[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

y.f VEY Ol ¥ kot comin Al ¢ pdign by 4255

G 9,y b duunlio 4o S Oldoc paxe dwlxo 5l g0l Seisg sbgy Uy
0 (S0 Al p g yo

Olrd (i e oRiily s aore g ol Ol yos owdige 00SLESIS (g il g8 ol cwlid )15 gziils )
Ol (i Qe oKl G ;) Jazeo g ol Ol yos owdige 0aSlidls jLoliwl Y

VEOY/NOIYA (Gl Gy VERY/ PN el s

oS

Sexse et 4039 ol polej g anie p Sln Gl Slegdse sl ;o (SB Sldes pr dnlne

e ()lS0loy 3 Shoe-aiy 38 anlne 9 00l adgi SV gamme (19,8 el lp (Some laojgn o

wile 50b; slaillr b (SB plral arslons ol (5,500 (2]l 2 355150 sl 60 S plon|

5 05t ys Jlas] cilisee oS gyl 45 o0 aglys GLodtds Gankas ecpSojl Ubsy 5 5l oy ol

oo sloim 90 9 eriatal Jig5 o655 slo Sl gz 2ol 058l anl olped (339 4 e oo

L ossilnl @ 5ls 5 0oy panse o] 5l eolaiwl Ll ai S o 13 eolatwl 5,50 (S bl a5y

Ol 3 09 (s o8 JB S8 b S Gl ) plaxal aule slagty) col o3 calply o )ls 428

ol 43518 bl 50 (S Sliles e atge 3psly ln wiedisr laedsS ) esliul i

g 0 oley (SFM) e8> 5l ol jbsle (g, b siedgn (o565 5l edalcawsts (s g slaosls

o7 DSl oolil (S Slles oz (rpasd jslate 4 (2] (s08) Joo adg sl ol (295

axlllas 3,50 (5102055 5 S 530 sl rteied JUg 5 (BRG] Glaby, 4 Cud 0ud dplme S

dwloee gly oY CBo 51 Gadsd () 50 coliiwl 8)50 g, da oo lid a5 Sl TVAY o UYIAR (s 4

Oboj g anse 5l 5l psuye sla by 4 Comd oS (o3b) slauie 4 azgi b g el Hlo 935 (S plns

53 T 3Kl Wl e 3,1

Sllos o 8, 5l (20 LSl (g el Teinng e Al lsS oy gl S 528 1 guals WlelsS

Sk

dodilo

aS Cewl pille Ao g oley (o Sl 5l S Oldes o aule gl Olaslice plosil aige by, bl
5 oy 0978 ilunnsg ¢ SoSams Sl (2L iy« S as8 0l ailate Lulyd a4y a4 ceslio oy
s b e n Ll pd 4 a5 a8l (6,500 Bllae 550 oty 5l plaSame cnlply Sg sl Dglite o us

TN S8 ol Wl’“ ‘SJLQ,J r:lzo‘ 8 2 )‘.)f).ub J.o‘j.c R PR d.l.o.? )" O g0 ui‘ﬁ) P e uL?Lu‘ 5o

DOI: http://doi.org/10.22034/JEG.2023.17.2.1019281 a_milan@sbu.ac.ir : Jstwe ooy ™


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

b e oz dloe sl Bl S S5 By bl Yo

il (6,1t oIS sla by, soled ,o il o bl ay3s5 5 o513 (K Y,Z) 2oy blis Copngo ppes
oz s slagtg) 5 Conl (lrhas ailse | S elis)l adlse 35 GNSS! 5 il Jbg5 L casls
Al ey oad sloul Slaslin cds dx e ais Litas 0ol (ol 5l 50 ol b (6l $9u8 a5 o s paiss
&5 Sul (Bl L @595 0920 9 0515 ey )90 1305 (o0 Jlden 35 sam slagtibp Sono g lnebl Ll
o1y 5l blas a> 0 (Raevaa et al., 2016) <ol [la5 51 casdly b oles o ¥ mlaw Gkl 5 et jgbay
4 ol dbml gun ¥ Jaw wpal JBSas sl bl o (ogasa sl 03 g cwlie iy 5 i
b bl o515 con 5o il b b bl ctlsyy SeudST () colee (nl )0 05 walss 5o Caily
Slesen ! ples g g ouils y bl aol33l b g (Langhammer et al., 2018) coul 4,9, olocosgame
L b Y oz sl CiVIl 3D 13l 5 adsl oad ools (35l el 1500 (g5m 51 9 atdly Gl 5 S
ol (s 5oty b il s ol 5 fs ol 4y L 5 0355 s allye ST 8 eaumy T
g odd ol (095 4SS gy <83 (Jlo (nl b g walsS ousy DBl (a5 g » ey el &5 S9b o
S5l T35 slah, Gy b el Sles slasgsn o (S Sllas sl 0,51 (slis o5 el
olagod o (SB bl aibw jshate a4 oligS o, (5 %0l 5958 sbaosls 5 pglar 5l colaiwl ISl wlisS o
ol 428)5 )18 2Lyl g (o 950 At

