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The Estimation of Soil Conversion Factor

Using Digital Photogrammetry

Sang-Gi, Lee

Department of Civil Engineering, Graduate School of Industry,
Pukyong National University

ABSTRACT

At the large scale of construction site related with soil larceny, soil
conversion factor may give great influence on construction work
volume and construction costs. However, there are a great deal of
difficulties in the calculation of the exact surplus soil volume and
insufficient soil volume by adopting the figures presented on the
generally used design specifications which are not the results obtained
from the selection tests in calculating the soil volume conversion
factor. Therefore, it would be desirable to calculate the soil volume
conversion factor by carrying out large-scaled site test adequate for
the relevant environment.

In general, there are various survey methods for the survey of
terrain such as vertical&cross survey, measuring the level of slant’s
conversion point by Total Station, and RTK GPS method etc.
However, the terrain feature of construction site may be changed

irregularly, so digital photogrammetry method would be more suitable



for the accurate volume estimation. Digital photogrammetry have a
advantage not only could process and obtain object’s digitalized
imagery but also handle and print out on personal computer
environment.

Therefore, this study aims at calculating the exact soil conversion
factor of cutting and banking areas of weathering rocks in
large -scaled construction sites using digital photogrammetry.

As a result, soil conversion factor of cutting and banking areas
estimated as 1.296. This result of soil conversion factor has just 0.01
difference between the field test which using sand replacement method.

In large-scaled construction site which have irregular terrain shape,
digital photogrammetry method would be more efficient for the

estimation of precise soil conversion factor.
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AT A e RG-S
d7 metric® 7AW EtE A}43
Table 3.13} 2t}

g=a7] et Ful 2= Rollei Aol A A=
Qom, 7vete] ¥4 2 ANE Fig. 329

Fig. 3.2 Rollei d7 metri¢c” Camera

Table 3.1 Specifications of Rollei d7 metric’ Camera

Classification Rollei d7 metric”’
Recording mode CCD recode
Shutter 1/8,000 sec
Focal Length 7mm
Dimensions 151x102x106 mm
Weight 650g (without batteries)
Pixel in X 2,552

Pixel in Y 1,920

Sensor in X 8.932

Sensor in Y 6.720
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3.2 7t AA
B AFo M #Zdo AlE9 Rollei d7 metric” 7 ete]l d=28 A=A

s Y%t Ade AWt Fig. 3.33% #o] ¢F 8mx5m HE HHo|

4070 AFEAE FAea, F5EY 2 Swingdts WIHAIIIHA 12%

swing 90 zg . swng 270

swing 130'

Fig. 3.3 Test Field for Correction of Radial Distortion
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et HAAR Aa"e 5 wiyfHsES =4F o7 YEJY Fig
349 #o

Table 3.2 Data of Camera Calibration

Calibration [Rollei d7 metric” Cameral
cK -7.422 mm
xH 0.6875 mm
Interior vH 0.0998 mm
Orientation Al -2.1884e-003
A2 3.5727e-005
RO 3.00 mm

cK : Calibrated Focal Length
xH, yH : Coordinates of Principal Image Point
Al, A2 @ Parameters of Radial-Symmetric Distortion

RO : Radius from Principal Point when Radial Distortion is zero

dr (10 meter]

1.2 224 ' 3.36 4.48 r[mm]
-18.66

-37.32
-55.98

—74.64

Fig. 3.4 Profiles for Calibrated Radial Distortion
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S A% ASAEFe] RA L= Fig. 359 #,
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Y
¥

4.5m
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Fig. 3.5 Diagram of Digital Photogrammetry

_25_



s

3.6 Removed Shape of Surface Soil

.
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F

Fig. 3.7 Shape after Excavation
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Fig. 3.8 Shape of Target Installation

tation

Fig. 3.9 Measurement by Total S
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EE A g A= ARSF S/W F ST e 2 dl=9
AE st dxje] Holgdo]l Aar, Tt FokellA @e] &85 3+ Rollel
Metirc CDW(Close Range Digital Workstation)& o] &3l 5% A&
of FAFAANM 4 FHHY 3Ad ARE BESAYC o8 AH A
o]213t RolleiMetirc CDW 53t3E £ el F3x H 50 &ol
b opyel AmrAY) BE FA
e Altkol 75 abtt
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32 #HEe] AFEE 457 fa EgxdHolde o FAH JE
A HaAAete] Aeolz2 vluwetddth 4070 xel AAA T1EH A}
3t RMSEE 443§ A3, Table 333 o] XWegoZ 1.085mm-~
4512 mm, Yo 2 1.058mm~4.440mm, Z%&o 2 1.213mm~4.441mm2]
RMSE #X & YE A

