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Assessment on Application Possibility of Smartphone Camera in Digital
Photogrammetry

Myung-Kuen, Jang

Department of Civil Engineering, Graduate School,
Pukyong National University

Abstract

Recently  high  resolution  CCD(charge-coupled device) and
CMOS(complementary mental-oxide-semiconductor) sensor to the
development of photogrammetry = to ‘utilization-._ of high resolution
non-metric camera is_increasing. So high resolution camera image is
provided to smartphone camera. This study aimed to analyze the accuracy
of the images of smartphone to determine three-dimension position of
photogrammetry prior to the development of photogrammetric system applying
smartphone and evaluate the' feasibility to use. First of all, prior to the
accuracy assessment of smartphone camera, camera calibration was
conducted to correct lens  distortion o©of each camera and camera
calibration of distortion. coefficients is used=to distortion model of
balance system and the accuracy -of imagecoordinates and object
coordinates calculated by bundle adjustment during this procedure was
analyzed. The results of calibration on 8 types of projects showed that all
cases were in RMS error by less than 1 mm from bundle adjustment. And
camera calibration was conducted on autofocus and infinite focus. In terms of
autofocus and infinite focus on S model, the pattern of distorted curve was

almost the same, so it could be judged that change in distortion pattern



according to focus mode is very little. Lastly the checkpoint performance by
total station was fixed as most probable value and the checkpoint
performance determined by each project was fixed as observed value to
calculate statistics on residual of individual methods. The result showed that
all projects had relatively large errors in the direction of X, the direction of
object distance compared to the direction of Y and Z.

As mentioned above, in terms of accuracy for determination of
three-dimension position, the feasibility to use smartphone camera would be

enough.
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d =A,+A 1P+ A+ Aa (2.10)
() 0 1 2 3

o171 A,
Ay, A, A, A, BAL S Al
r WA A
a2]al 2} (2.10)> unbalance 21l &g WAL f= ¥ d & HERATH
dr :K1T2 +K2,r,4 +K3r’n6 (211)

K, K, K;= unbalance WAl "Wl o= AFE ouleta,
unbalance 29| balance W2l 0. & 9] WS AL Fo] zero (0)7}
,§_

2wl ol WA e ol §% A (2129 o3 o]

Ay 7= (g + Kyro + Hrp) (2.12)
s 3= (1—AO)
A =K Xs
A, =K, Xs
A= K3Xs

Hl & 9] =F (decentering distortion) F5< wel hvlg A= 2 49
T EAX|ol o3 7|t AEsiA JEE A g WE AES

AR 9 A s sk, A (213)0] i EdE"E = dn
(Brown, 1966).

dx, =P, (P +22%) + 2P,xy
(2.13)

_19_



P,(r*
1 +2 2
v’ )+
2Pzy

dy, =

ﬁ T
T o o]L °
oﬁ\_ Jm‘—l‘_ - 7 . ~—~
K w :
i Ny % b = )
s S By
2 omv = %0 w =
& F » T .
5 = N A
P oo
> _% o E gy
%ﬂﬂ%gq
@NMAME
) T ‘q j ;/A 4
T og "R s mu
o _1m T N H\ x
- ; Vﬁ . < > ol A,I..w
e X m B S : : mb
T wTE % L \
: ; 5 5 Mm d:M o K ™ N
= ) N Q m | ’ _ZT| ﬂwx_
:t W M 5 I n__u ) i
] e WS g S . .
e ) )
Dl.2 ﬂw " O# ﬂmo st 3
0 mo KO O_E
R (g : :
; B = : X
o = =~ .Y
ﬂ_Ala 1o° N o) = -
T owog X v x )
Mm/l o T ME ™ o= H
— Tﬂ G
K W ~ ) =
5 T <0 B o
ol BO WFL W -
B g
>

