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ABSTRACT

Traditional automatic white balance (AWB) functions could not adequately handle images with both
sunlight and shadow. In this situation, new AWB is powerful by setting different AWB parameters for
different image regions. Shade segmentation is the key problem for new AWB, which aims at segmenting
bright and shadow regions in an image with very high accuracy.

This article presents our contributions on shade segmentation for new AWB, which consists of the
following four steps: sunny-vs.—rainy image classification, shade detection, sky detection, and post—
processing.

Extensive experiments on a wide variety of images demonstrate that our shade segmentation algorithm
is able to discriminate the bright and shade area with more than 90% accuracy, and achieve real-time

processing speed.

* Ya—y7 by 7R () BIRAH
Ricoh Software Research Center (Beijing) Co., Ltd.
wx IOV — TEMPFATE 754 A€ Y 2 — VEdiFER v & —

Device and Module Technology Development Center, Corporate Technology Development Group
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1. Introduction

Automatic White Balance (AWB) is the automatic
adjustment of the intensities of the colors” (typically red,
green, and blue primary colors). An important goal of
this adjustment is to render specific colors (particularly
white colors) correctly.

Traditional AWB algorithms make global adjustment of
the color in the whole image using uniform
transformation parameters.
handle images with both sunlight and shadow. In this
situation, new AWB is powerful by setting different AWB
Shade

segmentation is the key problem for new AWB, which

It could not adequately

parameters for different image regions.
aims at segmenting bright and shadow regions in an
image with very high accuracy.

The framework of shade segmentation for new AWB is
illustrated in Fig. 1 below. In the first step, images are
classified as sunny image or rainy image. As there is no
sunlight and shadow area in rainy image, we only
perform new AWB for sunny images. In the second
step, shade detection is used to classify each image block
as bright or shadow image block at a coarse level.
Because shade detection usually classifies blue sky area
as shadow area falsely, we use the third step, i.e. sky
detection to correct such misclassified blocks. In the
final step, a post-processing step is performed to merge
neighborhood image blocks with similar color
appearance as one area, in order to remove some

misclassified small areas and improve the segmentation

Input Image

Eainy Image
Image
Claszification

Surmy Image

" !

‘ Shade Detecion ‘ Sky Detecion ‘

Combined Initial Results

¥

Pozt-procezzin

Refined Final Results

Fig.1 Framework of Shade Segmentation for New

AWB.

Then a model is trained based on the features of training
images (or image blocks). In the test process, we also
extract features from test images (or image blocks)
After that, the model

output by the training process is used to predict the

firstly as in the training process.

labels of the test images (or image blocks), based on the
features of test images (or image blocks).

The three classification tasks are highly related to an
academic research field named scene -classification.
Extensive research has been dedicated to this topic in
recent years. The major difference between these
works is different scene types, different features, and
different classification models. Due to limited page, we

only select some most relevant, or the most famous

accuracy.
2)3)4)5)6)7) : :
As the first three steps are all classification problems, works ,and list them in the reference.
. . . . . Test Images
we use machine learning techniques to build the final {or Image Hocks)
classification model, based on a series of features. The Faotrs Exrocton |
. . . . Training ma | Features
framework for the three tasks is illustrated in Fig. 2. In (o mage b..,?.fi_. Feate Bvaction [P Sl T Mol i
the training process, features are extracted from training - '
Training Process ion results
images (for sunny-vs.-rainy image classification) or p:;i subn"_n';[ |
image blocks (for sky detection and shade detection). e
Fig. 2 Framework for the Three Classification Tasks
in New AWB.
Ricoh Technical Report No.35 10 DECEMBER, 2009



In the final step, a region grow procedure is performed
to merge neighborhood image regions with similar color
appearance, and get refined shade segmentation results.

The rest of this paper is organized as follows. In
Section 2, we introduce the learning-based method for
the first three steps of shade segmentation, including
both feature extraction and classifier building. Then,
we give the description of post processing procedure in
Section 3. The experimental results are presented in

Section 4, followed by the conclusions in Section 5.

2, Learning-Based Method for the

First Three Steps

In this section, we introduce the learning-based
method for the first three steps. As illustrated in Fig. 2,
there are two major components for learning-based
method: feature extraction, and classifier building. We
introduce the different features for the three steps in
subsection 2-1. After that, two alternative classifiers

(SVM and AdaBoost) are compared in subsection 2-2.

2-1 Feature Extraction

We test different effective features for sunny-vs.-rainy
image classification, sky detection, and shade detection.
The features include color features, image capture
device parameters, and some transformations of them.
To achieve real time processing speed, we just use
simple features here. Experimental results show that
such features are discriminative enough for the three

classification tasks.

2-1-1  Features for Sunny-vs.-Rainy Image

Classification

The following 8 features for sunny-vs.-rainy image
classification have been tested now:
2 calibrated AE-related features: mean of calibrated
AE, standard deviation of calibrated AE

3 image capture device parameters: exposure time,
ISO number, F number
2 B/R-related features: mean of B/R, standard
deviation of B/R

Here AE are all calibrated for different parameters of

image capture device as follow:

AE = AE *rate €Y)
0.01 200, F num,,
t P — —
e (exposure_time) * (ISO) x( 4 ) @

Where exposure_time, ISO, F_num refer to the
exposure time, ISO number, and F number of the image
capture device.

The mean and standard deviation of AE are calculated as follows:

N N 5
mean ,, = 72":1 AE, std , = \/z” (AE, ~mean, ) 3)
N N -1
Where Nis the total number of image blocks.
2-1-2  Features for Sky Detection
Sky detection has been investigated by Luo et. al??o,

However, their methods have two limitations in our
application: first, the high computation complexity
makes it impossible for real time processing; second, it
makes an assumption that sky area has a de-saturation
rate from the top to the bottom of one image, which is
not necessarily the case in our experimental images.

To overcome the above limitations, we design another
simple yet effective method to perform real time sky
detection. It should be pointed out that our method
cannot discriminate sky from other blue colored objects

4)5)6)

as in However, our aim of sky detection is for the

shade segmentation of new AWB. In this application,
such false alarms (misclassified blue colored objects)
have little negative impact to the final AWB results.

In sunny-vs.-rainy image classification, the features are
extracted from the whole image. While in sky detection
and shade detection, the features are extracted from
each image block. Currently, we have tested the

following features for sky detection:
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R, Gr, Gb, B
hue, value, saturation
B/R, B/G
Hue, value, and saturation are the block’s color

components in HSV color space.

2-1-3  Features for Shade Detection

The following features for shade detection have been
tested now:
R, Gr, Gb, B
AE value
B/R

Saturation

2-2 Classifier Building

For the classifier building, we compare the following
two alternatives: Support Vector Machine” (SVM), and
AdaBoost'™". We firstly introduce linear-kernel SVM in

subsection 2-2-1, and then AdaBoost in subsection 2-2-2.

2-2-1 Linear-Kernel SVM

Due to limited page, we give a brief description of SVM
theory here, please refer to  for more details. SVM is
proposed from optimal hyper-plane in linear separable
situation. Then it is extended in linear inseparable
situation. As shown in Fig. 3, SVM is trying to maximize
the margin between positive and negative samples, while

minimize the training error.

o}

margm="2 ”11”

Fig. 3 Ilustration of Optimal Hyper-plane.

In the training process, SVM tries to solve the

following optimization problem:
1 n

d(w, &) = E(w ew)+C(Q &) @

yi(wex)+b]l-1+¢ 20

In Eqn. 4, w « w stands for the margin of the classifier
(as shown in Fig. 3),2; &, is the classification error,
and C is a pre-defined constant. Therefore, we can see
that C controls the tradeoff between classification error
and margin of the classifier.

The prediction function for SVM is:
f(x)y= sgn(zls:l’ " alphal, * K(x«x)—rho) (5)

where sv_num is the total number of support vectors x;,
K(x; * x) is the kernel function of the two vectors x; and x.

To speed up the prediction time, we adopt the linear
. x)

becomes the inner product (x; * x), and the prediction

kernel. In this case, the kernel function K(x;

function can be re-written as:
f(x)=s gn(Z:nm alphal * (x «x)—rho)
=g gu(z;‘nm ((alphal, * x,)sx)—rho)
=g gn((z:nm alphal, * x, yex —rho)

=ggn(wex — o)

)

Where w can be pre-computed before the prediction,

the prediction time can be reduced greatly.

2-2-2 Real AdaBoost

Boostmgw) is a method of finding a high accurate
hypothesis (classification rule) by combining many
“weak” hypotheses, each of which is only moderately
accurate. We use a generalized version of AdaBoost,
which is called Real AdaBoostm, in which the weak
learner returns a real-value prediction.

Next we give a brief introduction of the weak learner

and Real AdaBoost procedure we used here.
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The weak learner is a histogram-type classifier
constructed on each single dimension of the feature
vector, as illustrated in Fig. 4.

The output of the weak classifier is a piece-wise

function, as shown in Fig. 5 below.

Input: (;, y)), ..., G, y) Where y;, = 0, 1 for
negative and positive examples respectively,

training sample weight w(x,)

1) Divide the feature space into n sub space
X, X5 ... X,
2) Given the training sample weight w(x,),

calculate W/ =0,1, j=1,2,...,n

W/ =P(xeX,y=D= 2 wmx)
‘ i eX;,y=l
3) The output of the weak learner on the

training sample weight w(x,) is

1 .
h(x)=510g( ), Jj=l..,n, VxeX,

W/ +e

Wi +e
where & is a small positive constant

4) The corresponding training error is

calculated as follows:

err = Z w(x,)+ Z

h(x;)20,y,=0 h(x;)<0,y;=1

w(x;)

Fig. 4 The Weak Classifier.

hi{x)

Fig.5 The Output Piece-Wise Function of the Weak
Classifier.

Based on this real-value output weak learner, our
AdaBoost procedure is shown in Fig. 6.

In our AdaBoost procedure, the sums of sample weights
for positive and negative samples are always kept equal to
be 1/2.

training data when the number of negative samples is

This is to tackle the unbalance problem in

much larger than the number of positive samples.

Input (&, y), -, &, v,) where y;, = -1, 1 for

negative and positive examples respectively

1) Initialize weight w(x;) =1/2n, 1/2p for y=-1, 1
respectively, where n and p are the number of

negative and positive samples respectively.

2) Fort=1,.. T

a) According to the weak learner shown in Fig.

4, train one weak learner h,eR for each

feature j using w(x,), and get the corresponding

training error err;.

b) Choose h=h, with the lowest error, set
err=err;.

c) Update:

W (xi ) x g Vil

Wr+1 (xi) =
tp

for positive samples, and

Wt (xi) % efylh,
Z

m

Wt+l (xi) =

for negative samples, where Z, and Z, are
normalization factors to ensure that w;,(x) will
be a distribution, and the weight of positive and

negative samples all sum up to 1/2.

Output:

The final hypothesis is

H(x)=sgn(}. h(x))

Fig.6 The Real AdaBoost Algorithm Uses Real-
Valued Weak Classifier Output 4,.
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I 3. Post Processing

After the first three steps, post-processing is
performed to merge neighborhood image blocks with
similar color appearance. The procedure of post-

processing is shown in Fig. 7:

Fig. 7 The Procedure of Post-Processing,.

In region grow ®

, neighborhood image blocks with
similar color appearances will be merged as one region.
The “similar” is judged by calculating the color difference

between image blocks:
Diff,; = abs(Gr, — Gr;) + abs(Gb, = Gb,) + abs(R, — R,) o)
+abs(B,—B))
Where the suffix 7and j indicate the color components
If Diffy is smaller than a
predetermined threshold 7, the two neighborhood

from image blocks 7 and J.

blocks are considered to have “similar” color difference,
and will be merged into one region. The threshold 7°
indicates the difference between neighborhood blocks.

Currently, we set it empirically to be 50.

I 4. Experimental Results

In this section, we give the experimental results for

the four steps in four subsections respectively.

4-1 Sunny-vs.-Rainy Image Classification

The image dataset for scene recognition contains 166
images (75 for sunny, and 91 for rainy). The following
four feature combinations are compared, and the

accuracy is listed in Table 1.

2-D: mean of AE, standard deviation of AE

3-D: exposure time, F number, ISO number

4-D: mean of AE, standard deviation of AE, mean of
B/R, standard deviation of B/R

7-D: mean of AE, standard deviation of AE, mean of
B/R, standard deviation of B/R, exposure time, F

number, ISO number

Table 1 Accuracy for Sunny-vs.-Rainy Image Classification.

2D 3D 4D 7D

Linear-kernel | 0 g3 | 62500 | 81.25% | 76.56%
SVM

AdaBoost 50.38% | 70.31% | 78.13% | 81.25%

4-2 Sky Detection

The experiments for sky detection are performed in 25
images (16 images for training, and the rest 9 images for
test). The following feature combinations are tested
and the results are summarized in Table 2.

3-D: R, (Gr+Gb)/2, B

4-D: R, (Gr+Gb)/2, B, saturation

5-D: R, (Gr+Gb)/2, B, B/R, B/G

6-D: R, (Gr+Gb)/2, B, B/R, B/G, saturation

8-D: R, (Gr+Gb)/2, B, B/R, B/G, saturation, hue,

value

Table 2 Accuracy for Sky Detection.

3-D 4-D 5-D 6-D 8-D

Linear-kernel

SVM 93.97%

93.563% | 93.16% | 93.18% | 93.15%

AdaBoost 92.88% | 90.37% | 91.67% | 91.35% | 91.35%

Fig. 8 shows two sample images for sky detection.
We can see Most of the sky area is successfully located in

the images.
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Fig. 8 Sample Result Imagesof Sky Detection.

4-3 Shade Detection

The experiments for shade detection are performed in
90 images (64 images for training, and the rest 26 images
for test). The following feature combinations are tested
and the results are summarized in Table 3.

1-D: AE value

3-D:R, G, B

4-D: R, G, B, AE value

5-D: R, G, B, AE value, B/R

6-D: R, G, B, AE value, B/R, saturation

Table 3 Accuracy for Shade Detection.

1-D 3-D 4-D 5-D 6-D
ke];;rgfasr\‘,M 89.69% | 89.88% | 89.86% | 90.02% | 91.37%
AdaBoost | 89.59% | 90.82% | 90.29% | 91.39% | 91.57%

Fig. 9 shows two sample result images for shade
detection. We can see that some sky area is
misclassified as shade area in shade detection, which

should be corrected in the sky detection step.

Fig. 9 Sample Result Images of Shade Detection.

4-4 Post-Processing

The effect of post processing is shown in Fig. 10. We
can see that there is some misclassified area within the
blue circle in Fig. 10 (b) before post processing, which is
successfully corrected in Fig. 10 (a) after post

processing.

(a) After Post Processing (b) Before Post Processing

Fig. 10 Sample Images for
Procedure.

the Post-processing

5. Conclusion

In this paper, we present a framework of shade
segmentation for new AWB. The framework consists of
four steps: sunny-vs.-rainy image classification, sky
detection, shade detection, and post processing. As the
first three steps are all classification problems, we use
to build the final

Different features (color, image

machine learning techniques
classification model.
capture device parameters, etc.) and classifiers (SVM,
AdaBoost) are compared for the three classification
problems. A post-processing procedure is performed to
merge neighborhood image regions with similar color
appearance, and get refined shade segmentation results.
Extensive experiments on a wide variety of images

demonstrate the effectiveness and efficiency of our

shade segmentation framework.
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Document Image Retrieval
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ABSTRACT

Digital documents are a mixture in modern office working environments. With the digitalizing era
coming, the drop in the cost of digital data storage, easy—reading device, PDA. mobile device, etc. are
become popular nowadays. It is critical to be able to manage and retrieve office images to satisfy user
information needs. In this paper, we propose a novel framework for content—based image retrieval using
symbolic time series. Given an image, the foreground pixels (usually the black pixels) projections along
the horizontal direction and vertical direction are generated to be the primitive representation. projection
profile of an image is inherently a sequence of data which is the same as the one dimensional time series
data. In our framework, data cleaning and data reduction are introduced in the data normalization module
to enhance the data quality, and then turning points, called landmarks, along the normalized data
sequence are extracted. Next, symbolic representation for the extracted landmarks are produced. Finally,
the converted symbol sequence enable us to use the conventional text retrieval indexing strategy and
thus Ngram model is adopted to gauge the similarity of the symbolic time series. Experiment results

confirmed the effectiveness of the proposed approach.
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1. Introduction

With the coming of the digitalization era, the huge
amount of document images has left a tremendous need
for robust ways to access the information these images
contain. Printed documents are often scanned for
archiving or in an attempt to move toward to a paperless
office and stored as images but without adequate index
information. To enable us to make good use of digitalized
resources, especially document images, we have
developed a content-based image retrieval system which
is a marriage of our efficient full text index engine and
the novel image feature symbolization technique.

