
(19) United States 
US 2002O008711A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0008711 A1 
KARJALAINEN (43) Pub. Date: Jan. 24, 2002 

(54) APPARATUS AND METHOD FOR 
DISPLAYING ZOOMED VERSION OF 
STORED IMAGE BY DISPLAYING AND 
SHIFTING ABSED ON PIXEL OVERLAP 

(76) Inventor: JUHA PEKKA KARJALAINEN, 
TAMPERE (FI) 

Correspondence Address: 
PERMAN & GREEN 
425 POST ROAD 
FAIRFIELD, CT 064306232 

(*) Notice: This is a publication of a continued pros 
ecution application (CPA) filed under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/116,122 

(22) Filed: Jul. 15, 1998 

(30) Foreign Application Priority Data 

Jul. 18, 1997 (FI).................................................. 973O41 

Publication Classification 

(51) Int. Cl." ....................................................... G09G 5/00 
(52) U.S. Cl. .............................................................. 345/667 

(57) ABSTRACT 

A method of displaying a Zoomed version of Stored image on 
a display, where the Stored image is defined by a set of data 
entries mapped to respective pixels of the display. The Stored 
image is first Scaled relative to the display in accordance 
with the desired Zooming ratio. The Scaled image is then 
located at an initial position relative to the display and the 
extent to which each display pixel is overlapped by features 
of the Scaled image is determined. A colour tone is assigned 
to each display pixel in accordance with the extent of the 
overlap. The Scaled image is then shifted relative to Said 
initial position one or more times and, for the or each shift, 
the Overlap of each display pixel is recalculated and a new 
colour tone assigned. The Sets of assigned colour tones are 
then displayed cyclically on the display to produce a dis 
played image. 
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Figure 5 
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Get input data from user: 
- zooming factor p 1s 
- first row of Screen 
- first Col of Screen 
- last row of screen 
- last Col of Screen 
- first row of picture 
- first col of picture 
- last row of picture 
- last Col of picture 

Entry point for the dynamic 
part of the zooming system. 
Let fx and fy vary only one 
step at a time to avoid too fx = S / 2 

fy = s. 12 big movement of the picture 
at a time. 

(C) 
O Just do 

nothing 

k = int (g-s?)+1 
p = kp 

O S = ks 

initialize variables: 
- s row = first row of Screen 
- S. col= first col of screen 
- p row = first row of picture 
- p col= first col of picture 
- row = fy 
- fill screen first...last Col of screen 

first...last row of screen) 
With zeroes 

Zoom the picture 

Figure 6a 
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delta = p. 
roWCntr= 0 
addroW = 0 
temp = s - row 

Zoom the picture 

rOWCitr = roWCintr + 1 
rowdelta(rowcntr= temp 
delta = delta - temp 
temp = s 
OW = 0 
addrOW = addroW + 1 

roWCntr = rowcntr + 1 
rowdelta(rowcntr= delta 
roW = row + delta 

delta = p 
temp = S - col 

coldelta = temp 
delta = delta-temp 
temp = S 
Col = 0 

Update screen pixels 
coldetta = delta 

Update screen pixels 
Check end cases 

Map to grey levels 

end = 
end col? 

end row? 

Figure 6b 
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pixel = picture p_col, p row) 

Coldelta 
O2 

O 

overf= last Col of Screen - S Col 

Overf= last row of SCreen - S row - i 

screens col, S row + i = 
Screen Scol, S row + i + 
(coldelta " rowdelta (i-1)) 

Figure 6C 
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p_col = p_col + 1 
temp = last Col of picture - p col 

end = end col 

S row = S row + addroW 

temp = last row of picture - S row 

proW = p_row + 1 
temp = last row of picture - p row 

end = end row 

col= col + delta 
end = go on 

Figure 6d 
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i = S row - addrow 

ends 
end row? 

ye 

O 

S 

O 

i = i + 1 
addrow = addroW + 1 addrOW = addrow + 1 

yes addrow 
& 1 a 

O 

j= first col of screen 

ls : a last row of screen ? 

