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Abstract

A Novel Interface for Image Browsing

The size of the most commonly-used screen often confines the display of the large
graphic information. The drawback is that the screen can't show the whole structure and
the details simultaneously. Nowadays, the most common solution includes scrollable
view, multiple views and zooming. Although these ways are able to display the details
of the graphic, there are still disadvantages. For example, users have to stare at the
screen attentively when using scrollable view. The multiple views have the flaw that
part of the area is obscured. As for zooming, it can't provide the overall structure at the

same time.

A wide-angle lens is a very wide field of view with a short focal length. When
forming the image, the wide-angle lens would magnify the middle part and shrink the
outer part. With this feature, we advance a novel user interface for browsing graphics.
There is a circle area which could be moved freely as users' will. The image of the circle
area imitates the image of wide-angle lens, and is capable of conjuncting the outside of
the circle. As a result, when browsing large graphic information, this function enables
users to view the overall structure and the details in the timely manner, without opening

any new window or being sheltered.
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Imports System.Drawing

Imports System.Drawing.Imaging
Imports System

Imports System.Windows.Forms

Public Class A4z} & ¥
Const intervalLimit = 50

Const distanceLimit =5

Dim viewScale As Double " R B
Dim innerRatio As Double

Dim viewRadius As Integer ' [F]2 ¥ 7 % 4 £ T

Dim srclmg, targetimg, viewlmg As Bitmap

Dim MouseX, MouseY, PreMouseX, PreMouseY As Integer

Dim tmpDistance As Double
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Public Function makeTargetimg(ByVal inlmg As Bitmap, ByVal outimgWidth As Integer, ByVal
outlmgHeight As Integer) As Bitmap
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Dim outimg As New Bitmap(outimgWidth, outimgHeight, PixelFormat.Format24bppRgb)

Dim inData As BitmapData = inlmg.LockBits(New Rectangle(0, 0, inlmg.Width, inlmg.Height),
ImageLockMode.ReadOnly, PixelFormat.Format24bppRgb)

Dim outData As BitmapData = outlmg.LockBits(New Rectangle(0, 0, outimg.Width, outimg.Height),
ImageLockMode.ReadWrite, PixelFormat.Format24bppRgb)

Dim ptrin As IntPtr = inData.Scan0
Dim ptrOut As IntPtr = outData.Scan0
Dim bytesIn, bytesOut As Long
Dim rgbvalin(), rgbvalOut() As Byte
bytesin = inData.Stride * inImg.Height
ReDim rgbvalln(bytesin - 1)
System.Runtime.InteropServices.Marshal.Copy(ptrin, rgbvalin, 0, bytesin)
bytesOut = outData.Stride * outlmg.Height
ReDim rgbvalOut(bytesOut - 1)
System.Runtime.InteropServices.Marshal.Copy(ptrOut, rgbvalOut, 0, bytesOut)
Dim col, row, getX, getY As Integer
Dim R, G, B As Integer
Dim ratio As Double = inlmg.Width / outimgWidth
For row = 1 To outlmg.Height
For col = 1 To outimg.Width
getX = Int(col * ratio)
getY = Int(row * ratio)
R = rgbvalin(inData.Stride * (getY - 1) + (getX - 1) *3 + 2)
G = rgbvalln(inData.Stride * (getY - 1) + (getX - 1) *3 + 1)
B = rgbvalin(inData.Stride * (getY - 1) + (getX - 1) *3 + 0)
rgbvalOut(outData.Stride * (row - 1) + (col - 1) *3+2) =R
rgbvalOut(outData.Stride * (row - 1) + (col - 1) *3+1) =G
rgbvalOut(outData.Stride * (row - 1) + (col - 1) *3) =B
Next
Next

System.Runtime.InteropServices.Marshal.Copy(rgbvalOut, 0, ptrOut, bytesOut) ' Copy the RGB
values back to the outlmg

inImg.UnlockBits(inData) ' Unlock the bits.
outlmg.UnlockBits(outData)
Return outimg