Several approaches for document image retrieval are
summarized in a survey D The existent approaches can
be divided into two categories, optical character
recognition (OCR) based approach and image feature
based algorithms. While the state-of-art OCR technology
can produce very accuracy results, the sensitiveness to
image resolution, heavy computation cost and language
dependency limit its applications. Different from the
OCR based algorithms, image feature based algorithm
focus on the image contents instead of the text
information. Several approaches are summarized in a
survey. Spitz maps alphabetic characters to a small set of
character shape codes (CSC) which can be used to
compile search keys for ASCII text retrieval ?_(CSC's can
also be obtained from text images based on the relative
positions of connected components to baselines and x-
height lines, as used by Spitz for word spotting in
document image. Doermann, etc. al. D extend the
application of CSC's to document duplicate detection by
constructing multiple indexes using short sequences of
CSC's extracted from the first line of text of sufficient
length. Hull and Cullen P have proposed a method to
detect equivalent document images by matching the

D presented a

pass codes of document. Yu and Tan
retrieval method for Chinese document images based on

stroke density code of each character object. These

methods have shown their advantages on fast and light-
weight solutions for normal document images. However,
these methods are inherently relying to some extent on
the text line, word or even character segmentation
results. Low document image quality or images with
complex layout can inhibit accurate recognition and
segmentation. What is more, image features are usually
represented as numerical feature vector and the
similarity between images are measured via vector
distance metric. The high-dimensional indexing
technique is usually chosen for fast accessing the similar
images from large image database. However, there are
problems of vector space solution on the ambiguities of
distance measure and scalability issues.

To overcome the challenges of both the image feature
extraction problems caused by image resolutions,
complex layout, different languages, distortion and the
indexing and distance measure problems caused by the
vector space model, we propose a novel framework
which is a marriage of our efficient full text index engine
and the novel image feature symbolization technique.

The remainder of this paper is organized as follows. In
Section 2, we will present our approach. In Section 3, the

experimental results are presented. Finally, conclusion is

drawn in Section 4.

2, Our Approach

In this report, we propose a novel approach which is
directly addressing the limitations of the document
image retrieval problems. Fig. 1 illustrates the system
diagram. The  distinguished module is the
"Image2Symbols" which play an important role in our
system. There are four major steps in this module:

Making the image projection profile

Data normalization: envelope filter the projection
profile

Feature extraction - landmark identification

Feature presentation - symbolization process
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2
= i I s Image2Symbol

3

O| ImageToProjectionProfile

Image DB of test sets ‘ Data Normalization

o
O| Landmark Extraction
o

Symbolization

[Symbol series of test sets] Query symbol sequence

|
TRMeister/DB
Ranked match
results

Fig.1 System diagram.

Query Formulation

Given an image, we choose to use the primitive pixel
histograms (projection profile) based on the binary
image because the flipping foreground and background
pixels with equal probability has only small effect on the
distribution of white and black pixels in a row or column.
There are mainly two types of document images, one is
of the multiple text lines, like the publications, technical
reports, etc.., the other is of the pictorial style, such as
diagrams, drawings, etc.. In the case of the paper-style
document images, to enable us to search the target page
images based on small patch of the target copies, we
choose to use the quick and dirty line segmentation
before making the projection profiles. After segmenting
the target images into multiple line-style images, the
vertical projection profile along the line image is
generated for the subsequent feature extraction. While,
for those pictorial style images, to reflect the 2D
structure of the entire image, both the horizontal and
vertical projection profile are taken into consideration.
The goal is to relate the results of this analysis to the
structure of the images which is reflected by the image
foreground pixel histogram; the projection profile is a

sequence of non-negative integer value.

2-1 Data Normalization

Data normalization process is to overcome the noise
and lengthy effects in the raw projection profile. The
foreground pixel projections can be viewed as a high
frequency signal superimposed on a low frequency one.
It is this underlying low frequency coarse scale signal
that is highly characteristic of the image structure. To
minimize the effect of noise, a low pass filter is adopted

in our approach.

2-2 Landmark Extraction

In psychology and cognitive science, more and more
evidence have shown that human and animals depend on
landmarks to arrange spatial memory % Landmarks
representation for time series is proposed by Chang-
Shing Perng to capture the most significant evidence of
the time series data. In our approach, similar to the
landmark idea, instead of using the entire low pass
filtered data series, feature points (called landmarks)
along it are extracted and used to be the representative
information. In the data structure of each landmark
containing two elements, one is the attribute (hill and
valley) and the other is the magnitude value; for the
landmark point with hill attribute, it indicates that this
point goes though the change from up to down.
Conversely, the landmark with valley attribute indicate
that it goes though the change from down to up. The
detection algorithm performs one pass through the
entire data sequence. The attribute of each landmark will
be used in the symbolization process to assign different
symbolic sets for the landmark points with different

attributes.

2-3 Symbolic Representation

In this section, we will introduce how to symbolize the
landmarks which are extracted in the last process. Every
landmark will be assigned a symbol in the symbolic
process. The symbolization scheme called "ContextSYM'
is illustrated in Fig 2. Each landmark will be assigned a
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symbol following the rule illustrated in Fig 2. In Fig 2,
vertex "CV" with attribute valley and vertex "CH' with
attribute hill are symbolized by choosing a symbol from
different symbolic sets. For example, the ASCII code of
the symbolic sets for valley vertices range from 48 to 55,
while the ASCII code of the symbolic sets for hill range
from 56 to 63. For a particular code, the three
neighboring vertices with the same attribute will be used
to determine its symbol. In the case of "CV" in the left-to-
right symbolic process, three right neighboring vertices
are "RV _I","RV_ 2" and "RV _3" respectively. Comparison
results between these three vertices and the vertex "C1"
are categorized into two types, less-equal and greater,
which are represented as "0" and "1" respectively. Vertex
"CV" illustrated in the figure got the code "7/7" and thus
"' is assigned on "CV'. Similarly, vertex "CH' is
symbolized to be ";". In the conventional symbolization

6.7 8), usually, coarse symbol

approaches proposed in
definition involves partitioning the range of the original
observations into a finite number of regions 9 Each
region is associated with a specific symbolic value and
each original measurement is thus uniquely mapped to a
particular symbol depending on the region in which the
measurement falls. The SAX model proposed by Keogh
is one well-cited symbolic method. The symbolization
process in SAX is basically following the way described
above. Symbols are allocated based on mean value of
equal sized frames along the entire data series. However,
the SAX model will not be suitable in the case of
analyzing the projection profile of document image
because it may cause a possibility to miss some
important patterns. Moreover, the coarse symbol
definition in SAX involves partitioning only the amplitude
range (projection value) of the original observations into
a finite number of regions without considering the phase
range (the position of the foreground pixel histogram
from left to right). However, the local variation in a
particular phase may possibly have the distinguished

pattern for matching operation. What is more, the

symbolization results may be even worse in SAX model
when the query series are not synchronized with the
target series in the collection; in our approach, the
landmark feature point derived from projection profile is
encoded via magnitude relationship of the local context
within a phase range. Such kind of design enables us to
overcome the limitations of the conventional symbolic

algorithms.

Symbolizing Scheme using right contextual landmark

.
700
L
600 4 -
A i1 s
500 L
RH_2
. & r i
o ™ CHg RH3
300 v 4 3
| S RV _2¥ RV 3
200
100 o
RV_1 [
L A A 'l L A A Il 'l
Symbalic Sets for landmarks with valley attribute [c|48<c<56)
Symbaolic Sets for landmarks with valley attribute {c|56=c<g4} |
() | CH
RV_1 RV_2 m.'r_g RH_1 RH_2 Rﬁ_3
(] @G
_______ §------mmmmmmeee e
Sym(CV)=48+decimal(“111")=7" Sym(CH)=56+decimal(“011")=""
Fig.2 Symbolization illustration.
2-4 Searching

After symbolization, a document image is converted
into a symbol series. Since the image features are finally
represented as a symbol sequence, it enables us to
choose the conventional full text search technology
which has merit on the high scalability and effective
probabilistic ranking function; An N-gram model based
full text search is used to find the relevant images for a
query from the database. The ranking function used in
our system is OKAPI BM25 '©.

o (t,)x log|Bx ;1 +1)
Zf(l‘i)+a’><(l—}/)+7xM

aveDocLen

score(q;d) =
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Where the parameter sets, «, 8 and vy are set to

be 1.0, 0.2 and 0.9 respectively.

Fig.3

Query example in the language independence
test.

3. Experiment

To verify the effectiveness of our approach on dealing
with the document image retrieval task: we have done
experiments:

Language Independence Test

Pictorial style image search with test samples
having different image characteristic, such as
resolutions, color and binarization status

For the evaluation metrics, we use the most commonly
recall precision (RP) measure. R-precision de-
emphasizes the exact ranking among the retrieved
documents and more useful when there are a large
number of relevant documents. A relevant judgment file
will be created based on associating the query name with
its corresponding resource document image. RP at top 1,
5, 10, 30, denoted as R@1, R@5, R@10, R@30, are
calculated respectively. That is, system is evaluated by
the percentage of queries which find their resource at

top N return sets with total number of queries.

3-1 Language Independence Test

To investigate the effectiveness of our approach on
searching a query with different language from the
images in the database, a test corpus which contains
document images with various languages (14 languages)
is prepared and summarized in Table 1. Fig. 3 is an
example of a query image which is captured by Ricoh
Caplio camera. There are around 2653 page images
with the multiple-text line style. 90747 line images are
generated from these page images after the line
segmentation process. All of the line images of the test
pages are converted into symbols sequence by our
approach and then inserted into the TRMeister's DB 1D
Queries are prepared by capturing a patch from the
entire page image by Ricoh Caplio camera. 33 queries
with English languages are made for the experiment.
The same as the process done for the images in the
database, the 33 query images are also separated into
443 line images, each query length is of 13 lines in
average. To get the relevant target for a query, each line
image of a query is converted into symbols and pools the
top 100 relevant page ID with score in the search. Finally,
the top 100 relevant targets are produced from the pool.

The performance is shown in Table 2;

Table 1 Multi-lingual test set.

#page #lines Language
Newsweek 61 4946 En
Multi-lingual 351 24856 Dutch, French.. etc..
MFP spec. 2241 60945 Jp

Table 2  Search performance of
independence test.

language

R@1 R@2 | R@5 | R@10 | R@30
RP at top K 93% 93% || 93% | 93% 96%

3-2 Pictorial- Style Image Search

A test corpus which is made of the power-point slides

is prepared for the evaluation. There are 1993 colorful
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images and 1993 binary version with the same image
content generated through Open-Office 12 software.

The query images are prepared by choosing samples
from test corpus randomly and then making the query
images by print-and-scan. To investigate the robustness
and insensitivity of our approach to the image colors and
various image transformations, two test runs are
performed. Color-color test: in this case, the search
target is the 1993 color images while the queries are
randomly chosen from them and then make copies by
print-and-scan2color with 200 dpi. There are 30 queries
prepared for tuning and 37 queries prepared for the test.
In the same manner, for the binary-binary test run: the
search target is the 1993 binary version images while the
queries are randomly chosen from the binary collection
and then make copies by print-and-scan2binary with 200
dpi. Similarly, there are 30 queries prepared for tuning
and 37 queries prepared for the test. The important
parameters involved in the system are the window size of
the envelope filter and N-gram search unit. First of all, 30
queries are used to tune the system parameters by which
the system obtained the best accuracy of R@1. And then
based on the tuning parameters, experiments on the 35
test queries were performed. In the case of the color-
color test run, the results for the 30 tuning queries are
shown in Table 3 and the results for the 35 test queries
are shown in Table 4. The parameters, filter_size, which
is the window size of the low pass filter for the data
normalization process, is set to be 7 for test images in
the DB and 18 for the query images. N-gram unit is set to
4-gram. In the case of the binary-binary test run, the

result for the 30 tuning queries are shown in Table 5 and

Table 4 Color-color test run for the 35 test queries.

R@1
72%

R@2
97%

R@5
97%

R@10
97%

R@30
100%

RP at top K

Table 5 Binary-binary test run: for the 30 tuning queries.

R@1
43%

R@2
60%

R@5
3%

R@10
73%

R@30
83%

RP at top K

Table 6 Binary-binary test run: for the 35 test queries.

R@1
62%

R@2
78%

R@5
89%

R@10
89%

R@30
91%

RP at top K

The experimental results confirmed that the high
search performance is reached based on our proposed

approach.

4., Conclusion

In this report, we propose a novel approach for
content-based document image retrieval using symbolic
image features. Novel models for symbolization are
proposed as well. Through the experiments, we found
the most effective way to reach the surprisingly good
accuracy. Experiment results show that our method is

very promising to be used in the related area.
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ABSTRACT

During the last decade, a plenty of approaches for intelligent user assistance in knowledge intensive
working environments were developed. These solutions vary from a lightweight proactive information delivery
(PID) based on a non-intrusive user observation to workflow—based assistance that requires formal modeling
of processes, organizations, knowledge domains and task specific information needs. Whereas lightweight
solutions have low precision and sometimes yet increase the user’s information overflow, approaches based
on sophisticated modeling have severe problems with bootstrapping and maintenance. The work presented in
the current paper aims to find an optimal integrated solution for user assistance in agile knowledge working
environments that exploits a lightweight incremental modeling of task relevant knowledge and process know—
how using concept maps and concept—based task tagging to improve the quality of PID results. The results

from our case study show that the task tagging is feasible and facilitates PID quality improvement.
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1. Introduction

During the last decade, a plenty of approaches for
intelligent user assistance in knowledge intensive
These

approaches can be classified using following two

working  environments were  developed.
dimensions 1); i) type of supported processes: from
weakly structured to strictly structured and ii) type of
information modeling: from lightweight to heavyweight.
Knowledge intensive work consists of both strictly
structured processes that can be formally modeled and
enacted using workflow management systems (WFMS)
and agile processes (agile knowledge work, AKW) that
are highly dynamic that makes them difficult to be
formalized, modeled in advance and later reused 2

Our current work concentrates on the support for
AKW, eg., developing a software or supervising a
scientific thesis. Although AKW is dynamic, it is required
to manage it to be successfully completed in time. A task
list management (TLM) is powerful tool for flexible time
management and planning in AKW environments which
allows keeping track of tasks being performed in the
environments. The popularity of TLM systems is
intensified by effective time management e.g., GTD ?.
Despite of agility of TLM, one can find certain
regularities implied by tasks and dependencies between
them. This fact opens numerous opportunities for
process know-how reuse in TLM tools D,

Furthermore, a TLM tool is an ideal place for
intelligent information assistance required by a
knowledge worker coping with tasks. Advocated in the
previous paper 5), the method of the lightweight
proactive information delivery (PID) realized by
connecting a TLM system FRODO Taskman 9 and an
information retrieval system BrainFiler *. Generally, PID
has two main purposes, i) minimize users information
overload by providing information precisely adapted to
the current task's needs, i) diminish users' risk of

overlooking important documents relevant to their tasks.

One can distinguish between light- and heavyweight PID
methods based on the required amount of upfront
modeling effort.

There are many works describing heavyweight

b8) ,9),10)

approaches of learning-on-the-jo aiming to

by providing

information according to users' information needs and

improve users' competency level
competency level. These approaches claim to ensure a
high precision information delivery. Their major
bottleneck is a necessity of relatively large effort on
process, user and information modeling that makes them
difficult to introduce in an enterprise.

2),11) in

We developed TaskNavigator the joint project
Virtual Office of the Future (VOF) of Ricoh and DFKI,
and applied lightweight PID based on a TLM system to
cope with requirements from knowledge intensive works.
The second half of the VOF project was dedicated to find
and evaluate means that would allow combining
advantages of light- and heavy- weight PID, i.e., low
modeling effort and high delivery precision.

In this paper we first analyze problems in the
lightweight PID in section 2. Then, task tagging as easy
way of task annotation is introduced in section 3. Using
concept maps as a means for knowledge extraction and
modeling as well as its integration with TaskNavigator for
the PID improvement is discussed in section 4. The
results of a feasibility test conducted in DFKI that
showed positive user feedback and acceptance are
depicted in section 5. Conclusion with an outlook is given

in section 6.
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Fig.1 TaskNavigator screenshot.

2. Proactive Information Delivery in

TaskNavigator

This section gives a short introduction into the
TaskNavigator system and its PID feature. After that,
problems in lightweight PID are identified.

2-1 TaskNavigator

TaskNavigator is a novel TLM system providing
support for knowledge intensive business processes 2,
By the mechanism of task delegation, task comments
and notification as well as flexible task structure
management implied by work breakdown structure

(WBS), TaskNavigator becomes a powerful tool for work

coordination and collaboration in small distributed teams.

(Fig.1)

2-2 Lightweight PID in TaskNavigator

The unique selling proposition of TaskNavigator is its
PID feature. The main idea of PID is to proactively
deliver task-relevant information e.g., documents or e-
mails related to the task without explicit user request

and information modeling in advance. The principle of

lightweight PID is based on the assumption that a
context of a task can be described sufficiently by the task
information (title, description, etc.) and the information
attached to the task. The PID module of TaskNavigator
generates a keyword-based query from the current task
context represented by a task and its attached
documents and sends request to external information
retrieval (IR) systems automatically to get task-relevant
information. Results from the IR systems are sorted by
their relevance score relative to the query and presented
to the user in the TaskNavigator GUI (Fig.1, rightmost).
The user can navigate in the result list, open documents
and attach them to the current task. The current
implementation of the system uses the TRMeister
database '® for document retrieval from the central
TaskNavigator repository in network drives and Google
Desktop Search API' to request user’s personal

documents stored in a local computer.