o) gl o Voledae Gl 6ol GlRl el S 5 olsS on wsesdy 2l el S8
B85 5 503lail b 5 (Remondino and El-Hakim, 2006, Matthews, 2008, Fraser and Cronk, 2009)
L o5 saxin polar .cul Kooy alold 51 oo boad 48,5 098; pslai b g gidug sbope o uSe 5l plucs]
5 Oy gl 51330 Gam T Joe oy slp g oad a8 5 il slajlais 5l Jgol 6 SG ile) b g
Srolal o2y Caiy imled Jol o old b g3ay9 o (Cooper and Robson, 1996) sgi e soliwl Lol
S by ded 5l ookl b g ¥ Joe gy ol ol el 00l 48 5 dims o 5l sols sy b 45 Candl
e & Sl (S e Slac 350590 (G531 055 5 phed Laed 46 2 2 SV E5 s 4 i Al
slxigd CBl ooy Allds po baw B S cailed (lsiear g3l sln JES Lo oo e shls slae B b Jds
5 ooty GlusST GYb s s o Lo glo Joe VL 8o o3l la Sl 1o o ig, ol & S 5 JL3I LYo
auJl (Carbonell, 1989) sl oo cosd ol)) (5l (slacyu ;g0 51 eolawl ISl 5 SIS sl b, b anslio
Sy90 Sl mhaw (o ¥ Jow cole 5l Gus ales 5l salize Sllasde g Julge 4y ool ClussT Il Gl
(Mohammadi et al., 2021) ol aisly sas ools plaisl axog g 055w 4 (o ywd )5l ol 425 LS

pr 0 Bl GRS s sl eal @55 R e PUlse gl s SlapysTl anug Sus g9
(Chandle, 1999, Lane et ol oo bosls ol b )15 clgpm 5 CuiS ial38l cel qgom ¥ Jow odgs sla, |5l
o] izl 5l (o a5 ogd o eolitul Ldl 5l gam ¥ (g5l o slp lap, ol glgil o590l al., 2000)

(Harris and = oog lgxwl jonsls Sl p o] oolol b anwgs 129+ and ;0 (g, ol ool SFM?

! Global Navigation Satellite System
2 Structure From Motion


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

v.s \\‘-Y;;L-M.Ur;)w‘ﬁm»‘fwwu;nﬂ;g;;

b il 59 s b sl s ,055 Gkl g asidd slaph,s¥l drwsi w90 5 Stephens, 1988)
Zowl oo Pix4d Mapper g Agisoft s Ll pl adss sle,l5éle 5 5l cxws
Ve slapeyd by pslad 5 gom ¥ sla,bsle Guess Gl (b9, So CFM) w8 > 51 2l bl s,
4045 g0 o ComBye Dbk anTE Koo Ol 4 aiil ead 33 CS o b o el (See oS el (sam
ez a5 onal Cawody gl 5l 4 L jsliie nl (6l el aizo 00iST 5 dwiin 5 WIS o oSS o
OYAVeosl; (wlie) wiloo (090 40295 sl yolily 5 008l abais ol 62,580 Gl (29,5 5 Zeol 5L 00l (5 ]
SlaS cl pgal iz 0 S ie bl gom ¥ Camdae dwle 33l o o] 4 SFM oS g0 dS [Sie 281y o
@ pY a5 e el S 9 sla by, SUS p aiiies Dglate sl ulidie Syl g oad 4385 alise Jolgd g Ll
5 amddie Jood Slp Gy S5 L (Byme b g il pnSe aband 50 Lo e0 i T CunBae (B
5leoliial b plojan 5,055 &0 dizeo dwain § (m)s8 Sodse SFM (g 0 il oo s (g5lujl
DS Egdge med @Bly 50 305 (o0 e gl (9)0 plul (S Gl elul p g andl wws (SE e
S olsee Ghgy ol b owizen (James and Robson, 2012) sl o SFM 5 ' g5 sl (6 el S958 oylee Lo
2y Sy s Gl gl bl c8l s gan ¥ Jae a4 g ool 059 o gl Bl (g0 iz
Ly ey ol gl poled ol g (lojen j5ba (mye0 siz (6,650 Sl 50 b g bl (90 S 3l oolici
w2l 2lsS loy ey | el 5 onizmy e Sl (g pslanz Il By, (il LSy Slasis
ovsy oyl wogdley (Fonstad et al., 2013) coul (sjluasiuns g 5 b paids Blaal gl )5 Coje S a5 WS o
555 1,8 soliiul 5550 55LsS (slaulie jo Sledbl o 5] Cawsdy sl 5 calizie (59,50 Slalllas 1o Wilgs o
@b Jed 5 Al anng saxte slagm oSl a5 cul )5 w5, o asly e w2y s, S0 SEM
aod> by plgse |, SEM (5,15 Wy, S oa odlittal s ye slaghy, 5 (s )55 isealS
22,5 ol 455 0l
(SLigren hils pglai po lagl i Bl (38l 5 ngai o 50 goelS blas glysel
alold) Jols azgi soyall g gilesl andl ans oSy sl colaiul b peal aSil dwais gl sl @
(Oled ¥ g JUEIT) ()1 azr i sl i)l rizmen 5 (glarsel la el )b g (ol abaii o SgilS
5 ryad Blie LI gon ¥ Susdys (5l olosds Slaibus pcs o )0 tod gon ¥ Slaite aulne @
(Eltner and Sofia, 2020) 451, pué alais ol S oo
Soiie slagpliio jI (2laul polai o peld > 50 ()90 WO Al g sk g CS,> 4 a2 L
P oSy (B)lse gl ISt Jo 3 (bl pas dulide wiz pslal LI culal JSiw aiin 1565
OleSe )lle 4 by o i zl el gladasi o)lse 5l g0l s Slaws aseas o el i sl wlas
LB 5o el slom] ceely aline ol il Diglie K0S b (Sl s Gl 4 o] Sl Coadse o5 00
Wloll g alflaz jsbay (uledo cilizeo zshans ;o (LB ploxl G o ol 09 o Slmslons (Sauzmay Gl 9

