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Abstract

The mobile industry has seen, in recent years, rapid developments which
contain digital cameras with good resolution, this research study the possibility
of use these cameras in a close range photogrammetry, which is widely used
today in many engineering and scientific applications.

This research has used two types of mobile phone with built-in digital
cameras, the first type was NOKIA N82 and the second was CoolPAD 288.
Stereo pair of digital photos have been picked up to the test field, which installed
on it twenty four targets carefully, 3D- coordinates were observed by using Total
Station instrument, type TOPCON-GPT7501. Because of non availability of
External and Internal orientation elements of the camera, it used mathematical
method known as Direct Linear Transformation DLT. The results obtained from
using mobile phone camera in digital close range photogrammetry, were
compared with field data, have showed that the Root Mean Square Error
(RMSE), indicates promising results.
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Introduction
Digital Close range photogrammetry is an important branch of the science of

Photogrammetry that utilized digital technology to make digital images of subjects. With the
revolution of digital technology, digital cameras are nowadays being used as a new
communication tool. This new tool is enhanced by the production of mobile phones with
built-in digital cameras. This product gives us the opportunity to take photographs of any
object we may face at anytime instantaneously. Just get your phone from your pocket and
take the photos. This new facility in the mobile phone generation could enable us to use it in
the digital photogrammetric field. To use this tool, first we must find out its accuracy [1].

Two different types of mobile phones with cameras were applied in study. The first was
NOKIA N82 with 5.0 megapixel digital camera, and the other phone CoolPAD-288 with a
camera of 2.0 megapixel. The mobile phones as shown in Fig.l, and the technical
specifications of the cameras given in Table 1.

(a) (b)
Fig.1: Mobile phones used in the study: (a) NOKIA N82, (b) CoolPAD

Table 1: Technical specifications for Mobile phones cameras used in the study

Properties NOKIA N82 CoolPAD 288

camera model N82 PAD 288

Image dimensions 2592x1944 1600x1200
5.0 megapixel 2.0 megapixel

Horizontal resolution 300 dpi 96 dpi
Vertical resolution 300 dpi 96 dpi
Focal length 5.6 mm 5.2 mm

Optical zoom 5X 4X
Output format JPEG Image JPEG Image

Flash used yes No
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Test Field

The test field was a wall fixed on it white board and cooling duct, twenty four targets
installed carefully on the test field in different planes (Fig.2), the targets arranged as (4 rows
x 6 columns), and the targets points were precisely measured by using Topcon total station
instrument, GPT7501. The chosen base line was of 3 meters with two end stations, A and B,
the 3D coordinates of station A assumed locally as follow (100 m, 100 m, 10 m), then the total
station has been mounted on A and back-sight on B, the 3D coordinates of the 24 targets
points have been measured directly by using the characteristic of laser reflector-less which
exists in Topcon total station instrument GPT7501, these coordinates listed in table 2.

—1 Wall
1 White board
E Cooling Duct

5 '
(100,100,103 =7/‘3-‘ 9“\'
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; |
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Fig. 2: Test Field, including twenty four targets installed carefully

Table 2: 3D Coordinates for twenty four targets points at Test field

P X(m.) Y (m.) Z(m) P Xm) Y (m.) Z(m)

1 100.619 102.692 14.496 13 102.229 102.785 14.377
2 100.616 102.423 14.507 14 102.235 102.415 14.402
3 100.61 101.873 14.858 15 102.213 101.887 14.735
4 100.607 101.295 14.865 16 102.215 101.302 14.747
5 101.195 102.694 14.493 17 102.936 102.786 14.377
6 101.196 102.425 14.506 18 102.933 102.415 14.397
7 101.193 101.899 14.745 19 102.933 101.868 14.745
8 101.219 101.313 14.752 20 102.94 101.292 14.751
9 101.68 102.694 14.49 21 103.525 102.782 14.376
10 101.685 102.423 14.504 22 103.522 102.414 14.394
11 101.699 101.896 14.739 23 103.523 101.874 14.851
12 101.706 101.317 14.752 24 103.54 101.248 14.857
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Determination of photo coordinates

The photos generated by mobile phone camera which picked up a stereo pair of photos to
the targets on the Test field (Fig.3), and handled as digital files by the computer. 2D
measurements of digital files are mainly performed on a computer display. Today’s
measurement technologies allow that the determination of photo coordinates as pixel indices

2.