C O 

screeni, is r" screen j, if s? 

= + 
ls: j last col of Screen ? 

yes 

Figure 6e 
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APPARATUS AND METHOD FOR DISPLAYING 
ZOOMED VERSION OF STORED IMAGE BY 

DISPLAYING AND SHIFTING ABSED ON PIXEL 
OVERLAP 

FIELD OF THE INVENTION 

0001. The present invention relates to an apparatus and 
method for displaying an image and in particular for dis 
playing a Zoomed version of a Stored image. 

BACKGROUND OF THE INVENTION 

0002 Electronic displays commonly provide for Zoom 
ing in and out of a Stored image in order to enable a user to 
See more clearly details of the image or to obtain an 
Overview of the image. An image for display on an elec 
tronic display is commonly Stored in an electronic memory 
by way of a matrix of data entries which are mapped on a 1:1 
basis with pixels of the display. In order to Zoom in on the 
image, i.e. to make the image or portions of the image larger 
on the display, each data entry is expanded to cover two or 
more pixels. However, in order to avoid distortion of the 
image, each data entry must be expanded to cover a Square 
block of pixels. It is therefore only possible to Zoom in on 
the image by a factor of 2, 3, 4 etc. This is inconvenient, for 
example, where it is desired to expand text So as to allow it 
to be more easily read but where expansion by a factor of 
two or more will result in the edges of the text extending 
beyond the edges of the display. The user must roam 
around the image, displaying only bits of it at a time, in order 
to read the entire text. A problem also arises where an image 
is too large to be displayed on a display and Stored data 
entries have to be mapped to partial pixels. Solutions 
proposed to overcome these problems include creating new 
type fonts in the case of Zooming in, and merely dropping 
pixels in the case of Zooming out. 
0003. One application where these problems arise is in 
mobile communication devices which have only a Small 
display and the capability to receive facsimile transmissions. 

SUMMARY OF THE INVENTION 

0004. It is an object of the present invention to overcome 
or at least mitigate the disadvantages of conventional Zoom 
ing methods. In particular, it is an object of the present 
invention to provide an apparatus and method capable of 
Substantially StepleSS Zooming. 
0005 According to first aspect of the present invention 
there is provided a method of displaying a Zoomed version 
of Stored image on a display, where the Stored image is 
defined by a set of data entries mapped to respective pixels 
of the display, the method comprising the Steps of: 

0006 (1) scaling the stored image relative to the 
display in accordance with a desired Zooming ratio, 

0007 (2) locating the scaled image at an initial 
position relative to the display; 

0008 (3) determining the extent to which each dis 
play pixel is overlapped by features of the Scaled 
image, and assigning to each display pixel a corre 
sponding colour tone; 

0009 (4) shifting the scaled image relative to said 
initial position one or more times and, for the or each 
shift, repeating step (3); and 
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0010 (5) cyclically displaying each of the sets of 
assigned colour tones in turn for as long as the 
Zoomed version is to be displayed. 

0011. It will be understood that the terms Zoomed and 
Zooming used in relation to the present invention relate 
both to the enlargement and reduction of images. 
0012 Preferably, step (5) comprises shifting the scaled 
image in two orthogonal directions (x,y), where the maxi 
mum shift from Said initial position in the X and the y 
direction is less than the width of one display pixel (L). 
Preferably, where a Zooming factor of P4 is applied to Scale 
the image in step (1), and p and S are both integers and S is 
the lowest common denominator, each shift produced by 
Step (5) translates the Scaled image by a multiple of 74 in one 
or both of the X and y directions. More preferably, the 
maximum shift is L-74 which results in each edge feature 
of the Scaled image being Sharp in at least one of the initial 
position and the shifted positions. In this way, it is possible 
to achieve StepleSS Zooming in which only integers and fixed 
point calculations are used. The method may be imple 
mented directly in machine code language to achieve Suf 
ficient Speed for real time Zooming. 
0013 Preferably, the step of assigning a colour tone to a 
display pixel comprises mapping the fractional coverage of 
the display pixel, by features of the Scaled image, to a linear 
range of colour tones. For a monochrome display, Said linear 
range comprises grey-level tones. For a colour display, 
where the Stored image comprises a set of data entries for 
each of a plurality of colours (e.g. red, green and blue), the 
method of the above first aspect may be carried out Sepa 
rately for each Set of image pixels. 
0014 Where the data entries of the stored image corre 
spond themselves to colour tones, Step (3) may additionally 
comprise for each display pixel determining a function of 
both the fractional overlap and the tone(s) of the overlap, 
Said assignment being made on the basis of the determined 
function. 