! Stereoscopic


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

b e oz dloe sl Bl S S5 By bl Y.y

(Govender, o,ls ol yoi 45 (g0 zuls SIFT! o0 6501 asile SFM g, 10 L asle b ,bLs slaps 65!
2009)

Bl gl Wl s 5 el gl el S| Jies 2le limil 5 3l 85T sl 29, S SIFT oy 551
M3 s o (sl Lol o2 oS0 ool 0,8 )5 onlisil 0,50 S yido Lidias Ll malas o oLil o Llis
S IS 5 pln 5008 Lol Gloe (lidg 5 (85, LS S| Jis 0 Ak pslad ples (e
B s 8 Ganis i olas IS gl L 5 (Lowe, 2004) conl by 595 5 poad 351 Sate pois
3,90 5 (baw (Hgo) lasls, sz Jledlbl GlacsSl )0 s o8 (gilusl cgam ¥ bl (3l 5 (obo; cpolas
ool Wil 55 0l oy 5 b @ ngal S gl sl BB GodlS bl slass 150 sgm 3l 055 o0 1,8 0olita]
) @l abais Rl o515 g olo asmles 1) 4l (p ey SS90 e S8L g YU £909 b oduzn niglad &5 (5 5ba
ol 383l g Cl y (Sen Oglite slajlaie Sl lga g 45 (S 53 Dlpai Wimd a3l
Sl 3590 o Lol Csl (Soe o o 3Ll sl p3Y pslas slass Jlas 3550 )0 ez o0 Ole
el ol aily iy ob,BLS el ke slaws azjp Jlo ol b sl saslie LB e Y s bl ayb
@ Glp Glong 4y Wb pslal ans sl S oo i |) plass (SS933l Azl )0 g 00D i oIS LI
SVom oS Soge S5 0550 oskate b (S 5l CSy by o] Cessdy 5 Glisren ails, Sl
9 Sloppgal dhxd ;0 g Camdg g CuaBye (e (gl axdl awd (SOl sulS b olulis
b ey S daglin olosl 5y 60lS LlEs 50,5 oy 51 s 095 o0 00l o5 JE> b abais ol oSy &5l
g Al daslgr aseine (6 i <80 b gl bla (380 oo Gl eolaiwl b gum o8 o jelxe sl Sy
slas ;o 3Dquadratic mb o solatwl 5,50 @b 0l wiplys 2ls ol bl cad 5 ool oS blas
sloyehl Sbé o, bl ol slaosls waz j0 SEM 02,6501 13 55: walss 5ol (5 Loy 51 ool b (oo
dpden pll (il 5 b mysd OselredlS s Lo eSoslail Ll o sl cessay (lgioe el S i
G503l Ly ylozamd |y Cratyss ysmmlpsallS 45 0 o ol |y Sl oyl s o2 bys (Shao et al., 2023)
(Zhang sl oo ¥ omily 995 1) 1380 Gygmml d S Jae (o cols plowil andl aitws oS 5l ooltul b g ¢
3 050 (zily 955 50 2o 5l Vb s 4 o) gl 1See sLlgy b pslas 51 B olaas et al., 2023)
O35 b logen |y (ouwly 05 ailes s aiiS o eolaiwl SFM o oS 51 aS™ Sle,l58le 5 plas 035 el el
1ol ¢ o (sLas 3,90 45 Luls (Altuntas, 2021) wss abl Sligean s pglas ;o s> ge blis Slatse
b plp Sl (o o5 Sl 4l (ol 9 pgal eliile G bl Joo LS (ulido (uliie Blod 5l a5 095 o
(S3be &z yo m0)) 2s SlaiBis gl & Joo Slaides e I b 8L 35,5 L g paal whie plos
Pl 5o elide (aslir Sl esliiul olul 2 b 5 (GCPP) ey JyusS bolis j5095 b (tws (ool 32,k 5]
e 5 Gos slayall ogr et b (551 00,5 o ol 1Bl 5 & o (28l b (Brxe 5 s o nnga
Dgs oo Jol> s o Dlaie phaw ;o 2l Jow g bl gan ¥ Glaize

1 Scale Invariant Feature Transform
2 Self-Calibration
3 Ground Control Point


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

YA \\‘-Y;;L-M.Ur;)w‘ﬁm»‘fwwu;nﬂ;g;;

il Jelse 5yls s s szl plos sy s b peiies B3| ond arubre ol poe olimebl s
Coxdge g Slasd w@sjle B (mjgo alold wolaul 5y50 (myss (p05)55) 5 heb (owiie b iy Hszes
SO0 g as,le 4 Cand (90 o gl o] jo 0 eal sl pglal b y8 Slaed (6,18 pekd slaoliny
(Yakar et .ol 38 50 6l Sgag 5l Jol> b ol <ds g9, » JyuS blis cds g solitul 550 slo
o @l & o 6l ead Sl yolie plas 8o 5l 05 Jol> bl pz> avul=e sKin al., 2013)
Ll (§3978 S
Syl Sy Ghe) sl illy (n kel Gleear 2 9)lse 5 Glgsoe (B9, (nl I 0550 5 00l 533 150 4y axgi L
(Yilmaz and Yakar, 2008) s, o

