTT, IFEAEEEEZET LY, il
VHRET — A THERT D ENTE D,

KR AT KHmHWT, &R FHM R PR
T, EBHCKEORET — A THEERL TN 5.
VAT NF20084F4 A 1 HiEM A BRAG L7203, B L
ANCER I TV - ERREENORFET — A 7
TIHEAI0RRBREOWGR TH H—F, BIEX, f#H40
ARRE ORGS0 D

2-3 BEF-NATRIBEPLLTI/ER

RET — A TNOEREDFHNFIAT 572012
X, ETHMORET A T2 TIERLHERATED
ZE, WRIZEET — A THNOLERFERIZTIERL
TIRATEDLZEDMETHDH. ZODIZRVA
T LTI, Fig2llmnd Kooy — VB TORE % ]
BEICL, 77, BELIEY—0 o ORET—IA 7
DOUREE FTREE LTV 5.

1 20074RIESE LD 2 5 4 FAT S UNERIZ 1445, 20084 FEHT LITI3 844,

DL 72> TV D ORRICH T D FHROFE
B THDH. MPMeister Ti, ~/VF AT 4T ars
VYRR D T D A ZEROFLIE B T 2 MPEG-7
ZERALTEBY, AT AT, Z0D, MPEG-TA ¥
HHREZFIHL TS, ZOXAXERIE, 2AT74 KDL
R T L ITBGIE R O — RIS B S T
W, = T EORBENRFREL 2o TN 5.

ATA ROIR—T Lo — 2 ERIGEDT B2, AT
A RIEHREASGT 7V 77— a VI3ERAFI A4 5PCT
FIZEMEL TS, AT Ry a—nNhEb &%
BREL, AT7A R&ZA MERET D, Fio, =
DO LD EENERAL, D bNTFA I
ERET S, ZhICE o T, =T D IEREFIAH
LT 2 g2 Z LR AlRE L 72 5.

MPEG-7 A # [E#H O LRI, SHICATA K
DFRTOTFA MEBREAHL, F—— @7
LT XA N LA BT CRigR T 5.

BEY—v o0 T — A 7HEEIZIE, MPMeister
DORED U EDTH D, URLE LTHRE LY —2
SDOVITF AT 4T arT Y HAKEZRIH L.

PLBERAZZ L 9IS, AVRAT ATIE, REOTORT
YD —rF T, MHEAFRTREEL, fETosZ L
MARETH 5.

BB T, FEERIEET — A 7 ORFEEIT-
THDHE, BHOLEAK LTEL ORET — DA TH
by N5, Zhbl, i 23R CilEOFESFIE &
FEEEA ETHLIEALH Y, TEOFERNEZIZH
DD, T—HATDHA FLIp ECIEEHHEICIE RS
o, L, REBEHERIIN—Y (R4

| "ERF-A4TFrAT L) SROLOOFREH
IR - N 17 19 DT YR Ny

cewm| Fig.2. An example of search
results for lecture archives.

Ricoh Technical Report No.34

DECEMBER, 2008



F) I TR ZENTELH720, ZAT74 RBXU%
ST D= ERER L, ERICHTEDE R E G ek
T—A T ERATDET, FEIrVKEEZETLOH
THD.

2-4 &KDOZBLLOBERZERE

KL AT LT, @mEEOBREE LT, "BV
VR (H264/AVCIER) IZHRIELTWD. % T
X, AT7A4 REFEBRICATA MR— R E~OlREL
ZHEND. TEROFERE L, A BT a sk

BEFMHT DL, WESNERE THRIATREL 2D,

BUBBRBEIC K- T, @B OBUR S I ATEE 72
Gabdb o, BUEREORET —A4 7 HUATL
THERK « RBHL TV D.

7k, BUEX, mBEERGIIIHE L RET — A
TOERIE, TRHLI AT TSGR LTk, Mg
THRMOMER - EE TETFEHTIToTND. NI E
U a AEBREA TG A OT — X B RA~OXE, T —
T A T HIWERFH D FIME D5 14 DRRE T 5.

Is.wm%ﬁ—aw

RO T FTh 2 KEHEFMED, HOoTEML
T2 T TR, VAT A GRS Dk el
(2L % 2 & THIT MBS A Wi S d 2 & 25H
W, FIHAER— VAR LT,

3-1 FIBEZEDOEMICH > L IBRDIET

WAEO— IR — 2 YA hoT a7 A MEE
WC, FIFZEE AN OIS U= « $RED 7 A #
<A AWHREIC RS> TETWAD Y. Zhid— i
PR—= I F T A RHERE LT, HEREDIBNN - Bk
MNELTY 4Py FERIIH Yy b EMEENRD /N
STV = a RS, FIHE RSO
vy Yxy NeflAGbEDS 2 LT, BHOENITS
LR —b =07 u /RX—=V%EY EIF5 2 &0
T 5.

AR AT DZBWTHKFEHOKENR Y 1 = >
Z RIS Do OfREZR b NS, FIAEPHE

SNTeT 4V y MERUEEIR L CRHIHT 5720 0F)
RHER—T N AL~ A RiREE RIS 5.
BIEREORBE N Y 4 ¥ = v N aAEET 5720 OfEE
L LT, UTDO3>DREA TR L T 5.
() RSS/Atom 7 4 — K% £/RA[HE/2 fl HRSS U —
A
(2) {EE OHTML 3L E % # R Al 8 72 IFRAME 7 «
DZESVAN
(3)  HNIEROME e & OBRE A 23 5 Web API
BT IAE % 727 7Y or—3 3 > HSRSS/Atom<"HTML
O LELH I TED, 1, v /75— 0
FOT =2 ZnbDORRICERT D2 L LRSS TH
5. FDRD, (DR@EHWSZ L CEHICERE
RRTHU4 Y=y bEFERTED. £72, #BO
U4y hERBELTBY, ZhEBEICLT
JavaScript72 & OGRS HIUE, LR Y 4 V=
NEERRT 22 TED. 2D L E(B)DWeb APIE
W5 2 & TRY ZT LB BT 2 i O i
RRAMAANTE Y 4V 2y FEBFETED. ZDWeb
APNIIA S 2T L ORFR B OVERLIC & TV 5.
http:/library naistjp C7 7 & A CT& 5 XEE ~ v 7
N=F, KEEFAHOBEOTHY, KEEBERON
WREZHHE LTS, 207, KEHEOKEID,
HONUOHBE SN TWLERZMRET H72DD T 4
Ty FOMEH = 2 — A A2 FTRT L HRSS Y —
K —H GO TZFig3D X 5 el 2 EHR L T\ 5.

ERRESHFHEATR Eo&
O - [@nosrimayn B ol
M EEEO % m
W )RR AR AT HBRE I B0 & Fv0- G-
iJ ooy ag””
S w. . 4
'E»Elgltal lerag
MyLibracy) MyLibrany3 | EFEEN
L]

LIMEDIO SEARCH (INAIST Fe R M F RINAFPRAY —2—2 &
EEwDANwF S

PASSWORD
a2zl

@ AP O Eoumal OcCross Search

> 00717 £15%E HERHZR(ELHNED

> iR [
» FHYAH (naistar)

<.

Fig.3 Library top page.

by T R=UTRIHENR e A 35 L, FIRESR
=T HMyLibrary i A &~ Sivs . FIHFIX
T4 Yy MEBIRIEENLHADY 4 Vv 2RO,

Ricoh Technical Report No.34

DECEMBER, 2008



EEIZBMNT 22 ENTES. HEIZEE LY «
Pxv ME, FIHEOHHONEIZEETHZ LT
&, BEN R RITHIBRT 228 b TE S, HimlE
27X THY, BHBOERZEEHE LT, Mx
I A DA4RTE DT, IV XD ENRAHETH .