_20_



w
[»
k)
I
I

7hH 2t E o]& % 3atd 9A 2A 4¥

>

o
=
[m
-
k3
o
i
2
0,
rlr
Y
Ny

et wEag Aes A8 A7
za

fom A UA &

N
R
Sl
3
A
ol
N
H,

=

i

N

fr

N

o

Y
A oo o £

b

L

i

(N

il

>,

oo

o

v

N

N
9,
=)
:(!>|:
L
N

£ o
Jp
o,

=)
&
=
i)
>
[
=)
[t
rhd
2
=

f
il

A 74

distortion)S &

=
il
o

rlr i

oz AT

.

o
ol
ol

.
o
2

2 ATl M= AutEE Jhetel] o& g5 Gt 3xkd fAAA
of kA F 8ul9] AmtEZ UAH Jive A4 AAHS AP I
Het Ao ARgE WA balance WAQl CDWi close-range digital

workstation) softwareE ©o]&3slo] A= Adsttr. 18 s

o
>
(0e]
)
1o
N9
=
i
il
_>|i
offl
P
o
td
[
| &
{ %
il
o
_0|L
Q,
o
=
14
of\
ot
-
1o

2 AT AR&E Fhvlete ArtEE ZhEE 5 gheete] A7 7HE
0%k 3}4 9] Miracle A, 500%F 3}421 Nesux S¢} Galaxy /S, ¢

71¥E AufEE F M = RS 7FA 8004t 34 ¢ HTC Desire,
Experia Arc, Galaxy S2, vega racerS Al A3stlom tjit AnlEZo

A8 Fhdeke] 29 CMOS AATZEAE 96 ek
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=
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(c) (d)

SAMSUNG

(e) () (g) (h)
Fig. 3.1 ¥ A9 AF8¥ ~ulEE (a) iPhone, (b) Galaxy S, (c)

Galaxy S2, (d) Vega racer; (e) Miracle A, (f) HTC Deésire, (g) Experia
Arc,-(h) Nesux :S.

iPhone2 full touch bar FEJQ] AnfEZ O F A5 Fo]Ho] X E A A
Y59 16GB Wl Aguxg] 52 AYgrt, 18a 8005 stA G4
Fhel kel Aol 2, ThEE /2R, AR AAE WSt gtk ¥

a1 A= 2 AgE 3.8mmeoln, AL 1.75umoe] t}.

AH Al S& full touch bar FEje] ~vlE¥ZES 2 1GHz processor, 512
MB W% RAM, 16GB W& A& wxZg, WCDMA, GSM network

_22_



technology et Wi-Fig Attt 183 5008k 3ol S A dste
3= Fh 2l A-GPS(assisted GPS), 7} %7l (accelermeter), A}7] 7|

(magnetometer), 18] 11 4 (proximity) A& W #slar At}

AYA S2&= AYA SeoF ZE] 800 Bt JgSs AYsH, S »d
of "AlE MMM Ao]RAzE AMA 7L FIHH R FAE Qi) Eg
AYA SE 1/57S5K5CAG CMOS AAME  S2%  1/32 7 S5K3HIGX
CMOS AME z+7zF Wasta gla, A= 2HdAZE A% Al 3.79 mm
¢} 3.97 mmeolw, A A7]= BEF 14 mol .

w7} o] A= Android 2.3(GB)¢] OSAAZ 15GHz Dual core
(MSMR&260) processor, 16GB2] W& wx g7} Qe 1831 8007+ 3}
Ao naEjgdr=e Fhvert WA Hel e, 2 AE = 4.3Imm, A2
A7)+ 1.4m ©) o}

Experia Arcyy 23 2 H =@ JAGHz 8 24 A =, FEZ0]|E 23
FGAAZ 8007 kAo shdlere} 512MBel W W=7 U = el
ov ZHALYE 41mm, JAe] 7= 1.75um °©] ).