Table 3.3 RMSE by Each Place

Section| X(mm) | Y(mm) | Z(mm) |Section| X(mm) | Y(mm) | Z{(mm)
1 2.016 4.125 4.001 21 2.005 3.164 3.124
2 2.784 4.015 3.587 22 1.963 2.887 3.058
3 3512 4.003 4.025 23 1.547 2.547 2.956
4 3.333 3.598 3.660 24 1.332 4.440 3.125
5 3.527 3.678 3.128 25 1.113 3.005 2.887
6 3.332 3.885 3.458 26 1.085 2,125 3.666
7 4.412 4.424 3.125 27 0.996 1.058 4.031
8 3.985 4.055 3.664 28 2.421 1.889 4,441
9 4.001 3.631 4112 29 2.598 1.635 4.226
10 4512 3.457 2.999 30 3.547 2.488 3.956
11 3911 3.558 2.775 31 3.215 1.336 3.578
12 3.162 4.021 2.645 32 2.951 2.009 3.100
13 3.032 3.446 3.212 33 2.885 2.012 3.008
14 2577 3.872 2.657 34 2.645 3.087 3.655
15 2.669 4.123 3.587 35 3.057 2.645 3.258
16 2.535 3.465 2.001 36 3.621 2.453 3.002
17 2.121 3.127 2.018 37 4.013 3.085 2.557
18 1.817 2.884 1.578 38 3.463 2.776 2.613
19 1.906 3.557 2.057 39 3.057 3.425 2.966

20 2.063 3.996 1.213 40 2.559 4,059 3.225

_29_



3.4 AAHAA

oleig AzAe el o8 A4d
stol 4074 FHAYPEES 73

T 2

Table 3.4 Result of Volume Assessment (Cutting Area)

. Weathered Rock of Cutting Area
. Test Location Volume (m®) Test Location | Volume (m%)
™ 1 | 5782 | TP 31 7.7166
TP 2 6.906 TP 32 7.223
TP 3 7611 TPE (R
- TP 4 1249 TP 34 6.910
TP 5 7217 TP 36 | 789%
TP 26 | 7.062 TP3% | 67
rez2r | - 7.950 TP 37 6.121
TP | san | T3 | 6962
TP 6909 Tt 7052
TP 30 7195 P40 | 7152

Table 3.5 Result of Volume Assessment (Banking Area)

Wedthered Rock of Banking Area ]
Test Location | Volume (m”) Test Location Volume (m?*)
TP 6 - 8.736 i | 7846
T 7 9.051 _re1r 9.335
TP 8 927 | TP 18 8.660
TP 9 9.462 TP 19 8.237 N
TP 10 8959 TP 20 3.609
TP 11 69719 P2y S 9158
TP 12 8.944 4o TPz o 8716
I'P 13 8.526 re 23 8.813
TP 14 8.479 TP 24 8.346 i
TPIS | 7137 TP 7366 |
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= AT olEA 2A8 AHE A58 e A EEaHolA
of 9 MR FAANSZFV|HA o3 AHE vmerh. 407049
T S 3R i AAgs 45 A5 A, Table 3690 e}
WA o] el e AiiAEE W 05% 2 AFEH A

Table 3.6 ComDanson of Result Value

) o Dlgltal Average | Discrepancy 3 Relative
Location | Total Station 3 3 . Accuracy
Photogrammetry | (m”) (m”) i (%)
TP-21 9195 m® 9.153 m’ 9.174 0.042 046
TP-22 8756 m’ 8716 m’ 8.786 0.040 0.45
TP-23 8865 m® 8813 m’ 3.899 0.052 0.59
Average ; 0.50

a3y olEA deE A 7 AT A" 70~100719 AR g

~

1S ol 4ste] AAE AL vwdt FozH ALY 339 HAS A
g3 AFsted B2 oy go wer
kA, & AT e FAADSHIIEA s ARE MA ] %