RSS/Atom % iE ] L7-— B 2 DFRHHZ SOV TIZH A

BV T HERPY— BRI IEE > TE TV BT,

R AT ATIEFEEMLCELH LI VX 77 E0
% < OIERDRSS/AtomE TR S 5. Bl DsMH
P— 1 2D% < HLRSS/AtomIE 2D IFHRIEE 1T LT
W5, 20k, FIAFEITHEL 2EFERKE»S O
RSS/Atom~”  — R&E#E, FIXHMIISCTZ7 4V
2T a2, T4V 2y hOONEDTH D
GRSSY — X —THRKIRTHIENTZDH., ZOREE,
MyLibrary® FC% < OF#%Z —JtAINC R 2 2 & 23 AT6E
Thb.

3-2 FIAEDKOEZRULEDSWVRERZEXRE

MEAE AT DB LIMBET SV r—a v
(OPAC) D—HA L H T =2 —AIZOWTIE, FEx
7R IR IR BT AT O T D, FRCEEZR
nE LT, 2= )7 ¢ flEIC & FHEOBRRE
BT 5 2 LT, 2N E CORMBEREDARR
ENBHRHAL LY LD bDORH 5D,

K AT DZBOTIE, Zh b Otk RIcE S
HH Y AT DOV E 2 T T B MDD S 7R
MBEEAN ZERT D—F A T = — 2%, F|
FEMENEN T DA WebDRR TV Dtz %
FIfEfER L DICkD D Z LR E L, LLFORSEE
BRI
(D FEHATTEEIESEATIFERIO
@) FHEMO—EFRT
B) MR -EIRIRFMICHTL2EAETY— (T

VR T FIR)
@) FER-ECY v FRelFRER
(B) BRODETHDL 7 7Y MER

MEEE Y AT MBI HDRBSEMEO AT EEIL, LA
AR & 22 SR EATIR v 7 AR DR N B - 72
HLDOTHDD, ETIFIWebDOBBRT L 2 NZilr D& D

EDODIr

DBV, PRV TR L TE . Ry
AT DB TIE, BEFEDOOPACOT WA 22T
BFT ATV, BHTRNSDOLSNE T XTHEY £0,
PLF OMEBSAEATIR > 7 A1 L MRS SRR D AR &
Y DHRTHERRT 5.

WL@%$ W I IWebDIRFE = 2 L A A WE
NTRY, WIIHHERBRBRRDO AN FEEZME LT
b, FEHLTHL R, BRBFMEATR Y 7 212
B OBRBSFMEE NN TE L0, FIAENRAITT L0
IREERFERRE TH Y, OPACTHIFEEEOMHEAN RSN
5LV FEREENDH DY, ZDID, KEEOE O
REFET D120, FIHEDEINCATIT D Z D235E
LT, BORFEBEEZANLTHL ) Z ENEEIIRD.
KUAT LTI, BOBEREO A SEZ A E LT
MM DO—ERTREFTD. WebOBRF T V2 Tl
— KA RHERE CH 53, FMHT AT A TEAINT
BT RH -5, FIHENSAFOF—T — RICHE

, RUAT LOWMEDATIF—U— FOHMER S
@% SEEI DI SN — U — R B AR
T5. MR T D2 ET, HEND I ZAAAULD
DI NANFEAERUET 5720 ¢ <, FIAEICRL,
—MH 72 F U — ROFIHER RN Kbk —
U— RERTHILET, L0EOEWIIHISLHEDOA
NEFBT 5.

A RIIFig4D Ko lc—EmRrEh b, BFED
OPACTIZ—E DI O OIEREIL X A FVIERZ <,
WebDIgR T v ¥ 3 RHES 5 K 5 RIRREAFITKT
HiEAEIZ L AWt STV eho7o. Ll
AR OFE CIIFHEN B BT OIEE L THa—
THY, TR ERNTT 4 — Y 7 THlr LT
BY, 2026325 THDH. ZDH, KU AT AT
HETHREMRE Y — M52 & TRAENB 28T
FHICRIICHEA LTEEAVDOE WS DEFRTH X
A D L, BROREA A —Y (LR —

), BEIOERIR EONEO—HSy (A=~Xy k),
MRERGMEICe vy B LTEES (N FA ) el Y vF
RIEMEREAITO . TORE, FIHBFIZLY SWVRE
THEHIZTR R D REER ORI FRETH 5.

T2, BFEOY AT AT, FEMCERZ TR0

Ricoh Technical Report No.34

DECEMBER, 2008



Sy, —EHimE) SR 2B X, R EREE
EHERL, LEIJSUTCETTT —4% (PDFTF—4°E
FAT—H) EHALEZY, BEMOELHLTREL
20T BUNERD -T2, RUAT AT, —EHEET
Foy et SN TR Y, B S EEE
T—HDFEEITSTEY, BWEFIZANDTZDDOTF
B OBIRBEERIT) Z LN TE, LD RpnWTr o s
VCTERIOESEITO ZENFHRETH B,

WSOl 23R L, FoRIBIC TREZ RS
LTH, ZLOMBHREVEONIGE, &k
Z RO HE D ERMEITRS 0D, 2072, KA
TAIT7 7y NRREITO Z LT, FIHEICRIAA
RBREAT ) oD HEE R TS5, 77y b &
IXERE T D0 T A2 2@ (G910
H) OZ&THY, BEMRIIONT, BIEITLIZ,
B HMHED G OIS % 0 BRIk D S, FIH
FIZHorshs, 20z, FIRABETEBRICE®RO S
5 (0fFIZ7e > TLEIEMH TR FHEOFNLRA
TN 72V CRIAMRR AT 2, ISR O EOKSA
FRERDSFIREL 72 5.

PO X1z, RYAT LTIRHEMEOATIH i)
TRE RN L E TIChR 2 e RE A 1RIE L TV DL MR
SO AT BRI OMERR R & TR IZH LW A
RN 72 LK D E DS T IR DD, £
LT, Ronolz&E % F I AN 20D FRIHEH
N5,

€ BRER - Windows Internet Explorer Eod
Ge- @ o] ZE
ZVD RO ERQ HRAVE VAD AT
W & |wnres ™ BB @ aRIe - G- T
1] ooy agP" ST [
m.lgital Libr‘a‘é/ F BN BT L
= = || B0

Fosna

HE-F -0 2- [ T=EN=2 2T L
) it 3K 3 — % (T Rk Vol 8No 1
o HEEHEF (13) EEBHEF BHLCT
o« FoBX-2 (9) HRRE: 197610
. BEIXE 6) me—] o sX O
o BEF 53— (4)
v = .
E () 22T2INALE 2 —EOI O BT — 5 AU BT BT
» B (1125) image TR B TER 2004537
© BE 2 Fond N
200413

& T ARURFIRL, IR N — 2327 LE NS 2 OFT TR
ST ST =S A AT WIS 1, BER D PN A 2 AT

el —RERUETAIEINTE, S0 TN 2 ~ STHRRTEIY AT LOMSITH
+ 1907(171) o
o 1996 (111 o 5F
+ 1999 (104) vl

(3 @ 1h-isk 008 -

Fig.4 Listing of search results.

3-3 REELOHSVOHERZIER

A WFREND DEFED FE Y Z IOV TERE
I L XTET, RICEFEI DLV BIWICR LT,
WFIEIEID ST IWebDIRR T P 2L, MERD
= REHNDDITDOT2% ThD &) Tk R
R 5.

KMERE Y AT DMBRBET 7V r—va v EHELT
b, o TH D XARWATREMED EV. R A3 i
AL TCWET 7Y r—ya b algeERfRY o — AL
ANZHEE AT APFATE D ZENHEETH .
ZDTD, RUAT LTI T OMREA R L T 5.
(1) FAEEEHRERERDOAtom 7 4 — NI X 555
(2) Firefox® 2/Internet Explorer® 7 [l DR

74 Ot

(DIZ2WTIE, BRI THRB L&, —BFRR
22 DB THEGEIOAtom ™~ 4 — R&1G5
T DRSS Z U BNRARIND., ZORZ &4 2
LIZED, UTOBRNARETHD.

