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Fig. 1. soil mass (right picture) and excavation (left picture)


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://c4i2016.khu.ac.ir/jeg/article-1-3079-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

Y\f \f-YQk:....iUVij‘rh.m.\l?‘&ﬂxywuﬁxﬁ)‘g);}

oolaiwl 0,40 ool
cJl> o Leica TS09 R1000 yiccwl Jbg5 alwgar oo cubls pp blas Jolds gudims )0 oolatwl 8,50 slaosls
iPhone 13 Pro 4 Samsung Galaxy A51 Joo weign ol 5l eolatwl b ool Las slaels o 552508, sy
sbaltles 5l ool lsn 6l aBbe adlae ggdee oS 5w
S8les g segbai 5l gan ¥ Jae adgi g gingg 5l b 8 2l sel gl o5 4 Agisoft 5 Adobe premi
20,5 oolatwl 5 Slastie b (6,5 50elS dwsgay ploxs! acwl=e 51, AUtOCAD Cvil3D

Intel(R) Core (TM) i3-8100 CPU @ 3.60GHz
Installed RAM 8.00 GB

G (M9
—aid Sldos mls byl Gua b S0 4 a g5 b cwsl ool &8l)1 (V) UK jo Budiod () 0 a8 5 & g0 sl
50 &S al pll Gljen Oygods mls Sbj)l Bae b g kel Sang o piaciwl JUgs 5l solainl b sy s)lop

Al dole 0ols prissl ol ol e aslol

O] JU o5 (509 S 7ol S gdaag b
y y
bdlos Cosd ey | S bl s
6ol pacis slaolKiny! Elas SRS 290 5 ) J=s b
ovbo
y y
‘ -
5 oolizal b coslin 555 5 o515 b blis sl ‘5’1”'“’19
) reiiens (B9, 4 (pdel JUgS oo b ol oo
20 Ty
y y
sl Cgz o il bl ganedia alosl ox T8 alol g b LU e 3 G55l
o DEM wJg
v

2l (9> s g 0ud odes DEM a5

Sz Sl g )

il g5 b (61 patds 5 (5 el S g by 4 (S Slles pa dsle an] 3 Y S
Fig.2. The process of calculating the volume of earthworks by videogrammetry through the Total station surveying
method


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://c4i2016.khu.ac.ir/jeg/article-1-3079-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

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

oolainl S Ollos pox> dnwlre gl 1 (sino) SIS gla g, 5l Budod ol [0 050 )T o lil a5 aisS lan
sl JUg5 51 0ols (5 y5lanz (sl (Sny gy 0 9ged dmlie 00ls 6y L 1) @l s b cel 00y S
—ojlail auly p olws (g S oslail Lulul S ge ssliiul j3d Zee 5l alols (5 S oslail (gl 4 Canl ouls el
Doty oliws ol 50 55 Gl o8 Ll el gl gz @ j5d b 2dlye g Jle)l e gl 5
I ol bl (15 L Aalie BB soé 5 55 lomn plonl dralone (sl bl 05T sl ok o) 455
Sl 99y s8Il b plael gohaw 50 plral anale (loy ;5 (g (nl Bl IS5 sla s,
el aisly (XY, Z) Slaize lyls bl slaws 4y e job 4 pox> dwlxs 9 o) s Gioles <80 15
555 a5 5 3 ol s s S5l a5 A3l oy o s aSTyie bl 5 i Sl a0
@iy g oloy )3 (2ezadre jolie 4 piiul JUg ) eoliial b gl clllsp el Jgene jobas g aaly>
shls oS Jolgd jo aS bla 1 g bysdll s da ol Jl las do SeaSs oy aige blas clloy o s
oiiine (33550 Gy Sl Sl 5 s b e sl K andl ail e s ol ol )| Ol
olyar 4y 55 1) ) Oledbl Sl al5 g 00,5 wal,8 1) canlio cdo g 0L ST L oads plolid bl condse
oduzn dwdid S 4 bg e sosls I g0l polie a5 peiias S8l il g cpl ol Coje a5 ls
Pl drnls oy o Lo j585 50 5 00g Gl JUgS 5l yiion sy Sl 5 ol angs anze bl Lol
s 4l ol ey dlie cpl 5o JJo e 4 i85 ooliiwl 0,90 15 Lo