1 http://code.google.com/apis/desktop/docs/queryapi.html
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Example

An example task is given in Table 1

Table 1 example task and generated terms.

Task name Introduce John Smith

Task John Smith is a new employee for the project

description TouchMap

Comments Dear Peter, please take this over

Term set introduce, john, smith, employee, project,
touchmap, peter

From the task name, description, and comments, the
system automatically generates the term set. The query
issued automatically to the search engine on the user's
desktop or to the central repository will deliver
documents that at most satisfy the given list of keywords,
e.g. a description of the project TouchMap or a John
Smith's CV (Fig.1, rightmost). These documents can be
helpful to successfully and quickly complete the task.

2-3 Problems of Lightweight PID

The first feasibility test of TaskNavigator showed great
potential of lightweight PID as well as its bottlenecks 25).
on one hand, users were often positively surprised for
getting useful e-mails or documents provided by PID that
would have been overlooked when working on the task.
On the other hand, users were sometimes irritated by too
many irrelevant documents delivered by PID caused by
the query generation from a textual task description.
Hereunder we explain the advantage and disadvantage
of the lightweight PID.

Advantages: The main advantage of Ilightweight
PID is the low level of human effort to make it
work: the user just needs to type a new task
name In TaskNavigator to get first PID results. A
formal modeling of potential information needs of
the task is not required (compare to 13)).
Problem (P1): Statistics-based query generation
used in lightwejght PID can cause unsatistactory
quality of generated queries or search results:
o (P1.1), Weaknesses of the TF/IDF algorithm
The above example shows that the TF/IDF

algorithm removes the word "new” from the
query as it Is considered as a stop word.
However, in the given context, the word "new
lemployee]” is essential to express the task
semantics.

o (P1.2), Compound search terms not supported
FEven if the algorithm could identily the
Importance of the keyword 'new” for the
current task context, this keyword alone does
not have much sense without the combination
with the keyword "employee”.

o (P1.3), Verbose descriptions
Verbose task descriptions sometimes spoils
automatically generated query. For the task
"Apply a new MySQL-DB Y for TouchMap
weblog” with a verbose description "To install a
new WordPress ™ software we need a separate
database with the name wordpress on our
MySQL server with the user WordPress" would
generate the query ’'apply,
touchmap, weblog, wordpress, install, software,
separate, database ..." that would result in
unsatistactory PID results: depending on the IR

mysql, db,

engine, the result set could contain no or too
many documents.
Consequently, the quality of results delivered by
lightweight PID can be unacceptable in some cases.
Below, we describe an integrated solution of above

problems based on concept-based task tagging and

lightweight  conceptual modeling realized in
TaskNavigator.
3. Using Task Tagging to Improve

PID Quality

In comparison with the previous approaches e.g. 10),
TaskNavigator follows the paradigm of lightweight PID
characterized by low level of task context modeling effort.

As described above, this could cause problems of a bad
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quality of PID results. The objective of the TaskNavigator
project was to find an optimal solution that requires a
minimally possible modeling effort to achieve acceptable
PID results. Our claim here is that:

(C1) introducing implicit bottom-up modeling of the
lask context by task tagging is feasible and can
contribute to the PID quality improvement.

The claim is specified in detail in the following section
by introducing tagging technology into PID.

3-1 Using Task Tags for PID Query Refinement

Tagging is a wide-spread technology for lightweight
classification and annotation of electronic resources by
manually or automatically assigning keywords to them.

Considering tasks in TaskNavigator as resources that
are annotated collaboratively by tags, we decompose C/
into the following sub-claims:

(C1.1) Task tags can be used as keywords to

refine a search query for task-related PID.

Keywords defined by users do not cause
problems P1.1 and P1.2 (if multi-word tags are
allowed). Moreover, the implicit semantics behind
task tags given by users will highlight the most
Important task aspects suppressing the problem
of verbose task descriptions P1.5.
(C1.2) Provided the bag tagging model ‘¥ is
utilized by TaskNavigator, where different users
can tag tasks multiple times with the same tag,
the popularity/relevance of task-related tags can
be used to specify weights of single terms
comprising a PID query. A weighted PID query
will express the importance of each search term
thus yet better defining the task semantics
(contributes to solving P1.3).
(C1.3) Provided a list of tags of the parent task is
easily available in the current task details, the
parent task tags will ease the effort on current
task tagging, increasing the system usability.
(C1.4) Task tags can be used to find similarly

tagged resources (tasks or documents).

In order to implement this new vision on PID, the
process of the task-specific information retrieval and
delivery will be extended as follows:

(D
2)

Propose possible tags to the user proactively

User accepts/rejects tag proposals or tags tasks
manually (compound tags are allowed)

(3) In collaborative task management environment,
users can vote for or against the tag assigned by

themselves or by colleagues.

(4) A new PID query is generated by TaskNavigator
considering tags and tag votes as (compound)
search terms and their weights in the query.

Example

For the task from the previous example, task tagging

example is given in Table 2.

Table 2 example of task tagging.

Task name Introduce John Smith

Term set introduce, john, smith, employee, project,
touchmap, peter

Tag “new employee”, “john smith”

The user accepts the keyword "employee" as a tag and
makes a compound tag "new employee" from it. Further,
she composes a tag "john smith" from the two auto-
generated keywords.
defined by the user will be given higher weights than

ones for the auto-generated keywords that allow better

These two phrases explicitly

controlling the behavior of the IR engine and getting

more precise PID results.

3-2 Problems of Direct Usage of Task Tags

for PID

Although task tagging could solve problems of
lightweight PID, there are severe problems going along
with tagging such as synonymy (22.1), homonymity
(P22) and polysemy (P23 'P. In respect to the
information retrieval, the problem of synonymy (includes

synonyms, misspelling, different writing styles, and
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different languages) is the most critical. The problem of
homonymity can emerge, for e.g., if the user tagged a
task with "SME" assuming "subject matter expert" but
received documents about ‘"small and medium
enterprises". The problem of polysemy is sometimes
difficult to recognize but it could still spoil IR results:
searching for the description of the TouchMap system,
the user receives documents about the TouchMap

project which are tightly related but still not the same.

3-3 Solving Tagging Problems by Lightweight

Conceptual Modeling

A standard way of solving the problem of synonymity
and misspelling is to use mechanisms supporting
controlled vocabularies during the tagging process (e.g.
auto-completion supported by SKOS* or thesauri). To
solve homonymy and polysemy problems, more
sophisticated ontological modeling of the task-relevant
domains can be utilized. A sound modeling of task
context is a very complex endeavor that is practically
impossible for every task in TaskNavigator. A complete
modeling of the task-related knowledge domains that can
be used for precise PID ¥ is effort consuming and hardly
possible in an open knowledge intensive working
environment. As an alternative, we offer a lightweight
modeling of tasks and task-relevant knowledge domains
that partially includes the functionality of controlled
vocabulary. The proposed solution is based on the idea of

concept maps and is described below in detail.

2 http//www.w3.org/TR/2008/WD-skos-primer-20080829/

4. Lightweight Conceptual
using Concept Maps

Modeling

Concept map is a methodology for a graphical
knowledge presentation created in early 1970s by J.
Novak '®. A simple information model behind standard
concept maps lacks a control of the vocabulary. Formally
defined concept facets described by domains and ranges
are also missing, as opposite to ontologies. These
simplifications restrict using concept maps in the
semantic web applications that require formal inference.

A concept mapping tool LeCoOnt® developed at DFKI
is aimed to combine the graphical expressiveness and
intuitiveness of standard concept maps, a simple but
well-defined concept model as well as vocabulary control
to provide a universal platform for lightweight modeling
of knowledge domains and typical user tasks using a
concept map paradigm. We claim that introducing such
formalisms into the information model of concept maps
will suffice to solve problems of tag-based PID described
above. Moreover, concept maps can have positive side
effects to deeper solution to problems PI.7-Pl.3 as
compared to simple tagging.

Fig. 2 shows a screen of the LeCoOnt tool currently
editing a concept map "How to introduce a new
employee?". The concept map defines a concept "New
employee" as well as the task type "Introduce a new
employee" consisting of several subtasks. Every concept
in LeCoOnt consists of the following fields: 1) a unique
"uri" that allows to identify the concept; i) a "stereotype"
specifying the concept type; iii) a "label" (textual name,
comparable with skos:prefLabel in SKOS notation); iv)

nn

"alternative label" consisting of a ";"-separated label list,

e.g. abbreviations; v) "translations" consisting of a ";'-
separated list of labels in different languages; vi) an
informal textual description. The user can freely define

relation names between the concepts. To avoid

3 http:/lecoont.opendfki.de/
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redundant relations, the user is supported by an auto-
completion feature when creating a new relation
between concepts that shows relation types already
defined in the LeCoOnt database. Furthermore, LeCoOnt
allows associating documents and URLs with any
concept (e.g. a wiki page "NeuerMitarbeiter" for the

concept "New employee").

Fig.2 LeCoOnt.

TaskNavigator integrates LeCoOnt as means to control
the vocabulary used for task tagging: when the user tries
to add a tag to a task that already exists, a LeCoOnt
service warns the user and delivers a list of concepts that
eventually can be used to tag the task according to the
user input (auto-completion function). The user can
select a proposed concept as a task tag or create a new
tag. This new tag will be stored in the LeCoOnt database
as an unbound concept (independent from concept

maps) that can be later reused for domain or task

modeling,.

4-1 Concept-Based PID

Having introduced a controlled vocabulary maintained
by LeCoOnt, we are able to use it to identify which
concepts from the LeCoOnt database match the current
task context and not to rely on unstable results of
statistics-based keyword extraction (see P1.1-P1.3). Fig.
3 (right bottom) shows a proposal to use the concept
"New employee" as a tag for the task "Introduce John
Smith". Tag proposals based on the LeCoOnt DB are

generated by an information extraction (IE) engine

iDocument '

that is integrated into LeCoOnt. The user
can tag the current task with proposed concepts or
attach concept information items to the task. Fig. 3 (left
middle) illustrates tags accepted by the user and

attached to the task "Introduce John Smith".
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Fig.3 Concept-based PID.

Attached concepts (concept-based tags) together with
their alternative labels will be used by the PID engine to
generate new PID queries. A simple PID query expansion
enabled by the underlying concept model will ease the
problem of synonymity (P2.1) when searching the
documents. Relations of a tag to other concepts in the
LeCoOnt database can be used to disambiguate
meanings of keywords presented by tags and filter the
resulting documents set delivered by PID (currently not

implemented).

Example
A concept based query generation example is given in
Table 3.
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Table 3 generating query from concepts.

Task name Provide introduction material for John
Smith

Tag “Provide introduction material”

Concepts “Provide  introduction  material” (not
important),
“Digital paper”(important),

Automatically “digital paper” (weight=100),

“digitales papier” (weight=100),
“digital” (weight=6),

“paper” (weight=4),

“digitales” (weight=6),

“papier” (weight=4)

generated query

The task "Provide introduction material for John
Smith" tagged with concepts "Provide introduction
material” (voted as not important), "Digital paper" (voted
as important, translation "digitales Papier") will produce
the above query with weights.

In implementing the concept-based PID we used the
some heuristics, e.g., tags defined by users as important
(just added to the task) get a weight of 100, less
important (added but voted negatively) get the weight of
50, and not important (voted more than once negatively)
get a weight of 0. In some cases it is necessary to include
not only concept labels but also single tokens comprising
labels. Such search terms get a weight proportional to
the length of term relative to the length of the label. This
ratio is divided by 10 to get the final term weight.
Heuristics mentioned here were tested during the
TaskNavigator feasibility study and were found by users

as adequate.

4-2 Using Concept Maps as Lightweight

Process Models

Whereas the task tagging represents a bottom-up
approach to task modeling, the LeCoOnt tool can be
used as means to lightweight top-down task modeling. In
Fig. 2 an informal process model "Introduce a new
employee" created in LeCoOnt is shown. Having
attached the concept "Introduce a new employee" as a
task tag, a TaskNavigator user can decompose the task
into subtasks according to the task model defined in the

concept map. Created subtasks will be automatically

tagged by corresponding concepts from the concept map

and inherit information items attached to the concepts.

5. Feasibility Test of Concept-Based
PID

In order to show the feasibility of the approach, a case
the DFKI knowledge

management department. An excerpt of evaluation

study was conducted at
settings is given in Table 4. The users can be classified
into two groups: i) 7 intensive users those who used
TaskNavigator for part of their work and initiated 97% of
the tasks created in the case study, and ii) the rest with
rather short usage period and small number of own

created tasks.

Table 4 overview of evaluation.

Subjects 4 students
9 researchers
2 consultants
Duration 3 months
Created tasks 376
Attached documents 624
Attached comments 164
Attached tags 485
Created concepts 70
Notifications 104

The type of tasks conducted with TaskNavigator

ranged from personal tasks such as workshop
preparation, writing publications, or diploma theses to
project tasks such as project organization, proposal
preparations, or customer relations. Over the case study
period, 458 tags were added to tasks. During task tagging,
70 new concepts were created, thus, the concept base
evolved also during task execution both with reusing
existing tags and contributing new ones not yet reflected
in the concept base.

The breakdown of the given 458 tags is shown in Table
5. Considering both numbers of tasks and given tags,
each task got enriched description by 1.2 tags in average.
Over 80% of tags were reused by some means, which

means a number of tags being used in the system is fairly
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maintained to reduce previously mentioned risks. Over
half (54%) of the tags are automatically provided by the
system. This support by the system facilitates tag use to
enrich task context. Finally 24% of the tags were
proposed by the concept-based PID and added to tasks

by users.

Table 5 breakdown of given tags.

15%
31%
30%
24%

Manually created and added

Manually added (reused) from existing tag clouds
Automatically given by task decomposition

Proposed by concept-based PID and added to users’
tasks by users

For the investigated tasks, the subjects compared the
query generated from the task's textual context to the
query generated from the concepts attached to the tasks.
Once tags were available, usually the tag-based query
terms were rated better. However, this depends on the
preciseness of used task description, e.g., a precise task
name 'related work on Semantic Desktop" vs. "find
related work".

The overall impression of the subjects was, that both,
lightweight standard PID and tag-based PID have
benefits and drawbacks, e.g., tag-based PID is considered
providing better quality of queries than ones from
standard PID; however, the former still requires user

effort to assign tags to tasks while the latter is fairly

advanced PID solves many problems of the lightweight
one, a lightweight PID can help to solve the problem of a
system cold start specific to tag-based PID: when there
are only few concepts available in the knowledge base,
standard PID keyword proposals can be used as a basis
to create concepts to initialize the knowledge base.
Although the first feasibility test results were positive,
a lot of improvement potentials, like better usability and
workplace integration were identified by test users.
There were also some conceptual aspects that could not
be tackled in the project's time frame, e.g., the model of a
task context defined in this work considers neither
different user skill and knowledge levels nor different
user roles ?. This could be a topic of the following

research.
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Solution Platform for Java Applications Development to Eliminate Model-
Dependency of MFP/LP

Wi 6B H ¥4 N A PN KA

Mitsuo ANDO Hiroyuki TANAKA Kenji NIIMURA Hideki OHHASHI Tsutomu OHISHI
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U 22— F2000F- 2 ER THIH T, MFPRLP (L—%—7"U %) TEET 27 7Y r—va v
ZIEINTE DB — V2N LT, 2004412583 L72ESA (Embedded Software Architecture) T
i3, BIREFEEZCEEND Javasih s L, MFPROLPOBSFEICRTE L72WT 7Y Fr— a v OfERR
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FERMTHZLICLY, FEERRSTHLT T r—va VR TE S 2720, Pr— R
UEERBEIANTEMEDOENY Y a—a VERMETE D L 1T o7, BIETIEI208E8L B>
NUF LA, Y a—OMFPRLPOSHIINIGE 2 Al Lt T\ 5.