Nesux S+ S5PC111.1.0GHzS Z =2 A|A 24 512MBel H E € ¢ 500
ok sl o] Fhd ek WA Ho] Qo A-GPSeF EFF 2 Wi-Firl A ¥
Ha, 28AEE 3.43mm, AL A7)+ 1.41.4m o) th

Miracle AT <¢t=EZol= 23 IJAAE AEst Jdorw, Hx
MSM7227 600MHz ZZAAE 7} 3 glon 512MBe] R e} 5004
gxel Fdgrt W Holgli, ZHAEE 43lmm, JAe A=
1751 4meol vt % 312 2 AFE fIg AvtEE Jhete] 5A4S vl
sttt
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Table 3.1 2 A5 9t g 7ivete] 54 vl

Sensor Sensor Pixel Image Focal

type size (in) size (ym) format length (mm)
Galaxy$S CMOS 1/5 14 2560 x 1920 3.79
GalaxyS2 CMOS 1/3.2 14 3264 x 2448 3.97
iPhone CMOS 1/3.2 1.75 2592 x 1936 3.85
Vegar racer CMOS 1/3.2 14 3264 x 2448 431
Nesux S CMOS 1/5 14 2560 x 1920 3.43
Miracle A CMOS 1/5 1.75 2048 x 1536 4.31
HTC Desire CMOS 1/3.2 14 3264 x 1952 457
EXPERIA ARC | CMOS 1/3.2 1.75 3264 x 2448 4.1

3.2 &vtEE JiHg AA

Aol eE 2vtEE Jhed HAS 92 YS ddsi Fig
3.29F o] 6mx4m Hi& #Wel F 63719 BRS HHsla, THIY 2
Swing#-& WA A Z47he] ghdgpuitt 1279 AlS #
o] Fig 3.2% 7Hdlgt A4S A3 943 g vz shvete

‘I‘—L /\11:]—
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Fhel gl A=9] #A wwe]i= DLT(direct linear transformation) 7|%,
Tsai 71¥, 28al AF3 AASFe] el E3d A4 AAHA
(self-calibration)’ 7] o] 9t} 2ukd o &2 A}RI=z2kslo] AL % 223}

8
8 718 sl etk A 249 e A F2
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Akl M= e vl e Bl %

>
oo
=)
s
o
=
=~
R
&
a
23
o
Y
rlo



—

3.3 &AFEE 94 §5 2 A

7hlet A4& nhxl 2ntEE JhgtE ol &ste] 7 A 9 A
T2 B3] 98 TAFS GPT-7001i¢] Total stationg ©]-&3&to] &
2 AFEE 4470 BAlES A AAE ZAstth Total stationol ¢ 3
A4QH 329 YA AA%Ee Aoz ste, CDWE F3to] 549 7}
Zhelel g3l 3ak FHFEFEe] A B B AFTAE ekl A
EE WUFE AAsta olE Fa AvntEZ e shvete] &84

< W7hetglth Fig 3.3% Total stationg o] -&38ke] Btzle] 9145 2743

o
fo ot

of

Z/\ control point

QO checkpoint

@ orientation point

Fig. 3.3 Total stations ©] &3 A 3xk9 X244

Total stations ©]-&3F A 32U A A Al FEFIo=Z MHAs)

o AXAYe AAstgon, 44 A§H BAS Fig 330 wol: 7
Ay Qeom o] Jheult Feaola, Ao vz sheka e ALgstol
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4. AHEH % 1@

4.1 74vz 23 23

AXZAARS 8l 7I=4 3709, 309, 379 EFZ)7F AHE Hlow, Ag
S8 f 270(4R, 419 B2D) 9] BRZlo] AREE AT olH R VEE B
o J T

(a) (b)

o AFAAE stue Fhde 3127 ARRlS 5381 on, Table
< 7+ Fhelepd FE 4ol os] AMtE RMS QAkghs uEhd AL 9l
o FExA Ay YAE FEe RMS 3gke xy,z WEaEE Galaxy
S+ 0.63mm, 0.55mm, 0.24mm, Galaxy S2+ 0.6omm, 0.35mm, 0.26mm,
Galaxy S2¢ 7HWgtE F3d z@do= AHAHI Fo RMS a3+
0.69mm, 0.34mm, 0.26mm= YEyt 1831 Vega racer= 0.53mm,
0.29mm, 0.23mm, iPhone< 0.73mm, 043mm, 0.29mm, Nesux S+