End Function
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Public Function fisheyelmg(ByVal inimgl As Bitmap, ByVal inimg2 As Bitmap, ByVal mouseX As Integer,
ByVal mouseY As Integer, ByVal viewRadius As Integer, ByVal viewScale As Double) As Bitmap

Dim outlmg As New Bitmap(inlmg2.Width, inimg2.Height, PixelFormat.Format24bppRgb)

Dim inDatal As BitmapData = inlmg1.LockBits(New Rectangle(0, 0, inimgl.Width, inlmgl.Height),
ImageLockMode.ReadOnly, PixelFormat.Format24bppRgb)

Dim inData2 As BitmapData = inImg2.LockBits(New Rectangle(0, 0, inlmg2.Width, inimg2.Height),
ImageLockMode.ReadOnly, PixelFormat.Format24bppRgb)

Dim outData As BitmapData = outlmg.LockBits(New Rectangle(0, 0, outimg.Width, outimg.Height),
ImageLockMode.ReadWrite, PixelFormat.Format24bppRgh)

Dim ptrinl As IntPtr = inDatal.Scan0

Dim ptrin2 As IntPtr = inData2.Scan0

Dim ptrOut As IntPtr = outData.Scan0

Dim bytesinl, bytesIn2, bytesOut As Long

Dim rgbvalln1(), rgbvalln2(), rgbvalOut() As Byte

bytesinl = inDatal.Stride * inimg1.Height

bytesin2 = inData2.Stride * inImg2.Height

ReDim rghvalin1(bytesinl - 1)

ReDim rghvalln2(bytesIn2 - 1)
System.Runtime.InteropServices.Marshal.Copy(ptrinl, rgbvalinl, 0, bytesinl)
System.Runtime.InteropServices.Marshal.Copy(ptrin2, rgbvalln2, 0, bytesin2)
bytesOut = outData.Stride * outlmg.Height

ReDim rgbvalOut(bytesOut - 1)

System.Runtime.InteropServices.Marshal.Copy(ptrOut, rgbvalOut, 0, bytesOut)

Dim col, row As Integer

DimR, G, B As Integer

Dim innerRadius As Integer = CInt(innerRatio * viewRadius)

Dim nowRadius, getRadius As Double

Dim difX, difY As Integer

Dim raidX, raidY As Double

Dim ratio As Double = inImg1.Width / outimg.Width 'srcimg £ targetimg +* &

Dim srcCenterX, srcCenterY, getCol, getRow As Integer

srcCenterX = CInt(mouseX * inlmg1.Width / outimg.Width)

srcCenterY = Clnt(mouseY * inlmgl.Width / outimg.Width)

For row = 1 To outlmg.Height
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For col = 1 To outimg.Width
difX = col - mouseX
difY = mouseY - row
nowRadius = Math.Sqrt(difX » 2 + difY » 2)
If nowRadius > viewRadius + 1 Then '--- view *} % % 3
R = rgbvalln2(inData2.Stride * (row - 1) + (col - 1) *3 + 2)
G = rgbvalln2(inData2.Stride * (row - 1) + (col - 1) *3 + 1)
B = rgbvalln2(inData2.Stride * (row - 1) + (col - 1) * 3 + 0)
Else
If nowRadius <= innerRadius And nowRadius > 0 Then '--- view *# < % &
raidX = Math.Acos(difX / nowRadius) '{& & 1% 4 &
raidY = Math.Asin(difY / nowRadius) '#& /4 #& 4 &
getRadius = nowRadius / viewScale * ratio
getCol = srcCenterX + Cint(getRadius * Math.Cos(raidX))
getRow = srcCenterY - Clnt(getRadius * Math.Sin(raidY))
R =rgbvallnl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 2)
G =rgbvallnl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 1)
B = rgbvallnl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 0)
Else