2 e SlaBie b e (6,0 paids o] ¥ ol jo cpdotul JUg alwgas Sledbl (5 y5lans al> o 40
3 SRR (s8Rl b e 33,5 Sl (5100095 5 S g0 (sl oad i85 LS 5 0dgae Sl
as lp oSl e cll> o B Fagr ciloy 4 g0 Free Station o goa ol A g g canlie coadge
ey 6,50 5 Jled Canr (Ko oK ¥ 53 (90 Touzme SIS 530 5 5,00 2055 planil | g 00505 el lans
Oygods blas Clils ;0 a0y (b Codle 4 az gl bl plodil bls cublo gyt (5155065 9 g0
Bro gloy all o955 65Vl Coro g Glawbl il 5l alols aeci B 0yo S Jaore a3l s g o515
lr 5 O T (6500855 5 25 (Al 5 adg) blis cutls ) (a1 s Slilae JolS plonil sl o
Y B o g alllas jabas oad cudls y bl o)l paiis Oldes sl 2l 5l G auslxl Jobo 4y adBo £+ olaS
59 0313 Gl aladi 09,5 0 4 (ordaw 5 0ad JleS 18 )l3le 5 50 (6110365 5 920 sl gl 5 adgl blis o9 S
Sligale] Jpa> 5 s 3ol | oy 555 2ol gl 5 00955 oo JolS 5o & 0 08ls il s U5l 25T
23,5 dbre o 99 ey (S Sliles o bl b T Gl 5 (o

Jolse nlo Sl ol Sged anglio SGuSe L1y il by 9 (e )l padds (hgy &8s lgt &Sl
—ooly o b aST > o o 3l e Al (gl Sglite sl l33le 5 j0 oads oolaiwl o, oS! judas 38 56
@S & Wl oo x> sl (5555 Sla e, 5l 9 ok Lol Jl38le 5 S L Sl eslainl 5 (LS (53959 sl
Slr Ghey rl 5l ety ple a4 Cund (oS 5 el SYL GBS @ az g b dlie cpl o 09d e (Jolite

Sy 2o 5 Jrte )l paised b 93 o (85 e B b (S sl 5o s S esliul pln | aulore


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://c4i2016.khu.ac.ir/jeg/article-1-3079-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

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

=L.‘>|.)).v ral.‘}p‘ wl?ua Le (Gbuj)o .la;‘s) )‘ oolaiul ‘bd.c) C}]a...u 6:3‘5 L_SLQG\)‘Q )l LS)jcj'ef la 9 (WMB—‘) ol
JolS Bio Gan gl (nl 0 45 050 a2 4SSl 4 b 65l S Bang by 4 03ls (sl aex slp g s
3, S 4 by cun) (098, Joo odgy 5l Buas aSl @ axgi b bl ed 4 091 S (6,0 paiidts Olles
T ol drulne Ll 5 0095 ol (09,5 & e ey @ 5l (bl dloe o arnlne o lo 2055
S S oslail b Led )b s alols (o8 )b o Slaise gloas a5 Oglas pl b oS solaul (lgs co 5 OS5
B o A 53 ()0 g 9,5 5| 8 5 anil 385 5 Lasute LS Jsbo syl sl (biie (slaalie 35
S50 ooledie glvales ol 5 ol olal a4y azgi b g el lasi 9 (SaiSTy b b polee sla sk (nl wigds ools
3ol oo Gyloppdd > e o aiil wlide bl 5l (Sen 8o Gl tod (69, bl ples U as 8 13 colai]
ol o ali glo o865 (1ay90 «$595iST oolall Byl o p 4y Az g3 L o,S colaiul ol e ali o 50 slac L8
aod> HDR cll> ()5 gals g oig; b g Omysd 93] e o olyed 85 (90 59y 2 )5 J588 cales
o Old 4 Wlgh oo a5 caiwd 395 ol ped Al o9 ol Ll ST S 4y 0B ]S 65 el Lol 0y )5 0
Ad o2 4 SO0y s S Sl Sl g il |, Sligen als s aijls alol o 5l Lo a5 Sla g
dapld 5l oolaiwl L YL cdo b gon ¥V o gilusl olp ol mile copl 0 ogdle aims o (38l 1) islo g yle
yol> J> o (Matuzevicius and Serackis, 2022) &g b ailes oo a5 canl (>l mein] loes )8 coiS
ol S)go onl 4 ad adse gl cudsS il o0y ghas 5l alops,d 0p5d CellB L (55l (5518 sl )l 33le
oy 00gaome ;0 o 3 51 oby olawi b g g5aug 51 ma 8 SO zlhenl Gl s 5 (13550 l58le 5 50 gaus
bl ogs ob,bLs plxil (6,0l 598 slo,l58le 5 4 polas JES! b s .Cls alss 0925 ol Sl
slas 05 o5 5 g bla Glatse s Boa b g 31 65,0 e ol 5l o 3igd 0 gl y5ein] oS
Sy, (o)l cwaie s3leil gl 00,5 o solitul andl atws SSi,w 3l b WSe 0 Reprojection
b oSTyte bl 51 oolitul b (gm ciiead a5 3,50 (o)lse 5l ataenS blis (g puSojlal o (iiee 13T (6 el Foz3
45l ks (SB Slles pon s 6l 95T 0500 03l Guled i ¥ Djgot (B)lse il @je3
Shoolanl b blas g5, 5l MeSh L mlaw o il oo ad)le osims JSas bla p gudaie 5 4, LSS oo
3,90 ool JBg5 g, 5l ol Cawsds p b il Como JuS glp oL 5o g pll ganidie slapi 63!
o g gl
@ pldl SOl Jo oS SO awsay gl 0o )5 oLl a5 wieS len golprinn (Bs, (gilwosly iy
3L 3o dbml Gl 5,10 ,065 3l Jols S (5 laie moges je FIFXYIVeXY o 85 slal b oo (5,10 0065
039 o a2l gl paisei 5 JsSul b 385 85055 5l 9 9B s peS oeelS olRs S