(@ ZDOAtom” 4 — R&E1%5 72 OURLOHfS

(b) FIHZE OMyLibaryH [ lZ Z DAtom 7  — &%
R HESHRSS Y —F —H il

() ZDAtom”7 4 — K&7 TV TRREL

B &R 2 B & OMyLibrary i CERR T 5721 Tle
<, @X@#EITH>Z2EICE, BEBHHTS
iGoogle™/X— > FF A4 X RAR— L=V EOR—4
JLR°Google Reader™ 7 ¢ — R — & —72 EORSS Y —
H—=T TV r—a BV CHEST S Z ERNARET
bn. 74— FhofElx DEREERTT AT LITITE
BIOFEMGE A FRT o= ~D U 7 PEDIAE
NTEY, RUAT LSOFENR L — ALV RAATONS.

Flz, R WebDRRRT P70 & L [RERICHE
RTTIA L ERNTT T U FOMBRIIKRT AT A
EEGETE D, BEKIL, 77U ORBETAL A
T AEBRRE, RBTDHE, RVATAZBWTASN
L 72 SR TRER DM T, BRERAER— T 23 RoR &
ns.

UEDEX S 727 7 B ARBEORMIC LD, KEEHEN
T DRk 2 T AN TR~ OV E VOB DDA D
D HIRETE .

Ricoh Technical Report No.34

DECEMBER, 2008



I 4, SEDER

AR TITHFROED FOZ T FA~DBEE VB
RDEEFR L7273, ZOBMRITERITIT—HmTidn
ZTFNELEDFELRY, FILOWAMZALREL T
b‘<7‘:®@ﬁ1¢l\?7ﬁ)’*&§%&f£é. ez, B2
HMEHRB L0, FRICa 2 FEo06 ) A
DOFMMEIET TIZWebD R CHEFES N TN D, ZD
BEEEZ Y ATy, HAWVITEET I Z LB LN
5.

A EFEED Y 2T ME, KFRLT, BEICE
WTHRODONDHEZATHD. BENTOIEIE
IREENV R~ VT AT 4 T CREgk L, HHEL, IHITH
FHEDaI a=fr—3 g &l L THOAREITH O
J5Z EEBERL TS,

AL AT DOAFRIZONWT ZHORW W BB

SRR KRB R DRV E TS A E DD 5 2 (1R
AN LET

SE

D wlrc, Bk, AHEmER - EFREREICR
5T — 7 L— 2T —7, Ricoh Technical
Report, 23, (1997), pp.60-67.
(http://www.ricoh.co.jp/about/business_overview/rep
ort/23/pdf/063_071.pdf)

2) fAHIEF  MPMeister Zffi~>72H LWV U 22—
v a YOS, DEWS2007, (2007).

3) ISO/MEC 15938: Information technology -- Multimedia
content description interface --, (2002).

4) iGoogle http://www.google.co.jp/ig

5) Blogger http://www .blogger.com/

6) M BH, HIK Fi#E : RSS (RDF Site Summary) %
TEH L7z 72 BIEEE ) — B A DR — OPAC2.0
AT T—, [EFHREFE Vol49 (2006), No.l, pp.1l-
23.

(http://www jstage.jst.go.jp/article/johokanri/49/1/49

_11/_article/-char/ja/)

) AR, LM TORTFRERE H Gk - EIEE
IR AT LD B THITHONT, 2004 FEH
KXEEE R PR TIIR D TER B,
BERT, (2004), pp.53-56.
(http//www.slis keio.ac.jp/~ueda/paper/opaclog0401
pdf)

8) FEMIET, Wk : =2 Ra—3—D Web BEHRAT
R PO FEBGREIC S & O AFHAHIET
IV DREGE
(2006), pp.1-23.

(http://ir nul.nagoya-u.ac.jp/dspace/handle/2237/92)

9) C. D. Rosa, et al.: Perceptions of libraries and

a report to the OCLC

membership, OCLC Online Computer Library Center,

(2005).

(http//www.ocle.org/reports/2005perceptions.htm)

HIEE

, Library and Information Science No.55

information resources:

# 1) Windows ¥ & OV Internet Explorer (3 K
Microsoft Corporation ¢ K[E 3 LN Do
BT DR EEIE T
A2) Mac 1%, kEBIOMMOE~ THESINZ
Apple Inc. DFEE .
1#3) Firefox | % Mozilla Foundation MDX%GRpHEC9.

Ricoh Technical Report No.34

DECEMBER, 2008



REEBEICED  EN/NEEERITIROEIEREHICET SR
Autonomous Indoor Blimp Robot Motion Design Based on State Value

R E JIN FES R AT R ET

Toshihiko TAKAYA Hidenori KAWAMURA  Masahito YAMAMOTO  Azuma OHUCHI
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ZEMARETH Y, BENINE R TR XIS SRR A BB RRETH DD, FL
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—J7, 7TV =y a v EEETAROMEE LT, BEREICK A mEOHIEEE, BAE
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L, FATANEIEMECANILO BN K X <, BARNLE ~EEE CRIET S HlEI IR cbh -
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ABSTRACT
This paper describes indoor balloon operation based on state diagram using PID controller. The design
of operation was enabled for control of an indoor blimp robot of operation in the formation propriety of
each state by state change. By using the indoor blimp robot control method of this paper, the design of

an indoor blimp robot of operation can be performed simply.
By determining the parameter which can realize a benchmark, we showed that an airship applicable to
various applications, such as entertainment and round surveillance, is realizable. For these features,
indoor balloon robots have enormous potential for applications such as entertainment flight, automatic

surveillance and searching activities in the destructive buildings.

* Y a—y7 by 7R FEERIEE
Business Strategy Center, Ricoh Software Inc.
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Graduate School of Information Science and Technology, Hokkaido University
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Fig.1 Diagram of the autonomous blimp research platform.
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N E &GEE DR, *HcT BB ZT L
fo & EITROITENZIER T 5.

‘S(t)l—AiSSA’,V:gfven L 0aey (12)

T2, S@) I t TORERTHY, KlhoNL
B (x(t), y(£), 2(0), 0(1)) & FEFE (vx(t), vy(£), vz(2), mO(1)) 5
KO OMKGEREH cr(r) , [BEERE cer() TH D, &
BERIEDSO),12iE, 10) DIRHEA Mk 2 Refi 4 45
EL, srt XA RX AR T 2R A fRET 5. 15
ENIRVGAIZIE, * &5,

BERATEERED LICRET S, LoL, RE
SRR X0 AT B ® fRe R AT 5. BRE
ST 5 L, ROBIEREBICER LRV, Z
DI, BRSO YA Z Table 2127 E L7z,

Table 2 Transition condition for next action.

SX sy Sz 56 st
20.0 20.0 20.0 0.2 *
SVX svy svz swb sr
1.0 1.0 -2.0 0.1 *

EREMIFATROBE B I G hE CREFRET
bV, PIZIE=ZREZER EOH L R ERFFTHE0D
TERPRFFZAT O BRITIE, IRIBOMERER R C st Z4aE
HTZELIZEVFREE 725, T, BAEEHUTE THom#
REFIEDH A7 21T D BRITIE, sx <0 sy DA T T
HEDTERET D.

2-5 BIREBEHIEH

RATHROITENE LT, FERERERICEE Sz BEE
M SEEERBME L, TOEMEX 27 24T 72141
HAFEHUSICEEZT 2EEER A B 2 5.

HAEH S E T D A2 2 2 7256, IROBEHRN
VIR D EEZBND. bOHMSNOEEEZBMEL,
ZDH AT ZAT > AR BRI E SRR T 2 B E
BEZD.