If nowRadius < viewRadius And nowRadius > innerRadius Then '--- view i# # %

E
raidX = Math.Acos(difX / nowRadius) & & & & &
raidY = Math.Asin(difY / nowRadius) '#& & #& 4 &
getRadius = ((nowRadius - innerRadius) * (viewRadius - innerRadius /
viewScale) / (viewRadius - innerRadius) + (innerRadius / viewScale)) * ratio
getCol = srcCenterX + ClInt(getRadius * Math.Cos(raidX))
getRow = srcCenterY - Clnt(getRadius * Math.Sin(raidY))
R = rgbvalinl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 2)
G =rgbvallnl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 1)
B = rgbvalinl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 0)
Else
If nowRadius <= viewRadius + 1 And nowRadius >= viewRadius Then '---
view # %
R=0
G=0
B=0
Else
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If nowRadius = 0 Then '--- view ¥ < gt
getCol = srcCenterX
getRow = srcCenterY
R = rgbvalinl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 2)
G =rgbvallnl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 1)
B = rgbvallnl(inDatal.Stride * (getRow - 1) + (getCol - 1) * 3 + 0)
End If
End If
End If
End If
End If
rgbvalOut(outData.Stride * (row - 1) + (col - 1) *3+2) =R
rgbvalOut(outData.Stride * (row - 1) + (col - 1) *3+1) =G
rgbvalOut(outData.Stride * (row - 1) + (col - 1) *3) =B
Next
Next

System.Runtime.InteropServices.Marshal.Copy(rgbvalOut, 0, ptrOut, bytesOut) ' Copy the RGB
values back to the outimg

inimgl.UnlockBits(inDatal) ' Unlock the bits.
inlmg2.UnlockBits(inData2) ' Unlock the bits.
outlmg.UnlockBits(outData)

Return outlmg

End Function
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Private Sub cobSelect_SelectedIndexChanged(ByVal sender As System.Object, ByVal e As
System.EventArgs) Handles cobSelect.SelectedIindexChanged

Select Case cobSelect.Selectedltem
Case "% A HiF s @"
srclmg = My.Resources. 4 #* # 38 § 41 [§]
Case "% 2 H 1F  A @"
srclmg = My.Resources. % 2 318 § 42 [§]
Case "+ T L A k58 %"

srcimg = My.Resources. = £

1%
=
P
e
o
G
&
p:

Case "+ I L Fe ks R "

srclmg = My.Resources. * T L A k% 4 F
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Case "I? 2 L F k258 %"
srclmg = My.Resources.# 2 L & k25 % ¥
Case "B § ~ Hirs# %"
srclmg = My.Resources. # § + #1ri54 &
End Select
targetimg = makeTargetImg(srcimg, picNavigate.Width, picNavigate.Height)
viewRadius = 170
tbRadius.Value = viewRadius / 10
IbIRadius.Text = viewRadius
innerRatio = 0.8
tbinnerRatio.Value = CInt(innerRatio * 100)
IblinnerRatio. Text = "x " & Format(innerRatio, "0.00")
viewScale = Math.Round(srcImg.Width / targetimg.Width, 1)
If viewScale > 5 Then viewScale = 5
If viewScale < 1 Then viewScale = 1
tbScale.Value = viewScale * 10
IblScale. Text = "x " & Format(viewScale, "#.0")
picShrink.Image = targetimg
picNavigate.Image = targetimg

End Sub

CARSN B A (T

Private Sub 4¢ & & ¥ 5f_Load(ByVal sender As Object, ByVal e As System.EventArgs) Handles Me.Load
viewRadius = 170
tbRadius.Value = viewRadius / 10
IbIRadius. Text = viewRadius
innerRatio = 0.8
tbinnerRatio.Value = Cint(innerRatio * 100)
IblinnerRatio.Text = "x " & Format(innerRatio, "0.00")
viewScale = 1
tbScale.Value = viewScale * 10
IblScale. Text = "x " & Format(viewScale, "#.0™)
IbIX.Text =0
IblY.Text=0

PreMouseX = -10
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PreMouseY =-10
Timerl.Interval = intervalLimit
Timerl.Enabled = False