Fig.3 : Stereo pair of digital photos picking up by mobile phone Camera

Mathematical formulation

The mathematical relationship between the relative spatial positions of the photo points in
the two-dimensional photograph and their corresponding positions in the three-dimensional
object space, that is applicable for close range photogrammetry depends on the photo type, if
it is source from metric or non-metric camera. For metric camera (External and Internal
orientation elements are available) a general solution can be obtained by applying terrestrial
collinearity condition equations. Another solution for non-metric camera (Orientation
elements are non-available) was provided by (ABDEL-AZIZ and KARARA), a direct
connection was established between the photo coordinates of object points specified in a
machine coordinate system and the coordinates of the object side. They noted the method as
Direct Linear Transformation and is generally referred to as DLT. [3] The DLT method
is based on the following equations:

« LX+LY+LZ+L,

LX+L,Y+L,Z2+1

where:
_LX+LY+ L2+ 1 X, ¥ :Photo coordinates in a machine system.
LX+LY+L,Z+1 X,Y,Z :The object space coordinates system.

L1,L2,..,L11: The DLT transformation coefficients.

If photos are taken of more than six points of known coordinates in a photo and their photo
coordinates are measured, then the DLT eleven parameters referring to this photo can be
calculated by using the least squares method. And if these parameters are known in at least
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two photos, then by measuring the photo coordinates of an unknown new point in these
photos object-side coordinates can be calculated. [2]

If the errors due to the optical and de-centering distortion add to DLT equations they
become :

CLX+LY+LZ+L,

X+ AX=
Lo X +LY +L,Zz+2 (2)
Y+ Ay = L X + LY +L,Z+1L,
LX+LY+L,Z+1
where:

AX = x(ler2 +Lrt+ L14r6)+ Lis(r2 + 2x2)+ 2L, yX
Ay = (L + Ligr + Lyr® )+ 2Ly + Lo (1 +2y7)
r’=x*+y’

.14 : The coefficients of the optical distortion.

: The coefficients of the de-centering distortion. [5]

By substituting the values of AX and, Ay to DLT equations and by simplified, and
Rearrange these equations to obtain the following observation equations form [3]:-

X=LX+LY+LZ+L, —xLX —xL, Y —xL,,Z —xL,,r’R

XL R =L r*R=(Ls(r2 + 2 JR=2L R e 3)
y=LX+LY+L,Z+L,—yLX—yL, Y -yL,Z-yL,r’R

— YL *R—yL,,r*R— 2L 9R — L (r? +2y° R

Where R=L,X+L,Y+L,Z+1

In this study, to obtain the sixteen DLT parameters of each photo captured by mobile
phone camera using the least square method, it should be taken in consideration, solving the
normal equation, that can be derived from the observation equation as in form bellow:-

AX =L where A: Coefficients matrix (2n x 16)

X = (AT .A)_l.AT L X: DLT parameters matrix (16 x 1)

L: photo coord. Matrix (2n x 1)
n: No. of Control points

Structural matrix of the normal equation can be represented as follows:-
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After the 16-DLT parameters of each stereo pair of photos become available, it can be
computed the object space coordinate (X, Y, Z) of any points appear in each photos of stereo
pair, by applying the DLT equations with additional parameters (Equ.2). By rearranging these
equations it can be represented in matrices forms (for two photos) as shown bellow. [5]:-

L-¢L L-¢éL, L-SL, X § -L where:
L-nl L-nbky L-nki, |_[7-L & =X+AX
L-¢lL L-¢dly L-¢Lyf,| |€-L n=y+ay

L-nL L-nL, L-nL, n -l

Results

In this study, applied the DLT Mathematical formulation to compute the object space
coordinate for eight check points by using Matlab programming language (Fig.4). The root mean
square error (RMSE) computed by the Comparison between the calculated value and the
measured value of the object space coordinate.
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Fig.4 : Processing by using Matlab programming language

Results of these study can be arranged as the following steps:

1- By using photos of mobile phone camera type NOKIA N82, the RMSE of check points as listed in
table 3.