{95 929 (66 w95 92 DA )99) (97 (bVS 4 pgal SodS alS @

(Oseml IS poe 5 Sy el (e y9o 3l ooliil Jds @y )bl D) 9o Gsaml S @

(B Slograr G930 pglad b gy 00 Gl H9) At yué plas 31 @

(Hollick et al., 2013, Hanif and Seghouane, 2012) sls pold cpm 0 &5, Cc s @
@ boiye ldllas plo e 5 (S Slles oo arilne sl olisS 0 0l 5 508 Glats, 5l ool
o808 55 so 0Ll Lol 51 By 4 (iBu cpl j0 aS Cel a8 )3 118 solatul 050 aliSee (pabize Lawgi S
CS 2 5l A ISl (gl S8 oy 5l SIS sladiges pwaia el 2Ll VYA Lo jo Uyl
03liil b S5 digad Il pge idisy g, p 10,8 oolitul age iies Jsere by, b o mls avylie sSFM
kD S5 Sl g g 00 225 e S st S 4 0T 355 5,55l 5 aihgm i sl il S
SrSol b ol ez g oS o y9abst az LSy S8z b ke ST 51y gy ke 50 1) 0nd pge iged
G5y 99,5 (o0 drmlims gde jatlew (0 pge Gidg b S ol 8 5l aa 5 8 O mlaw 50 (e SO
alwgdy ool 33| paai VoA loolaiul L) asdlas 5)50 S digel x> 095 Guiod o Loyl A OPPRVON3
alesld (L 50 355,5 duglie pge g by, ;0 eddd 35l lade b g s Canon PowerShotS100 ,.,e0
poe SR Gy S woSe e Ble p S YITNY g el 98 (g 50 S fele )8 VIFYR S
Conl 03y ez 3yl 50 s, 90 caSe ylegle o e /YA S samolis g oy,
51 eolitnl i 6l Baa L YV Jlo jo oS 5 S 9,5 (Gharehaghajloul and Onal, 2018)
L s ARLT ol 15 55,55 (gasd, oo i o] sy (ol bl elyam (il L (gl s
95y Om2y98 9 IPNONES ol en (il olfiws S5 b oads plowil Jituns (5,u505l0sl 90 )b 5 1) polae oo
5 Jelod ly el 0ad angd agius Sl 5l 055 loesls BimS Wi, pled o s S ades CanonG9
Goles g wis,S (5,135,L Cloud Compare 138l 5 o 1, olfiws ¥ ,o b oo adgs sloJow bl ol o515 anslis
Sy po> b o Jae ez S| 50 9 050,50 cdwline calizes olSws ¥ L oo oy o Jow o (5)lo sxe
et S las g9, Slowe sl pSejlul eyl jeliciige asb 5l e Cawl 09 LY g < UIV

el lag] el a8 5 15 aslie sliw lgieas CANONGY (yj90 b oot adgs Jow g wodd pll i3

L wax coating


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

b e oz dloe sl Bl S S5 By bl Y.q

J55TNYE Jolso L..:).a.: 00 Gy S 23,5 sdnlie wieddsr g5 L odel Cewsas slaesls 3l Jow el
7 b Joe o azi ) g 00l oo ol o alali pl a8 o515 el by Ces Sl slaes B ilonds o, Lo 8
e 5 w18 gl Fl (ulS 8« Ken sggn jsliie 4 b T el axdle gl VY (088 e b ool Cussay
3 g ol Gty slalais ol w515 S eSs mie b Joe S g esls Ll 1) aiilas 32 3 leols as
ol Al g (o093, my9d bawgs oad Land old Bkl ead dsle SIS e (o VD gl 4 Sl
oyuio S (098, Joe adgi ay plaBl VYT Jlo o oL San g 855500 (Wrozynski et al., 2017) awsl s
odds agi Jow 5l og3 Jow obj)l Gl gl aoges HUAWEIP30 wisiign ali b (sl Seioug (g, 3,k 5
CAMZ e oSl )3d 5l dol Je 55 5 NIKOND3300 o8 (yerygo b olisS 00 (gm0l 558 alowsge
S s a5 sl ools lis sads ey oo, ablie S ke dunlio .los S oolawl FARO Focus 3D120
oSl bl b aslie 1o 6yl Ssings 5 6yl S5 e (bl Lawgie s RMSE) sus aslons (g L] uolie
T Sl 5o uils salys (g,5d Sl b 5t (S (550l T5ib b il eajl vl bt 55
il S8 gy Sl eud ag gtde )] a5 e3g (nl casmsplas @l g wSloy ladue SOl uhsS (o)
- (Musicoo et al., 2023)s s (s il S 5iass 5 (5Seuly 3l s &2 s (85 5 8l CheS

 WlisS 8 550l T 518 Byl 5l e st (o5 oo 3l oolitel b YNV Jl o olfSen 5 Sesy yigS Yl
ol tglesl 1o @l (el Jolpe 5l (B o (al 5o Sl (T Gl 51 S8 (e o Sl oo 2
gyl 5,5 b ogr 48,5 ool ape e ) Corlis b S slodaam 5 (Sai)l slojloars 5l ool b
Sle Az 0 igd pmie Szl (mhw Sld 4wl ialed glaanl lld ol cov
Vi cdo b o8y ladoe (Sl Cond Cidz 0 o Sl o7 35510 rizmen 5 xS o3l gl 8]
Sl 5 Gpslanz 1) Ohl ilwand Caz jo 5l Jol Slgw; gyl S35 )5 Sljlse @ lagl conl 5L3 050
~olas a8 S &0 slapdUl Coles o isls 13 (6 el S g, 4 oo agi cegd) Je CodS g B0 b))
. (Balaguer-Puig et al., 2017) csl o0 395 99,2 5l ol bt crm YU Kcon s0iad