ABSTRACT

In 2000, for the first time in the industry, Ricoh released an application development tool that enabled
the user to develop additional applications for Ricoh’s MFPs/LPs. And after this release, in 2004, the
company introduced ESA (Embedded Software Architecture: a new architecture for software development),
in which the development language was changed from the C language to the Java language so that created
applications could run on various different models. This introduction of the Java technology eliminated
model-dependency in created applications and as a result more efficient application development and
distribution were achieved. The company also started to offer an emulation tool that enabled the user to
simulate operations of an MFP/LP on a PC and to develop additional applications without actual devices.
Now more than 120 vendors use ESA and various additional applications from the vendors are available to

Ricoh’s MFPs/LPs.
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Practice of R&D-led Corporate Ethnography and User-Centered Design Process
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ABSTRACT

Vast numbers of products and services are flooding today that it is almost impossible for manufacturers
to differentiate them only with functions and prices. We should shift on to a customer—centric design
process which focuses on how products and services are leveraged in the context of customers’ everyday
lives. To incorporate these customer experiences to the development of new technologies, field of
research and development (R&D) should introduce a new way of development process which integrates
two approaches, a technology—centric approach (seeds) and a customer—centric approach (needs). In this
article, we report on a practice of corporate ethnographic approaches and user—centered design

processes which led by the R&D section. We describe advantages and new challenges of our approach.
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ABSTRACT

We discuss significant challenges in making user interactions with electronic devices more paper—like. We
define paper—like computing as the introduction of a system that brings the advantages of electronic devices
into business workflows that is as similar to working with paper as possible. Our particular focus is on forms
processing workflows. We identify key requirements for a paper—like computing device, and describe how
paper-like displays are similar to paper, together with how to overcome common issues of paper—like displays.
We identify additional user needs, including portability, a familiar interface, and easily shared content.With
these requirements in mind, we designed a device, and built twenty—one units. We used these units to
evaluate the display size, pen tracking latency, and its overall usefulness in workflows. Our results indicate
the display size was sufficient for the forms we used, the pen tracking was successful, and the devices were
useful for their tasks. We also discovered that power management, tactile user interface buttons, and overall
size/weight are important design criteria for paper-like devices. Although users still preferred paper over
the device, the improved interaction with backend electronic systems make this a useful device for forms

processing workflows.

* California Research Center, Ricoh Innovations, Inc.
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1. Introduction

The push to use less paper in the office in the interest
of workflow efficiencies, and being more ecologically
friendly is very real these days. Employers encourage
printing less and using more recycled paper. However,
business workflows are still largely paper-based.
According to a recent study by Xerox and Harris
Interactive, 37% of business respondents agree that
their organizations are drowning in paper and 50% feel
that their organization's business processes are paper-
based. 2” There are many good reasons why paper-
based workflows are still so prevalent, including
familiarity, flexibility, and robustness.

One way to reduce paper use is to convert business
and
The

advantages of moving to an electronic workflow are

workflows, like timecards, expense reports,

purchase requests, to electronic forms.
enormous, but the costs of implementing it are
staggering. Consider the medical industry. According
to Karen Bell, Director of the U.S. Office of Health IT
Adoption:

"..despite the benefits, only 15 to 18
percent of U.S. physicians have adopted
electronic health records. ... Physicians have
to shell out considerable upfront costs and
lose about 20 percent productivity in the
first few months as personnel get used to
the system." D

It is appealing to find new ways for businesses to
convert to electronic workflows, without incurring large
up-front IT and training costs, and without sacrificing
the user experience. This motivated us to experiment
with "Paper-Like Computing" — i.e., with electronic
systems characterized by their similarity to the
experience of working with paper. We have developed
a hardware and software platform to allow us to
with  paper-like  workflow

experiment systems,

comprising a thin, low-power device with a paper-like

display and a pen input. We've developed technology
for fast pen tracking and improving contrast to make the
device behave like a clipboard with paper forms.
Designing a device intended to be similar to paper is
very different from designing a device intended only for

reading.

2, What is Paper-Like Computing?

The dream of paper-like computing is the
introduction of a hardware/software system that is so
similar to paper, that it seamlessly blends all the
advantages of electronic devices into business
workflows in such a way that users hardly notice they're
not using paper anymore.

Workflows in a business environment still rely
partially, if not fully, on paper at some point in the
process. But transitioning  workflows  across
electronic/paper domains is a lossy process — for
example, any time an electronic document is printed
and scanned back later, the scanned document is only
an image of the original form, and is not as useful as the
original electronic document. Paper-like devices may
replace many workflow steps by an electronic device,
The
electronic device augments the workflow with new
ete.). Ideally, the
electronic device is so similar to paper that it "just

This means that

keeping documents in their original formats.

capabilities  (error-checking,
works" in the existing workflow.
forms do not have to be re-designed, they are simply
scanned onto the electronic device and used as-is.
System installation is almost as easy as replacing
clipboards with portable devices, and it requires little
re-training, and can co-exist with legacy paper-based
workflows.

There are several research and commercial devices
that place paper-like system intelligence in the pen, and

25), 17), 13)

function on regular paper We use a more

standard shaped pen, and place the computer in the
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paper, which allows strokes to be generated and erased,
pages to be updated, and displays multiple pages.
Meanwhile, we maintain a paper-like interface, not
attempting to display cursors, windows, or menus.

After identifying system requirements from user

needs for paper-like computing, we found that no

current device meets the needs of paper-like computing.

In this paper, first we discuss a key component of any
device designed for paper-like computing, a paper-like
display. Then the other hardware components and
software that make a paper-like computing system
possible are discussed. Finally, we describe our user

studies based on the device we actually built.

3. About Paper-Like Displays

If a device is intended to emulate paper, the
expectations of the user must be met with the
characteristics of the device's display. User needs, and
how electronic paper displays meet these needs,
especially when compared with more traditional
displays, such as LCDs (liquid crystal displays), are

discussed below.

Paper is Portable

Anyone who wants to use an electronic device as if it
were paper is not likely to tolerate a device tethered to a
wall. Paper is highly portable, so any paper-like device
must be portable, too. Electronic paper displays
consume zero power except when changing the page.
In fact, battery-life for most of the devices based on
electronic paper is often specified in terms of page-
turns, rather than hours. 2 Ina portable device, longer
battery life is key, and paper-like displays are best

positioned to meet this need.

Paper is Easier on the Eyes
Research has shown that human eyes fatigue faster

when reading on a traditional LCD display than paper,

or an electronic paper display. Inoue, Sakamoto, and
Omodani claim that:

"These results suggest that the electronic paper used
in this study (Sony Libre) is superior to conventional
displays (LCD) with regard to avoiding fatigue in
... The free handling of the medium

enabled by electronic paper should be regarded as
n 1D

reading tasks.

contributing to the reduction in eye fatigue.
Electronic paper displays are not as tiring on the eyes

as traditional displays.

Paper is Easy to Read Outdoors and Indoors

The display quality of a standard LCD is "washed out"
by the ambient sunshine. The displays become
difficult to read. Electronic paper displays are a
reflective light technology — that is, the light users see
on electronic paper displays is ambient light reflected
off the display itself. This is identical to how users
interact with paper. Conversely, in low ambient light,
electronic paper displays, like real paper, are difficult to

read.

Paper-Like Displays are not Perfect

Clearly, electronic paper displays emulate the real
thing — paper — much more effectively than traditional
displays. However, with these benefits also come
several drawbacks. These will be discussed below. It is
beyond the scope of this paper to delve into the details
as to the physics of the electronic paper displays, and
hence the causes of these issues, but many papers,
especially from E-Ink, reference these issues. 26)

Low Pixel Update Rates. Vizplex, E-Ink's latest
generation electronic paper display film, requires
260msec to update in 1-bit mode, and as long as
740msec in grayscale mode. Y While users expect to
turn pages of a book in sub-seconds, or even more
challenging, quickly flip through many pages of a book
looking for a particular chapter or picture, this type of

interaction is very difficult to emulate on an electronic
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paper display. Pixels simply do not move change
enough to display all that information.

Image Ghosting. Image ghosting is another issue
with electronic paper. Due to the physics of E-Ink
displays in particular, image ghosting occurs when
updating the image from image-A to image-B. Faint
ghost lines of image-A will remain in the background of
image-B, reducing the clarity and contrast of image-B.
Figure 1 shows a simulated example where image-A is a
black "E" and image-B is a black "I". In a forms workflow,
where a device is re-used from one customer to the next,
ghosting may actually leave a shadow of prior answers
on the form. This is not desirable if the form is in a

health clinic, for example.

1

Example of image ghosting on an electronic
paper display. 26)

Fig.1

There are solutions to the image ghosting problem. E-
Ink, for example, in order to obtain the highest contrast
least-ghosting images, recommends flashing all the
pixels from full white to full black, and back to full white
again. At a high level, this "resets" the electronic paper
pixels, ultimately allowing an accurate gray level
position result on the final image.

driving the pixels full white to full black, at the update

However, when

rate of 260msec per update, this appears as if the entire
display is flashing, which is disturbing or annoying.
Color. All available electronic paper displays available
today are monochrome, except the Fujitsu FLEPia.
Currently, 16 gray levels is the greatest number of pixel
shading variations available in these types of displays. D
Some companies have added color filters on top of
existing electronic paper displays to achieve color, but
this reduces resolution, as well as overall color
saturation. '® Our brief analysis of business forms shows

that color is not essential for many business workflows.

4, Designing a Paper-Like Device

There is much more involved with paper-like
computer than just using a paper-like display. There
are other attributes of paper that must be emulated as
effectively as possible by the device in order for it to be
more paper-like. Some of the previously discussed
display characteristics, such as "Paper is portable", must
be applied to the whole device.
Paper is thin, and lightweight.

is not available today to match the thickness and weight

However, technology
of single sheets of paper. Devices should compare
favorably with books and clipboards, and considered to
be collections of paper pages, because they can store so
much information.

Paper is easy to use. It doesn't come with
instructions or require initialization. This device must
be as obvious and as easy to use as possible, yet flexible
for a wide variety of applications.

Paper is inexpensive, and information on paper is
easy to share with others. 1In fact, paper is so
inexpensive, that one does not hesitate to just "give" a
piece of paper to another person! Again, at today's
costs, electronic devices are not likely to approach the
cost of a sheet of paper soon, but unit design decisions
must be made with practical cost considerations in mind.
Solutions are needed to easily share documents
between electronic devices, as easy as giving a piece of
paper to someone.

Paper has important and well-understood properties
for security and sharing. Users have the option to
make many copies for wide distribution, or make just
one to share with one person. But this type of sharing
in an electronic domain is not as tangible and more
error-prone (e-mails are often sent to too many, or to
the wrong, people). A paperlike device should
implement safe secure data transfers that are as easy to

use as paper.
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There are many ways to capture information on paper
— drawing, printing, writing, and sketching. A paper-
like device must allow many forms of input as well.

Paper allows the user to draw free-form figures, and
write anywhere on the page. Often, when users
complete forms on electronic devices, they are
constrained as computer forms, with specific fields for
entry, requiring specific types of information. Specific
fields often support only the automated part of a
workflow. Critical parts of workflows done by humans
often require users to write in the margins, draw figures,
write in different sizes/colors, etc. Electronic forms
must support the same flexibility.

Finally, there are substantial differences between
designing an electronic device for reading purposes, and
designing an electronic device to emulate paper in a
business workflow. There are two key aspects to
consider: (a) most paper-emulating devices today
function more as readers and are not appropriate for
business workflows; and (b) aspects of electronic paper

devices that are not paper-like must be overcome.

Existing Devices are not Business Workflow Devices

As we do research on paper-like computing, we must
consider using devices that are already commonly
available. These devices will be much less expensive,
and quicker to deploy for research testing. There are,
in fact, a number of very popular electronic devices that
have been designed to emulate paper, and to some
extent, they may also be re-targeted at the business
environment. A good reference for an updated listing
of available devices is at Wired. ?

While these devices are all different in how they
attempt to meet their wuser expectations, the
fundamental technologies involved are quite common.
Critically, they all employ a paper-like display, as
already discussed in this paper. Most use the display
from E-Ink Corporation. Furthermore, they are similar

to slate-tablets, thin, lightweight, with long battery life, a

single active and are
(although, of different

However, it is interesting to note that Chen, et. al., have

surface, single-page sized

sizes between vendors).

shown that dual-display devices offer significant
advantages in document navigation, making it easier to
find content as well as re-reading material. 2 In most
cases, the User Interface consists of buttons or
capacitive sensing. All allow cable connections to a
standard PC for document synchronization and/or
power recharging, and most provide some form of
wireless connectivity.

However, as implied by the label of these devices,
"electronic readers", most do not support writing
capability. This renders them mostly useless in a

business world where markup and signature
requirements (i.e., filling out forms) are commonplace.
Alternatively, tablet PC's offer many alternatives for
electronic workflows. A leader in this design space is
Tablet PC's support both read
and write capability in a device versatile enough to suit

But they tend to be too

MotionComputing 16,

a wide variety of applications.
heavy for prolonged use (3.3 pounds for the Motion
Computing example). Furthermore, they are more
complicated to run and maintain, and in many cases
their high price point prevents widespread proliferation.

iRex technologies developed the Digital Reader,
which is an electronic paper based device that allows
stylus input 12 Similar devices are expected from other
companies in the near future, although it's unclear if
they will allow writing capability 18 These devices come
close to many paper-like qualities, but are much better
for note-taking, than emulating paper in a business
workflow. Current devices suffer from an attempt to

emulate LCD displays with the user interface.
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Overcoming Non-Paper-Like Aspects with Electronic
Devices

As stated above, there are some characteristics about
paper-like displays that must be overcome to attain
paper-like computing,.

Pen Tracking. Any electronic device intended to
replace paper must support document markup. In
their book, "The Myth Of The Paperless Office", Sellen
and Harper state that 20.

"Paper readers extensively annotated the article we
They

underlined, used asterisks, and made notes in the

gave them to summarize as they read through it.

margin."
Supporting
documents is critical in paper-like computing, but with a

pen-based-markup  of  electronic
260msec pixel update rate of electronic paper displays,
it would seem that fast-pen-tracking is impossible.

Most devices with E-Ink displays do not support pen-
based input, thereby avoiding this problem. As a result,
these devices require more complicated user interfaces
(Amazon's Kindle adds a full-function keyboard),
bypassing an opportunity for user interaction in a paper-
like manner.

Another option vendors have chosen in order to
support pen-input on electronic ink displays is to create
their own controller IC, such as iRex 10, However, most
development companies are not in a position to support
such a large undertaking.

The authors of this paper instead researched the
workings of an electronic ink controller, which is
normally considered to not support fast pen updates.
Using the controller in a novel way, we found that fast
pen tracking with this existing controller is indeed
possible 9 In fact, we found that our method of fast pen
tracking is faster than other known methods available,
even when normalized for processor speeds and
(Table 1) ®. This

difference has a large impact on the user, and helps the

functional differences speed

interaction with the device to be more natural, more

paper-like.
Table 1 A comparison of pen tracking latencies on
electronic paper displays 8,
Pen Tracking Measured Latency (ms)
iRex 200
AM300 Broadsheet Kit 100
Author's Solution 67

Fast pen tracking (low-latency) is not only a good
attribute for system design, but is also critical for a
positive user paper-like experience. Miller states
that':

"Where the lines are drawn with
deliberation by the user — relatively slowly
as compared with slashing sketch strokes —
a delay of up to 0.1 second seems to be
acceptable. There must not be variability

perceived by the user in this delay."

The user experience decreases if the pen tracking
latency grows beyond 0.1 second. However, Miller's
research focused on slow and deliberate movements.
Further research has shown that actual pen writing
involves secondary common adjustments, for which
feedback is required to be even faster. Meyer, et al.,
showed that these secondary adjustments occur in the

W To feel unconstrained to

100~160msec timeframe.
the user, the delays should not exceed half this time, i.e.,
close to 50msec.

Ghosting Reduction. We have researched several
including adding an

intermediate display update with a pseudo-random

ghosting-reduction methods,

noise display 8), and using digital halftoning on image
updates to compensate for the ghosting artifacts .
These methods are useful to achieve the high display
quality on displays that users expect with electronic
(non-paper!) devices, without the annoying flashing
which resets the pixels to a known state before driving

the desired image.

Ricoh Technical Report No.35

55

DECEMBER, 2009



Color. As already stated, most electronic paper
displays today are monochrome grayscale, and do not
support color. This aspect of paper-like computing
must be considered when designing applications.

What role does color play in business workflows — it
color essential? Business workflows are usually forms
that get passed from one person to another, and are
modified with a pen. Color on the form can help clarify
or make sections more interesting, but color is not a key
component of the workflow requiring the form to be
completed.

While color support would indeed be an asset, we
found by analysis that its lack did not hinder the results

of the research performed in this report.

Selecting Components for a Paper-Like Device

There are many design options for a custom device,
but we highlight the significant design decisions here.

Primary Display. We have already established the
virtues, and issues, around an electronic paper display
for a paper-like computing device. But there are still
several design decisions to be made — which type of
paper-like display to choose? Several manufacturers
provide electronic paper displays based on several
different technologies, but E-Ink's film is desirable in
terms of quality and availability.

E-Ink panels are available in a number of different
sizes, the largest being 6" (800x600) or 9.7" (1200x825).
Note from Table 2 that the larger E-Ink panel has a
better resolution than even the much-larger XLibris
display (color, LCD), evaluated by Price, et al . We
found that the 6" display is just too small to display full
page forms. 9.7" displays are available, but their active
viewing area is only half that of a standard 8.5x11" sheet
of paper. However, obtaining E-Ink panels larger than
this size becomes cost-prohibitive. As a result, one of
the goals of this research was to determine if the high-
resolution 9.7" E-Ink display is sufficient for forms

processing in a business workflow.

Table 2 A comparison of displays and resolutions.

