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2- Ortho Photo
3- Navigation
4- Digital Elevation Model
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!- Geomorphology



\SY VFeo bl g 5l YA 0 lod B 0599 (6 33l (ol fyny (39 o5 (SLOAKSL

Bos 3 05 o (5,00, Jd jabay o9 yal LS Y
OO s Jl e Jdoar dny oo e B0 @ 55 )]

(V) GBer 5 (wgsd o jme e gl
o)y edd (g 5l ladll) pz> x5 o)l
Oa Slomlsr Sl eslitul b1 oad 8Lk 0 e
Oialoj] ol iols plonil (2l S92 gy g i oo
9 63508 Opysd SNy b ooby Slon and> o0 L
S st o) Sl Sy 3 el by e
o ase i Al e JyuS bl g ,Sejl
Al adgl bla ol 5l eolarw! b 5 (gamdw

o oy 4 ol gy b3l s Sl 09l
gl Ol s S )SSame (IS oy
03> d lime dwles @l Bl o9 Joxe ools
o3guste  SelB sgum Culey pac b Cule; woasle BL
Sy ot g ) ame Jasetew; SLSE Gl
ol Hekiear pol> egh )0 alply cwl 0950
g oud bl 0pd oLl s siladan ol
e dag> 50 @dly e dule g (B e oule Sb
esdyge aallhe Sy plgieds Gledel gl Gl
SeSay (el Sed ) Es 9 B3 @ O
ol 00l ool ol ailels

axlllao 5,90 adlaio CpaBge
JoslS NN B Crlas b dalllae 350 edgaze
A 2sE gl S O abols o) Kb Bllae e
sl ol L8 ol Jled greskS Ay Sledsl
4 oledel b Sl Glgiee edgamme Gl 4 (s
0dguze 4 5 03,5 S > LIy 5 sblass Cen
O 03995t (nl 3 S9zge (Fame odle iy Hla0 350
Al o (Gane Slge alex a8 Cuul anle 4
SIS e (i asdllas 350 adlate il
5 el glwd el ooy ALES
Blod & ailate ol amo e S5 |, (VYO0 (bias
5 M Sl (Sommn «Sided 5 wbdins
5 Ol i aSElby s 5 LAl 5l Laes
S SalSaw 5y 6l (8 sleay
aliS el 4 barpe Cadsel 5 Gyl Jels

ol o LS5

ok 3l ool sildae g )b et
b ol 0 aS ooy ailels (! (5,.5,I5 slas 518
whny (SFng b sgaze lad o slgn pll
e end « SeS gl 0 wal ol ol s
slor W lylih g ki casls bghs 042 (S
oolaiwl pol> Jlo jo (Y- Ve dyy0) cunl 7 ks Q] 49
9 Dol ooyl Hskaieay Sl wlele b (gl 5'98
9 28bioe 995 I Ayl Jolie jo (Game pl3S s
30 egar pl jo ead sll slacldled a4 Ll o
gde by ez g ol

assi (WWAY) cwplaol oS0 )l pass o5
whizle Kw ol ViV eee ulie b 31 See8
oslazu! L) ‘:‘3_‘3 Lg)‘o).)).:ya; d.:)!o )l ‘) QLQM‘ ).wy
o595 ol yo 2l plxil LS YO« + g 4o ol
AU oogama o L_w., sl olyss Jdoa
sped 5 (e Yoo sgae el adn 5 aieS
5 alize glaglas )l o slgy bghs das el
AW L5>|Jb sw‘\))) 009l w Uw.:‘).s‘ L) WLMA
e e )l Sl gl alS ) slaied,
Al ey g b gy S alads YO

\YaA) QLQLM: ol)fcb!o JJM: Lg)lo))w 05;
Wi et il 5 anle ane 5o (5l s
(AT g asd 4y Baa Ll o)laisle liwl jo &8l
39 Ot Gdmde Jde (Giae dgzge mdg ALl
9y » odne e SISE g DLk (cwyp g (2U5)
Jdods ol plxil [LSe Yoo Cawg 4o wlbl sblis
Slp auiS picwlie oly Lol paid (yose
oo ¢ Xy i aslily Hase (ol (o)l pands
L Wl ctolej] alisee sloollisls o (Y10)
oy 1y Guds S oledbl daolyy 5l eslaxul
el Syt gladass l (oulidins; lo)lisle
S0 5 ol p el WS gzl gaman
31 oolaiwl 5y90 yo Sl Sl g 8 slacadgase
Ailodged oy i ol

ool 5l eolatwl b (V+1Y) o) Ken 5 S5 5
oo 0,33 Glie g ez Anwbre 4 (650l F908
A1y ol Sel gy, ddlate jo adly KeJB, sl