By g o big 0555 Jby S Sldas oz sl @y pladl 53 aslipbly ;0 VWAV Jlo ooly ules
L) (Seey oo paidi g (Sl 51 ool (5o0) obsS oy gl S92 g, VL lie (liws S 5o adly (Sl
lSe sy 5l Gl 0 gy el eoged (il b 51 colai]
dilaie 098, Joo o jglaie 4y oligS 5 (5 sl 598 wledbl 5,5laex (51, Nikon-D5300 4 Sony-A700
i Sl oloe oloul Baa b g lojer Oygods 1 due) (6 paid Sldas 0o )5 colaiul axlllas 5,40
S el a5 plonl S bl Slatie end Grigres g oS 0 7598 by, Sds g Como (e
1 0905 g ey pln ¥l G obsS 05 (6l 5928 Ll jo Ll oals ploul Sgliie Sloj oL ¥ o Slaslie
S L gy 99 02 Gayb ol et aalbe ol plrol anlie b ol sl 039y (s (5l Atk g 51 S
oligS 0 5, Fgd IV Jlo yo o See 5 (>3 VYAV w0l) wlie) CBl s o] oylee Y B WS 4
Slp bl oges soliiwl Cdb3b o) o oad o Al Ll poe awloee o)l sl p (ol 3 oolaut L)
oyt ol 0y aladi ol a3ged ool gy Sl )5 Sleslaial b oad adgi Jae S 5l 353 Joe (2b))


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

v\ \\‘-Y;;L-M.Ur;)w‘ﬁm»‘fwwu;nﬂ;g;;

oS bl g a3 plonl ble 5 @ &jgods myes e ool Slon o ¥ bl 2 5l S 938 )
abaii pl 5l el 4l 00,5 lsel (eey (Sl 5 gloosls jl leosls (33l (6l (s el S58 (Bg) 5l 0590
ooliinl (g7l S8 gy alrwgds ool 0y abal pl 8 Cod slp S ey Ol i alewgd ool g
(s Sl i) dlewg 4 oad wdgi oagd) Joe b (el 98 aligay oud wgi (oag8) Sk dulie L is3ges
s jlade cpl a5 aiidl Cuws Jgaze 6w Vo Sretle vz slalbs (o Sle 4 A es 5 (25
(Tucci etal., 2019) sls ;\las 1) oot acwlre slagz o s 7\ Ly, egd, Jow

3 Fyone sbty g diedign (395 L (5l T 92 (6l (Sen oS SVL (plallie )3 VYT Lo (e 5 (LS
321y OPS jloslital b 55 35150 (lajod Sl g ginj 7S blis 58b 5 Cnmge a2 a5 abai
77 logamo ol 039y anlllas £5590 mye yio OV) e Corlas g i V) glis )| &y g0y, olRtils loxsle s S
2 ENop S e 5 o ¥ Ly o2 ) s 810 alold) laislo sy VA alold 5l al>ya ¥ o g
L ood s Jow .ol 00y alosl IPhONET 555 5l onlinl b ol 5l oS3 S8 &y (o0 O b ¥ glis)|
5 Cubae Ailodgs duglio slue MaVIC2PIO Jsese sl 9 DIl Matrice 600 (s ol 5425 ol 5l oolazal
2 el oads &S o] J31s GNSS/IMU Lawsgs (5ls puSe alasd 1o ool 5 diedign a5 oy y90 sbly;
Tpeiims 5005 gz ye ey b Siedgn laodsS glal aliwgty CusBse (need 8o a5 wil s bagl (L
lsieds il JUsi b oas cuils s ey bl 5 5 alsd ) slrosls byme b Ll wiens] yio il SO/F
ol 8o byl a5 aidly ogups yio il VF/D o SYIV U ooy 4y ComBgo el S8 (g J S bl
o gl YIY Combge fyanns S804 el Laylyd g (5l 5918 ol 5l oolaiwl b lag)] Jg sl 00gs (Jgome
lasl cows

Lod dad g GNSS s (sbvows 105 ¢ o098, (my90 (sl Baa b glasllas YoV Jlo jo o) Kan 5 01,8
Gob 5 W) Yol dilhaie o Jlb S S onlidime; gom ¥ o byl isls alowl aiasign 55 L
5 amalie ;N0 L) Joe ¥ ll 5 wdgs Xiaomi 9T pro wielge oali b ol Siong 5 sl 598 s,
Joe wilgice gingy (Jly olusT adl o gl oS amlie adlaie 5l ogzge cwlidiipe; Joo b G
3 i Slogmed 0 Gow | enl diugn Lind o0l (6,1 padds ddlaie a5 5,3 cpl b s a8l)] (5 e
A5 pas line 4 Sy sla Bl eolital (rizmen aiS 0 ouzen | pglad Lkl ( Sy slaJls o>
Lol i)l oy S (Szs8 Jlate ot o8 poo Sy (Saag S8 9 Sewl 008 5 1SO oS30 s e
ol 5o ol a8 e s 1y (5508 il olaj 5 sk 4z Vgoma (] 5oty 0aatd S Colt gl
Sl a28ls S92 g0 Joo b (VL Bl &5 g7l Sy g syl S 98 Gho, Ve sl fedie 5 S0 a4 addllas
(Corradetti et al., 2021) ozl caws

Joe Vsl aielise o065 45 Uit (6,03l pian G 0 Slas gladdlae o Y-YY Lo o) Ken 5 S8
ad, I s, ¥y 55 Y Jae 5l as Samsung G3589W, Google Pixel2, Huawei Mate40  _io5

