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| RESTART
BLOCK LAKD

Drone: n/a (FP-11-08324)

A @ i

- Status 2

START
MISSION

08:09
3uanlpx (T > Wpt1 Rtel
74 ha
S |
Add mission block -{; - Autonomy
Battery Flight tme  Home distance Link guelity Estmated wind
‘ [ ] ® v

100% 01:05 199m 95%
(11.8V) 1fiight (08:06) (00:11)  (1.3KBfS) 6.0m/s
- Flight data

Ground speed:  13.7 m/s Latitude: 36.6719251°
‘ Altitude: 1790.5 m/AMSL Longitude: 48.5074647°

Options
Jption: Ground sensor height: -

Horme &2 h ., | * Instruments
_75 0m/ l\TrI‘ - ‘ Temperature GNSS

Autopilot: Camera: Satellites: Accuracy:  Mode:
S0.7°CH)  44.0°CH) 20(45.0dB/Hz) 0.015m  RTK Fixed

|- ldenhf‘catlon
n/a (EP-11-08324)
Drone Flight Log: EP-11-08324_0031.bb3

~ Camera information

Camera type: 5.0.D.A. 1.2.0
Camera state: On
Number of photos: 0

N 25.4 GB free of 29.9 GB

110 120 130 1«
ity
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<  Plan Catalog (10)

PRO (4) SHAPES(2) QUICK(2) MANUAL (2)

Top-Down

Capture area(s) from above. Suitable for creating
orthomosaic images

Perimeter

Capture one area from the sides (oblique shots)
Suitable for structure inspections, flying along
coastal lines or roads

Circle

Capture area(s) by orbiting around them along a
circular path

Site

Capture a structure (buildings, stockpiles etc.) from
all directions. Suitable for creating 3D models
Define a structure first

18 October 2026 a7
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PlX & PR 0 Features Pricing Blog Contact Support Download Sign in Try Pixpro for Free

Drone Duty - a Flight Planner for
Photogrammetry

AN Pixpro Team B Dec 15, 2022
g 58 https:/fwanepix-pro.com/blog/post/drone-duty-for-photogrammetry 2 W S
lg il.. W aiiin as5g3s W aioaw @) o3s G Mebwork Authentication | 3515 @ olSiei g olas aliSaasg.. € 3015 0% 5as

Full support:

Phantom 3 (all models)
Phantom 4 (all models)
Mavic Pro

Mavic 2 Foom

Mavic 2 Pro

Matrice (all models)

Mavic Enterprise (all models)

Phantom 4 RTK (no screen version)

Inspire (all models)

View this post on Instagram To an extent:
Spark
Mawic Air
Mawvic Mini
Mini 2
Mini SE
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PIX4D Industries | Products | Training | Support | Resources | Contact Q

Supported drones

*If you can't find your drone here, you can use any flight planning app to upload your images to Pix4D software.

cip

e O~

Mavic Phantom Matrice Mini*
Mavic 3M Phantom 4 Pro V2 Matrice 300 RTK Mini 3
Mavic 3E Phantom 4 Pro Matrice 200 Series V2 Mini 3 Pro
Mavic 3T Phantom 4 RTK Matrice 200 Series “Drone madels anly sompatible
Mavic 2 Pro Phantom 4 with Generic grid missions.
Mavic 2 Zoom
18 October 2026 50
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1 pixel 1 pixel

Even when the pixel count is the same, the image taken with the
larger-sized pixels is clearer because the CCD size is larger.

Mosaic Capture

In corenBonal Sysiems, oo By

am azplid 1o single ryerof
pholodelecion n a tied modak;
peilem.

Foveon® X3™ Capture

A Foreoni X3™ image sensor keaures
thres meporale bryers of pholodetscton

aribadded i sl

1L

T Fiiers bty one wirvseng of Ighl-
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==
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Phantom 4 Pro Specs

CMOS = \~ g b JeSo & Yo 90
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FCC o> jo cdluce 0 yoglSTY

s €l 5500
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Slge b 295 5 pae jguninn

& -
i 4 .
- Weight (Battery & Propellers Included) 1388 g
Py DJI Drone Sensor Size Comparison

|
Fde]jle]
1=

23.5x15.7mm

Zenmuse X7 (Inspire 2) - Tenmuse X55
Zenmuse X5R

Mavic 2 Pro E—
Phantom 4 Pro
Phantom 4 Advanced Mavic Pro

Image Size: 3:2 Aspect Ratio: 5472 x 3648 = 19961856 = 20 MP Phantom 4 Prov2.0  Mavic Pro Platinum