- FRESRIZ BAR MRS EN B IR FF T 2 BB A

- FRATREDSERLERFFRE) L7 &Il 2 ik
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- BTG T 5 BT SR 2T A
ZOLOREHIE LT, ZkaeBEie ARy T,
Koo 7EMSE2HEL, oy NBEHOAR YT
U—fEn el leol- & ZIZBHEMNICKET 57k
DR ENTE210 ZRkacBEie Ry F OB L
[FRRI, FRATAZ IV TH FEIERIC B BUALE A~ D ERER
BE#hRnETHD.

AT CTIIARATHR O BINLE & LT, EALE AR
HREN L CHAENE 2 L, i BAENLE CO

AHEMENEZAT O —HOEERG 2 L TEBRTHERE T 5.

AT T DIATHYD B BINLE T O BN ERFF O
WA Fig 31077

Keeping position

X

Fig.3 Movement and landing operation.

RIEEB IR T EFigdllieb.

!

Through position

“II\()(—CKIH(/V—Cy\ 5%—20

( Eeeping position or
Through position

| (x—cx| H{y—eyl 5%750
A R—

( -
Landing

|(x—cxl+\(y—cy|:%750

OOU

Fig.4 State diagram for blimp robot motion design.

U EDEMENS, 7aT /==y MIERDY
FHT B AV S DS I BN B R EFF F 71T 2 kG
FEIFIRD =D DORMN SR EREST H 2 & TRDDH Z
LINTES.

w=J(e—ex) +(y-cy) <o a3)
\dé| <odo (14
M < VZdow;zOdg (1 5)

ZIT, exeylTBEMEFLO X,y EETHY, OR
IEHOYRERL, dOIEEEALE & TRITHRD 6 DI ZE,
0dd V3% D BIERZE% BT 5.

F72, VZed X FEORERKEETHSH. AW TIL,
Mo % O0R=10[cm] & L, QIZBT 2 BHIERA%
0d6=02[rad], VZu.=blcr/s]& L TRET H.

i S OB A T5[cm] & L, 1 &130[cm] & L7254
ST AR IC BN T =0 L TRET S, At
FIEOBATIE, BEMED E220 5 FHAE1T ) SE
WD, HEMEBENOAHDIC FREITH 20Tl 2%
FEHL AL R DOWN S FE LI AT S O A
ERHDZENNEC 2D, T DT, HEERE
AT D 72 DI FE M ST O il & 25 BRI 2 2019
L. AWETIE, EHER & S e OfEg A =5E
T5.

YRGB R A TRATHR D x, y B L Oz B 2255 L L
PO RELL, AT LIcGA ST 55
WARE SN D . A MG & ST 5 o BIfEk o &1k
H&Table 3I2F & 7=,

Table 3 Divided area for target point.

Domain name Condition formula

areal \/ (()C—C)Cf‘f(()’—cy)z <720
area2 \/ ((X—fo + ((y—Cyf <7570
area3 \/ ((x—cxf ’f(()/—cy)z > 72 —30
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F7o, IS L EROBEIN &2 Fig 5ITR T

4—.|
L1

L2

L1

Fig.5 Divided area for motion include landing motion.
(upper view(left) and aspect view(right))

HARE S A~OBIZETZ TR X 27 O BOEEITI,
area3 DR E & B4 L C, area2 DGAEIZ K - CTHilfE4
5.
BHEBUCAAE L CO D RATAR OB 75T, TR
Dareal DA T2 L7256, BEALE~RD) > T
WEOHIEZITS. Zokx, BIEREEL LT TFRBO
%6, (oxopobovz)=(cxaOyz ) AFRE L x,y FERR &
Ovz ZHIHT 5. area2lfF1E L TV DA, FATHNZ
75 ML D H LA (s, sy) IZ MDY, areal DFEIR~DF
HERALD., ZOLE, HIERREL L T(ox0000)=
(excy0)DAHEIRET S, £72, area3lZfFEL TS
TRATANE BAZALE O Hls EZ22~[A1730, areal B LY
area2 DEIK~DOBE 2R A 5. BEWKRELEL LT
(ox,0y,0z)=(cx,cy,cz) ZHRET HZ & T, BIEMLEDOH
L EZE~BENT 5 2 L ISFTRRIC R .

FEMZ T L& &, R L0 @R OEB IR
TN TFET DR S D, D& &, TITIES
FEDEE L < 72 D HEIOAMEERNITIBR SIS, AlD,
areal DAt & area2 D SF A 72 37555 12 I Zareal 23188
REhd., Fio, HERESET DI LITED 2R
HNELRZEF OB L T, AT SN T25H T
bHoTh, WIHITEBIKEE T REAYIC I Zareal ~ DB
AR D -OIZ, BEMITHECIATIRTHD. &
SRPRFER L OVE R GEIE T, PRI T T,
area2 £ COHIEI & 72 5.

2-6  PID#IH

ABFIE T, FRATAROHIE 7% & L CPIDHIE % 7]
M9 %. PIDHIENZ, HIFEET LA HHCIA < g o
B THEA SN TOWDHIEIFETH Y, FRATAROHIEH
HEE LTHRH STV AP,

PID##E ZFIH T 254, BEEL & HRiEE & BIE
DIRRER: & DIRAEDBKE L 72D . AT OHIE TIIAL
EORAEN DEERAFITE T 250 Thh T & .
UL, EHEAREWES, BEREBICHETS Z &
DRETH D EVWIHRERDH. AFRTHE, HESE
& BUEHE DR 7227 b B E &R A 3R 2 PIDHI# 2 H
W5,

FATHNT I & L Cxyz0 2 5. K4
DEERAEmMO & L, BAHE L BIEOEE & OfFE
Teye T DL, FEOBMERITRO L HIZ25.

M=K 0+ K Y 0T +Kp P (16)
%ﬁﬁKﬁﬂﬂM%Zb@MWKwézﬁ an
m0=K,e.0+K, Y e OAT+Kp, 250 g)
(1) =K pep0)+ Kip Y p(OAT + Ky DZ@ ) (19)

ZZT, KKy Kpl3eil - BG83 7 A o TH Y,
F 72 Ddt)=e(t—-AT) TH 5.

PIDHIFEI T, FEEEROLFIE, FEOHE, MOHE
ERETOILEND D, FHORD I L LT,
Zieglar-Nichols|Z & 2 BRFUREEVESC A T T IREVED
SRTVBEY,

TATHRDSTRA T3 5 BRBE IS L OB EREED & 2278 1T
BlETHZENRETH DD, AT v TINEEE A
WTHEAERD D, AT v TIREIEICEBT HPIDHIE
ORI, HHEHORMEZ R OGHIFE L D RD, BUS
BRI HER A 5| &, BEi & B2 28 2 Rl
ZT, S ORZE DEVEDEFMEKE T 5. =
D &ox, H UL K, =12T/K, , K =06T/K, ,
Kp=06T/K & LTRDDHZ LN TES.

FROXICESEFHEZRET H. LirL, Z0OfE
EEOEEHAT D Z EIITRITIOEMEREN S EEL
V. EDTDIT, RO BIVTAED S TR ERIZ L VK
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OB T A= ERODIVERDS.

2-7  WAHE : 7O OG-

W Tix, PIDHlEZ FACEHE LTz x,y,2,0 D#RAE
B T R AT QMR Z R 5. Ao 5
EER A BRI OO 7 1 T2 2 5 2 & TR
T 5.