Table 3: RMSE using NOKIA N82 NOKIA NE2

No.  ¢m) ‘(m) '(m) SE(m) ool
028 1037 097 108 A "o
024 058 1283 290 0035
033 039 042 066 i “1 A et
1038 061 1037 081 \ 7\ :]1 Efﬁ
000 093 1108 143 — 7 N lom
080 019 051 096 .05
1303 1275 1137 432

125 097 251 297 CHECK POINTS

Total RMSE 242

RIASE

2- By using photos of mobile phone camera type CoolPAD 288, the RMSE of check points as listed
in table 4.
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Table 4: RMSE using CoolPAD 288 CoolPAD 288
‘No.  m ‘(m) (m) SE(m) g 0.04

031 056 107 125 \ - sy

071 )04 1304 315 \\ f '\\ 0.025

023 069 095 120 NZAN 7\ 002 e
0015 =

029 049 044 072 v N "1 oot

125 098 1136 209 - 0.005

104 021 061 122 0

1298 1197 1125 378 g8 7 & 5 4 3 2 1

111 126 313 355 CHECKPOINTS

‘otal RMSE 257

3- It have been compared between results of RMSE from using photo of mobile phone camera
NOKIA N82 and CoolPAD 288, as illustrated in Fig.5 .

Comparative between NOKIA N82 and CoolPAD 288

0.05
0.045
A
7 0.035
| 003 .
LS
0025 =
y/4 =
- 0.02 —— NOKIA NB2
Y. /i ﬂ-ﬂl —— CoolPAD 288
J 0.005
0
8 7 6 5 4 3 2 1
CHEAK POINTS

Fig.5 : Results, as comparing between Nokia N82 and CoolPAD 288

Test capabilities results
Capabilities results that obtained from using mobile phone camera have been tested in
comparison with the results from high resolution CCD Camera, as in the following steps:
e Picking up a stereo pair of digital photos to the targets on the test field using high resolution

CCD Camera. Camera type, and technical specifications for its photo as shown in Fig.6.
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Camera model Canon
DSLR
EOS 500D
Image dimensions 4752 x 3168
15 megapixel

Horizontal resolution 72 dpi
Vertical resolution 72 dpi

e Computing the object space coordinates for the same eight check points, by using the same
mathematical model that applied in camera phone mobile. The results of RMSE as listed in table

5.

e The results compare, that obtained from using high resolution CCD camera, with results of both

Fig.6 : High resolution CCD Camera/ Canon DSLR EOS 500D

Table 5: RMSE using Canon DSLR EOS

Canon DSLR EOS 500D

500D
No._ () (m) (m) SE(m)

1017 027 040 051

019 1041 143 150

041 022 )035 058

023 006 005 025

)012 033 1019 039

1032 )012 001 034

1131 )077 1159 220

)203 1047 258 332

‘otal RMSE 165

types of mobile phones cameras, as illustrated in Fig.7.

Resultes comparative between Canon CCD camera and mobile phone camera
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Fig.7 : The results Compare, between Canon CCD camera and mobile phone camera
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Results analysis

e The Total RMSE from using camera of NOKIA N82 less than Total RMSE of CoolPAD 288, in

amount of 1.5 mm.

e When used high resolution CCD camera, the Total RMSE become less than results of both types

of mobile phones cameras, in amount of 9 mm.

Conclusions

From the preceding results, appear the mobile phone camera can be used in some
applications of digital close range photogrammetry, for easy to use, and give good results in
comparison with high resolution camera, and whenever camera resolution increases, the
RMSE dwindle.
Recommendations

¢ Using mobile phone camera has high resolution, more than Nokia N82 (5 mega pixel).

¢ Applying terrestrial collinearity condition equations with self calibration to compute the object

space coordinates.

¢ Using another test filed has multi different planes, such as the front of building.
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