Spark
Phantom 3 SE

Inspire 2
Inspire 1

Zenmuse X4S (Inspire 2) ~ Mavic Air

1071872026 05=13.2/5472=0.0024mm .1, Mavic 2 Zoom
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DJI_0003.JPG

DJI_0014.JPG

DJI_0025JPG
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DJI_0004.JPG Properties

| General | Security | Details |

Property Value 2
Width 4000 poeels
Height 3000 piels
Horzontal resolution 72 dpi
Vertical resolution 72 dpi
Bit depth 24
Compression
Resolution unit 2
Color represent ation sRGE
Compressed bits./piel 3. 4104046666666665
Camera
Camera maker Dul
Camera model FCI00X
Fstop ff2.8
Exposure time 1/8000 sec.
150 speed 150400
Exposure bias [ step
Focal length 4 mm
Max aperture 2 W
Remove Properies and Personal Information
OK || Camcel | Apply

DJI_0004.JPG Properties

| General | Securiy | Details |

Property Value 2
Digital zoom
EXIF version 0230
GPS
Latitude 36; 18; 28.62519995993455
Longitude 49: 9; 159.15309995999586
Altitude 1514.867
File
MName DJI_0004.JPG
ftem type ACDSes Standard 2015 4P ...
Folder path D UAY Projects™yargholi-m...
Date created TA82015 230
Date modified 782015 15:33
Size 524 MB
Aftributes A
Auailability Available offline
Offline status
Shared with
Crwner Farid*Faridesm v
Remove Properties and Personal Information
OK || Cancel | Ay
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Sony EXMOR 1/2.3” — 4K

]
Type
12.4 Megapixel.1/2.3-inch, EXMOR CMOS
sensor size : 6.16x4.62 mm
Focal Length
f= 5 mm, 35 mm format equivalent
Number of Recording Pixels
4000 x 3000 (4:3)[92]
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Rolleiflex 6008 Metric camera
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e 3 line CCD stereo
sensor

* Pixels per CCD
Line12,000

* Pixel size6.5 um

* FOV ( across trac k) 52° LH Systems’ airborne digital sensor
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Canon EOS M
Sony NEX
Sony Alpha
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— Canon S110

— Canon G9x
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Sensor size

@ * Compact cameras:

— Light and cheap
>100S 12-18MP

3-6 mm 35 mm "full frame"
* DSLR cameras APSH (Canon)
— More professional «— Pentax, Sony)

>1000% 18-36MP | L Foveon (sigma
15_35mm ﬁ [ Four Thirds System
* Medium camera:

— For mapping
>20000S 50-100
MP 40-90mm
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tones per

channel per total possible
s tones
pixel
8 it 256 16.78 million
10 bit 1,024 1.07 billion ‘ S ’ i o ‘ I *° ’ Q m
12 bit 4,095 68.68 billion 124 ) 9 22 ) 2 5
14 bit 16,383 4.39 trillion
16 bit 65,532 281 trillion
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Imagery of Harbor Town in Hilton Head, SC, at Various Nominal Spatial Resolutions
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Figure 3. Dual track image acquisition plan for corridor mapping.
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3D Model with Only Nadir Imagery 3D Model with Nadir & Oblique Imagery

Inclusion of oblique imagery in the 3D model on the right dramatically improved model quality compared to the
model on the left.
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Packing Checklist

Firmware update

App update

Maps downloaded

Battery fully charged

Transmitter fully charged

Tablet / phone / device / fully charged

SD Care - formatted or with enough space
Propellers

Filters

Lens Cloth
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Pre Flight Checklist

Check Transmitter Firmware
up to date

Check Drone firmware up to
date

Inspect Drone for obvious
defects il slo  jais

Batteries fully charged
Batteries Inserted correctly

Propellers tightened / locked
and checked for defects

Remove Gimbal Guard
ND Filter needed Yes / No

SD card in camera, formatted
or enough space

Monitor brightness set to high
Antennae up
Transmitter turned on

App of choice switched on and
connected

Drone turned on
Compass calibrated
Minimum RTH height set
Check satellite status

Drone in safe launch and
landing position

Check home point
Area clear of people
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Takeoff Checklist

* Check for any other aircraft overhead

 Warn bystanders of imminent takeoff

* Hover for 20 seconds — look / listen for defects
 Monitor battery power

* Keep in line of site

* Monitor sighal strength
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Rotation 1n a Plane
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Principles of Photogrammetry