TaRT G2 DEEREE m©), .. m() LT DE,
IO OBEERIZROANTRFT LN TE D, 9ICH
LTI, S D 72 D7 a T BNIEE LR N8
x il KONy SO BERIC S LA CTHIE 21T 5.

mo(t) = m,,(¢)+my(t) (20)
my () = m, (1) +my(7) @n
my () = m,,(t) —my(t) @2)
my () =m, () —my(t) (23)
my(t) =m_(?) (29
ms(t) =m_(¢) (25)

R ER A LT T 1 T ORI RARE S LD

[l $rkrpm] & &4 HE S Th[g] 0 BIR & R HAI L 7= 5=
5, IERHR TR A0S 2 AEFRETH 5
DIZxF LT, WiElRIIHK15[g)E TOHES LS
RN OIT, IEEEE - WEHROHERE S D EEZFE L T
EEE DHIE 21T, T 7 DPERED & ft/NRTHLA R
flZ0.01[sec] & T 5. m@), m@, m@, m@)r5IE
HAREEIC 5 LC, o8OI AT > . 0% HIEd 5
B, m@, m@), m@), m@IZBT 25 EDRERIER &
WIEHRZ AT D HLERH Y, WEHEROHE S O F KX
BLEBREITHLZ LD, m@, m@), m@), m@
(2B L CIEEMAD F KIEHARFH] 4-0.21 [sec] & T 5.

Fig.6 Experimental environment.

BREERICIIREF DT K~ —7 %100[cm] M@ TR
&L, BEHEWEEZIT ) ERAZ T > F~—27 OFuift
UCELE 5. EBRERBICIX, RATARASIRAT AT RE 72 fH
1A, -200 < X <200, -50 < ¥ <350, 100 < Z <300
ELTEREND. 77, 0ICHLTUMEEDHMEIC
HIEFTRE CH D12 0-71< 0 < x DFEFA L T 5. FATHD
TATEREE L, ZEHCRIMO PN FICHEL TEBY,
FATSRIEN TR L IT RIS,

AL TIXPIDHIE ORI EZ W TN D720
2, ZEPRCRIE DR A AT S B ARk L CHfil
BINTIRETH B, Z D720, TATRIENERDHEAT
HIFE SNz [F—#uE 2 BB ATREIC L7,

SRERERE

EABENCRT 5 X F~—27 ZTable 4I2F &0,
ERBE) & A O T P Y~ DO B E B ED
Bl & Fig. TWOR T

3-2

Table 4 Benchmark : linear motion.

3-dimensional
target coordinates ox oy 0z
P -150.0 0.0 150.0
P 150.0 0.0 250.0
P -150.0 300.0 250.0
P 150.0 300.0 250.0
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1) Movement orbit of 3-dimensional space 2) Movement orbit of YZ plane 5) Time transition of yaw angle
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3) Movement orbit of XY plane 4) Movement orbit of XZ plane 6) Time transition of yaw angular velocity
250 x coordinate —— 400 y coordinate —— 400 z coordinate ———
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_ 50 | ( _ 200 ’ _ 20 [
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7) Time transition of X axis 9) Time transition of Y axis 10) Time transition of Zaxis
40 40 40
velocity of x —— velocity ofy —— velocity of z ——
objective velocity —— 30 objective velocity 30 objective velocity ———
20 20
_ 10 _ 10
Q) @ Q)
z £ : &
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8) Time transition of the speed of X

0
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tisecl

11) Time transition of the speed of Y

700 800

o H
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tisecl

12) Time transition of the speed of Z

Fig.7 Benchmark experiment result.

HEAMELFZB T 5 F~—7 TlE, pnbk L%
REAMMAPEDEICRELN R T D2MEN DD, NTF
~—7 L 720 KRR E & Table 512773, Table 50
F=—7120%, EHRBEOE RRE A I T IR A
EHIET S, EAEE) I 2 TS, o
BHEOENRE L TWH D -OFIARNETH D, 20
72, NUF~—7 OFBMENFTRE ThIUL, AT

a2y MIERESNBREO R T ~To  EERRE
T D ENAEETH Y, RATHIE S AT LG5
THDHZENREND. XTF~—7 (T H BT
Ry hOYIINIE A (x, y, z) = (-150.0, 0.0, 150.0) &3
2.

[F] U SEBRER E C20[R FEBR ATV, 4 BARRRBIC R
L 7= DffF#2 % Table 612 F & 7=,
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Table 5 Objective state of benchmark motion.

T:Eg‘%gt ox oy oz 06 0@l oct
Ay 150.0 0.0 250.0 * * *
A -150.0 300.0 250.0 * * *
As -150.0 0.0 150.0 * + *
Ay 150.0 300.0 250.0 * + +
As -150.0 0.0 150.0 3n/4 + +
Ag 150.0 0.0 250.0 3n/4 + *
A7 -150-.0 300.0 250.0 3n/4 * +
As -150.0 0.0 150.0 3x/4 * *
Ay 150.0 0.0 250.0 3x/4 0.1 *
Ao -15-.0 300.0 250.0 * 0.1 *
An -150.0 0.0 150.0 + 0.1 *
A 150.0 300.0 250.0 * 0.1 *
Az 0.0 150.0 250.0 * * 30.0
m 0.0 150.0 350.0 /2 * 30.0
As 0.0 150.0 150.0 - /2 * 30.0
A 0.0 150.0 150.0 * 0.4 30.0
A7 0.0 150.0 250.0 * 0.2 30.0
Ag - 0.0 150.0 250.0 * -0.2 30.0
Ao 0.0 150.0 250.0 * -0.4 30.0

Table 6 Deviation mean of objective state.

DI | e lomd  dy lond  dzlemdl  d0 frad  ded [rad/sed]
A 9.21 10.20 19.20 * *
Ay 12.54 14.33 12.30 * *
A; 7.84 8.12 17.90 * *
Ay 15.84 10.19 15.48 * *
As 18.73 3.27 13.52 0.044 *
Ag 6.53 9.47 16.68 0.063 *
A7 12.20 12.09 10.14 0.086 *
Ag 5.73 7.99 18.87 0.028 *
Aoy 16.46 8.54 8.08 * 0.0081
i 14.43 11.88 6.16 * 0.0082
An 6.59 12.48 17.46 * 0.0110
A 18.55 6.50 11.22 * 0.0092
A1 812 716 13.15 " *
m 4.32 6.85 12.83 0.055 *
4| 606 863 1141 0.088 -
Aie 5.08 6.83 6.58 * 0.0326
A 4.22 7.03 13.16 * 0.0184
Aig 7.65 13.08 4.64 * 0.0512
Ao 7.39 7.68 6.33 * 0.1880

XY VI ORBEI S, FATARSAIIINE 2 H %

L, HERRE~OBEIZRA LFATL TS, UAE
DOBEZIT> T 5 & &, BIERREROBEIRHITR

X Z40[sec]H>H60[sec] TH BH. Ho Eze~FE) L 7-1%,

FATHRIT 0 2 n 2 & - 2~HlE S 4, HYICERE S
TAEHER~, FMAE AT D Z & AN 2 B o 4
BlZb bbb Tnd. FHE R TS EBRECIIRAT
Ty & ST BRI K D HENICHE S . El S

WABE L, REMICEER~SERL TS Z &R
Y,Z V- ORBEEID 5 0035 .

Fig. 7026, AREOFRET 2 AT ERIE 515 % Fv
THATHRIE B AR A~ OB E AT M OV HiBh (23 AT e
I EDRE NI,

WIZ, ERBEFRHZOWTE 2D, ERRFFEIETIX
FRATAN B AR BB B 2 — E O BERIkGE 9 2 LB E T
5. Flo, BERBRFEFITL WD a7 AR
INEWTZ, SRR LT GE THERER
BT amENS 5. Z0w, EEEFEEEZITY ZIkoT
2 DONLE O JEREE RRBREO P LERETH S
(ox0y) = (0.0, 150.0)IZFAE L7z,

TE SRR AERENE A I 2 725 AT, EASE) -

TSP OO 73 & [FIFEEE O FEEE CHIBH AN FTEE Cdo 5 728

HARRIBEOHE Bk e < BERRIBIZRIEWRETH D
ZENREN, BEEEABET S LICLY, BEE
WREZ BT DML AT LS Lz, ARFEBRIC K
D, zFEEER L Ozl BEREE~DIBREN B2 tE -~
NEETH D Z Enbnd. RATIRITE D ZFIH LT
WL TWD®, [URSPCKUENZE(L LI GAICAT D
FHLENT D, 2o, Z#iOHENIE L TR
IR A—=H Db ET .