Panel (diagonal dim) Resolution
E-Ink 6" 800x600
E-Ink 9.7" 1200x825
XLibris 12.1" 1024x768

Another important aspect of the choice of primary
display for a paper-like device is the "cost of adoption"
of the device. If a new electronic device is too difficult
to use, or it is too difficult to integrate into existing
workflows, its use will be quite limited. More explicitly,
it is vital that forms used in paper workflows do not
need to be re-designed for paperless use. It takes too
much time and re-training to redesign a form at many
customer sites. The display needs to be large enough,
and of sufficient resolution, to allow blank forms to be
scanned into the electronic system, and worked on in
the electronic flow, without any further modification.

Microprocessor. To save cost and design time, the
authors decided to take advantage of processor modules
designed by other vendors and design our system
around them, rather than do a processor design from
There are a large number of excellent

available.

scratch.
microprocessor modules The authors
conducted a survey of available modules, considering
such features as cost, size, power, performance,
technical support, software support, serial busses, and
GPIOs.

Table 3 shows the functions that were most critical to
our needs: processor type, power, size, GPIOs, and
overall support. Ultimately, we selected the Marvell
520MHz PXA270-based module provided by Strategic

Test 2.
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Table 3 Processor module selector matrix for first
paper-like prototype device. "all' in the
"serial" row indicates SPI, I12C, and UART

are all supported.

Vendor Compulab | Voipac TI Strategic Test
Cost $$ $ $ $5%
Processor | PXA270 PXA270 OMAP PXA270

Pwr (W) 2 1 1.25 1

Physical 2x SODIMM | SODIMM | large SODIMM
ROM MB 128 2 32 32

RAM MB 64 64 32 64

GPIO 45 85 16 all

Serial 4 UART 4-all 3-all 5-all

Support © © © © © © ©

Touch Pad. There are a wide variety of touch
sensors available. Early lab tests showed that a stylus
on a resistive touch screen was inappropriate for this
task, for the following reasons: (a) The resistive touch
screen, layered on top of the primary display, adds a
parallax issue between the pointer tip and the "ink" on
the display. This makes the interface uncomfortable
for the user. (b) The resistive touch screen, laminated
to a piece of glass as a system sub-component, is much
too heavy for a device large enough to display a one-
page form (7.70z). (c) The resistive touch screen is
only 87.5% transparent % Because E-Ink displays are
reflective, light passes through touchscreens twice,
reducing the light by nearly one-quarter. Therefore,
we placed a high priority on touch screen inputs that
are located behind the E-Ink display, rather than in
front of or on top of it. This decision, combined with a
non-powered stylus input for form markup (like a pencil
on paper), limits the solution to a Wacom digitizing
tablet .

Wacom digitizers transmit an RF field and listen to
the changes in the field to sense the location of the pen.
As such, a Wacom digitizer needs to be turned on any
time there is potential for writing. Therefore, Wacom-
based solutions tend to consume more power than

alternatives; however, we believe the other user benefits

of the Wacom solution outweigh the power issue for
paper-like computing.

Operating System. There are many different types
of operating systems, but only a few provide quality
This

is important for a system development that needs to be

developer support, and free drivers applications.

as fast as possible with a minimal development team.
We decided to go with Debian Linux for reasons of

stability, maturity, and driver/kernel availability.

The Rest of the Design

With these key decision points determined, the rest
of the system design is summarized below, as shown in
Figure 2.

Hardware System. A significant hardware feature
we added to this research platform is a high-resolution
(8MP) camera sensor, with a small (1.5") Organic-LED-
The

selection of the high-resolution camera was to enable

based display used as a camera viewfinder.

pictures of full-page documents to scan them into the
device for forms processing. A VGA camera does not
have sufficient resolution to take a usable image of a
page. The selection of the OLED display as a
viewfinder was based on power consumption and ease
of implementation.

Our device has only four buttons on the front: two
on the right and two on the left. Button functionality is
determined by application software, and they can be
redundant or unique. Two on each side supports
different hand-hold points to make it comfortable for
the user. The main purpose of the buttons on either
side is to support page flipping forward and back. We
implemented force-sensitive buttons, rather than
standard press-buttons, to enable the user to press

harder in order to move through pages faster.
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Fig. 2 Block Diagram of a paper-like device.

PCMCIA

i

Connectivity is limited to two ports: a USB host port
(which serves USB thumb drives as well as USB-
ethernet adapters) and a serial communications port for
debugging.

We implemented 802.11b wireless connectivity
through a wireless card module inserted into a
A PCMCIA slot internally to the

device was pre-filled with a 4GB flash memory card for

CompactFlash slot.
the OS and applications. This card is not accessible to
the user. An SD card slot was supported for removable
storage, holding user data.

The device can be powered and charged by a
+12VDC wall jack, and has a 2-pack of Lithium Polymer
3.7V batteries with a capacity of 1000mAh at 7.4V.

Software Development Environment We used the
Linux Debian distribution, and the kernel supported by
the selected processor module. For a number of
reasons, we used an old kernel, Debian ARM Linux 4.0,
with kernel 2.6.17. The build environment for the
PXAZ270 processor was a native environment, using the
Thecus N2100 Yesbox. Drivers were general purpose

where available, but some custom drivers were required

as well (force sensor buttons, OLED display, E-Ink
display).
Application code was written in C, Java, Python, and

shell/Bash scripts.

=

Fig. 3 The actual paper-like trial device.

Mechanical Implementation Our goal was to design
an enclosure that was as lightweight and thin as feasible,
robust enough to withstand actual user testing, and
practical within our limited time and budget. The
resulting device weighed 1 pound 15 oz., and has
dimensions 205 x 250 x 31 mm., and is shown in Figure
3. Overall, it is approximately the size of an 85x11"
sheet of paper.

I 5. User Studies

The authors were able to build 21 units with the
design elements described above. Using these devices,
we conducted controlled research experiments, forms
testing, and the researchers themselves used the units
on a continual basis to gain familiarity with them.

Our research questions included:

1) Isa9.7" display large enough for working with full-
page forms on an electronic paper device?

2) Is the latency of our pen tracking solution low
enough that it is nearly as convenient to use as paper?

3) Can our system (hardware/software) emulate
paper sufficiently well in a business workflow so that it

may eventually replace paper in that workflow? This
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covers ease of use, reliability, user comfort, and barriers
to entry.

4) What system characteristics worked sufficiently
like paper?

5) What system characteristics need more attention
to become more paper-like?

Trial 1: Patent Review Committee

A patent review committee meeting consists of a
series of presentations by inventors to a committee.
After each presentation, each committee member
completes a form evaluating such aspects of the
invention including novelty and applicability, ultimately
to decide whether the time and effort should be spent
to patent the idea. This is a paper-electronic workflow
hybrid, where the voting is performed on a pre-designed
paper form, and entered by hand into an electronic
database. Results are distributed and tracked
electronically.

A sample paper-based patent review committee
evaluation form is shown in Figure 4. We scanned the
form into our electronic device as-is (low barrier to
entry), and evaluated the effectiveness of our paper-like

device in this business workflow environment.

SUBMITTED

Inmantion Disclosure Evaluation Farm

e W 0 | A

o e s

onsgn O—O—O—O—@—O0—0O o’
LT

—

Date: 11/6/2008

A patent should
be pursued.

oO——O0O—O0—0O—e—O0—0 ¥

e

cartly Steegly
Amage

L - Y -

Legcal addrion or centinyation
dmsgre

of other ideas within

Hewiml
Relgvant t - i — = - = - — -
st O—O—0O—O—@— 00— 0N

e

ood technical

|n !? pomibiitian

o 0—O0—O0—8—O0—0—07%

Neasrl

—m O——O—O0—O0—0—0%
Heviral

Stroagiy

. O—— O O——— OO0 2
wewrs

--Z0CHO

vis 1 &7

Fasdback Requessa?

Fig.4  An example of the form completed by the

patent review committee. Red areas are
redacted for the confidentiality of the actual
invention reviewed. Not actual size.

For the purpose of this trial, we alerted all members
of this committee to the experiment, and informed them
that we would provide paper-like devices to half the
members for filling out their voting forms, and continue
to use the standard paper process for the other half.
Mid-way through the presentations, those with paper
and those with electronic devices swapped roles.
Researchers observed usage models of the devices as
compared to paper, recorded impacts of the devices in
the workflow, and noted encumbering aspects. A
survey was presented to the committee members to get
their feedback after the trial.

This trial involved 6 units for a roughly 3-hour test.

Trial 2: Poster Session Presentation Review

This trial was held at an internal research and design

event, open only to employees of the worldwide
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company sponsoring this research. It is a multi-day
conference with hundreds of posters and side-meetings,
where research and development team members can
collaborate, share, and exchange ideas.

During this trial, we conducted a conference survey,

where users completed a form on the paper-like devices.

It was a fully-electronic workflow, where survey
questions were presented on a form on the device, and
responses were captured and collected to internal
memory (Flash) storage, to be tallied later.

The

approximately 200 visitors were in attendance.

and
Three

conference was two days long,

units were used.

Electronic Forms Usability Experiment

A key aspect of any paper-like computing device,
especially one targeted at business forms workflows, is
to determine if the standard sized 8.5x11" form is usable
on the 9.7" E-Ink display (with half the active area of a
sheet of paper). We experimented with a paper
workflow, and used a standard full-page paper form.
We scanned the form and displayed it on the electronic
paper device. The form was displayed as a single, full
page on the device, and we completed the form, and
sent it back to a standard printer and printed it at
standard size. The form from this process was then
scanned into the remainder of the workflow, together
with forms that followed a purely paper workflow. This
form functioned normally in the workflow. Forms
processed by the electronic paper device are just as
functional as forms that followed purely paper
workflows, for downstream workflow actions.

During this exercise, we recognized that it is possible
to eliminate the paper margins of the form to make form

features slightly larger.

6. Results

The trials presented a clear view of the benefits and

issues of the paper-like device.

Successes — High Level

Display Size is Sufficient for Many Applications
This is significant, because it has wide-reaching impact
on future devices. Larger display sizes directly relate
to cost of the test device, as well as overall size and
portability of the unit. Larger sized displays are not
always better, when, for example, they are no longer
easily carried, or they become cost-prohibitive to use.

Even though the 9.7" E-Ink display is really only
about half the size of a regular form on an 8.5x11" sheet
of paper, in these test cases, users reported that forms
completion was sufficiently functional for this display.
The ink resolution was sufficient for the scaled text.
Margins/borders were cropped when displayed on the
electronic display, but the device bezel provided
sufficient margins for holding the form.

It should be clarified, however, that this result applies
to forms that are relatively sparse, as in the example
form. Denser forms proved to be more difficult to read,
and forms that require writing need more space.

Pen Tracking is Acceptable We learned that our
fast-pen tracking system was effective for filling out
forms in an electronic workflow. The latency and
experience of the pen tracking did not interfere with the
tasks that the users performed. For those unfamiliar
with E-Ink technology, pen tracking was obviously
different from pen/paper, but was still effective at
completing paper-like tasks.

Finally, some respondents reported that the pen
tracking on this device was of even higher quality than
typical tablet PC's.
issue further.

The authors did not research this

The Device was Found fo be Useful Sample
feedback included: "Forms filling was much more useful
than I thought it would be," and "Better, lighter... a PC
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implies complexity. This was limited and therefore
simple." Some test subjects felt that this electronic
paper device is "much better" than a typical tablet PC.

The reasons given were size and simplicity.

System Characteristics That Merit Greater Attention

Power Management One of the design decisions
made, to decrease the overall system development time,
was to largely ignore power management in the device.
This led to a battery life of approximately 1 hour. This
resulted in our devices being tethered to a power cord,
thereby limiting portability.

Using a power cord also conveys a feeling of fragility
to the user as well, and we observed that this problem
caused users to handle the device quite differently from
paper.

The design simplification showed a failure in our
experiment — any research into paper-like computing
must pay strict attention to power management.

Tactile Feedback on Buttons The force-sensitive
buttons were more problematic than expected. These
buttons are significantly more expensive than standard
buttons, have a greater variability from sensor to sensor
(more complicated software driver), and provide no
tactile feedback to the user.

The authors observed that users expect nearly
instantaneous reaction to their actions, or else they
grow impatient, often repeating the gesture again. Miller,
et al., showed that the maximum time delay from a
mechanical action should be no more than 100msec. '
Repeated pressing of a button caused unwanted or
undesirable reactions from the application program.

There are really two issues with this problem: (a) no
tactile feedback on the buttons, and (b) a lower-power
microprocessor combined with slow-to-update E-Ink
display. The combined effect is a response time that is
slower than expected.

We must provide fast (<100msec) feedback to users

of paper-like devices. Standard buttons that click

when pressed are preferred. This also reduces
accidental selection, as well as impatient double-
pressing.

Size and Weight We intended this unit as a
research device to investigate paper replacement
options, and knew that reduced weight and thickness
improves the overall experience. But we did little to
minimize these characteristics. Feedback from users
indicated that the device needs to be as thin and light as

possible, and more effort is merited in this area

Detailed Results — Patent Committee Trial

The following questions were asked of users after the
patent committee trial. Eight people took this survey.

Q1) I prefer to use paper or electronic pad for this
type of interaction.

Paper Electronic Pa

Q2) The pen tracking worked well.
Strongly, Strongly

Disagree

Q3) The electronic pad display was quite readable.

Strongly
Agree

Strongly
Disagree
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Q4) Writing on the electronic pad felt natural.

oe}

Q5) I wish I could have changed the pen width or

pen color.

Strongly Strongly

Agree Disagree
-3 0 ?0.4 3
Q6) Iwould only use this if it were in color.

Strongly Strongly

Agree Disagree

Q7) I found this system very difficult to understand

and use.
Strongly Strongly
Agree Disagree

-3 0

t.ﬁ 3

Interpretation of These Results: Test subjects
are clearly still more comfortable with paper than with
the electronic-paper device. Basic overall preferences
are still inclined for paper over electronic devices (Q1).
Device frailty may have affected these results slightly.
But users weren't interested in flexibilities that paper
affords over the electronic system (Q5 and Q6). And
the electronic form itself, even though it was a smaller
font on a smaller display, was not a problem (Q2, Q3, Q4,

QD).

7. Future Work

The scope of the user trials should be increased, to
apply to more diverse workflows, conditions, and people,
and to be used at a real customer site. We are
considering a future trial in a daily usage scenario within
a university environment. Before we do this, however,
we would like to overcome the liabilities uncovered in
our preliminary tests. We need more devices, with a
more appropriate size, weight, and a better power
management system.

We would also like to conduct user trials that
correlate fast pen tracking to user's overall paper-like
expectations, as compared to other solutions. Stroke
erasure presents a large number of other issues,
including how to erase (pixels, strokes, different erasers,
Finally,

effective display of denser forms should be researched.

etc.), and effective ghosting elimination.

8. Conclusion

We have presented significant challenges in making
an electronic paper device. We focused on forms
processing workflows for basic design foundations and
our testing, and investigated how an electronic device
can augment traditionally paper workflows.

We designed a device to be as paper-like as possible.
Primary components were an E-Ink display, a Marvell
PXA270 processor,

Furthermore, driver software was written to overcome

and a simple user interface.

many of the drawbacks of electronic paper displays,
including support of fast pen tracking and ghosting-
reduction algorithms.

We tested the device in trials and user testing to
evaluate its paper-like qualities.  Although users
preferred paper in general (in part due to poor power
management, and a device that was larger and heavier
than desired), our implementation of many paper-like

attributes was successful. Users commented that the
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device is useful, fast pen tracking was effective, and

users were able to work with full-page forms.
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ABSTRACT

In recent years, as the complexities of the embedded system increase, efficiency of system—level design

becomes the one of the most important part of the hardware system development such as system LSI

design. Among many system-level design methodologies, C—based hardware modeling is becoming the

mainstream and several practical examples have been reported in field of Co—design of hardware and

software, and high—level synthesis of arithmetic algorithms. In spite of those practical examples, above

methodologies are not suitable to estimate performance of hardware architectures, since modeling

methodology in above fields is based on abstraction of the hardware structures and timings.

In this paper, we propose a new hardware modeling methodology which can be used to estimate

performance of hardware architectures. The proposed method is based on the high—level abstraction of

the data structure and functionality, and low—level abstraction of hardware structure and timings, so that

it satisfies both simple description and accurate performance estimation. Modeling of the PCI Express

system is shown to illustrate the validity of the method.