1 Purdue
2 Direct Georeferenced
3 Apennine


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

o Slkes g alone G 6l S s s 2L R

gl Joao Y5l Gialesl cnl o isls J13 b3yl sy9e (o33 ey slagialel 6l lejen jgods 1) (op
YA olol b o (S glae 1y o3lail b g e il VYV ox®e olal glyls a8 cnl 0y0 )5 colainl jloces
—0 3103l e Cmo g CB8 o Hlae ) gow ¥ oSl 5 slesls lag] il sog amle (5,508 § e o
Sl et Joe gl Slisres Lull 5 aieldse Glapdli slaad 4y azgi boailosls 18 el F928 68
2 ot gl JS 51 )l ppeas (Jol b o anis S s o 1) Gl Sl Vil Glesez 5l )
by ool 331 pglal pgs Dl o el o3g Hlocad Jae maw Gl B psal S g5l wiedse (56T
0392 ot Joo el powSG b o895 G S e Cuond (S Bl oo o Joe el pow Sy 5l a 2555
Srond (i Wl oo jloced Joo e Suond pgugs Sl o c8sS Lwgs oad 33 pglal pgw > g
—03ll i w0 Lol Coled 5o wiledgs o Jao gl pawgs Gligren s o sS G S iie
5o Lloog e Lo VIV Uas RMSE 5 atisls como Jbj,l 0 o950, Slas diadign 5o5 iz ) JSide (65
s RMSE 5 423, 59l s waibaio JS 51 (6,05 5 ol siadsn il pios Goyb 31 L L)
(Fang etal., 2022) ool 0395 yio Lo +/5F

9, 3 g Tselsl (ol 850 o)l s Gl san ln laslllas 5 YVY Lo (e 5 s
rsbai 3 DJI Phantom 4 Pro RTK (s el 5538 ol 28 > Jl> 10 36 5 siedssp 565 5 e SFM
Jsb 53ls 8 dslie 5 oy S50 cilites gloac 51 sad odss Jow ¥ LG 4o 5 eslisul Pléiades olsals
) yie Yoo 50 alols g 5l 6 55, 6 I pSe 00g e Fro gl b ol bas e VY v osgume
dedgr  BeS Y 5l eolatll L (S py e ) e B B e 5 (&4,
Joe ¥ awlie )l oyl ool oo plil TAs Job b L Xiaomi A2, Samsung G930F, Wiko V680
s 5 ol b ot adss Je 015 b il L aiation (555 st sl Jae BlES o515 o it S s
995 Joe gy JyaS bl ) eolasl pae Jdo s Ll .l 009 slolsale pglai 5l Jol> Jaw ol Yoo
(Bessinetal, <ol oog ol 5l Jol> Jow LZ gz 10 s AL F g X Cgz ,0 i ¥ S gl aiaisgn
2023)

oolaiwl g oligS 0y (5l 5958 Jhg, b ploea| dilore CB sy Baa b adod 0 VoIVl sowl g ol
LT aiogas (g3luosly 5 (b |y Gialel alope ¥ Sledlbl (5y5laaz Il (lsiedr Joare (a5 locsyso |
S s w5,S et e he VEOVFAXVFD 25 has Sl ool L1, 2 S oy slal olEtsles] s Tl
(XY, Z) (oo laien (ass 5 (o250 oo (535 5t sinisheon ) glad b o opls U5y abaki Vo il
b oglae alald ¥ 50 128 5l gl peSe 4 pldl (25 has b g (Jiwd &jgoh JuS ahl Glaisa alais ez
Cyo Gkl 0ol dule ez idges AUSHIAliS l3le 5 o o1 ag8, Jaw odgs 5 Olympus T10 cy.)e0
el Gosb J S |y e o 5 4,5 Sl 4o ally ke glyieas |y A5S b ead (g pSegladl slad
& 5 Wioges arbme (520,558 bl a5 Gk 31 %0 5k 5 el S slessls Ak Ve ol

El s a5 olBiolo;l )0 gl zuls oS 5l o sl Cows (55l S 938 g, (slp 129 9720 slacds & s

! Navagio


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

YAy \\‘-Y;,L—.,.iur;Jw‘ﬁm,\i?‘fxywu;@;%;;

Sy 6yl S8 b, ¥ 5l eoliial b )] e Cpewn 5 (e YEL VYW YH slayl b a3 53) ommebs 105 S
AB 0 gz e ke Glyieas 1) e 5yl padEs gy 5l ek oy5lp e aiid) (he) (s)lopaddi 5 olisS
A0 ,S el e (610 paiss b sl A g9, 0aiSTy Dygedy aid S 13 S alad VY Olaise asid )F
Sl ools las 1) 78 MWl [0S b coe) (6)lo i g obigS 0y (gl 59i8 51 Jol> plxa! jiolie dslio
(Samad et al., 2012)
Sglite (SIS me5 sl Sy b s BB e Bl )3 (o) (098) Joe antd sl Vo0 Jlo 3 gigals-0lS
) bl g 5l 0,08 sleesls (yslaex il lsiear )l mygs S5l bl slecad 6l
9 995 ey 058y Joo obsS S (6l Fnd (g 5l 48,5 D0 Baioni )3 wged oaliiul ligS S p (6 5l S92
5y Jde SS9 <85 (b)) sl ST et b s sl e ST Gliee Julo g 450
] OAA—‘ Cewddy ) GJL.) M)f O yg0 GLQGL))‘ U"’L“" » o] 099 6;“";9-‘5 ij) L 03l A.J})