End Sub

"Ry ‘;g_ﬂﬁjgpﬁkﬂ N =i

Private Sub tbScale_Scroll(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
tbScale.Scroll

viewScale = CDbl(tbScale.Value / 10)
IbIScale.Text = "x " & Format(viewScale, "#.0")

End Sub

I %i%%??ﬁ\“ﬂ AL & ?Pii\qrfvri_ji

Private Sub tbinnerRatio_Scroll(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
tbinnerRatio.Scroll

innerRatio = CDbl(tbinnerRatio.Value / 100)
IblinnerRatio. Text = "x " & Format(innerRatio, "0.00")

End Sub

CR{EFRB L

Private Sub tbRadius_Scroll(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
tbRadius.Scroll

viewRadius = Clnt(tbRadius.Value * 10)
IbIRadius. Text = viewRadius

End Sub

Vi REREERE 6 R

Private Sub picNavigate_MouselLeave(ByVal sender As Object, ByVal e As System.EventArgs) Handles
picNavigate.MouseLeave

IbIX.Text =0

IblY.Text =0

picNavigate.Image = targetlmg

picShrink.Image = targetimg

PreMouseX = -10

PreMouseY = -10

If Timerl.Enabled = True Then Timerl.Enabled = False

End Sub
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Private Sub picNavigate_ MouseMove(ByVal sender As Object, ByVal e As
System.Windows.Forms.MouseEventArgs) Handles picNavigate.MouseMove

MouseX = Cint(e.X)

MouseY = Cint(e.Y)

IbIX.Text = MouseX

IblY.Text = MouseY

If Timerl.Enabled = False Then Timerl.Enabled = True
End Sub

TR R R PEE

Private Sub Timerl_Tick(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles
Timerl.Tick

tmpDistance = ((MouseX - PreMouseX) ~ 2 + (MouseY - PreMouseY) ~ 2) 0.5
If targetimg IsNot Nothing And tmpDistance > distanceLimit Then
Timerl.Enabled = False
Dim startTime As DateTime = DateTime.Now()
viewlmg = fisheyelmg(srcimg, targetimg, MouseX, MouseY, viewRadius, viewScale)
picNavigate.Image = viewlmg
PreMouseX = MouseX
PreMouseY = MouseY
Dim endTime As DateTime = DateTime.Now()
Timerl.Enabled = True
Dim spendTime As TimeSpan = endTime.Subtract(startTime)
IbISpend. Text = String.Format("{0:n3}", spendTime.TotalMilliseconds / 1000) & " sec™"
End If
End Sub

End Class
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I. Introduction

Magnification of an image on a computer or handheld device is typically carried
out in one of two ways: (1) by enlarging the entire image proportionally, resulting in
only part of the image being displayed; or (2) by enlarging a small region of the image
centered at the point-of-interest, resulting in neighboring region being obstructed. In
either way, disorientation becomes a problem when searching through different parts
of the image. Some cognitive loads are required to remember the relative position of
the magnified region relative to the entire image. As a result, in this project we
developed and tested a fish-eye lens inspired image magnification method that can
enlarge the region of interest without occluding neighboring regions.

Il. Fish-eye Lens Visual Characteristics

Our idea comes from pictures of dogs (Fig. 1) that have big
heads but small bodies. We find out that they were shot by
fish-eye lenses. Fish-eye lenses provide extremely wide angle of
view, and it is used for taking hemispherical images. (Fig. 2(a))
The fish-eye lenses captured image within the field of view is
distorted spherically. (Fig. 2(b)) Magnification power increases gradually toward
center of the image, the center region is shown much larger than the neighboring
regions. (Fig. 2(c)) This feature provides an image to view the details and show the
overall structure simultaneously.