048mm, 0.28mm, 0.22mm, Miracle A+ 0.95mm, 0.53mm, 0.4lmm,
Experia Arc= 05lmm, 0.24mm, 0.19mm, "}A=So 2 HTC Desire=
0.42mm, 0.27mm, 0.02mm& }E}yt

Table 4.1. F& =70l o3& Alqkd didE #Fxe] RMS &2 (49 @ m)

RMS-X RMS-Y RMS-Z
Galaxy S 0.00063 0.00055 0.00024
Galaxy S2 0.00065 0.00035 0.00026
Vega racer 0.00053 0.00029 0.00023
iPhone 0.00073 0.00043 0.00029
Nesux S 0.00048 0.00028 0.00022
Miracle A 0.00095 0.00053 0.00041
Experia Arc 0.00051 0.00024 0.00019
HTC Desire 0.00042 0.00027 0.0002

0.0010 —

0.0008 —

0.0006 —

RMSE (m)

0.0004 —

0.0002 —

0.0000 —

Galaxy S Galaxy 82  Vega racer iPhone Nesux S Miracle A Experia Arc HTC Desire

Fig. 42 #&xAd g8 Axd giaE &5 RMS 23}
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Fig. 42914 detdfiolrl A« 7t speetd FEx24ded o HE
24 F dojx RMS 2A4gs v By 2E A9 1 mm olue]
RMS @ xbghs vepdlvh 1eja Z42be] 7hveke] RMS 2xbgt-s Hlas)
B Miracle A7} x,y,z W3 25 tE A=Z 75 vl&] 71 2 g
YERW AL 9tk RMS QAkgke]l 7Hd AA] vEbd Miracle A& tH& 7Hv)
BHE Bl shavh B 3008 saglon, ofF FalA shdete stavt
S& = RMS 2xkgke]l A Yebdtha HrhE o dh

=

LI T] RMS-Z

0.0006 —

0.0004 —

RMSE (m)

.

0.0002 —

7=
b
Galaxy S2 (Autofocus) Galaxy S2 (Infinity)

Fig. 43 2R =0 w& tid= Fxe] RMS 24

0.0000 —

7hlet HAdS Fstel WRER 249 =HAY,
A, vt i =A1, 5714 d=ATE 45 7 dATh 28 AvE
Z JhdEte] Az 2HARE xﬂ%—‘i—*éoﬂ AN E W&
A JebtSS B 1
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Table 4.2. 7hvle} Aol &g WH3EHE 84
Galaxy S Galaxy S2 Vega racer iPhone
Intrinsic parameters
Focal length (mm) ck =-3.7732 -4.0649 -4.5508 -4.3395
Principal point (mm) xH -0.0023 -0.0774 -0.0827 0.041
vH -0.0873 0.0465 -0.0547 -0.0423
Distortion parameters
Sym. Rad. dist. A 8.712E-03 6.063E-03 3.371E-03 5.890E-03
Ay —4479E-03 -1.753E-03 -2.249E-03 -4.051E-04
As 5.828E-04 1.474E-04 2.269E-04 -1.385E-04
Dec. dist. Bi  -4.023E-05 8.301E-04 8.871E-05 6.197E-04
B 1.001E-05 -8.301E-05 1.834E-04 -4.244E-06
Affinity Ci 1.119E-03 1.006E-03 5.232E-04 -1.650E-03
Co 5.747E-04 -8.486E-04 -1.809E-03 2.056E-03
Nesux S Miracle A Experia“Arc HTC Desire
Intrinsic parameters
Focal length (mm) ck =3.4494 -3.4377 -5.0699 -4.9669
Principal point (mm) xH 0.0127 0.0233 -0.0262 -0.0037
vH 0.0305 -0.0293 0.0248 -0.0164
Distortion parameters
Sym. Rad. dist. A 1.983E-02 1.507E-02 2.764E-03 4.480E-03
A, -8901E-03 -5.065E-03 —6.767E-04 -1.281E-03
Az 1.326E-03 4.929E-04 4.872E-05 8.666E-05
Dec. dist. B 3.701E=04 4.749E-04 5.342E-04 -2.338E-05
B, -3.086E-04 -3.141E-04 2.254E-04 6.729E-05
Affinity € "=6.806E-04 1.133E-03 1.318E-03 2.288E-03
C: ~-1.068E=03 —-2.231E-03 1.589E-03 -9.963E-04