Ayman F. Habib
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Rotation in a Plane

X'=a+ b= x cosa + ysina

y=c—-—d=-x sina + y cos«x

x' | cos sina | | x
V' |-sina cosa y

where :

. . cosa sina
Rotation matrix (R) = ,
—sina cos«

Principles of Photogrammetry Ayman F. Habib

13
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Properties of the Rotation Matrix

R:{FM "2 }

er r22

where

7, =C0S &

r, =SIn «

ry=-sin @ pl 4+ p) =cos’a +sin‘a =1

r,, =COS & .
2 ro + ry=sin"a + cos’a =1

Ky M, + 1y 1y =SIina cosa — sina cosa =

R"R=RR'=I,

Principles of Photogrammetry Ayman F. Habib

14
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Primary Rotation (®)

® A RO Y

»X & X,

1)

Principles of Photogrammetry 20= Ayman F. Habib
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1
0

=M

Principles of Photogrammetry

@

Primary Rotation (®)

0

COS @

0 —sin® cosw

X

0

SIn @

21

YI=R,| Y,

1 0 0

0 cos®w —sinw

0 sin®w cosm

X

@

z

@

~Ayman F. Habib
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Secondary Rotation (¢)

A
I

I

|

]

|

: Y(D & Ym(j)
I

I

I

I

I

Ayman F. Habib

Principles of Photogrammetry -
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Secondary Rotation (¢)

cos¢g 0 —sing ]
0 1 0
sing 0 cos¢ |

w

:M¢

Principles of Photogrammetry Ayman F. Habib
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Tertiary Rotation (k)

Principles of Photogrammetry 24= Ayman F. Habib
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Tertiary Rotation (k)

SIN K
COS K
0

Principles of Photogrammetry

COS K
SIN K
0

OPK

y OPK

oYK

—smnx 0

COS K
0

Ayman F. Habib

0

1
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wPK

X

Y
z

Y wPK

wPK

Rotation 1in Space

=M M, M|y

// to the image coordinate system

=R,R,R,

// to the ground coordinate system
Principles of Photogrammetry

26

Z

// to the ground coordinate system

wPK

V wPK
Z

WPK

// to the image coordinate system
Ayman F. Habib
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Rotation 1in Space

=Ccos ¢ cos K

=COS ® sin K +s8in @ sin ¢ cos K
=sin @ sin kK —COS @ Sin ¢ COS K
=— CcoS ¢sin «x

=COS ® COS K —sin @ sin ¢ sin K
=sin ® COS K +COS @ Sin ¢ sin K
=sin ¢

=—sin ® cos ¢

S 8§ 8§ R 8 B R B

=CcOoS @ cosS ¢

Principles of Photogrammetry Ayman F. Habib

27
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Rotation 1in Space

where

r, =cos ¢ cos K

r,, =— €Oos ¢sin K

ri; =sin @

r,, =Cco0S @ sin k +sin @ sin ¢ cos K
r, =CO0S @ cos K —sin @ sin ¢ sin K
r,, =—s8in ® cos ¢

ry, =sin @ sin kK —cos ® SIn ¢ cos K
ry, =sin @ cos kK +cos o sin ¢ sin K

Fy; = COS @ COS ¢

Principles of Photogrammetry Ayman F. Habib

28
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Collinearity Equations

oa=/A0A
— c - c ¢
v=r =A M(w,p,x) V,=A R 1,
X, =X, —dist, m, m, m;,||X,—X,

ya—yp—disty =Alm,, m, my,l| Y,—Y

—C my,, My, My || £,—2£

Where: A is a scale factor

* Questions:
— Can you come up with an average estimate of A?
— Is A constant for a given image? Why?

Principles of Photogrammetry 55= Ayman F. Habib
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Collinearity Equations
M =R
_ mn(X —X, )+m, (Y, _Y)+ml3(Z ~Z,)
o ”731(X — X Hme, (Y=Y )+my,(Z,—Z,) ’
my (X=X, )+my, (Y, =Y, s (Z,—2Z,)
iy (X =X g, (Y=Y, g (Z,~2,) ’

R=R"
X,—X Y —-Y 7 —7

xa:xp_crn( A= X ) (V=Y 1, (2 0)+distx

ha(X =X (Y, =Y s (Z,—Z,)

N (X =X, (Y=Y s, (Z,—2,)

(X =X (Y, =Y A (Z,~Z,)