'y Fig. 1

Fig. 2 (a) Fig. 2(b) Fig. 2(c)
I11.Physical Distortion Property
To observe the characters of fish-eye lenses; first, we devise a plan paper (a) with
regularly spaced grid points on it, and shot it by the fish-eye lens. Through the
observation, we devised a second plan paper, which has (b) equally spaced concentric
circles and lines passing through the origin.
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Fig. 4 (a) apparatus of photographing (b) correct the center of an fish-eye image

When captured with a fish-eye lens, the resulting images showed that:
1. distortion is symmetric along the optical axis and decreases non-linearly
away from origin. (Fig. 5(a))
2. the extent of bow gets greater and the distance between two neighboring
concentric circles gets shorter as the concentric circles move away from
the center. (Fig. 5(b))
3. the degree angle along the same radial line remain the same. (Fig. 5(c))



Fig. 5 Distortions on images captured by fish-eye lens

V. Derivation of Fish-eye Lens Inspired Magnification Method
To find out the mapping function that emulates a fish-eye lens, we map pixels in a
source image to resulting image, and derive F~™from F to allow for inverse mapping
of a pixel in source image for any point in resulting image. Polar Coordinates system
is used to represent each point, because the angles remain unchanged after
transformation.
1. Procedure:

K 3 W—— VAP
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source image

resulting image




Experimentations are carried out to discuss how many sample points be chose can

absolutely represent the rest of the data points. We separate all data points on the plan
paper into four parts according to the changing distance between the points. Then,
data points are sampled proportionally from four concentric regions. Results showed
that 52 data points were experimentally determined to be suitable for matching image
points from source images to resulting images.
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Fig. 6

And with these data points, we can formulate a mapping function by using least

square fitting. The function defined by 52 data points has the least mean absolute error,
which is adopted for our application. (Fig. 7)
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Fig. 7 (a) the least mean absolute error of different number sample points

(b) normalized mapping function
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We aim to make a circular region be able to move according to the users' will,
and make the magnified region blend seamlessly with the neighboring regions. In
order to achieve the goal, we compute the normalize inverse function that reverse the
mapping process. That is to map a pixel in the enlarged region back to the original
image and retrieve the pixel value.

Through the mapping function, we are able to emulate a fish-eye lens like
magnification result. However, the center of the magnified region is spherically
distorted, we then constructed a piecewise linear function. The inverse function was
converted to a partially piecewise linear function. Divided the function into three
segment, this enabled us to magnified the point of interest and allow different
magnification power in the circular region. The center of the magnified region has the
largest magnification level based on the slope of it and is flatten, while the outer
region adopted the original function, hoping to blend in with the rest of the image.

L }
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P07 0+ (- <)<
P F)> Fir)
B S SR <

Fig. 8 piecewise linear inverse function

a) '
Fig. 9 Exemplary images (a) Original Image.
(b) Fish-eye lens like magnification.
(c) Fish-eye lens like magnification without distortion in central region.

V. Results
Our new magnifier has three important characteristics:
1. central region of magnification is not distorted
2. central region has higher magnification power than the surrounding region
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3. seamless integration with rest of the original image.

As oppose to a fish-eye lens captures image, the focused region is flat as with
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other magnlflers It is easier to focus in seek and search activity by the gradually
changed magnification power. And user always know where in the image he is
magnifying, so less chance of disorientation.

Fig. 10 Comparison between our magnifier and other magnifiers

Lastly, we conducted experiments to compare our new spot magnifier with other

magnification methods in seek and search activities with “subway maps” and
“Where’s Waldo?” tasks. Participants were to perform the search tasks with both
magnifiers. At the end of the search activities, participants were asked to answer
questionnaires about the usefulness of two magnifiers. It was observed that
participants who used our magnifier first spend less time locating the object to be
found. It was also found that seamless integration of the magnified region with the
source image helped participants familiarize the given image and not being
disoriented due to partial occlusions.

V1. Conclusions

1. By using image processing technique, a fish-eye lens like digital magnifier was



successfully developed.

2. The magnifier has all the advantages of a fish-eye lens image, but no ill-effect
of image distortion in the central part of the magnified region.

3. Field experiment showed that with the new magnifier, users are less stressful in
locating a familiar object in the given image than a conventional magnifier.
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