g stvlel A2 AdE vgem
ojltt. EE AvtEE gt A vl wE
LHERs e
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(g) (h)
Fig 44 2vtEE Fhele; =9 WAL of 3 =44 @ (a) Galaxy S (b)
Galaxy S2 (c¢) Vega racer (d) iPhone (e) Nesux S (f) Miracle A (g)
Experia Arc (h) HTC Desire
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Table 43 ZHRE=d] W& JEIH 94
Auto focus Infinity Difference
Intrinsic parameters
Focal length (mm) ck -4.0649 -4.0752
Principal point (mm)  xH -0.0774 -0.0919
vH 0.0465 0.0287
Distortion parameters
Sym. Rad. dist. Ay 6.063E-03 5.556E-03
A, -1.753E-03 -1.670E-03
As 1.474E-04 1.313E-04
Dec. dist. B 8.301E-04 5.040E-04
B2 -8.301E-05 -6.510E-04
Affinity Ci 1.006E-03 2.014E-03
Cz -8.486E-04 -1.832E-03
Table 44 23 REo] W& EFHA
Auto focus Infinity
U, y v, U, vy v,
Max. 0.004 0.002 0.001 0.003 0.002 0.003
Min. -0.011 -0.002 -0.001 -0.010 -0.003 -0.002
Mean. -0.003 0.001 0.000 -0.003 -0.001 -+0.001
Std.Dev. +0.004 +0.001 +0.001 +(0.004 +0.001 +0.001
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0.004 —

X direction
Y direction
Z direction

0.003 —

0.002 —|

Standard deviation (m)

i
i
o
T T
0.001 — L

0.000 —

Galaxy S2 (Autofocus) Galaxy S2 (Infinity)

Fig 46 2dx =0 ne& ¥zus

42 2FIEE e FYE BA

2utEE Jh| o] B e @IS 9l Azl B3-S Total statione
o] &3l 3x¢Y HAEE FH53 F Total station®] 329 HEake = ek
o7 st Zt Fhute] FEEAS T Gl D HEHUFAY v
slo] Fgw Hr7kE AASIQAY. Table 455 ZF 7hdabd 507 A}
|E oI 4479 HAREY SR AAESE FHITo R HAAFF Total
station®] 1% AA 4ot}

of

_/:HI—EE":_O Xqi_ll—]}; .\71]7]—% _?4‘6‘]»04 MRS %‘H Oéo];ﬂ z} _/:H]—E

E Zhdletdde] 3Ak HEFES Tota

HEHS HIgtoz sto] vl - B35 th Table 4.6 Total station®ll

e Aagts HAGgor g 74 e A FAAE dEhla T

ZhaE s FEAAbe] AlLke] Qo] EFZl 1W, 309, 37THS VEHoE &8
| WEel E2E=H0A Aol A Aelsiion, B2l 299 3} 33 2 I}o)

oA Ao T ALk Al A HATH

;g
il
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Table 4.5 Total station® ~AwEZ Fhdgte] AALE X 24 A=

Total Staion Galaxy S Galaxy S2
X Y V4 X Y V4 X Y V4
1 18025 | 9.978 | 4.090 | 18025 | 9978 | 4.090 | 18.025 | 9.978 | 4.090
2 17936 | 10.442 | 4.087 | 17.938 | 10.443 | 4.088 | 17.940 | 10.444 | 4.087
3 17785 | 11.291 | 4.093 | 17.776 | 11.289 | 4.093 | 17.780 | 11.291 | 4.093
4 17699 | 11.721 | 4.093 | 17.697 | 11.721 | 4.093 | 17.700 | 11.723 | 4.094