Principles of Photogrammetry 56= Ayman F. Habib

ya:yp

V=Y, +dist,
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Collinearity Equations
R=R"

’”11(X ~X (Y=Y Hr(Z,—2,)

’”13(X —X A1 (Y=Y Hrs(Z,—2Z,)

’”12(X —X 1y (Y=Y 1y (Z,~2,)

N (X=X (Y=Y, 43 (Z,=2,)

* Involved parameters:

ya:yp

— Image coordinates (x_, y,)

— Ground coordinates (A,, Y, Zy)

— Exterior Orientation Parameters — EOP, (X, Yq,Zg, ©, 9, )
— Interior Orientation Parameters — IOP, (x, y,, ¢)

Principles of Photogrammetry Ayman F. Habib

59
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Collinearity Equations
. Z

Perspective Center

x, = f.(X,,Y,,Z, IOP,EOP)

Vo =1, (XY, Z,,10P, EOP)

Principles of Photogrammetry 60= Ayman F. Habib
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Bundle Block Adjustment

Direct relationship between image and ground
coordinates.

We measure the image coordinates in the images
of the block.

Using the collinearity equations, we can relate the

image coordinates, the corresponding ground
coordinates, the IOP, and the EOP.

Using a simultaneous least squares adjustment, we
can solve for the:

— The ground coordinates of the tie points
— The EOP

Advanced Topics in Photogrammetry Ayman F. Habib

85
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Bundle Block Adjustment

The image coordinate measurements and the IOP
define a bundle of light rays.

The EOP define the position and the attitude of the
bundles in space.

During the adjustment: The bundles are rotated
(o, ¢, ¥) and shifted (X, Y, Z,) until:
— Conjugate light rays intersect as well as possible at the
locations of object space tie points.

— Light rays corresponding to ground control points pass
through the object points as close as possible.

Advanced Topics in Photogrammetry Ayman F. Habib

86
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9 g0 d2dg 5 Dj90 4 (sl 8 by Sasliie Asles
m,(X =X )+m,(Y =Y )+m.(Z—-Z,)
My (X =X )+m, (Y =Y)+m, (Z—-2,)

My (X =X)+m, (X =Y,)+m,(Z—2Z,)
my (X =X ) +my, (Y =Y)+m(Z—-Z,)

fi=x+tv . =x,—c

fi=y+v, =y,—c

Jole i gl) sl 5 Spge 4 o] GBsite sy b oo byl OVolae dad s )
(aslei 4>, Elements of Photogrammetry, by Wolf LS desed 4 (5 5a5 35tie

x4v, = £ +x0+a,c+b, do+b,dp+b dx+b dY, +b,.dY, +b,dZ, —b,dX —b.dY —b, dZ
y4v, = f2+y0+a,c+b, do+b,dp+b,dx+b,dX , +b,.dY, +b,.dZ, b, dX b, dY —b,.dZ

el 50,5 ool by g

dx+v, =x0+a,.c+b, do+b,,dp+b, dk+b,,dX, +b,.dY, +bdZ, —b dX —b,.dY —b,dZ
dy+v, = Y0+ a,.c+b, do+ b, d@+b,,dK+b,,dX , +b,.dY, +b,,dZ, —b,,dX —b,.dV —b,.dZ
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Linearization of the observation equations.

According to taylor expansion the linearized observation equations may be obtained as
follows:

@ PR () . 30 . (0) . O o \©@
R A G Ao, +‘ Y Ap; + 9 Ax; + i 0+ I AYy . + s AZ, .
g ' oo | | 0, oK 06X, J 0, G 0; ) J
L(0) A PR )
+ U AX ; + G AY; + Y AZ,
oxX; | oY, 0Z; |
—p A (0) £ a (0) / ,(0) op 2 L0) ( ,(0)
o .| P oy &fy oy &y &y
v,y :fy H—— | Aw;+|—| Agp;+ A + AX, . + AY, . AZ, .
d oo, | | O, oK 0X; | 7| 0Ty, 7ol ozZy, | /
,(0) L (0) / , (0)
¥) of, | ar,
+ f" AX; + 7, AY; + /s AZ,
ox, | oy, oz,

Notice that both equations have been differentiated with respect to the 6 orientation
parameters of the bundle and 3 coordinates of the tie points
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Balance Between Observations & Unknowns

Number of observations:
— 4 x 6 X 2 =48 observations (collinearity equations)
Number of unknowns:
— 4x 6+ 3 x4 =36 unknowns
Redundancy:
- 12
Assumptions:
— IOP are known and errorless.