FRATHIGE LT, BAEEE 2 3R 2 bl EEs &
UPIDHFH D /RT A—FZ PEFAETHDH. ZHHD
IRT A= BT R UEREZITVRD T L AN
T A— B EPET DR L LT, BoEklEiEy o
Pl EAFIAT .

AREOFRATHIBECIL, B 2B 56T UL B AR
RICEIESTHZ LA TH LD, KEELIZRITS
HERAZ /NS THZ LThESND. #-oT, K
HHEMEOOE > ThH D /=2 A M E L TR
BARTE L (Table7) .

TRATHA O PR AE BRI CHAS &S 4L 5 72 o A BLE
DR TIAENS.
mx@+§}ﬁ)0wm (26)

t=1
INT A= Ol L L TH(Q@6) 2R L2720,
AN SUVMEIZ EAFE L.
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TATRFR OB 597, BFEEEE 2 1B1E9 2 AT il

Table 7 Evaluation value for minimum cost problem.

DFEBDOT-®IZ, Table TIN5 /8T A—H 25k X F

T[sec] é. [

e & v — I CEMIRNT A =2 L LRSS, @BIREHh

Parameter 1

773.45 141388.10  138857.30

62518.10  30.232 128T A= B N TR F~— 2T LR %

Parameter 2

973.71 84163.26 86860.82

2639053 26.0T7 Fig8ITRT. Fig T, MATERIIE<L 725, L

Parameter 3

773.45 77961.75 87239.43

58574.09  26.773

Parameter 4

738.11 83201.11 91771.92

L, BARREEICH L TR EMRBENRETHY,

55488.33  31.462

Parameter 5

808.79 79597.28 83620.15

AR ~DIBIENH DN D T L ivbhnD.

44228.98  28.028
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Fig.8 Benchmark result using adjusted parameters.
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BETFTYYILEER imagio Neo 603RC/753RC

Reconditioned Digital Copier imagio Neo 603RC/753RC
A HEREET I ORI Ll E Bk E KM AT

Kentaroh SUZUKI Yoshihiro MORII Takashi KUWAYAMA  Keiichi SHIMIZU Yoshinori OHTSUKI
S kk
Feg AIlA
Norio SATOH
= =]

imagio Neo 603RC/753RCILiTisa» & BN X 5 AT U TR Z i L, O
BRRICIBHEWEL Z & TIRRAUESICERT 5, REMRMT X VEERTHS. U
DA R

D JEIMEEED Y o AR A R IS8R A L. BRI IR & IR VB2 B TR

2) F/EMEL L THIO THybrid QSUEN A5 L, KiE/eE = & F81

3 N RT 4 RTEET — X HEFEORER X 2 ) 7 1 HEEOHERK

4 ERCRANX—RE—T 0T A T av— 7 ORI E S

Abstract
The imagio Neo 603RC/753RC is an environmental-friendly digital copier which contributes to a cyclic
society in the effect that end—of-life machines are collected, reconditioned and used again by customers.
It features the following:
1)  Contributing to the waste reduction and resources savings by using approximately 88wt% of
reused parts including peripherals.
2)  Achieving a large—scale energy savings as the first of its kind at Ricoh by incorporating the
Hybrid QSU (Quick Start Up) technology.
3) Incorporating cutting—edge security technologies such as residual data—erasing technology in
HDD.
4)  Complying with various environmental standards including International Energy Star Program and

Eco—mark.

* MFPHEALE 3RiftiEL > & —
3R Promotion Center, MF'P Business Group
s filhy) a—platt  ABEREAR
Product Business Group, Tohoku Ricoh Co.,Ltd
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KREFEFAOHETT NG, BIRIEERE, [KHHER
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BEHE (Varvsova=r ) LEIhailih%
1999 HHHIZE Y LT 72, BARK L IXERHE A
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FEEWHIIR & A IR 2 FEBL9 5 HIEREBR BRI S L
mCHhD.

A [EEA Himagio Neo 603RC/7T53RCITHE L%
MHAT MR, BX = U7 o HEEEKIEICA s+
=B Th D, LTI ORHS AR T 5.
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U T 1 BEREDFEHL.

DEFET L= Y —T 07T LR, Ta~v—
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imagio Neo 603RC/753RCIZ Y YA 7 stk et hs it

4TV Himagio Neo 603/753D1F FE A IR L C,
FAELBEL WA TH D, 208, FEAKREIZO
VW Cldimagio Neo 603/753 L [AIER CTH 5. BLELHERKIZ D
Wi oHimagio Neo 603/753 CldA 7Y a VikiE &
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%, ARDFO F7ettAk % Table 1, 2, 3123, F£7-,
Fig LlZi3 5B 2R
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Bi . el
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Fig.1 imagio Neo 7563RC system.
Table 1 imagio Neo 603RC/753RC specifications.
imagio imagio
Neo 603RC Neo 753RC
A ENS A%
JsfEr T [ 7 =
B (IR OPC K7 A
[V HARELS R
Bitg RO R T T V1A Y — 7 BlE
A A o —ZnEH R
[RENnv =N, Ty, S (BKA3, DLT)
HE ]/%% i KA3 (DLT) , /A5 7 (HLT# 7)
A X
FEL RA3 (DLT) , f/DA6K T (~A3%)
St B2 FEURE : 600dpi, FAMKF : 1200dpi

UA—LT T HA A

30BLLT (20°C)

30BLLTF (20°C)

Ty —A It —ZA L

42T (BE1hLA)

35MLLT (H1hLA)

R TR (F:5))

HENE - 60f/A49 =2,

FEYE  THH/A4E =,

(kA XCTHA D) 33H/A3, 38F/A3,
1:1 1:1
FEYE 1.156~4.00 (JIK5) 1.15~4.00 (JEK5)
[CECERES 0.93~0.25 (ffE/IN7) 0.93~0.25 (ffi/IN7)
[ 25~400% 25~400%
(1% AL OLERE) (1% B4 DAL R E)
e L0 (%27 1) X 1B+ T3 L 100k
Fartr -
o apL
FeT L 550% X 3E%
T G 1~999%%¢
JHARARE 52.3~216.0g/nt (45~180kg)
EIR 100V, 15A, 50/60Hz
BRI EE T 15k wlLTF
Jox & 1,417X 760X 1,165mm 1,417 X 847X 1,165mn
(B X B X ) (B R HEE, (B BFRRE 0 3 E,
mATS A T4y —amh) | Ta=viv—Ei)
B 255kgLL T 267kgLA T
" (Th=viv—5t) | (Fa=viyv—5ile)
B e oh- ¢ E #I57TWh/h #9117Wh/h
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Table 2 imagio Neo 603RC/753RC printer function

specifications.
603RCEFLT5 | 753RCE T LTH
fif 5 1200dpi/600dpi (RPCS, RPDL) 400dpi (RPDL)

w7y hE | eotum (4= =) [ 7sEusy (adEa)
ZEf% 20%~300% (RPCSH¥)

A —H %> b (100BASE-TX/10BASE-T)
IEEE1284ECPH#E#L (W7 /XF L)L)

TCP/IP, IPX/SPX, SMB
384MB

A B =T —R

7u ko
AEY —

Table 3 ARDF Specifications.