Slade ol slas cusl JLSa Ve 5l i ase ol Carg



134 Voo Olnsli g 5lee YR 05Los VD 0599 ¢(59 )5 (ol (pmo) (295 SLoaidly

b axdlle 3,90 00guxe .Google Earth aids jo ;ylxd (ol awle g o (yoze &) (o yiwd ol 9 oLl pa CuxBgo ) i

Sl b syl Sgd (5,15 (Sl

Tl 53 Ysesn) SL 3)00 Bas 5l syl S
SLiseen Sl polar Sslite slacdl> 3 (0
@ pyal sdags SLad Sl liee 4 50 g ool 5
S ooliinl by (a5l (SLA) () gomptns (sl
Projective Affine Conformal sles r Jas aYolse
O Ol 0 mé 9 e b, DLT Polynomial
o) 05 )18y LU oo slad g poal lab
O+ olSes g Carie 1T

Gy slad Sl ey gaman lad 4 pbows
ool ROl Bk g0 4 VSO Bllae (g
g~ ped $La e =) O (JlGe 5 i)
Vs ey slad - glhae 4z g - (e g - B0
— Az - B A - psal olad e
ey slad

ailiio S 31 (5,10 pguad ol 48
s orsd b clie Gloyy (b g Slalen o9
85 g Comolus oolawl 5j50 oLy £98 (w90
0pS o plml asllas 5)90 Bas wlde 5 iladoe
el b (O bS5 oo

b ahly (Sl Ml (93 (o (gl )

3- Transformation
4- Calibration
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!- Dense point cloud
2- Ground control point
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3- Sparse

6- Orthomosaic

7- Key points

8- Bundle adjustment
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2- Orthophotomosaic
3- Tilt

4- Georeference
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slope_radians=arctan(\N([dz/dx)*+[dz/dy]?)) (1)

slope_degrees=arctan(N([dz/dx]*+[dz/dy]?))*57.29
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aspect=57.29578*atan?([dz/dy],-[dz/dx])

if aspect<0

cell=90.0-aspect

else if aspect>90.0

cell=360.0-aspect+90.0
else cell=90.0-aspect
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!- Triangulated Irregular Network
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I 7.327824672 - 13.95776128
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[ 20.5876979 - 26.86869046

(] 26.86869047 - 33.49862707
[ 33.49862708 - 41.17539577
I 41.17539578 - 51.2047727

I 51.20477271 - 64,554645091

I 64.55464592 - 88.98072815

aspect

Il North (0-22.5)

[ Northeast (22.5-67.5)
[C) East (67.5-112.5)

I Southeast (112.5-157.5)
[ South (157.5-202.5)

Il Southwest (202.5-247.5)
I West (247.5-292.5)

Il Northwest (292.5-337.5)
[l North (337.5-360)
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Abstract

Photogrametry with UAV (unmanned aerial vehicle) is a fast, accurate and cost-effective approach to
obtain high-resolution spatial information. Taking overlapped photos of the target, production of 3-D
dense point cloud, digital elevation model and orthomosaic from the region surface as well as
verifying their accuracy using a definite number of ground control points, are main stages of the
process. In the present research, photogrametry through UAV was used for monitoring, modeling and
evaluation of exploited and residual ore reserve of Qods sand and gravel mine in Lanjan district of
Isfahan. Based on dimensions and form of the region, nine flight lines with approximately 37m
interspacing and 114m flight altitude were designed and traversed. The total number of photos taken
from the region is 225 with 75% and 65% longitudinal and transverse coverage for the images,
respectively. The number of six control points (five control points and one check point) were also
scattered at the region so that the error range from -1.5 to 1.5mm with the total error of about 6.8mm is
the appropriate precision. Total accuracy of the survey operation using the UAV was validated
through comparing with ground check point via accurate three frequency GPS. The survey errors in
the three coordinate directions are negligible, less than Scm. At the end, the volume of exploited part
and residual deposit was determined and with multiplying by average density (1.4 gr/cm®), the amount
of extracted and residual ore reserve was calculated 3657.43 and 82942.55 tones, respectively.

Keywords: Monitoring, 3D modeling and determination of mines reserve changes, Photogrametry,
UAYV, Sand and gravel mine of Ghods, Lanjan, Isfahan