— Ground coordinates of control points are errorless.
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Structure of the Design Matrix
I I IV 3456
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Structure of the Normal Matrix
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The Photogrammetric Record 20(111): 205-217 (September 2005)

HYPER REDUNDANCY FOR ACCURACY ENHANCEMENT
IN AUTOMATED CLOSE RANGE PHOTOGRAMMETRY

CLIVE S. FrRASER (c.fraser(@unimelb.edu.au)

ALEX Woobs (alex woods@ghd.com.au)
University of Melbourne, Australia

DanNy Brizzi (danny(@metrology.com.au)

Vision Metrology Services, Melbourne, Australia

Abstract

A generic network design in close range photogrammelry is one where optimal
multi-ray intersection geometry is obtained with as few camera stations as
practicable. Hyper redundancy is a concept whereby, once the generic network is
in place, many additional images are recorded, with the beneficial impact upon object
point precision being equivalent to the presence of multiple exposures at each camera
position within the generic network. The effective number of images per station within
a hyper redundant network might well be in the range of 10 to 20 or more. As is
apparent when it is considered that a hyper redundant network may comprise
hundreds of images, the concept is onty-“applicable in practice to fully automatic 450
vision metrolooy svstems, where it proves to be a verv effective means of enhancine
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3. Experiment description and the results

Fig. 5. Measured object with center of holes distance.




Fig. 3. Object of the measurement.
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(b) Network of images
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(c) CAD Model

(d) 3D reconstruction

accomplished in the absence of control point information. This
necessitates an iitial relative orientation (RO) between any two
selected images, followed by a sequential on-line building of
the network wia spatial resection and forward mtersection, mn
furn followed by photogrammetric bundle adjustment (Ganci
and Handley, 1998; Cronk, 2007). In the case of iWimess, these
necessary stages occur automatically when enough points have
been measured.

g
o
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Figure 2. A view of an unfavourable, yet typical network
geometry encountered in accident reconstruction.

The problems associated with poor geometry are alleviated to
some extent via the use of special targeting schemes, the most
common being back-to-back targets, referred to as evidence
markers. These targets, which are shown in Fidufé¢ 3, can be
sighted from opposite directions and they can be semu-
automatically measured in iWimess via an operator-assisted
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Figure 8. 3D point clouds obtained by the proposed methodology. (Top) General point cloud
‘_s_]ﬁgmbe@ed with a convergent protocol. (Bottom) Detailed deformation point dfpod
reconstructed with a parallel protocol.
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(a) (b) (c)

Figure 6. Experiment on teeth with significant fillings. (a) Input
test image. (b) Reconstruction by the proposed algorithm (Algo-

rithm D). (¢) Reconstruction by Algorithm B.

FiG. 1. Lower left quadrant of a female patient aged 81 years with NCCLs affecting all teeth (black arows): 31

and 32 (incisors) show shallow lesions, 33 a lesion extending into pulp chamber now filled with reparative dentine;

34 shows bulk loss of enamel and dentine; also erosion affecting occlusal/incisal surfaces with dentine ““cupping”™
affecting all teeth.

md a bilateral zlpha level of
) calculated for these parameters
ple size (1) necessary to idenafy
lation coefficient (ICC) of 0.8
it of 0.6 (r), 80 per cent power,
was 16 individuals (Walter er al.,
»f 16 individuals was defined as
ion. Both calculatons were
oftware (version 5.0, Mamiraua
Institute, Belém, Para, Brazil)

consecutive clinical sample of
eight females aged 15-24 years
nanent dentition without azenesis
' subject selection criteria were

i (n = 32) were obtained with a
gra (model Rebel XTi, Canon,
j mm lens at the closest focusing
Iusal mirrors (model PM3R-4,
msylvania, USA) were used to
iphs. One standardized occlusal
PUUWEINPO UL e upper and lower dental arches were
obtained for each individual. The mirror was positionad in
contact with the opposite dental arch to that being
photographed. and the camera lens was as much as possible
perpendicular to the flat mirror. Special attention was given
to avoid tlting the mirror or the camera In addition to
prevent movement of the buccinator muscle and lips, an
acrylic lip retractor (model 0118-LR. Orthoply) was used
(Figure 1). An occlusal muler was bonded on the acrylic
retractor to allow dental arch images to be measured with
the aid of digital software (Figure 2). Mesio-distal tooth

Figure 2 Tocth size (mesio-distal) and dental (inter-cazine and mtsr-
molar) arch measursmeats.