41 17716 | 11.682 | 2.734 | 17711 | 11.682 | 2.734 | 17.710 | 11.680 | 2.734
42 17624 | 12171 | 2662 | 17.623 | 12170 | 2.662 | 17623 | 12.169 | 2.663
43 17540 | 12616 | 2730 | 17538 | 12615 | 2729 | 17537 | 12615 | 2.729
44 17453 | 13.102 | 2.731 | 17.447 | 13.100 | 2.731 | 17.445 | 13.100 | 2.731

Vega racer iPhone Nesux S
X Y V4 X Y V4 X Y V4
1 18025 | 9.978 | 4.090 | 18025 | 9978 | 4.090 | 18.025 | 9.978 | 4.090
2 17939 | 10442 | 4.087 | 17940 | 10.446 | 4.088 |17.939 | 10.442 | 4.087
3 17778 | 11.288 | 4.093 | 17.779 | 11.294 | 4.093 | 17.778 +. 11.288 | 4.092
4

17.698 | 11.720 - 4.093 | 17.698 | 11.725 | 4.093 |-17.698 | 11.720 | 4.092

41 17711 | 11680 | 2.734 | 17.709 | 11.685 | 2.734 | 17.711 | 11.681 | 2.733

42 17622 | 12.170 | 2662 | 17.621 | 12174 | 2.662 | 17.623 | 12.170 | 2.661

43 | 17536 | 12616 | 2.729 /| 17536 | 12.618 |'2.730 | 17.538 | 12.615 | 2.729

44 17445 | 13.101 |'2.731 7| 17444 | 13.101 | 2.732 | 17.446 | 13.101 | 2.731

Miracle A Experia Arc HTC Desire
X Y Z X Y Z X Y Z

18025 | 9978 | 4.090- | 18.025 | 9978 | 4090 | 18.025 | 9978 | 4.090

17936 | 10.442 . 4.087- 417937 | 10.444 | 4.088 |- 17939 | 10:442 | 4.088

1
2
3 17778 | 11.290 | 4.093 | 17776 11.292. |, 4093 | 17.776.-| 11.287 | 4.093
4 17.697 | 11722 | 4.094 | 17.697 | 11.723 | 4.093_|-17.696 | 11.719 | 4.094

41 17711 | 11681 | 27734 | 17710 | 11.683 | 2.734 | 17.711 | 11.679 | 2.734

42 17623 | 12.170 | 2662 | 17.622 | 12172 | 2.662 | 17623 | 12.169 | 2.662

43 17538 | 12615 | 2729 | 17538 | 12.617 | 2729 | 17539 | 12614 | 2.729

44 17446 | 13.100 | 2731 | 17.447 | 13100 | 2.731 | 17.447 | 13.100 | 2.731
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+0.001 m,