0.015 Preferably, the time interval between the display of 
Successive Sets of assigned colour tones is between /20 th of 
a Second and 1 Second. 

0016. According to second aspect of the present inven 
tion there is provided apparatus for displaying a Zoomed 
version of a Stored image, the apparatus comprising a 
display having a matrix of display pixels, a memory for 
Storing an image as a Set of data entries mapped to Said 
display pixels, and processing means arranged to: 

0017 scale the stored image relative to the display 
in accordance with a desired Zooming ratio; 

0018 locate the scaled image at a first position 
relative to the display; 

0019 determine the extent to which each display 
pixel is overlapped by the Scaled image and to assign 
to each display pixel a corresponding colour tone; 

0020 shift the scaled image relative to the display 
one or more times and repeat the Steps of determin 
ing and displaying for each shift; and 

0021 cyclically display each of the sets of assigned 
colour tones in turn for as long as the Zoomed version 
is to be displayed. 
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0022. In one embodiment of the present invention, the 
apparatus is a combined mobile telephone and personal 
digital assistant. The display may be a liquid crystal display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 For a better understanding of the present invention 
and in order to show how the same may be carried into effect 
reference will now be made, by way of example, to the 
accompanying drawings, in which: 
0024 FIG. 1 shows a combined personal data assistant/ 
mobile telephone device; 
0.025 FIG. 2 shows a simplified schematic functional 
diagram of the device of FIG. 1; 
0.026 FIG. 3 shows schematically a portion of a display 
of the device of FIG. 1 on which is displayed an image; 
0.027 FIG. 4 shows an enlarged view of the display 
portion of FIG. 3 with a scaled version of the image 
displayed thereon; 
0028 FIG. 5 shows the enlarged display portion of FIG. 
4 with the Scaled image displayed at three different posi 
tions, 
0029 FIGS. 6a to 6e are flow diagrams describing a 
method of displaying a Scaled version of a Stored image on 
a display of the device of FIG. 1. 

DETAILED DESCRIPTION 

0030 Combined personal data assistant/mobile tele 
phone devices are expected to become commonplace over 
the next few years as the demand for mobile data commu 
nication Services increases. One Such device 1 is illustrated 
in FIG. 1 and has a “clam-shell” type construction with a 
keyboard 2 and a display 3 located on opposed inner 
Surfaces. The functional structure of this device 1 is illus 
trated in FIG. 2 where a central processing unit (CPU) 4 
carries out the main processing operations of the device 1 in 
response to user input via the keyboard2. A memory 5 stores 
data, including data corresponding to images to be displayed 
on the display. Such display data can be extracted from the 
memory 5, processed, and transferred to the display 3 by the 
CPU 4. 

0.031 Assume for example that the device has received a 
facsimile transmission from a remote Station. The facsimile 
is Stored in a block of the memory 5 as a set of data entries, 
each of which can be thought of as an image pixel and 
which is either black or white. The width of the image in 
image pixels corresponds to the width of the display 3 in 
display pixels although the length of the image is generally 
considerable greater than the length of the display. The user 
may Select to display the image in unZoomed form in which 
case the image pixels of an upper portion of the image are 
mapped on a one to one basis with the display pixels to 
display that upper portion on the display. The user can then 
Scroll down the image as appropriate. FIG. 3 illustrates a 
portion 6 of the display 3, where the image displayed is the 
letter N. AS can be seen, there is a one to one mapping 
between the display pixels 7 (having a length L in both the 
X and y directions) and the image pixels 8. 
0.032 The user may request to Zoom the stored image on 
the display 3 (centred on the centre of the display 3) using 
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one of an expand and a compress key 9,10. Typically the 
length of time for which a key 9,10 is pressed will determine 
the Zooming ratio. For the purpose of illustration, assume 
that the user Selects to display the Stored image, compressed 
by a factor of 73. An imaginary enlargement of the entire 
display 3 by a factor of 3 is carried out (illustrated in FIG. 
4 for the display portion 6). The stored image is then 
enlarged by a factor of 2 to give the required relative 
Zooming ratio of 73. This can be generalised Such that the 
Zooming ratio is P4 where p and S are both integers and S is 
the lowest common denominator. 