OlFse o 795 b g 09 oolial bl osilly crd b gblie ;o (gumy ¥ (gilo e sl Wlgicce (29, 0l =)
655 ous 0y DEM cds 5 31,555 Ll -Y oges dewlns /) 51 a8 slas L 1) o lo pS15 JS o
Looass 331 polar coaS -F Lano oo Ll 1) DEM coaS pudine jobay blis o515 iolidl -V el aslas
(Kun-Cahyono, 2009) <.l ,138 5l eas ogs DEM s 5 Gy g ails puiiins bl )| Sgils alols
Ly n o o J o sl 5 o558 5,0 a5 oo il sl 95 Bk o T+ o el
o) ol 5l oolital b g yeFoilail L O uSilis 5 1, bogyie e 5,8 oolil yio il & glis ) g glass L S
G918 15 5l nr 5 8 T s ¥ BT (6ol b T i (s 5 42 e S b o 3 05
b VY sl g 90 Ooel IS Sl yielly e ) 285 Sl e (Bl e e g e (250
b pll il JUs b bag] Slaisee s 5 e SLbL o Gilisee sloglis )l 45 5 caslin myer b
Lot oo dwle 10 7AAIVY Cdoay g 0503 SONYFB28 LSy Ko A (eg8) (yy90 b 055w 51 (g 10 p e
S0 31 el T35 by olirabl SablB 5 (sl 55 Sl s oisS s 5ol b Alsmgs lisal S5
Cawd o5gS 3y (5,5l 58 b ] oz dlee (6l 73088 Cdoay 55,5 solatul 5 e Gl Vo olul b S
o il 55958 (o Soi bl e 05l 50 1y ey cnl S804 Sy e b Lol Ll o 2L
Ot g SE U VY K a4 pladl e ol 118 Lo olgiedy 5 aulone g (hlo paiss o,k 5l a4
TARIYA s oaimoylid (ug, ¥ ,o zull anlie 0ges 4 3l (6,0 Se g piin] JUgh alwga o] Slaise
(Yilmaz, 2010) osb oo oyl JUg5 dlisg a5 (5,10 paiss Jlie ;o (5,0l 5528 o9,
S38le 5 50 e dnlne calidee slo by, CBS oy Gudz (] 0 layl o S o LBV YAY Jlo o o)) Ken g
7 ol e alols )0 T 0yd 5 5T g Jgl ahaiie Corlans (628 5o sl 51 3l 9y 5 S o0 00l
chis 50 (m Sl ghie o (50,8 ST L &5 Sglis (nl b gl (g wline 5 (6558 gy 0gd e e
gl sl 5 adyl mhw g0 LI (pn gancdie pbnil b (oS5 o9y 50 Lol 09d o0 dnlons x> o2 2oty


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://jeg.khu.ac.ir/article-1-3079-fa.html

[ Downloaded from jeg.khu.ac.ir on 2025-12-07 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

o Slles e a6l gl S s B 2L T\Y

o] I mls .l a5l g adgl mlaw g0 glas)l 5l as 5 5 soas oS 5l el a5 wles o ol (a0

OYAF ) 5 bg)og b b, pho & Canad oS )5 by, SYL o sauasylid
3 bt o8l aneej 50 485 Djgo lald il Guized 5 (Sl S Py (JolSS s 4 4255 b sy o0 5 @
Ol a4 ol oo, 13 o1 o) caredign S 55 0 S 05 Jlwn danugi g baosls 3l sla i,
S B Oldes pz ailbne K0 Byl 5loed Sbjyl s gy 5L 0 90 S gasme adgi sl Il ol 5l eslasl
0 sled 4 039> ool ooy 9 Aie Sl Gl legdge I plae I g )lo e e wiile alise slaess 50
30 Kadbgh ‘_gl.:b@ib; 3 eolazwl b S Olles por> auls o ‘531.3.)') 5 ey & GRS ol e oplply o,
3l eolaiwl 4 (g5ks iy, ple BB (g, cpl o el 0ald aBld D92 g0 S Sla g, b anglie

Soleaz Al e 5 lige 555 Sy oslial 50 I3 5 35 332y 6T 5 (530555 Cand S Sy
5 Jo dg0me (gwyiws b gladase jo 1, o] g5 co gilyas g aiils 13 den wyiwd 43 09,6l 45 el ol
50 3ks 090 S uSe slawi (g ls p wSe srolKin] slass g Joe b 4 o5l Ko g, cpl 00,5 olanul
S Gl 0550 oleo) 15 B (90 dlnge Ahold drslono gl g s Lo uSe 200 5 (Job gy ol 12
oS oide b gblie sl (SLol sleosls iginng 5l glal mp glpl (W58 alEl L Ol oo (mizmen ol

Dged 53l CedsS b oS (23Rl 5 ol

b9y 9 9lge
axdlao 8590 adilaso

Hebgr e 53 Glyee et Gletla g (wiige &5 25 oS e e3gaoe ;3 God (pl )3 adlllas 590 ddlate
L U a6 0068 4 pladl  Sole o oS G alwsgds 005000 (ol )0 000,85 obwl o5 15 (6, Ko b
23,5 900 5,0 p S e 5l e iz Aol o o S 51 g lade g ooged yie FIEXYIVEXY i E olal

el 0als ooy ioled (V) S )0 58505 3,90 (6,10 ,5065 g 00l 930 S 4y bgy o pglas

(s.a? Cams) 6)“5):"5;9 (w‘) Coms) S o A JS.».:
Fig. 1. soil mass (right picture) and excavation (left picture)
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Table 1. The results of videogrammetry, the Total Station surveying, and calculated volumes in the soil mechanics

laboratory (excavation)
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Table 2. The results of videogrammetry, the Total Station surveying and volumes calculated in the soil mechanics
laboratory (Soil mass)
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Abstract