LHERE I ol Z, Ykl Wkl X5 WEko
W 2 oAt wagch
Table 4.6 2t 7hrlebd HApd el oigh ko] FA A (9] @ m)
ow Galaxy S Galaxy S2
Yy vu vf/ Y
Max. 0.003 0.001 0.002 0.001
Min. -0.012 -0.002 -0.002 -0.001
Mean. -0.004 0.000 0.001 0.000
Std.Dev +0.004 +0.001 +0.001 +0.001
Vega racer iPhone
T &
v, v, v, v,
Max. 0.004 0.002 0.004 0.001
Min. -0.011 -0.004 -0.001 -0.002
Mean. -0.003 -0.001 0.002 0.000
Std.Dev +0.004 +0.001 +0.001 +0.001
Nesux S Miracle A
T &
v, v, v, v,
Max. 0.004 0.001 0.002 0.003
Min. -0.011 -0.003 -0.004 +0.001
Mean. -0.003 -0.001 -0.001 0.000
Std.Dev +0.004 +0.001 +0.001 +0.001
Experia Arc HTC Desire
T &
v, (L v, v,
Max. 0.002 0.003 0.000 0.003
Min. -0.011 -0.002 =0.004 -0.001
Mean. -0.004 0.001 -0.002 0.000
Std.Dev +0.003 +0.001 +0.001 +0.001
Fig 4.7& 2upEZ Fhv g} 2 g =ZE e
oW, 7} g mEAA YL son, y, 2% W
Hlsl #9Y WEkQl x=e] % A7y RE 2ulEE Fhdlgr Aol A
2 dehgni A2 ¢ 5 Al
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Table 4.7 =AF HEo] & HEZH F RMS (49 : m)
oo WAL S A BF AL Al, A2, A3y 119
-
/ULL’ /Uy vz /ULL’ /Uy vz
Galaxy S 0.00063 | 0.00055 | 0.00024 | 0.00062 | 0.00055 | 0.00023
Galaxy S2 0.00065 |  0.00035 |  0.00026 |  0.00076 | 0.00037 |  0.00029
Vega racer 0.00053 | 0.00029 |  0.00023 |  0.00057 | 0.00029 |  0.00025
iPhone 0.00073 | 0.00043 |  0.00029 |  0.00080 |  0.00056 |  0.00031
Nesux S. 0.00048 | 0.00028 |  0.00022 |  0.00049 |  0.00026 |  0.00022
Miracle A 0.00095 | 0.00053 |  0.00041 |  0.00095 | 0.00046 |  0.00037
Experia Arc 0.00051 | 0.00024 | 0.00019 | 0.00052 | 0.00023 |  0.00020
HTC Desire 0.00042 | 0.00027 | 0.00020 |  0.00046 |  0.00024 |  0.00021
Al, A2 &k 119 Al &vh 319
T T
v, v, v, v, v, v,
Galaxy S 0.00161 | 0.00116 | 000053 | 3.81249 | 0.70801 | 1.82581
Galaxy S2 6.08839 | 1.12193 | 4.17472 | 1163405 | 216322 | 7.48780
Vega racer 9.25040 | 428976 | 3.88839 | 154.76410 | 4.49419 | 3.01112
iPhone 0.00162 | 0.00180 | 0.00057 | 599568 | 1.11514 | 1.98346
Nesux S. 263065 | 0.49455] 1.88913 | 21.17068 94528 | 20.613830
Miracle A 0.00186 | 0.00080 |  0.00067 | 0.00337 | ~0.00142 |  0.00107
Experia Arc 0.00101 |~ 0.00042 | 0.00035 | 4350685 | 812289 | 1.87320
HTC Desire 432331 | 080329 | 1.85432 | 1038178 | 192918+ 4.35232
Table 4.8 AFAF A& w2/ 7Mdebd AALE Bist FF=AX (F$] : m)
A A S B LY Al, A2, A3%T 117
T T
by U, v, v, v, v,
Galaxy S +0.004 +0.001 +0.001 +0.004 +0.001 +0.001
Galaxy S2 +0.004 +0.001 +0.001 +0.004 +0.002 +0.001
Vega racer +0.004 +0.001 +0.001 +0.005 +0.001 +0.001
iPhone +0.004 +0.001 +0.001 +0.004 +0.002 +0.001
Nesux S. +0.004 +0,001 +0.001 +0.004 +0.001 +0.001
Miracle A +0.004 +0.001 +0.001 +0.004 +0.001 +0.001
Experia Arc +0.003 +0.001 +0.001 +0.004 +0.001 +0.001
HTC Desire +0.004 +0.001 +0.001 +0.004 +0.001 +0.001
Al, A2 33k 1 Al &k 118
T T
v, v, v, v, v, v,
Galaxy S +0.010 +0.004 +0.002 +0.219 +0.181 +0.043
Galaxy S2 +0.157 +0.030 +0.028 +0.358 +0.067 +0.169
Vega racer +0.182 +0.028 +0.043 +0.136 +0.016 +0.013
iPhone +0.005 +0.004 +0.002 +0.139 +0.028 +0.021
Nesux S. +0.258 +0.049 +0.084 +0.257 +0.045 +0.085
Miracle A +0.004 +0.004 +0.003 +0.007 +0.008 +0.005
Experia Arc +0.004 +0.002 +0.001 +0.020 +0.003 +0.001
HTC Desire +0.176 +0.033 +0.035 +0.180 +0.034 +0.035
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