SRR A X A3~B6
SRS HEJ%%.H#AOM%g/m (35~110kg)
i AR S 52~128g/nf (45~110kg)
SRR RO K 1008 (U =2 —PPCHIM& S 1 762000 & %)
G HE (57 758 (753RC) , 60 (603RC)
R EES 110WEL T
K s - . -
(B X B x 75 %) 680 (fE) X560 (BL) X180 () mm
(54 #118kg

2-2  HYBRID QSUEZEH1lr

U — LTy TR (IR ORISRV & L
72QSU (Quick Start Up) &9 U a—flH O EEHAT
NHD. ZNETCOEGHITEREZHAL TOLES
02— 7 PETERE I FHR T 5 E TREM A 00,
2 BT 2 7o O ITHEM SRS L UV WREEIRE IS
BWCHHICESICE N2 MG T 2 0N o 7203,
QSUEANIZ L 0 FEJHROFFRs & L < IXFFHERED & D1 I
e 2N S, VB2 D 2 L e IHEE
DRIEZRH AN ATRE & 72 o 7=

QSUER Tlx, 7 EIFREHZ2 KIRIZEMET 2729,
HAOELER— 7 A LEREZKBL TS, 2
N EE BB 4 2 (IR RBR A IC R AT DR
FEVE HIAB DO Z RIS DN o 72 (Fig2) .

BIRBERIC
4 BEDEDS
i — WABD
ng ABDFL | ok
T
L L AN WL
War B
Fig.2  TIllustration of fusing roller temperature drop.

% Z Cimagio Neo 753RCD jif T & Simagio Neo 7563 T
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Fig.3 Hybrid QSU fusing system.
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JELTWD. BEFOWIndowsiSalk & A7 ASCLDAPY—
N—bLOEEEIZLY, v ya—P—Z L 2T —
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Fig.4 Symbol mark of environmental label.

ENERGY STAR
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ALTWD,
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BIFHECI > CTF = v 7 L, HAER &k S -f50
DHPFER - S b 2, ERAKE - /A
R - RS I2 L0 BRSO E DR T Y X
IFREL, o TLRETOIEN - MR & DA
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imagio Neo 603RC/753RC T, FAEVESE A (RIS,
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Fig.5 imagio Neo 603RC/753RC manufacturing process flow.
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IR EMFEREZREL LS L9358, 42D LA D
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BAE S 2 ABICRE T 2 EHOBEEZEAL, 1
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Power Supply Unit

O Signal 2
Paper Tray Motor |

(Parts for inspection) Angle Signal Checker

Paper Tray Motor Inspection System

Fig.6 Paper tray motor inspection system
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Fig.7 Capacitor power supply unit.
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Fig.8 Reconditioning process flow of capacitor
power supply unit.
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Fig.9 Correlation between static friction to signal to

noise ratio of used electro-magnetic clutch.
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Fig.10 The document for disassembling a capacitor
unit safely.
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Fig.11 CO, emission through the life cycle of imagio

Neo 753 and 753RC.
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Fig.12 CO, emission in product process of imagio

Neo 753 and 753RC.
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RIETIYIVIIVAZ—T') %5 — RICOH Pro C900

High Speed Digital Full Color Printer RICOH Pro C900

il EE AT R T R ER dus R
Naoki SATO Takoyuki MUNEYASU  Takuroh KAMIYA  Yoshitaka FUINUMA  Ryouichi KITATIMA

A BT Bl 8T MR # R Ange HHE #

Masami OKAMOTO Toshihiro SUGIYAMA  Yutaka KASHIWABARA Kazutoshi OHTSUKI Takashi MAMA

= =]

Pro C900i%, 'u& Va7V o7 0 o IiilgEZ—47y MR SN @mET U X L7V
NTG—=TYV o H—THY, BEE, XA T, ToTEA L~y I ARFEHRLTND.
FRFHEIILL T O®Y Th 5.

1) B LY Ik

2) RO D DB HEE

3) T T A b~y I AEBRDDD A T ) AR O LA

4) EEECEBROT DI T 7 A

5) JEAMSEHEETLO 72 D DOBHLE & B

ABSTRACT

Pro C900 is a high—speed digital full color printer developed a production printing market in a target
and realizes, superior image quality, down sizing, up time max. The major features of these products are
as follows :

1) High—accuracy paper registration mechanism

2) Color registration technology for high image quality

3) New technology which enhances life of key maintenance parts for maximizing system uptime

4) Image processing technology for high image quality

5) Fusing technology to maintain rated print speed in thick paper mode

*  PPHEH CTLSWHFEL Y ¥ —
Controller Software Development Center, Production Business Group
o MFPHEEARTE H—ibler s —
1st Designing Center, MFP Business Group
ek R Y VTSR Y a2 — VTR v Y —
Module Development Center, Imaging Engine Development Division
ek IR Y P Y BATEAEE  BRREM RIBETE 2 v & —
Functional Material Development Center, Imaging Engine Development Division
ek O Y REARTE 7 7 v b7 — LB v s —

Platform Development Center, Imaging Engine Development Division
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Pro C900D HAR AR Z LU N IZRT

Table 1 Specification of Pro C900.
FEEFHH
13X RICOH Pro C900
o avy—L
ES L—Y—BEBESHARX. 4FSLEVTLAR
g IINhF— 90R—T /53 (A4HEIEY) . 90R—T /53 (B5HEIEY) . 50— /43 (A3)
TUUNEE €/40 90R—T/ 53 (A4HEEY) . 90—/ 53 (B5HEEY) . 50X—T/ 5 (A3)
e IS G £ i 13.5B AT (RAERL A 1(Z TAHEIE Y FNRIEE)
/50 1358 LA (R R L A 1S TA4MEIX Y FNRIE)
RIZE 1,200dpi X 1,200dpi
&R 25653
EfEE 25%~400%
FLA1 (A4tEEY)
bRy Rl A2 (ASHERY . BARIERY | AdHIEEY | AdRRIEY |
B5#ftX Y . BoREEY | ASHEEY)
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Fig.1 Paper registration mechanism.
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EE7ZINHS>—EAHE imagio MP C7500/C6000> ) —X
High Speed Full-color MFP, imagio MP C7500/C6000 series
A wH O EA” B BT &7 BHETT O LR BT

Ken YOSHIDA Naohito SHIMOTA Kenichiro ASADA Yoshio KANEKO Nobuo INOUE

FILORATT SRR MR

Yoshihisa ASHIKAWA  Yuuki INOUE

= =]
imagio MP C7500/C60003 VU — X%, @lE, mZEM, @AEEELZERL, +7 4 AKUT
A "TaF 7y a SRS OERIZHIG LIZT AT T —EHERTH .
FRRHEE, UTOWY Thb.
) mEEELEERT D, FH/RRES N —
2) WEE - RREMEFERT D, FRBGR AT A
3) WE LIV ONESOYIEE R ERT D, mEEMES DRI
4) UA—AT T XA AOREM, E A Y — FomiElk, A ¥—{bEEHT 5,
IRIRES b — & EAEMOUE
5 T4 NuXra L WGTEAT L AKIE A2 FZET 5, EAEBIT & AAEI
6) L—HFE VT ¢ ZEUE LI E v
N TFIAT VAEDEVERE N LA
8) I ALy L ULDTECIEZ LTS, & i

ABSTRACT
The imagio MP C7500/C6000 series are disital color MFP while at the same time realizing superior

image quality, stability, productivity corresponding to demands from both of office and light production
market.
The major features of this product include:
1. A new type of small particle size polymerization toner provides high image quality.
2. A new type of development system provides high image quality and stability.
3. The most accurate color image positioning is made possible by new auto image positioning
technology.
4. Low temperature fusing toner and improvement of a fuser provide shortening of warm—up time,
speedup of continuous output speed, saving energy.
5. Fusing and paper supplying technology which improves paper compliance for a light production
market.
A large, quick response LCD for more simplified operations.
Paper feed trays that feature user—friendly design which enable easier paper loading.

Energy saving technology to realize class top—level TEC value.

* EfRTy Y Y BFEAT 77 v b7 4 —LbiTEe v s —

Platform Development Center, Imaging Engine Development Division
R Y VRAFAT  BRREMRIBIE R v 4 —

Functional Material Development Center, Imaging Engine Development Division
wk PP CTL/SWHHTE & v & —

Controller/Software Development Center, Production Printing Business Group
e MFPHRSEARTE @Gt v o —

1st Designing Center, MF'P Business Group
wesk 23k 0— 7 GFEART GWHIFER v & —

GW Development Center, Conroller Development Division
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Table 1 Specification of imagio MP C7500/C6000 series.
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Fig.1  Comparison of New color PxP toner and
conventional toner.
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Fig.2 Image processing ASIC.
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Table 2 Comparison of adjustment time.
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Fig.8 Relation between copy speed and TEC.