* TFERITEATR  HALRTSERT
Tohoku R&D Center, Research and Development Group
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Fig.4 Hardware Modeling Process.
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Fig.5b Parameters for Performance Estimation.
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Fig.7 Payload Size vs Memory Read Performance.
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Fig.11 Simultaneous Traffic using Virtual Channel.
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Fig.12 Process of PCle Performance Estimations.
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An All-printed Organic TFT Backplane for Flexible Electrophoretic Displays
AN A =S HEF  pEp L M B

Atsushi ONODERA ~ Keiichiroh YUTANI Takanori TANO Hidenori TOMONO Akishige MURAKAMI
PR SR g EN gl @R JINE AT
Koei SUZUKI Masahiro YANAGISAWA  Kenji KAMEYAMA  Tkue KAWASHIMA

= =

AoV, BETRHHEONES, BHBEN VoM E BT 2 —F A VT 4 2T
VA R A R CTERT D720, T4 AT b A DEETIFT Ny 7 7 L— 2 CTHIRRE TR
TP ABRSE L. SEAMRIANC L Rl (AH) =R =03 C & 2 BTHBEREIER U A
I REA TV ey MEERWICEBBIEAEMN AR L, #iFE20 p mOBE M AN—A2umé
W o A B U2, R FIRISE 7 & ONCIABEOHR L &\ o T2 B R D A L 7 JL 5
Ehci(bd 52 LT, 100 u mEL FOFRER NSRS =L e f 7 P ey MEIZE D FEBIL.
TS OB A IV THMEEE160 ppi D EFIRABETET N 7 7 L— % 7 4 v DFR IR L
o EBICZONY 7 T L= EHNTT LRV TVERIKENIT 4 A7 LA ZR&EL, 10 ptddX
FERTEHR LT

Abstract

We have demonstrated an all-printed organic thin film transistor (OTFT) backplane for low—cost
manufacturing of paper—like displays, which have unique features such as whiteness like a paper,
portability because of its light weight, and low power consumption. Using surface energy controlled inkjet
printing with ultraviolet (UV) irradiation on novel polyimide, electrodes with a line width of 20 pm and a
space of 2 pm are successfully patterned. The patterning of organic semiconductor below 100 pm is
realized using inkjet printing method by optimizing inkjet condition and polymer organic semiconductor
ink formulation such as solvent and concentration. We have fabricated a 160 ppi all-printed OTFT
backplane on a plastic substrate using these technologies, and also fabricated a flexible electrophoretic
display using an all-printed OTFT backplane, and demonstrated that 10—point figure pattern is clearly

displayed.
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Advanced Technology R&D Center, Reserch and Development Group
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Fig.1  Schematic cross-section of the all-printed

OTFT backplane.
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Fig.2 Schematic of the surface energy controlled

ink-jet printing process (a) UV irradiation, (b)
Formation of areas with different surface
energy, (c¢) Fabrication of electrodes by ink-
Jjet printing.
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without and (b) with surface energy
controlled ink-jet printing method.
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Alignment margin of ink droplets ejected from
IJ head onto the surface energy controlled
polyimide film. White circles show impact
positions of ink droplets.

ZDE DI, Rl —HEIIEAIL, 72
INB— U PIRKRTRE, MR O NEN D, S
DIC AT N — N> TEBNTER S 11D T2,
ATy DA I EREDILLOEITHT D
TR RENE VST BN D 5.

2-3 BREFEEING — U RaEil

Fig.61Z BAEBR%S U 7o 8RB O 43 M A 7%
I MHEMECEND B Y 7 = =T S E L RRE
WCENOERHT VX AEEF L TEBY, RaHPToA
VIV xy NSRRI LIEMERE e o T B,
Fe = 1L X — AT 2 D CTERE L 72 AgE i |
2, A7 Y=y METHBER (0SC) ¥ —r
IR LTl 2 Fig TWOd. AHEEIRA v 7 Ot
RRE AL, EARSEEZ Rk 2 & T,
100 p mELF OFRENER NS — o 2R TE TV D.

[ Long-chain alkyl group ]

g

[ Tri-phenylamine skelton ]

5CO
n
R=-CH3

Fig.6 Schematic of organic semiconductor.

Source Electrode

Fig.7 Optical micrograph of OSC patterns.
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Fig.8

Optical micrograph of a 160ppi all-printed
OTFT array on flexible substrates after OSC
fabrication.

I 3. BRXET 1 A7L 1 DHRIE

WIZ, BONTEAETFT ANy 7 7L — 2 HWTE
%m@?4z7V4%ﬁ¢Lk Fig 9loRrd L 51,

DEXIKENT 4 A7 VA%, FETFT Ny 7 71—
_%ﬁﬂﬁﬁrx—b%%@Aﬁt%%&%ﬁf%
5. BRIKBIERY— MIBABEELTCEY, EH
T 4V AFHMR ISR SN2 EIERO I, B0
ORI E Lz Ak - & BR T2 Ete~A 7 1
T T NELIKENA > 7 BB LT\ 5. HHETET
Ny 7 FL— X LT, <A 7 al 7 VRERIK
A7 OmEEY A TS, BETFT Ny 7 7
L— 2 DI OOMEFREMRIC, FoRnT — X T3t L7
DOENZHINT S &, Z OB L Wik ki3 %
AR GoRmE) (CBEIT S0, RaRAEn B
5.

Fig 101284 Rk 3 L OME S~ DFIMEE 2 Z 2

30 Vpp, 27 Vpp& L7=SMICBIT 2 F R R4 R

10 ptCFAPRICER R TETEY, SR A HETET
Ny FL—PEEL TS Z LR TE -, &
KKENT 4 AT LA FATIMEGT DD, ERL
Tlo ThbFERRINTEBEPRAFAIND. £72Fig11ic
AT RN, T4 NLHEREIZERESNTWD Z Eh
L7 XTI AMEEALTNA.

Transpa}rent electrode

Electrophoretic
Sheet

| \TFT backplane

Microencapsulated

electrophoretic ink
Fig.9 Schematic cross-section of EPD using all-
printed OTFT backplane on flexible
substrates.

Fig.10 A 160 ppi EPD driven by all-printed OTFT
backplane on flexible substrates.

Fig.11 Photograph of a 160 ppi flexible EPD.
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A New Method of Fabricating Micro Honeycomb Structure by Controlling Gas
Pressure

Sty BE R R
Toshihiro KANEMATSU Shinya SENO
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Abstract

A unique method, based on the principle of soap bubble generation has been developed to fabricate a
micro periodic honeycomb structure. Arrayed bubbles are generated from a thin material layer on the
template and grown into the induced honeycomb structure through the inflation process by controlling gas
pressure.

The honeycomb cell pitch, depending on the template, is selectable from 5 to 200 micrometers, and
the thickness of the cell wall is from 0.1 to 1 micrometer, together with the aspect ratio (cell height/cell
wall thickness) is over 100. The process generally takes several minutes, even as little as a few seconds
with some materials.

Compared with normal processes, such as X-ray lithography and imprint processing, this method not
only successfully fabricates the honeycomb structure with thinner cell walls and a higher aspect ratio, but
also reduces processing costs significantly. Further study is now focused on introducing functional
materials into the empty spaces of the periodic honeycomb, which is expected to lead to the development

of various functional devices.
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(b) Arrayed soap bubbles.

Fig.3 The characteristics of soap bubbless
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Fig.4 Principle of micro honeycomb processing.
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Honeycomb material : Gelatin
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Fig.9 A sheet of micro honeycomb and its microscopic cell images in some areas.

(Processed area :

210x140mm, Cell pitch : 200 4 m, Honeycomb material : UV curable resin)
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Fig.10 Cell pitch : 5 ¢ m, Honeycomb material :
Gelatin.

(a) Material : Polystyrene, Cell pitch : 5 pm.
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(b) Material : Polyethylene, Cell pitch : 50 ttm.

(c) Material : UV curable acrylic resin, Cell
pitch : 200 pem.

Fig.11 Examples of various honeycomb cell pitches
and the materials
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The Scanning Optical System that Adopted Single Scanning Lens and Multi-Step
Diffraction Lens
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ABSTRACT

This report presents a newly developed scanning optical system for compact and low cost A3 tandem
full color imaging devices. The optical system features a single scanning lens, which is the first use for A3
imaging devices. Adopting a single scanning lens contributes to downsizing by improving the flexibility of
the optical arrangement. In designing the scanning lens, the optimization of convergence or divergence of
light flux gives wide scanning angle, high linearity, and excellent imaging characteristics. Defocuses
caused by thermal change, that is particular problem in adopting the single scanning lens, were solved by
deploying our innovative multi—step diffraction lens. The multi-step diffraction surface is stable toward a
decentering due to machining errors because of the equivalence to an optical flat. In addition, the multi—
step diffraction surface doesn’t need to be formed microstructure in high—aspect ratio. Consequently, the
forming mold tool and the form measurement were simplified. Above superiority achieved high precision
and low internal distortion plastic lens. The optical system is mounted on the A3 tandem full color

multifunctional printer of RICOH with downsizing concept.

* HRT Y VBHFAT Y a— VAR Y —
Module Development Center, Imaging Engine Development Division
e A PEESEARTR AR pERe e v 4 —

Production Engineering Center, Production Business Group

Ricoh Technical Report No.35 87 DECEMBER, 2009



A=
I 1. B=

FAE, FUXNTH T —EHAEKOTTS T, HREA

AN RFEHZENT, UEASOERBE L o TS,

F7o, FARHCZE RS ORI A K= 2 R THEBL
THZEBEERMEM A BT N ERo TN,
AT, 1BHEROERL X LA L v XA EH
L, /M Kz 2 b &2 FEDL LT EERFROMBIN TH
5.

I2.EE%$%®E&

AT RO/, K= X ME~OER A F28 T
BH7-01Z,
ERH L 72 D IBHERLDER L o XA LT

PERDEEIFRIE, Figllornd X 5 Zakctisko
EBEL U ANZ DL TNS.

IR
197 VT VR l
B2 ERZ A

N .

MY I%Z

Y

£

RYFI7—

1 EEWVA

Fig.1  Layout of Laser Scanning System with Two

Scanning Lenses.

BOCARNCECE S D E2ER L v X1, BlERT T
WBRWIEDJRIT N A DT 52 4T, A A IT7—
EBOEERREFOMERE/NS SRETE, BRREE
DOELRNFR T OIRIT L XLV AU 2B
BEEEZ/NS L, BE LI/ EED Z ENT
EHEVI AUy RBD.

A 3T =T HEEFRE LT,

ZZTC, RV I T KB RO ITE A
AR, FEEHNNCERT 50N ERIER &
EFRTD.

—J7, AHERRDEE L R 1E, BRI ZEL -
DONFLAT 7 MIBWT, FERL L AeflE S
BHANR—ZADRERMEIF & 720, SeEREE /N
DUELIRSTLEITAY v "D H.

R TR HEENTFRIT, RO ERL X
EERALTHS (Fig2) . FaEEL VA&7
LT, RBIREFELAT Y NOMEE R L TS,
WIZ, Wi ERISAE (AL R2BAER ORTERE : K
T28) LIEALTHZ LT, RY T T—nBRE
FBREETONRBERAEIREL, a7 MotE
HEBEBLFHL TS,

F7o, IR OER L v REBIC AT R X 23R &
705, BREREZIC L DRBAEEENE, ®ikd D
BT L o RO L0 gk L.

397 VU0 U IR FEHA
97" V) VIR i ——

EE/R223 \

Y

RYFI7—

Fig.2  Layout of Laser Scanning System with Single
Scanning Lens.
Is.iﬁbvf

3-1 EFEBLYXDEEE

IBAERL DR L o 0T, FAEBT M ORGHERE & %
BUEAAERF D720 £ 0 FFIEHERE & V> 9 2> DBERED T
SEDRREE 72D

Ricoh Technical Report No.35

DECEMBER, 2009



FEGSRE AT R SE DI, BRE S T LTk
ﬁﬁE@@ﬁﬁ%ﬁtﬁé%%ﬁ%é —J5, f 0%
PEZT R SE D011, EE LV XOE SR

_%wtﬁ%t%@_ FOMENETD. Z O
A, AR DIEEREL D,

— AT, EEL R ART 2 AT AT R
ﬁ‘%ﬁ"&:ﬁiééu\ﬁi AEBENFERZOBEMIZB T,
EE LV RERDESYT, 0 BEEZTE ST D700
%ﬁ%%i?kbtﬁ” JEIT DR 72 0 < A F A
OBHEBMAEET D, &2 TAESEFHRTIE, &
B RN 2R EZRHEIEDO R E L, | 0%

Pzl R 2R L v X OTR THRImEh 2 e L,

DOEEL XA THDHIZH B L T2 o0 A T
IETWAS

AEEFROBmEER, &K, f 0 FEZFigsic

N
Y (mm) Y (mm)
Y| 150 T 150
+1 100 T 1100
4 1
4 1
I 1
T 50 T 50
A Y 1
. X (mm) )
: . | : | %
-4 4 -1 1
I
7| -50 T -50
7 1]
N .
/T{-100 T -100
: .
A 1
21-150 +'-150
TEEGELH ----- FO4SME -----
BlEEG@mEH —

XTI+ —HR YV BAARLDOEEEME

Fig.3 Aberrations.

KEBNFEROER L RIL, EEEFT I
& HICIEMIAIR, RlEETIXEEE T MOLL
HiE SI2B W CRIEE 76 0 SR8 D b ) AT RE
IREFERTS b e A ZVE AR LT\, AR Lo AT
TERIE, BB 72 & O FREE BAFICHIEST 572
DICENRETHD.

— 5T, iﬁvyfmﬁﬁ®ﬂﬁﬁ&%mﬁ@éﬂ
PLERSEE S K DM@ O s 842 LI aa, ekt
éﬁ@m%ﬁ#%kb@@%ﬁ#%%?é.

Z T, EE LV XOFEERTHORIRE @R
L L, EQRITE2ODEIIHEET HZ LT, KET
Wt S OB AR L, xR X
% EEBEFMOBREEHOREZER L-. FiZ, &l
AEEF NN T IR S ETOfFPEEOE(LE
BT 22 LT, RIERIMOBRETE DI A2 KK
L, &Ly XmEOMExHN 2RO ERIC BN T HE
TE LT A B IERE A MERF L T 5.

3-2 FEEBLYXDEH

KEBNSRIL, T, vBor¥, f=u—, 7
T v 7 DABDOBHRITHIET H. &x ORI HHH
SR, B—RY T I 72X vxtmd b
HIENTIR Y 431 b, £E LV XFmBEIST 56
KI5 (Figd) . (UURse a0

Fig.4 Opposite-placed Scanning Method.

EE LV AOFEEFMmEGIIE, BOGREZEET
5t%m@@¢5£@ei%;,mﬁtm@@¢éﬁ
WARIT WD, EEL L XK ETFig5loRT.

Ricoh Technical Report No.35

89

DECEMBER, 2009



B S 358 rE

AT AE B N

RIS LE B RS

Fig.6 Scanning Lens.

— A 2R AL, RIS A T T E T
NEFROERELV A eFEnT 5. ZO%E, REIRE
TACIZPE S EE L RO BT E OB EZT, &=
RS OEABN BN EET S, BT —xHOxt
mEEFROEEFRICHNTIE, Fgdlortmn<
FIAB LA AR 3 2 EENF R TRKEET H 720,
K2 DESRICEZIAEND Ky N ONE IR
Th, HAOEBgIZBTETNnER-oTLE .

ANFFHRTIE, R L BOLEEZ EET 2 ROE
W REIEA B L, RIS R X EE T I R T
NEFRVEE LTS, ZORER, REREZEL
DR UTZREOJEST NI/ & <720, FREIZ X
% EIABRAGIE O LB AN T D Z ENAREL 72 D.
AT —ERIZBNTIE, &2 OROLRICEAEND
R bORCEE, St & RO EAERMERET 5

EONCEAET 503, MR Ky MIEETR 2 S,

BFnEdEEL TV 5.

—77, BOtZEETDERIT, BRERELLICEK
DR DOIR, WHEORE LT, Btk
URSBALE TSR AT D, kOB D EA LT
RITK L, AEERFRIZEEETWTRY T
F v I LIRS M ORISR MO IERR O AR
FRTHLID, HFERTFREDIRAEIC L DB
METIUIRE <D0, BRibd HEHr Lo X el
LT DR 2 AR L TN .

W, AL AT DR A 2 R LT DG
EMB DRIEEANC LV, EA L ARIER ORGSR
AL, SWIPIREEEZGTHD.

I 4, EHRL VX

4-1 YILF ATy eI

AHFERTHO BTV A EHT L > X (DOE) D4
KO A Fig. 612773, ARz V> KU v
i, SN e B2 2 3% o el i & b OBt
PR THD.

JUVR)HILVE

B 47 &

Fig.6  Appearance and Illustration of Diffractive

Optical Elements.

—EE A E AN RICIE, ARNRERY 23
T —ORHHE RICFEEEF IRV & LTRGBS
HEHZ LDV Y RU I L ARFRITHNTWVD.

AR TIEEHT L XD ASEIZT Y > R Y B0,
SHEICY VT ATy FEEERITH 2 & T, v
VR VL XOBERE & IR FEREMSRE 2 £ X,
PERRWSNTWe T A ) o RY v X
ZEERET L XA CEEHZ 2. DIT LY, B
¥ IR OFHEA 72 SIZB LTk R 5.

EITEZIE, 91 e mOBZED, $Xu m~4%100 £ m
DYy FTHERIZRIT N TWA. B % Ef)»
BRIz E &, BT EERGT AN TAT 2B AROER
BEE LCBIlS NG, F72, EREETEYTEOME I
I ONZE DR 722 X oIS Tn
5 (Fig. D).

Ricoh Technical Report No.35

90

DECEMBER, 2009



Y

EIE7

IE'J%E)EI'EI

>

‘ iiﬁjﬂfﬂ'

Fig.7 Shape of Optical Surface.