0033. Due to the differences in the scaling operations 
performed on the image and on the display 3, the pixels 8 
making up the image are now Smaller than the pixels 7 of the 
display 3. The next Step in the Zooming proceSS is to 
compute the area of each notionally enlarged display pixel 
7 which is overlapped by features (i.e. black areas) of the 
notionally enlarged image. For example, from FIG. 4, it can 
be seen that the top left display pixel 7a has 7/6ths of its area 
covered by features of the image. Now assume that the 
display 3 is capable of displaying ten different grey levels (or 
tones) ranging from white to black (0 to 9). A grey level is 
then assigned to each display pixel 7 by mapping the 
determined fractional coverage to the linear grey Scale. For 
example, the upper left pixel 7a is assigned a grey level of 
8 whilst the upper pixel, second from the left, 7b is assigned 
a grey level of 2. 

0034) From FIG. 4, it will be appreciated that the left 
hand edge of the image “N” will consist of a line of pixels 
displayed with a grey level of 8 and will therefore appear 
relatively sharp on the display 3. However, the right hand 
edge of the image is displayed as a line of pixels having a 
grey level of only 4 and will therefore appear Somewhat 
blurred on the display 3. It will also be appreciated however 
that if the image is shifted to the right by % of a display pixel 
length L, the right hand edge of the image will become Sharp 
whilst the left hand edge will become blurred. Similarly, 
other edge features of the image will become blurred or 
Sharp at intermediate positions of the image relative to the 
display 3. 

0035. By cyclically moving the image relative to the 
display 3, with a maximum shift in the X and y directions of 
% L, it is possible to ensure that all edge features are Sharp 
at least one position during the cycle. For the image 'N' 
shown in FIG.4, this range of movement is illustrated by the 
lightly shaded area 11. It is not necessary to consider the 
infinite range of positions within which the image can be 
shifted. Rather, it is only necessary to consider discrete Shifts 
of d in the X and y directions, where d=/1;3 L (or more 
generically / L). The three positions which the image takes 
relative to the display in the X direction are illustrated in 
FIG. 5(a) to 5(c). Similarly, the image can take three 
positions relative to the display in the y direction giving a 
total of nine positions. 

0036) The fractional coverage of each display pixel 7 by 
image features is determined at each of these nine positions 
and grey levels assigned to the pixels accordingly. The result 
is a Set of display pixel/grey level assignments for each 
relative position. These are stored in the memory 5 of the 
device 1. It is noted that it is possible to compute these data 
Sets using only integers and fixed point calculations, i.e. 
floating point calculations are not required. 
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0037. The method may be implemented directly in 
machine code language to achieve Sufficient Speed for real 
time Zooming. 
0.038. The CPU 4 then causes each of the grey scale sets, 
or 'fuzzy images, to be displayed in turn, for example at 
intervals of 500 ms, continuously repeating this cycle for as 
long as the Zoomed image is to be displayed. It is noted that 
the time interval between the display of Successive Sets of 
grey Scales should be long enough to allow each displayed 
set to be perceived by the viewer. Moreover, the time 
interval may be determined to Some extent by the Speed of 
the display. 
0.039 This process is equally applicable to Zooming in on 
a stored image, i.e. where the image is enlarged relative to 
the display 3. It may also be applied to colour images where 
the image is Stored, for example, by way of three indepen 
dent data Sets corresponding to the colours red, green, and 
blue. In this case, the proceSS is carried out Separately for 
each data Set, where the fractional Overlap of each display 
pixel 7 is mapped to a linear tonal Scale for the appropriate 
colour. At each relative shift, a composite image is displayed 
by combining the corresponding three colour tone Set. 
0040 FIGS. 6a to 6e are flow charts illustrating in detail 
an implementation of the dynamic Zooming proceSS 
described above. 