36 tTxXxaVras—ae

abv—, Y oEx— AFXxS—, TyrvI A, K
X2 AU MRy 7 RAENSTEENENDOBKEEIZ DN T,
Bk SN iea—Y— T L IR AGIREFT S Z LN TE
2.

72, SHTECOBFEEHTa——a—Rick?
REICINZ, 2—P—H L NRAT— R&ffiof A L
AL — P I AT LA LTV S,

ICH— RIZ XA EAGEFES A7 [ KV HIR O &
TR L AR, WET — % O kic kv
Xy U= IEROEHREBHNTND.

W2, HDDEEIFT — X {HESCH S LIc b RIS L, £
R =— e LTS,

I4.%&®Eﬁ

hm@ﬂ@@%mmmmvu—fi%%u%,EW%
HICHFFARIEIAEEHERE L TR Y, LE LI-BE)
%Ebﬁ74xwﬁﬁ%#7m&7Va/ﬁ%®ﬁg
RICH A EH TN D,
L81%, AHEOBRICBWTERBSNT=£L Ol
HERIY, BRLEEE, &LEM, SAEMEB
KI;p LI, TTIAT VR, 2—F VT4 OH

Ricoh Technical Report No.34

DECEMBER, 2008



THREICHE LTz, BELROES & 55 OB% %
HHTNL.,

BT, AHEOBRE, pinkicdzy, BEET5%
KOFRIZZHE, TIWEHEE L2 & 2K
HELET

Ricoh Technical Report No.34 150 DECEMBER, 2008



FEL—Y-—XTFr AVAY AT LEIFIC RPI02K
System Power Supply Management IC for Blue Laser Optical Disc Drive, RP902K
wE EE A BREAT e - I B

Masanobu FUKUSHIMA  Yasuhiro ISHIZAKA Koichi HAGINO Shinichiro YAMADA
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Katsuhisa FURUSE Toshiya MUROTA
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RPOOZKIE, HaAlL—W—% A LINT 1 A7 FIA TRICKEL LIV AT LAERTH L.
K74 A7 DDS P (Digital Servo Processor) 27 AEIRICKE 2 —%, 7T u s LIOfE
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ABSTRUCT

The RP902K is a power management IC optimized for optical disc drive using blue laser diode. It
integrates a step—down DCDC converter for DSP core, a step—down DCDC converter for analog and 10
circuits, a step—up DCDC converter which has the function of changing output dynamically for laser
diode driver, a voltage detector to monitor input voltage, and digital circuits which control “power on
sequence” and decrease noise, when more than two DCDC converters operate simultaneously.

The RP902K is mounted in small package, has high efficiency, and stable operation as features, so it is
easy to design power supply of optical disc drive, and then the system achieves small size and low power
consumption. This paper explains the technology about ecology, noise suppression, and changing output

dynamically.
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Fig.1 Power Supply Diagram of BD-Drive.

Table 1 Specification of RP902K.
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Table 2 Comparison of Efficiency & Loss.

=357 Vout/Iout BENIEEES
%EDCDC | 1.8V/300mA | 87%

DESRDHERR VR 3.3V/200mA | 66% | 83% | 17%
HJEDCDC 11V/150mA | 90%
[BEDCDC | 1.8V/300mA | 87%

RP902K PEFEDCDC | 3.3V/200mA | 94% | 90% | 10%
SJEDCDC 11V/150mA | 90%
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Fig.3 VFM Operation.
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Fig.4 Power On Sequence of RP902K.
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Fig.5 Phase Control of RP902K CLK.
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Table 3 Variable Output Voltage of RP902K.

Stage Ratio Vours Vrp3
0 100% 11.000 1.000
1 95.4% 10.505 0.955
2 90.9% 10.000 0.909
3 86.4% 9.500 0.864
4 81.8% 9.000 0.818
5 77.3% 8.500 0.773
6 72.7% 7.997 0.727
3-3-2  AERHIEAE

BIRIC~DD ¥ « IIPKGER N H H 1=, XA
F v 7 EREEITO 2 he— LY, ARER
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M L7z, Fig6lZ1-Wirefillilo # A X > 7%~

, HEATeER

min 1.85us

*: i max 16.7ms

(1 min 1.85us
|

The voltage changes between 72.5% to 100% like Figure
When every high edge of EN3 are detected

: i
| | || Max 1.54ms
VREFS " \ay 12.4ms e

L
Change time

Fig.6 Timing Diagram of 1-Wire Control.
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Multi Color Heat-sensitive Recording Paper with Inkjet Recording Property

= fiize & JfRIL R EHE BEST

Yasuhiro KADOTA Norihiko INABA Hiroki KUBOYAMA Takahide KUTSUMA

= g

BEGUERMENT, ZOHIFEMN Y v TV TEMTH LI b, Ly— 1k « T - kA
HE - & T, B T ICER SR TWA. 2 LT, HHROERER EBLOEF 2 7 o
ZHNE LT, Stk ~OEEHRTA.

Fiz, THHRROILMR VICTE DR TEERSRCA 7 Ve Mk Y, ity Uik &
DA T Yy MEbiTRbiTWd. AN, AR - B2 COREGIENFIEETH Y, EmIZA
Y7V NRERERE A A LT MR R AR T 5. Aok, AR O ERRHEIILL T O
DTH5D.

1) Fd 3= X—2k 0, A« B2 TORBNTRIEn i (B a¥6)

2) MBEOEYZET 4 7 —DRMICEY, SRWREGRIEOND (SRMETFTRE) .

3) EEIIA 7 V= MR FRETH Y, WK E R DME LD 720,

ABSTRACT

Heat—sensitive recording material is used at many aplications such as receipts, POS labels, couriers,
tags, etc. because this material has advantages that can be recorded by relatively simple printing system
and is low cost. And there still be big demands for multi color images of heat—sensitive recording materials
to improve visibility and security level.

Recently, the market usage is expanding, and making to the hybrid with other recording method media,
such as pressure—sensitive recording media and inkjet recording media, have been tried.

In this report, we introduce double side recording material whitch both black coulor and red color
image can be recorded by heating process and has inkjet recording property on the back side. The main
characteristics of this media are as follows.

1) Red and black image can be recorded ( Multi Color Recording).

2) High resolution image (Using original high porous filler technology).

3) Good inkjet record image and fewer powder fall.

¥ —2 AT 4 TH YN — RS v 2 —
Research & Development Center, Thermal Media Company
e AEPESEATE OMEFE

Office Machine Production Division, Production Business Group
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Table 1 Character of printing system (Industrial use).
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Fig.1 Change of printing image by applied energy.
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Fig.2 Resolution of printed image.
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Fig.3 Inkjet dot analysis.
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Fig.4 Design of layer conformation.

3-1-1 SRFHEO2BFK BN

BEke, FREFLERDY FTRE 7R NGB BH T I\ T
BRI, FIP LZERZIIRAEZRFLTOTE
RFCEMAL, BolZWEBIZR->TLE D REN
bolz. BRHCEE Y Eoick LT, migmAE
FINRFEZ A LT e,

ZO XD I LTI, BEasEREICR
WCEIRFRIEZ BT 2R E0E 28 L. Zh
XD, fEk XV LIRFE AL OMAME 2 #EZ A |
SHETW5.

Yekta B YektC YD

u"n
" i
23t =1
|IE it .EL&‘
O

Fig.5 Red color image after Xe light resistance test.
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Fig.6 SEM micrograph of high porous under coating.
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Fig.7 Image model of insulating and head fitting

effect by high porous under coating.
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Fig.8 Evaluation of powder amount by paper

cutting test.
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