Figure 3 Occhusal pullimeter rulsr, mads from am acrylic retractor for
ccclusal ph ph i of the ruler wurs bended in the

SRS e
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Fig. 8. Measuring signs and advertising and camera shooting stations.
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Fig. 9. The process of 3D building facade generation with drawing plan.
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5. Application stage

T 00 e st e en g e
RRANUNGEF AR LTS war
Deus wr

{{

fLROTER

FTe

!
{
|
{
i
1
!
{
|

Fig. 12. Samples of arrangements and designs for street-building facades.
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Scan Object Sizes 10mm - 400mm 10mm - 500mm

~0.5% of object size ~0.1% of object size
Single Scan Time ~40s 2-4s
Handling / Comfort + e
Mobility + (modular setup) +++ (scanner on tripod)
Texturing yes (color) yes (color)
Price (incl. VAT) € 499.00 € 2320.50
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HANDY MICROSCOPIC CLOSE-RANGE VIDEOGRAMMETRY
F. Esmaeili = * H. Ebadi®

2 Geodesy and Geomatics Eng. Faculty. K.N.Toosi University of Technology. Tehran. Iran - faridesm@mail.kntu.ac.ir
® Geodesy and Geomatics Eng. Faculty, KN.Toosi University of Technology. Tehran. Iran - ebadi@kntu.ac.ir

KEY WORDS: Close-range photogrammetry. Microscopic Imaging. Micrometer Calibration Ruler, Videogrammetry. Hand USB
Digital Microscope

available on the image can be measured with the help o
calibration ruler at a fixed focal length used for measureme
as shown in Figure 3-b. and the checkmarks can then help m:
the measurements also on the original images. The measurem
can also be made at the same time as the microscc
micrometre calibration ruler is located on the environm
(Figure 4).

~
Microscope Micrometer Calibration Ruler

0.03mm

0.05mm

—— 0.07mm
——— 0.1mm
0.2mm

Trademark of the
microscope: Coolingtech

Resolution of the camera:

1.3 megapixels CMOS
Magnitude: 500 times

Trademark of the
microscope: Medic
Resolution of the camera: 2
megapixels CCD
Magnitude: 200 times

Figure 1. Hand microscopes used in the research and their
specifications




At Sl p o dw giludos

T pcha .t
De Gl Hulng Befwencig Sec Winco P Qptiom e

DB W E-ladssa = & Dean .y e
W P - Y. W &
Besr 3 +0 0100 MAF 53

[Select] Ol oo b soboct o Lo fonn ks acions cr e infswaion




o

Cg (g9 aw lodow s ®
S ilw piioas] o oolaiul

oijeel @
5 lse sl slul (6 15 ojlal o

505






http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi-wYjxjKbiAhXKJ1AKHWKwCFQQjRx6BAgBEAU&url=/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=&url=https://www.jameco.com/jameco/workshop/howitworks/xboxkinect.html&psig=AOvVaw2cVhgkV44ElOCch0HK9AJ9&ust=1558303699528287&psig=AOvVaw2cVhgkV44ElOCch0HK9AJ9&ust=1558303699528287
https://www.vox.com/2015/1/9/7520967/intel-realsense-3d-camera

)i:.] e 0l Sg>>g A LSLQ’ o).é.‘> LS)':f o)“&‘

L2 A S
*e



059y Olasiw

2mM X 2M sga> 4o 3 oleyl @

0.3 s> ;5 5lioyge s o
mm

S PR 90 So 5l ool o

e 508



B plml =l

Slul b jls 8,0 alee (golowy aps  ®
:‘ &

58 bl Laags Lo aln iy
Shybl )0 9 S 53, 2 5990l 5
» o).5.>

bl e 2y o) 5 (5l pmelis ®
b (5 S o3ladl

9 Gl paSe S0 (  eess

S S olail plxil g o uSe amgy
Sk 0,90 slo

ohelaw) 1 4 509



ﬂ SCNSOTS m\w

Article
Underwater Photogrammetry and Object Modeling;:
A Case Study of Xlendi Wreck in Malta

File Edit Tooks Photogrammetry

By cheee ez v GLe @ [ G A WO|E (e @e @ w3 [ vreodmmmay R §

Pierre Drap **, Djamal Merad Lt Bilal Hljam ¥ Lamia Gaoua ',  T———
Mohamad Motasem Nawaf * Mauro Saccone 't Bertrand Chemlsky ¥ Julien Se‘ ke e
Jean-Christophe Sourisseau 3 +, Timmy Gambin ** and Filipe Castro °

Received: 20 October 2015; Accepted: 25 November 2015; Published: 4 December 2015
Academic Editors: Fabio Menna, Fabio Remondinoe and Hans-Gerd Maas

1 Aix Marseille Université, CNES, ENSAM, Université De Toulon, LSIS UMR 7206, 13397 M;
Djama. Merad@univ-amu.fr (D.M.); Bilal. Hijazi@univ-amu.fr (B.H.); Lamia. Gaoua@univ-a1
Mohamad-Motasem. Nawaf@univ-amu. fr (MM.N.); Mauro. Saccone@uniroma3.it (M.S.)