Al pgaze (g b adss 84y 0al Cllo p ol JUg aliwgds W ] o a5 Bl e (S, cogate


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://c4i2016.khu.ac.ir/jeg/article-1-3079-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

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

Olpeds S 7o YITO Jlade sas cnl 3 G5eelS Sl (s mea® 5l g el oS e 0 5 0 S9kS 170
b ad)S L s SI SEle by (o295

adsl blis 05,5 55 B ;0 5 alss TXT oo b boppinl JUgi b oad cudls p bl (e (5l el (35, )0
a b TIN ganedie s, gle g wias CIVIl 3D I3l 5 515 (550055 5 Sgys sl sl
Swap edge, Break line, sla)lpl 5l zhw 2ol Gl ol osls (ilp 8053 & jsoas gl 51 05,5 0
ovgy 5l oolatwl b wiamdly b 9,5 sldail 5l laebl Jga> 5l ams g aslol jo .ol solazw! Add/Delete line
> el Cewdts b sl Jigs addss 5l g JS 00,8 dislre gl 50 o (S Slles o2 oS
o)lss ok )lgenl 55 oad enled bl oST5 Lo g)loposS sl g 4k Ve S g ol WS
2w ol e I salel Cuple 4 azgi b iams (33l Bli a1y prlio 4yl grlans Sl 5810 5 (5l 058
s Sy 3l Jel (Srz S da Soi09m 9 ()95 ) s )lgeal (s Sjgoh lng plxil L
o | St Oge o kb a5 Wl 4B VP B o] od poley Sl el e 5 Bsd Joe (610 p085
55 00 sll gl zshn Sl Jolo gl b alys plonl 55aS lej 53w 3ysle Ny J5 S e
el oo ooy Las (V) JSKG

(@) (<l
S 520 () ¢ 5,103065 (@ 1 oo o dgs gam ¥ zshw pglay ¥ S0
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Table 1. The results of videogrammetry, the Total Station surveying, and calculated volumes in the soil mechanics
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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.


http://dx.doi.org/10.22034/JEG.2023.17.2.1019281
https://c4i2016.khu.ac.ir/jeg/article-1-3079-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2025-12-09 ]

[ DOI: 10.22034/JEG.2023.17.2.1019281 ]

227 Journal of Engineering Geology, Vol. 17, No. 2, Summer 2023

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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