Calculating the volume of earthworks in mines is one of the challenging, costly, and time-
consuming issues in the field. In mining projects, it is necessary to calculate the volume of
excavation to estimate the volume of extraction in order to plan the sale of the produced
products and to calculate the cost performance of the contractors. The calculation of
excavation volumes presents many challenges, such as the selection of the best
measurement tool and technique, the need to adjust maps produced in different time
periods, the existence of inflation coefficients and the volume to weight conversion factor.
Today, tools such as laser scanners, total stations and metric cameras are used to calculate
earthwork volumes. However, they are expensive to use and require an experienced
operator. Therefore, there is a need to investigate methods to calculate volumes in less time
with acceptable accuracy. This research evaluated the use of smartphones for optimal
volume estimation of earthworks. In this research, the image data obtained from the
smartphone was processed with a technique based on structure from motion (SFM) and the
results were used to create a digital terrain model to estimate the volume of earthworks. The
calculated volume differences for the earthworks volume compared to ground methods for
a soil mass and the studied excavation are 3.86% and 1.84% respectively, which shows that
the method used in this research has the necessary accuracy to calculate earthworks
volumes and considering the many advantages it has over traditional methods in terms of
cost and time, it can replace them.

Keywords: Close Range Photogrammetry, Smartphone, Videogrammetry, Structure from

Motion, Earthwork Volume.

Introduction
Choosing the best observation method for calculatingthe volume of earthworks in terms of
accuracy, time and cost is a challenge the appropriate answer to which will depend on the
conditions of the region in terms of access, topography, vegetation, residential context and
extent of the region. Therefore, none of the techniques has absolute superiority over the other,
and depending on the project conditions, one should try to choose the most optimal method.
Among the most important factors affecting the accuracy of the calculated final volumes are the
relative accuracy of determining the position of the sampling points (X, Y, Z), the density and
distribution of the points. The higher the accuracy of the observations, the higher the reliability
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and accuracy of the subsequent processing. Nest is the density and distribution of the sampling
points, which directly affects the conformity of the final three-dimensional surface with reality
(Raevaa et al., 2016). The denser and more suitable the points are, especially in areas with
extreme topography, the closer the 3D model will be to reality. In the upcoming research, the
accuracy of calculating the volume of earthworks using smartphones will be investigated and
evaluated in comparison with existing traditional methods. Unlike other methods, this method
does not require the use of expensive geodesy and photogrammetry equipment, and the device
used is a mobile phone in the data collection phase.

Materials and Methods
In the upcoming research, the volume of earthworks has been calculated using two
videogrammetric methods and conventional ground operations. In the ground-based method, a
total station is used to collect the required data. For videogrammetric data collection, a scale bar
with known dimensions was used to solve the scale problem and the camera capabilities of
mobile phones were used for filming. After filming, suitable images were extracted. After this
step, the images were processed and the desired surfaces were reconstructed. This was done
using digital photogrammetry tools. This involves extracting accurate and reliable location
information from landscapes, features and objects using pairs of digital images and automatic
matching. Next, the volume of data was calculated based on the DEM model. Finally, to
validate the results, it was checked and evaluated with the volume obtained from the direct
ground method.
Results and Discussion

In order toevaluate the results, the specific weight of the deposited soil resulting from the
laboratory excavation was determined to be 1650 kg per cubic meter. Based on this specific
weight, the actual volume of the soil mass was calculated to be 3.35 m®. In the land surveying
method, the surface was adjusted to the depot and the pit, and the combined method was used to
calculate the volume of the earthworkbetween the two levels. In the videogrammetry method,
two operators filmed the pit and the stockpile with a smartphone camera, and the frames were
extracted from the video at a frequency of 0.5 seconds. Two control points (distance between
points) were used to solve the scale problem of the dense point cloud, and two-scale bars were
used to control the scale of the model. The actual length of the two scale bars was measured
using a digital caliper and the values of 0.517 and 0.401 cm were read. In the produced model,
0.520 and 0.405 cm were obtained, which indicates an accuracy of about 3-4 mm for the model
produced from the soil mass. The same process was repeated for the pit and the rod inside the
pit was measured with an error of 6 mm and the rod at the top edge of the pit was measured with
an error of 2 mm. Considering the same conditions, there are several possibilities for the reason
of the increase of the error of the bar inside the pit: 1- Difference in the number of photos in
which the scale bars are visible 2- Low quality of the camera 3- Lack of homogeneous accuracy
throughout the model. The volume of the pit was calculated to be 32.66 square metres by total
station and 32.056 square metres by videogrammetry, a difference of 0.604 square metres. For
the soil deposit, the volume obtained from total station is 3.10 square metres, which is 0.19
square metres less than the soil volume obtained from the laboratory. Similarly, the volume of
soil obtained from videogrammetry is 3.21 square meters for the first operator and 3.23 square
meters for the second operator, which is less than the volume of soil from the laboratory for the
first operator and the second operator by 0.14 and 0.12 square meters respectively.
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Conclusions

In this study, carried out on a soil mass and a pit, in order to evaluate the accuracy of the
proposed method, the volume of the soil mass calculated in the soil mechanics laboratory was
considered as the real value and the results obtained by the videogrammetry method and by land
surveying based on it were evaluated. The analyses carried out show that the models of soil
mass obtained with different cameras and by independent users are almost similar and that the
small difference between the volume obtained and the number of points of the models is mainly
due to the number and resolution of the images used. The difference between the
videogrammetric method and the laboratory estimation and land survey for the soil mass and the
pit indicates that the results of the methods are close to each other. In this research, two control
points were defined and used to scale the model, and two numerical scale bars were used to
control the scale and its homogeneity throughout the model. Considering the difference of 2-3
mm between the actual length and the measured length of the scale bar, it can be said that the
model has a homogeneous scale. However, it is necessary to carry out experiments using a
network of points scattered throughout the model with a known position to control the scale in
vertical and horizontal modes.
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