0041. It will be appreciated that modifications may be 
made to the above described embodiment without departing 
from the Scope of the present invention. For example, where 
the stored image comprises a grey level assigned to each 
pixel, the Zooming process may compute, at each shift and 
for each display pixel, a function which is a combination of 
the fractional coverage and the grey level(s) of the overlap 
ping image feature(s). For example, this function may be the 
product of the fractional coverage and of the grey level. The 
function value may then be mapped to a linear grey level 
Scale to assign a grey level to the display pixel. 

1. A method of displaying a Zoomed version of Stored 
image on a display, where the Stored image is defined by a 
Set of data entries mapped to respective pixels of the display, 
the method comprising the Steps of 

(1) Scaling the stored image relative to the display in 
accordance with a desired Zooming ratio; 

(2) locating the Scaled image at an initial position relative 
to the display; 

(3) determining the extent to which each display pixel is 
overlapped by features of the Scaled image, and assign 
ing to each display pixel a corresponding colour tone; 

(4) shifting the Scaled image relative to said initial posi 
tion one or more times and, for the or each shift, 
repeating Step; and 

(5) cyclically displaying each of the sets of assigned 
colour tones in turn for as long as the Zoomed version 
is to be displayed. 
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2. A method according to claim 1, wherein Step comprises 
shifting the Scaled image in one of two orthogonal directions 
(x,y), where the maximum shift from said initial position in 
the X and they direction is less than the width of one display 
pixel (L). 

3. A method according to claim 1 or 2, wherein a Zooming 
factor of P/s is applied to Scale the image in Step, and p and 
S are both integers and S is the lowest common denominator, 
each shift produced by Step translating the Scaled image by 
a multiple of 74 in one or both of the X and y directions. 

4. A method according to claim 3, wherein the maximum 
shift is L-74 which results in each edge feature of the scaled 
image being Sharp in at least one of the initial position and 
the shifted positions. 

5. A method according to any one of the preceding claims, 
wherein the Step of assigning a colour tone to a display pixel 
comprises mapping the fractional coverage of the display 
pixel, by features of the Scaled image, to a linear range of 
colour tones. 

6. A method according to any one of the preceding claims, 
wherein the data entries of the Stored image correspond 
themselves to colour tones, and Step additionally comprises, 
for each display pixel, determining a function of both the 
fractional overlap and the tone(s) of the overlap, said assign 
ment being made on the basis of the determined function. 

7. A method according to claim 5 or to claim 6 when 
appended to claim 5, wherein the display is a monochrome 
display and Said linear range comprises grey-level tones. 

8. A method of displaying a stored colour image on a 
colour display, where the Stored image comprises a set of 
data entries for each of a plurality of colours, the method 
comprising carrying out the method of any one of claims 1 
to 6 for each of Said colours. 

9. A method according to any one of the preceding claims, 
wherein the time interval between the display of Successive 
Sets of assigned colour tones is between /200th of a Second 
and 1 Second. 

10. Apparatus for displaying a Zoomed version of a stored 
image, the apparatus comprising a display having a matrix 
of display pixels, a memory for Storing an image as a set of 
data entries mapped to Said display pixels, and processing 
means arranged to: 

Scale the Stored image relative to the display in accor 
dance with a desired Zooming ratio; 

locate the Scaled image at a first position relative to the 
display; 

determine the extent to which each display pixel is 
Overlapped by the Scaled image and to assign to each 
display pixel a corresponding colour tone; 

shift the Scaled image relative to the display one or more 
times and repeat the Steps of determining and display 
ing for each shift; and 

cyclically display each of the Sets of assigned colour tones 
in turn for as long as the Zoomed version is to be 
displayed. 