W, BRI Ko TS AL T ER A sy ML b
HCTHY, BEEOHREIIL 722 DITNZ OBRHfA
DL TV AT 7 L RL b o R K IR
—RTHDH. FELEZOX D RERE 7 LR
AT & PR, ZAUCK LT, Fox NER Lz
1%, BEEIC K> TRYIS N4 Okl kst LT
ERIRIZZR>TRY, KRTITED X S el
< NVTF AT TR &S LT AT T aTE
X, 1RO 7 LR NBIEHTEIZH A, LATFO X 5 227
BB 5.

D, R REENRT D, BEN AN E
ICHEDETHEI SN TWDYGE, vV TF ATy 7R
Y, HFEEESMIC/RD. /o T, B XD
Y SRR AP o W L ING)-2 - T s R DA

F21Z, MLETOAY v IRFEF o5, vV F R
T ZEHTHEIE T LRI X5 iy AR T
ETHEHANLELBEEIZIRTH Y, AW 52380
RT —% H M & 7 LV RIET R O AT & LT
R 5 Z LN TE A (Figs). EHED ST —I1L, #%
W DR ERRE L BB T 5 _XRES TN D,
BL, 7ERD7 L ABETEIZIBVTIE, FRWET
HONRNT—%HELLI ETDE, BT AT hED
AR 2T A MBI ELNTLE D, LT
NF ATy TEPTHIX, ZO XD RBERRN. fEo
T TF AT v 7 EYTHIE, MLORSMHEIZEY 71
VAT T H B 72T —3RE D FIRE 72 1 T
HHEERD.

F72, AT AT v FETEIE, FHHEEIZBT S
Xy T 4 ZUEIIMIT200RES TH Y GEIE3-2
WCCHERT 5. ), RSREROIREEREIZHB N T
t, BCTu =7k L CREREN O D %, FEE
BLEHINTX D LW HFIELE > TV 5.

+ —>

ILRILVEERE M TIILF ATy EE

Fig.8 Multi-step Diffractive Surface.

LRI~ L 91, A F AT v FaFrmidgin
T IR EERIERHE & S TR OM B MED 1Dl
2o T3,

4-2  [O$F@EIIT

4-2-1 BN THAMT

F7, ko7 LR TEHeR L, v F R
7 7T AR OGIE TR OENZFig IR T,

Ricoh Technical Report No.35

91

DECEMBER, 2009



M Z LI EBFEAEREOUE

H
Jm

QTIILFRTy TRITEAEE O YE

Fig.9 Difference of Cutting Processes.

7 LR NRIETE T, [E3TEBACOEIEI AT 5
T 1 ORAET, LHEEL R DABRIOUHIZ T, £
O, TEEITAEZELSE, i oREIC L CkhE
T HACH DY 21T 5.

b X oz, 7 LV REETEOEE, SLHEEH
CAERHE D723 AEIME 2 [T B2, 1ooETHE
EEHEIN T T 20ER’H Y, SR TR E Ot
HLWMEERHD.

ZHICH LT, <~ F AT v iR O%A, Fig9
@) WRTEIIE, ABHEACHZFRFHIMTT S
CENHHETHD. T, NMTRHOATEERT 5 XL
INCTEBRARE L, UIHIGEZ#EIELT 22 81
X, BRBE LR X, ULy, &R TH
M OMHE & & Iz, BIPTHICER S DG & Ek 9
B ENTET.

4-2-2 IR

I Efe~ AV F 2T v TP L v X fiET 5 A0
FIEIZONTIRAS,

5a,

AT L XL, AR O BV — 22 5 PR
ZRAWCTHREE L7e. BB, I8 L CHERRIRAE
LRI MIB(T T AF v 7 M ED %, IREERIETERC
X, —ERERENZEHMOXFYyET 4 (LR
TEtRk A L72240) MICHIRIE L, GAEE S S,
SRIDHHY L ClIEM AR D HIETHS.

ANEPTL RN, $ARAENDEENTFREE AL—R
{bF57-012, IUET 20BN H L. ZD XS 7o/ Vil
[T L RZHHETET 5 BT, RO OFENVE Uz,

OF — MIEICB T DINEEA

SHHHRRIGIETIE, F v 7 1 Wb ORBHIED W%
Biiedlz, 77— F (BRIRIED 7T AF v 7 KR,
SROX v T 4 N~FTEINDAR) BERT S E
TIREFEN 2T TBLBERHH Z Enb, 7F—h
I CIINEEANREL 2D, REfrL o XD L5
\NRZR L o ADGE, R A R E S — R &
DEEHEDSTN =9, FRCEEEZZ 0T W0

QT V=7 BT HNEEL

R Z D HERY BRI, @R aTE )
FIFoN-ol 27 X TEEHLEITON, =
Y7 XY OERMELEC, REHLOEETH
HELDFAET D,

INHDONEBERE, L RZBWTIL, Bkt
SRR E 225,

Z T, i MEFB R ORI L E H LIS NEE
DR AR RTRE/e KX SO a /N 2T 5 Z &1
£V, JRERENEBICNETEARDOREE 5 2 2
iR E L=,

I, WHRITIRDERE: & fIB s D Y Y ZTRICxE LT,
IR Otz X 5 2 L2k 0, EkEERT T A
Fy 7L X e Z L AlREE LT

IDIHREY

SUVRYALE

a/\ER

Fig.10 Optimized Lens Shape to Shift the Influence
of Internal Stress Distribution.

Ricoh Technical Report No.35

92

DECEMBER, 2009



4-3 [EIFL Y XIC K BREME

AEBTNFRTIE, ERo k) REHFL > X% A

T, HRFEROBELZEMEEZH ST TW5. Figllid,

I EA W I F61T 2 RS BALE ORI E R RE 2 5
THOOHTHD.

SEETE] e e T 5E R .
B ?UJJJ > &%FFR jféﬁ yey
RYFvz5—
Eofia)
[ /ﬁ
ETE 0 3| - o _: = i T
e : ol
HyTILY E Ly X £ELUZ |
Lux i
RAAKE
D [ SEE AL L BB L L e

Fig.11 Diagram of Thermal Compensation.

BREf P OEAL =y FNTIE, EICRY T IT7—
DEJR L2V IRE ERNRE L. 2oL &K ¥R T
DGR Z 728, e R ORAGALE I RO AR
2R LT — "l T 5.

BT Lo R, BEAREEEE ASHYER OB R A
THEWHIWEZ LD, UL, BEO L ZRER
b OB L 1T OME T, o O T
RV, 2O LD REET L XOME 2R TR
BB EFERZ ERHD.

I BRI, 8 AL —FORIRERITOTNICE
<%,
Jeak o> TRVESERE) 1280, FERALE IEOLIR
KENZK L TT A — 5| EFE LD,

2T, BETL R R —E B E L TN
X, HFEFRTOE & BT L XOFRVA SRS
KO IET N AR T D2 LN TED.

AHFRICEBNT Y, BT L XTIIREIREZE
REDFEBALE TN AT D L 5 REHTHE O/ ST —3
BMESNTEY, BFROBEREMEZ M ESETH
5.

RRIC IR AR D A A LR ITRIE A T TR ORISR K
T, B EFIIE O RBRALE T AULE A TR

TOEEXHERIZEIF LV ANRERIT TH D &,

WL CHEFICK D, 2 TARERDEFF L X
1%, Fig6lom L7z X 9 IS EEE T NS AT R B
Lo~ NF ATy 7, BEIHEIEE S mORE S
PEE SN AR E T 2 BT 2 VT 5.

%B=0mm

HIRXSYURYAIL
Lo RiEER

BE(RESEH)

Defocus

BT L v XSk

Temperature [°C]

Fig.12 Thermal stability of focus in sub-scanning
direction.

BT L o XOF KT 2 AR ORIAER T RIS
B DB E R R E R R A Fig. 1210777
Fig 1272 b5 X 912, BELENC & DGR ALE
FAUTETH &2 R R WSRO AT T 28 ) R U 7
Iy REEHRHT S, AT L o RESHRINH L2 O
MERSAREIC X VB BATETNAMZ TN D Z L
DD,

PLEXy, BHERERTL L Z0BAIZ LY, RER
EAL LN TR OfEiE S 12 L AR L 2 e 35 =
ERTREE Te o T,

I&.it&)

Fexlx, AT UXNNT—HEEKO/ ML, K=
A MEDBERIZIGZ DT80, ERNERDTTAT v
TIBAERDOEREL XL, MBHENTHL VLT A
T v AT L R e LT BN R A B LT,

KEBENFERIL, Va—DA3STILILET—HE
Bl STV .

Ricoh Technical Report No.35

93

DECEMBER, 2009



SE X

1D /NEHMERE - 1200dpi/A3 kM7 T AF v 7 AL
ADFFE, Ricoh Technical Report, No.27, (2001),
pp.83-93.

Ricoh Technical Report No.35 94 DECEMBER, 2009



74 LFLARENRIE S D %5 SRR (L B 5 B T A 5

Development of UV-Curable Ink Printing Process for Mimeography
fleig  JarE” RH ATHE RE BT

Mitsuo SATOH Fuchio TAKEDA Keisuke ASADA
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F V& VEREIR T 0 Z A~ DT LD 5 A v HEH TR AT ) T et AT
by, EETEREEL TR, ZODHRMEZORHMREMD & FITA o FRHEL, Fiz
10— T — I X 0 FIRIE O RIS 21T 9 & A I BRROFMICHE TS, ZOREEELESD
REZIEL, ThETT VL VFURFIREZEE D5 R - R - IERICB N TRERBIR & 225 T
BY, AKEOBEE I EFbhTWe., %2 CHRFEEMRE TIE B AV BT D850
LI D EETN 2, RV - (FEEE2 R L2 LT U2 VIURAIRBICIE T2 2 L 20 &8
U CEABASSIS B 2 M L7z, [FRAC 2 E CRATREE S b TV THA~OT ¥ 2 L FLE]
RNZ2NTh, ERERK « 5ERER - ~ A X M OBAIARREO BRI L & SRR 2 Efi L,
BARABE L CEH OMRESRD Z ENTET

ABSTRACT

The digital mimeographic machine has both of a plate-making unit and a printing unit. The
mimeographic process is non—drying process. Printed ink remains undried on paper. It stains one’s hand
when he or she touches the fresh printed paper and also adheres to the following paper during the various
post—press process.

Undried ink strictly limits the scope for print application of mimeography. It was even called “The
Unending Problem”. For resolving this limitation, we developed an UV-curable ink printing process for
mimeography with fulfilling the safety standards and assuring the reliability. Although it was the accepted
view that mimeography could not print on coated paper, we studied out the mechanism of mimeographic
printing process for coated paper with UV-curable ink. Through the studies, we learned many things
about image forming, instantaneous drying and master durability enhancement technology for

mimeographic printing on coated paper with UV—curable ink..

* Wby a—HRAat Wi 2 T A FHEEART
Imaging System Business Div., Tohoku Ricoh Co., LTD.
e LY o — Rt bt v o —

Business Promotion Center Div., Tohoku Ricoh Co., LTD.
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Fig.2 UV cure system for a digital mimeograph.
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Toner Supply System with Auto Volume Reduction Cartridge

WA fli— b mEsE R AR LA AHOfERT
Jun-ichi MATSUMOTO Ermi KITA Nobuo TAKAMI Satoshi MURAMATSU  Nobuo IWATA
= =

RUAT DX, R T2 L CBUGEEE A~ N — e L2 s, YT F b= —k
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T, BERT DN —RGNZ R DNEIERTEZRAL, MBI R2 T EEne
MOHRWMETD. V7 b MF—h— )y D3ERkICHS, KIEREERLE, HRBEET 7
B, BN () 2 X FOERRIC L EIRT 5. FETMARRHRTHILIN, Fa v 71 2 TREIC
Ty FCE, 2—P—0EEELR ELTWA. R AT AL, BREATHREE S S 2Bk
L7728 L b=t o AT AT, imagio Neo C600IZ#)6 TH# S iz,

ABSTRACT
We have developed the technology that automatically decreases volume of the toner cartridge by using
the screw pump while supplying the toner to the developing device. As the toner cartridge is made of soft
and flexible material in this system, it is folded gradually (smoothly) due to the toner suck by the screw
pump along with toner consumption. This technology enables the resource saving and reduction of

disposal cost due to the volume reduction. And the very easy exchange of the toner cartridge.

* HRT Y VBHFAT Y a— VAR Y —
Module Development Center, Imaging Engine Development Devision
IR Y PV HFEARTE S - BN 2 v & —

Fundamental&Control Technology Center, Imaging Engine Development Devision

Ricoh Technical Report No.35 101 DECEMBER, 2009



BEREEN

I 1.

1-1 (=407.5]

VA, HBERIERE (LS ORI D & S SR B A ST
OB MAPER INTEY, #HEH, 7Y 212k
WTHERBEAMEEAVNATH S.

B EEARCLLOEEH, 7Y 20 M —%as

DELIE, N RTTAF v 7BOH— 1Y v OR0R
MABANBRTWD. ZhHOR[RTIE, HHATS

ek, MEIOSERENSZ V. £, FEARROES
2% < OFRIRN D, RS, R RERORIY,
R AR S Teto o, RN EL, W=
A MIEFEE T 5 & HZCOBEHEDEEMZ £
EQAY

W+ 32000412 965% L 7-IPSIiO Color 80003 U — X
BWT, BRo M —F8E AW MRy AT
LEBFEL, L DY BRORBOEMICLY,
ERM B AR L, BREEAMORINT 5 Z L ITHEh L
7oy, BRI X HCOMEM &, Wik=a A MRS, £
RN STz, 2 2 CHRIE 672 5 BREEAM ORI
L, =P —DfFWG EEBERLEH L M —&ER
JON Nk VAT K& BT LT O TR TR T
5.

IZ.Emﬁ

2-1 BERAR S T C(Soft Toner Cartridge)

Fig LIRS TC, HENEAMS TC (LLTFHR
STC) OHEEZRT. RS T CIIHRIEDH 5
RO PRI ERNER O N~ R — 22D DT
KTHLIOWITK L, BEEARS T Cldn—KFr—=2
EEME LIRIROBIROH DR TH H. £ R0k
ML LC, BEEHAKRANT N —OHEICE BB
WAL TWE, =Dl b EENTR
RICRD. RS T Cloxt Lon— K7 —ANnEIE S
Nz sk, HERAMERKECHBESh TS &
K — DI A20% LA LA E LTz

c'r
FSN—y

Conventional type

Fig.1  Comparison with conventional and newly
developed type of STC.
2-2 BERARESTCORREAFRERMIE
Fig2lZ B e nEI Lo X ¥ v 7 OFHEEZRT.

Xy SEIIEENOIV A LN AREL 7o TR Y,
FERBEFEA L, S3—~ V%A 27 0e LTHF
Aahs.

Fig.2 Cap of new STC.

Fig3lc b —H— bV v PDTA 7HA T WZET
LHCOHMEHED I 2R, (v v 7EBITFRL)
WEROT v —R NV E A T EBRIFARH LR
COPEHEAZ100E T 5 &, FERASTC (NN—FFr—2R
ZBEIEAE) 137 v —R MUkt L32% DARERIECTH
L0, BFAS T C Ik b —<1rY 3
ATNVT, TT%IRHT 5 2 LN TE .

Ricoh Technical Report No.35

102 DECEMBER, 2009



120

100 y y

32%
80 [—

v 7%

60 —

40 —

3¢HC :hard case

Amount of Co2 discharge (%)

Blow bottle
5 times
recycling
STC +HC %
5 times
recycling
New STC

of carbon dioxide emission
and newly

Fig.3  Comparison
between conventional type
developed STC.

2-3 bF—HBVATLA

Fig 4lZHM S T CEZ W= b — i 27 L0k
Rz g, ST CIEBUGELELT PHIBLE S Lo (AR
Y7 (TR LA ) a—Rr>7) 7% 7L
Fa—T7&, MN—F2WEIT 5 AL o THRES
ns.

Screw Pump Soft Toner Cartridge

AN

INANANAN
OO
[ =——

S~ —

Developing
Device

Flexible Tube
<= Toner

Nozzle

Fig.4 The diagram of toner transferring system.

PERAS T CITHWLN TV, " M — 8N
TEHRNEZEILL, BER FOHT N —KE| %
1T->TWA.

BRR T HFRAET D2WSIEINCE>T, STCH
Fr—idFa—7 %L CHEEEE TBESND.
FENZEZE ST R =%t L TWA 7, M —%
FrlIBRIEE O HICRE T D MEN RS, vV UK
ERICBTEICLA T U b T2 ENTED. 5T,
=P —DEMEL BB F P —FRAERET D 2
EWFREE 2o TN D.

AR 7L, R VROEEr—2 &, n—4%
AE2FMER PTARD T LAT —E BN, B—& 73
M52 Lk a—2/ 257 —2 I k> TR EN
DNERDZE N BENT 5720, ZOZE/MNE hJ—N0
BEhT 5. P —OREEITe—F K OART—X D%
HECL o TREY, v—XDRERAE L L, #
BNV VRS EEC M — 2§ 5 Z L3 TE B,

2-4 BHERA

PERBSTCO M —Hitas A7 L THA L B
F—REA~DOZT OIWALE, N F—%#ELE<T5
= OICRE L S OHRED B 223, T L AKZA B
T =R TH DN D ZITEE DEBHGELT Y v
BB ZRGIE L, #ICkg] L B b —2ED Dk
RENEETHD.