2 COMEX, COmpanie Maritime d"EXpertise 36 boulevard des Océans, 13009 Marseille, Fran
b.chemisky@comex.fr (B.C.); j.seinturier@comex.fr (].5.)

3 Aix Marseille Université, CNRS, Ministere de la Culture et de la Communication, CC] UM
13094 Aix En Provence, France; Jean-Christophe. Sourisseau@univ-amu. fr

4 Archaeclogy Centre (Car Park 6), University of Malta, Msida MSD 2080, Malta;
Timmy.Gambin@um.edu.mt e

3 Ship Reconstruction Laboratory 4352 TAMU, Texas A & M University, College Station, TX 7/ a4s, uana;
fvcastro@neo. tamu.edu

Y Fale B L 5 TT . T L AA S ATA A

elad 3 4



UAV Photogrammetry

511




UAV Photogrammetry s o 5,5 o 5590

UAV L i o 0 3l (99 yogen 3 (5 i

0B as)le K by o) b Sl g3 4w 5l e
Yo sl g 5 3950 o b oo Kz g8 5 oo Shp 355055 sl 4t a5 bl
gy 5 sehs sl sla ais a9 cails P
Olazslo b 18 b s Ogmad gulibe S5 sl 6T 5 Sl sla ol 51 Gan aw Jan a5 %
oo U NIR ol 5l eslizasl b (55l Jaw %
lo aids (wuKe dups b

(Ol £989 Sl ary Ol £989 (e 0Ol £989 51 Jd Ol () O 2 e

S5 Dz &y 9 065 Slos sl o3l > Ol e 5 Sl (il

(Sl gzt 0Ly slen) Oy imis oy ppan T

i T Justs o w55 Gi5T Sleil anio

S il 0laaisT (i 3a) e e W3l 8o LT Bl Ol 5l Juols @ylus 5,97, 8
dole e sl

(Site Selectlon)ﬁ 9& (Early Warning ) ,s pdel b s



UAV Photogrammetry s o 5,5 o 5590

UAV L i o 0 3l (99 yogen 3 (5 i

L.S'Olb" LSLQ J)..a)lf

J).f.')w'_i}).)» S e ‘L’”?:

RPVERLVC S IL J=Yl O o LSLQ)LE_H)gM'L’”?’

- . . . . b

s - é. ..:‘NA‘
—ww D L5>)|).‘> &)J)la' 6)'.)).3).3.9@ =

295 5l hosas sla 3,0
2T e @0 9 b JSiz )3 i D19 el gy sl 6l sl 4l ags
Dl ALB s (o> D) s g (Sl S (ol b b ST (e cusb, LS
drwgs Olallhe (Gisa) ) g la Jud Giol (bt S sla aids aygs ‘@L)',AT sla ools cuils 5
Gl 39T s (55,9l Y g b 381 5 i owlislga sla osls zl 5l da oliassT Liol (s 4

"‘T)TCL:'W)')LS:'&';

shelaw 4 8 513



bl pl = o dw Juo— F g8 oliwd 31 ooliiw! b ooy angd sla 59,5 digod

03l 9 5,5 Ol ol yal5T b
olicale

A S = 3,005,9 Shelaul oy 8 514



ﬁaﬂ«w“s,w¢mmwrmm*g“%=¢mwﬁmmmwmm.*“.aaa“ j
L D00 U010 EREERREERE: - | ]
o NSRS m,:m;aﬁ E,z;::_
[ORAEEY | 1 U ESG sanramas T

903

a

>9 >

=

-

RN L M

!:s_ R TTTITIRCA R Rt o> o5.::CON
_«_wuv‘ ARRAAS IR0 L “mn»ﬁn.w.m.w;:.u.':.
§ GerlBilT g0 IE “latas.ee.onEaTad