AR AT LTEET 2R L TW2RWed b h—%
) RNV EICEED BT, FasDiER) (B ZFIH
LT3, M F—2BRR s 712 X0 kg S nEest
PR EN D &, BREBOWNEIFE T L LS &9 52,
ResDiED TV EEND) T EITLVNERKRR
JEICRT-ND. ZD L XORBOEMEIZEY b F—N2
mEn, JAVEC N0 EES.

Fig5ICFigd TR L7RERBIS TCEAWT, =7 %
FEHETICN T —Z2EEH L&D M —FE L b
TP BEOHERE 2. —[EOPEH B A FI1.6g1C7%
EL, 220 g BE SN M —FEEMER L 7 THRA|
LBAIE LTz, ZO/REE N —FRENF5A0 05, BE
HENRLEICRY, RAEHIZ228D N —RRERNIC
ol

Ricoh Technical Report No.35

DECEMBER, 2009



|

0.5

Amount of supply toner
(g/cycle)

100 150 200

N
[\
e}

Amount of residual toner(g)

Fig.5s  Relation between amount of discharge toner

and amount of residual toner.

Fig.612, 7EkAIS T COERAIZOGEHEZ/RT.
AR D b F—PEHEN R L EIZ /2 >72DlF, STC
BENT— R ZED Sy THERIN TV, 8
A LT L BRICEBED IR & FERRF 22 TR I
fMaL, JTORICIT D BENLRNWZ ENFETHS.

End

Start

Fig.6 Photograph before and after experiment.

Z T, AEEZHROBR (L) o RELE
BY, EHNAT 72T ROTE Yy N FA T OR%
ZIE LTz, ZORIKIE, FEROEHE L OMIE O
HRRNMZTr BEENSTD, M —22h R M7
PhF L T, BEEIAEDE Z 2WEHE 5 5.

SHICME T2, Figlor Lz — FDER,
AR DOWET 2 A MERFE, MITREH, v v 7R
R EDRT A—=HEEEITY, M —ERENXIEER,
POTEOFERIZIT D BENDR L AT ANRFEB LT,

Seat thickness

Cap Shape

Fig.7 The diagram of toner transferring system.

Reinforcement board ‘

Fig8lZ, RV AT LAEHMA LD M —fk&EE b
TP BEOBR A RT. —EM7Z 0 O bR
Z2GITERE L, 600gFt 7z M —RaR & iR v
TTHRBIL, M —HEHEEZHIE L.

2.5

2 @RS r IR

P4 .
2

§ End

05 42g Start
0

0 100 200 300 400 500 600 700
Amount of residual toner (g)

—h
o

<

(g/cycle)

—y

Amount of supply toner

Fig.8 Relation between amount of discharge toner

and amount of residual toner.

FF—HEHHEDIZ SO X328 02 THERB L, i
72 b EII428TH T,

Ricoh Technical Report No.35

DECEMBER, 2009



Before tr

Fig.9 The newly developed STC in imagio Neo C600.
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Development of “Compact Line” in Production of Organic Photoconductor Drums
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2 REE LW a3 b7 MOERBREZEF L, Bkl L 2B, Rty U —ALEd
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ABSTRACT

Recently, there are more and more needs for low volume production of a wide variety of products in
the field of Organic Photo Conductor (OPC) manufacturing. In such situation, our conventional OPC
production process consists of large—scale lines had some problems like the following: more changeover
time decreased equipment operation rate, manufacturing with large—scale lines came to be less
competetive in price than competitors with more production volume, large equipment led to long—term
installation. In order to solve these problems, “Compact Line” has been developped with the concept of
“Compact, Inexpensive, Movable, Immediately-Installable, Eco—friendly”. In 2004, development of
“detergent—free washing technology” and “spot clean zone technology” for our first one—piece—flow
Compact Line had been completed, and started mass production in a overseas factory. These developped
original technologies are also introduced to conventional large—scale lines worldwide and contribute much
to energy savings of air conditioning equipment and so on. Furthermore, “efficient drying technology” and
“moduled design” have been developped to increase productivity and enable tramsportation without
disassembling. These are implemented into the latest “Flexible Compact Line”, which achieves quadruple

productivity in less space.
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Fig.2 Positioning of O P C drum.
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Fig.3 Layer constitution of O P C drum.
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3-D Finite Element Analysis of a Miniature Coreless Motor
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ABSTRACT
Recently, it is desired to miniaturize and improve capabilities of miniature motors, accompanied by
development of portable devices. However, it is strongly difficult to develop of miniature coreless motors
by changing parts shape or size with constraint.
In this paper, Miniature coreless motor with the pentagon connection is analyzed using the 3-D finite
element method. The effects of the material of the parts on the characteristics of the torque and the

current are clarified.
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Fig.3 3-D finite
element mesh.
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Fig.4 Material conditions.

Table UZfRMT &2~ T,

Table 1 Analysis conditions.

Number of pole pairs 1
Magnetization of parmanent magnet (T) 0.6
Rotation speed (min™) 30,000
Voltage (V) 3.0
Coil resistance (Q/coil) 66.7
Number of coil turns (turn/coil) 7
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Fig.7 Waveforms of Current.
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Fig.8 Waveforms of Torque.

Table 2 Discretization data and CPU time.

Number of elements 2,468,880
Number of nodes 422,455
Number of edges 2,913,054

Number of unknown variables 2,847,896
Number of time steps 241
Total CPU time (hours) 265

Computer used: Core2 Duo 2.66GHz ( 64bit )PC
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Yukio KAMEGAWA Tsutomu SAKATSU Hideo WATANABE Motohisa Hirono

Shuuichi OHTA
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Abstract
A common reliability data is provided through accelerated tests, and evaluated by GO-NOGO
judgement at every interval observations. Then it is hard to acquire a sufficient reliability data under
limited test time and specimens. Moreover, A reuse objective product is required longer life time, so it is
almost impossible to get a good data according to the traditional method. Therefore, we research to get a
reuse reliability information from the degradation data using Path-model and Mixed—effects model within
traditional test time and specimens. This paper introduces about its procedures and effectiveness

including the example.
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Fig.1 Bathtub curve and reuse.
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Fig.2 Block Diagram of LED light measurement.
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Table 1 LED light current data.

Ohr 250hr 500hr 1000hr
SampleNo.1 2.065 2.042 2.024 1.989
No.2 2.148 2.154 2.101 2.078
No.3 2.183 2.179 2.159 2.154
No.4 2.146 2.135 2.091 2.079
No.5 2.049 2.034 1.988 1.953
No.6 2.164 2.135 2.109 2.084
No.7 2.108 2.112 2.083 2.061
No.8 2.123 2.114 2.098 2.080
No.9 2.054 1.992 1.968 1.952
No.10 2.120 2.137 2.105 2.088
No.11 2.130 2111 2.070 2.036
No.12 2.153 2.195 2.152 2.152
No.13 2.095 2.095 2.058 2.026
No.14 2.158 2.155 2.124 2.097
No.15 2.149 2.107 2.069 2.047
No.16 2.165 2.155 2.133 2.107
No.17 2.062 2.065 2.055 2.047
No.18 2117 2.109 2.073 2.052
No.19 2.161 2.160 2.129 2111
No.20 2171 2.163 2.109 2.092
No.21 2.152 2.147 2.116 2.098
No.22 2.108 2.076 2.052 2.018
Unit:mA
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Fig.3 Path model for light current.
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Fig.4 Data check on Path model.
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Fig.5 LED life estimation.

Table 2 LED estimated life.

Accelerated(Hours) | at 25deg C(Hours)
14176 42528
14541 43623
37897 113691
16016 48048
10440 31320
14720 44160
21190 63570
25523 76569
11043 33129
27936 83808
11638 34914
14646 43938
17716 53148
11405 34215
19474 58422
16169 48507
21267 63801
13682 41046
19909 59727
12523 37569

IS OHEEM (Accelerated) Z b A k7T ATHE
L7-FE SR A Fig612, /32 L& EIRR & D4 FigT
[N

Count
w

<0 1
[0,4000)
[4000,8000)

[8000,12000
44000 |

>=

Life estimated(hours)

Fig.6 Histogram of estimated life data.
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Fig.7 Residuals for each path.
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Table 3 Fitting for appropriate distributions.

2k | ALC [RANBAE] u [uOBEERZE] o [cDEERE
Ilyia| 4022 —199.1 9.565 0.06112 0.2595 0.04635
SHERIF R | 405.0 —-200.5 9.717 0.07350 0.3287 0.05197
JAT)L | 4116 —203.8 9.892 0.08714 0.3661 0.05711
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LEDLifeEstimated data
with Frechet ML Estimate and Pointwise 95% Confidence Intervals
Frechet Probability Plot
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Fig.8 Probability plot for Frechet distribution.

LEDLifeEstimated data
with Lognormal ML Estimate and Pointwise 95% Confidence Intervals
Lognormal Probability Plot
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Fig.9 Probability plot for lognormal distribution.

LEDLifeEstimated data
with Weibull ML Estimate and Pointwise 95% Confidence Intervals
Weibull Probability Plot
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Fig.10 Probability plot for Weibull distribution.
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CX1, Digital Camera by Ricoh
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ABSTRACT
CX1 is a standard model digital camera that has been developed with the design concept of “expand
the range of photo shooting”, which can express the end user’s intention.

Main features of the CX1 as follows:

1)  With new image processing engine and a new high—speed image processing CMOS sensor.

2)  The new image processing engine has a customized circuit for the pixel output interpolation
algorithm that expands 1 EV level of the maximum dynamic range.

3)  Dynamic range double shot mode with maximum dynamic range equivalent to 12 EV.

4)  The multi-pattern auto white balance function gives the optimum color reproduction when
shooting subjects mixing different color temperatures.

5)  Multi-target AF function enables CX1 to continuously shoot images with seven different focal

distances that the camera automatically found.

*OS=YFNRNF AT AT A 8= — ICSEGHE
ICS Design Office, Personal MultiMedia Products Company
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Compact A3 Full-Color Multifunctional Printers - imagio MP C2200 series
W AR #Z HrR s EH IEZT

Hiroyuki WATASE ~ Yoshiyuki KIMURA ~ Shuuji TANAKA Masayuki UEDA
A EET N g
Takashi TARUKI Takumi KAWAMURA
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ABSTRACT

The imagio Neo 2200 series is the most suitable digital full color MFP for business uses, realizing the
concept of integrating the best class contributions to the both cost performance and compact designing.
This multifunctional model features copying, printing, scanning, and facsimile functions, and furthermore,
it is offering Ricoh’s first internal finisher which enables the smallest footprint in its product range.

The major features are as follows:

1) The size of a B&W MFP with an internal finisher in its body.

2) “Belt—assisted technology”, which enables the MFP to handle the widest range of thick paper.

3) Advanced technologies of paper feeding without using clutch and fusing mechanism in low

temperature, meeting Energy Star compliant.

4) New toner supplying method for the high image quality.

5) New functions regarding the appliance improvements.

6) Adoption of plant—resin plastic materials from biomass resources.

* o MFPHEEARIE @Gty —
2nd Desiging Center, MFP Business Group
G T S e N A A N 1
Platform Development Center, Imaging Engine Development Division
e MFPHEEARES A HEL v v —
Peripheral Products Business Center, MFP Business Group
wier MEPHEEATR SR =3dite v 4 —
3rd Desiging Center, MFP Business Group
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Table 1 Specification of imagio MP C2200.
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Fig.1 imagio MP C2200.
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Table 2 Comparison of sectional area and capacity.
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Fig.3 Comparison of machine size 1.
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Fig.6 Belt assistance technology.
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A47 IV HhZ—T7" % — IPSiO/Aficio GX e3300

A4 Full-Color Inkjet Technology Printer IPSiO/Aficio GX 3300
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ABSTRACT

Since IPSiO G series were released in 2004, Ricoh GELJET printer has been pioneering the business
inkjet printer market by the technological feature such as high speed performance, duplex print, and high
image quality on plain paper. In 2006 IPSiO GX series were released, second—generation head and ink
were mounted, and evolved to be more fast—dry, high image quality on plain paper, and high speed
performance which is required for business use. This printer has been widely accepted as the system
output printer at a lot of small office, and narrow space. New product, [PSiO GX e3300/Aficio GX 3300
levels up the feature of the former printer, adopts Color Universal Design, and achieves user friendly
operability which adopts simple structure. In addition, a lot of new technology has been developed, which
enables lower power consumption and effective utilization of consumables, it achieves great improvement

of environmental efficiency.

* TN v SRR R S —
Bussiness Strategy Center, Printer Business Group
e TN YRR GG v s —
GELJET Designing Center, Printer Business Group
e GIFHFEAE GOBAYER v & —
GC Development Center, GJ Design & Development Division
ek RARRERIE RETYA very—

Corporate Design Center, Corporate Planning Division
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FRCFig 21T L 91T, fEkA v 712k LT, GX
33001 > 7 1Z KA FRIENIBE% &R 2 TH b DA
FERFFHEE BRI SE WD, ZORMEOREMIZLY,
R, RIEBREE TICBWTA v 7 OFEMEZ el L,
AREEEERNTOA 7 8970 & 28, AR AMED
Hppm EEE -S> TN,

WA, AEIREA » 7 OGRS T 5, K
et Fig 31T~ T.

Fig 31273 X 912, 16FEHILARE (K785 L LT
45%HRi1t:) DFEE EFHAGX e3300 > 7 Tidfmhl S
THEY, i, BEAENTOA 7 BEEICH LT
BRI 7> TN D,

AERA - IOBREEMTEMEL)]

B (mPa-s)
1000000 |
A /7\
00000 f
! o \'-, O TR R
| | W& -Rh TS
10000 ot +
o ‘.._.I.--"".___‘ |
o0 AP
A /
100 el g
e *— GX 03300220 E
e o RREAUORE
10 g

0 L] 10 15 0

25  (ESAR)

Fig.3 Viscosity Change in Evaporation

Process(v.s.Time).
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Fig.5

Ink cartridge and interactive pumping system.
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Universal Design.
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A4 Full-Color Compact Technology in Color Tandem Printer IPSIiO SP C220/310 series
R A M s g e G s &
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ABSTRACT

We developed A4 full-color printer IPSiIO SP C220/310 series, and marketed it in 2008. This series
machine is the color printer that not only the smallest size in the world with a middle and high speed A4
color printer but also many functions and qualities of the top level such as high productivity and high
reliability.

The major features of IPSIO SP C220/310 series are as follows.

1)Class top-level compact platform in the world

2)Full-front access for more simplified operations

3)A new type of image processing system provides compact platform and high image stability.

4)Paper supplying and feeding technology provides compact and simple platform.

5)Driving technology provides class top—level high color image positioning.

6)Image stabilization technology provides class top—level image stability.

7 v YEER LGt v Y —
LP Designing Center, Printer Business Group
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Fig.11 Overview of imaging unit driving.
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Imaging unit position to platform.
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Fig.13 image stabilization system.
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ZHEBEAOIRITD ¥ imagio 7 # /LY — FD6500B

Multifunctional A0 Wide Format Folder imagio FD6500B

BAfR R Aulr JFH el FFH
Noriaki SEKINE Yuichi MARUYAMA Susumu HARADA Toshiaki TOBISHIMA
Kk & AN HESC S OH
Satoshi OTOMO Masafumi KIMURA Wataru KURITA

= =

JRBEATEFICIBWTC, BREROME 1% OBIT (E2E2 BT 5 BR9& L, K= X M &Rk
L7ZAOWT U K% imagio 7 4 /L4 — FD6500BIL, ROFHEEZAF LT\ 5.

1) AO~A3Y A ZKRFGEREEL 7 7 A4 0 £l

2) AO~A2Y A RS EHT D B4R

3) AO~A3Y1 b o FHH.

4) BAR—RLET TT7A T 2 ADEH.

ABSTRACT
“imagio Folder FD6500B, the A0 Wide Format Folder that is designed to automate work in a paper
occasion after the drawing output of customers with its cost effectiveness, has following features;
1) A0~A3 Fomat correspondence high precision paper fold technology
2)  A0~A2 Fomat correspondence paper end section fold technology
3) AO0~A3 Fomat correspondence punch technology

4) High appliance and compact design

* )a—a=F 7 ) RS FEIER

Product Development Operation Division, Ricoh Unitechno Co.LTD.
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Fig.1 Paper pass of imagio folder FD6500B.
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Table 1 Specification of imagio folder FD6500B.
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Fig.2 Movement to fold paper.
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Fig.3 Behavior of the paper.
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Fig.4 The timing of the reversal 1.
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Fig.5 A difference by the datum point.
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Fig.6 The timing of the reversal 2.
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Fig.7 Paper end section fold mechanism.
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Fig.10 Layout of Paper end section fold.
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Fig.11 Position revision mechanism.
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Fig.14 Manual Feeder & Tray for Straight-Through
Output.
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