35
9
Q

bb
9
Q

=
9
Q

2
QT

9
_

VDo

pRe

S5 9195 Al 9 Al e




Sl sla colw il o= o ad)le KLy e g Sl G 4w G5l Je

e lad 3y 3 516



Qlj.zgc,g).i.u

-
o
;
8
|
3

w




e lad 3y 3 518


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiKu9PBoaHQAhUDWxoKHbG8Cd8QjRwIBw&url=https://irevolutions.org/2014/07/07/humanitarian-uav-missions-during-balkan-floods/&psig=AFQjCNGZ7UAll965DA9x1hea8Pp8NrNN4Q&ust=1478972893697067

&:‘:f
&
B
| e -

4

e lad 3y 3 519


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjrl-fgqKHQAhVDExoKHSaTB9gQjRwIBw&url=https://irevolutions.org/2015/02/17/uavs-counter-rumors-prevent-violence/&psig=AFQjCNGKB44Wfvmv_wgGPrXQygFr4TzRGA&ust=1478972836675431
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwi01aH_saHQAhXB2xoKHf0KA8sQjRwIBw&url=https://www.linkedin.com/pulse/unmanned-aerial-systems-uas-emergency-management-john-fisher&psig=AFQjCNHW60-XqDSpYf81Lhb2UOiswUnmWw&ust=1478977318908525
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjsyIjws6HQAhWGHxoKHYJLCyIQjRwIBw&url=http://www.downwind-uav.com/disaster-management/&psig=AFQjCNGy1lpgaNNNQMvyrGmE9BXanJAzJw&ust=1478977390993495

)'.’.')"A

9«

‘.

2

£ )88 J,u8 = b ml

> 9 e

.

=

=

520

shelaul 58



Y asussssnssz °



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwj0qq6oo6HQAhVBWxoKHc3fDW4QjRwIBw&url=http://solutionscenter.nethope.org/products/view/643&psig=AFQjCNEjmDAqrDY-QDYvGCW63ljdV-r0hg&ust=1478973340840975
http://www.directionsmag.com/articles/CzechLandslide1.jpg

Qlﬂqﬁm

Osxed S s oslem )5 Ol <o uiw
SLhs sla 58 lecl g el sla o895

FABIUEINB]

9 el olles s Ls‘b|)‘°‘“9 Q|).>e.3 ul.gl.g
)9...!J| o GLLUQ 0 C)l&v

helan) y


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiZ-YmasqHQAhVGWRoKHaLYAD4QjRwIBw&url=http://www.dronesatwork.com/category/safety-drones/search-and-rescue-drones/&psig=AFQjCNGNpvO2O8JBaO5QiOB-mGC-n7Yozw&ust=1478977374811339
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwigz62QsqHQAhXJPBoKHXCFAAQQjRwIBw&url=http://rjwestmore.com/2016/06/2636/&psig=AFQjCNH1_YDy4q9zY77ehmXpWaNhzdt9UQ&ust=1478977354762228
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjJoq6DtqHQAhWGMBoKHR5PB80QjRwIBw&url=http://farnet.ir/1393/08/78943/drones-wildlife-humanitarian-peacekeepers/&psig=AFQjCNEGIxdwbQE3QpyPUvTN0CVcYKyZkg&ust=1478978401178712

CA.:‘.).?.M

523



Ls;)l)} LSLQ 2090 )I 0>l

INTEGRATED THERMAL CAMERA

The camera on the DJi Zenmuse XT Is developed by FLIR. It provides hign-sensitivity (50mK)
Infrared scanning at 640/30 fps or 336/30 fps depending on the camera model. This sensitivity
provides accurate temperature measurements Ideal for analytics and telemetry. Both
cameras are avallable with four lens options to meet different business needs. Stabllized and
controlled by a custom DJl gimbal, It provides smooth, dear imagery and 360 degrees of
seamless rotational movement.

Thermal Imager Uncooled VOX Microbolometer
FPA/Digital Video
Dispibay Formals 640%512 336 %256
Pixel Pitch 17pm
30HzZ(NTSC)
Full Frame Rates 25 Hz(PAL)
Exportable Frame 5
i <0Hz
Senstivity (NEAT) <50mKatf/1.0
Photo Formats JPEG (8DiT)/ TIFF (14 bIty
Video Format MP4
Digital Zoom 2x, 4X. 8X 2x.4x
Lens Options 7.5mm 9mm. 13mm, 19mm | 6.8mm, 9mm, 13mm. 19mm

10 Export page for about the Zenmuse XT In your market
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