& WA §jstd H Z8o] FdiEa U= 3D #olA Ay AE
ob Wl - EA Ak 3D dolA 2 ARe 1dEe 3A4Y FAR
o] 80| 7bsd wik olvel AUd DEM % DSM A zbe] 7bsd 3
dol e, 43 Be AR 339l Ame] FH 50 &o]dith,
ol & 913 Fig 3110 et A7 o] FAwsdo] dojHoz ®ol

vy

O
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of Waper AAex el HAE AAS AT E£3 olgA A AHE F
A Aol Wasted AASE FAASFHI|HA ot AFfe} v

pAgo M, £ 9 A4 oe ARV N A ng s

Fig. 3.11 3D Observation Area by 3D Laser Scanner

351 FAAAEZ7 Mol o @ #3235

¥

G dAE AR HAEE 33 AR5E o] &t ZF oA o
of g 2k A 5o AA B AAGe Bukeh A Ao g Ak
& Table 3.7 YEbH A3 2o w3 670 3 T HEAQD 3o o
gk 2yl A - 9] 3D surface 842 Fig. 12 ¥ Fig. 133 #rt}.

4
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Table 3.7 Result of Volume

Test Area Before(m®) After(m”) Voé%r;lgit?inr;?gl%al
A 429.358 416.224 13.134
B 727.449 704.095 23.3%4
C 416.882 400176 | 16706
D 340.595 324.072 - 16.532
E  774.704 753,628 21076
- F | 161175 1652962 | 24.763

Fig. 3.12 Shape of 3D Surface (before Blasting)

Fig. 3.13 Shape of 3D Surface (after Blasting)
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352 3D #olA 27l oa A=Aw

oA A A" 3D #Ho]A 27U E Canada Optech AFOlA] A %
g ILRIS-3D 2 9d& AFg3std o, 3D #ojd 2y 34 2 Ad
Fig. 314 % Table 38 vetd A} Zrp & Aol =0 H9e= 4
9 40°, Hd =48 A 5% WAMElA 350m, 20% RHARE oA
800m, 40% WHAEolA 1200melw, F4 2= #H A 3mmelth 27
e 2T 2000 EJEC|W, A WEHE ALEste 6417 o]
Aow AT F AL, BFE FHE A FAste ATz 3
oMol zdAdol Wi $Fatth. 4~ PDAE AMEEe &/%

2 2 Ubsey, mEE AFEHE o83 f/F 24 shssoh

Olt
-

r

—_

i

B

il

=7

A

i

Fig. 3.14 Shape of 3D Laser Scanner
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Table 3.8 Specification of 3D Laser Scanner

Instrument Type Laser + Receiver System | Lidar
Model No. ILRIS-3D Opetech,Canada | Intelligent Laser Imaging System
350 m 4% target
Performance Range - e
800 m 20% target
Data Sample Rate 2,000 point / sec
4712 50m 7]5Eolv
Accuracy Modeling Accuracy 3mm | _ N N
—_——— e —— J— %‘Zé /] E] O]] H} e‘“ s}q 9—1}%7}-
Angular Resolution 0.00115° 4”)

Minimum Scan Interval = S = 0.026R

' Spot Size D = 0.I7R + 12 :

- - = 547 (m)
Metrology Method Time of Flight Pulse H4
Dimension - 312x312%205.05 (mm)

Operating Temperature () ~ 40° J

7t ggAelel 2lolAl 3D el Aol e8] o 100¥He] Abw
B4 3349 ARE ANY 5 ol9on] o W wa - Fo| A4
9 oAbl el dsheh Aol tE A Table 3900 vhehw A}
.
EA93} FAYel vla) A~DAGe UT 238% Bz 3D doln 2
AVE ol 83 HHNME shtel Frroe Agstel 1AM Agstact

M

%

Table 3.9 Volume by 3D Laser Scanner

) ‘ Volume of
Test Area Before(m®) | After(m®) natural Remark
o Conditions(m’) o
A B, C D 103.02 32.78 70.24 A A =0
E F 53.12 6.78 46.34 o A =70

_35_



353 A3 A

A FAAAZD olF P 3D oA AU @
el ARE 4EAFE) A 2 T dojA wal oF 4
BA4gez BAST. #AA%, Table 31000 b 23 o] @ajol
de Ao ASEE W 092962 AHEHA

Table 3.10 Relative Accuracy

Test Digital Average | Discrepancy Relative
3D Laser Scanner .\ 4 Accuracy

Area Photogrammetry | (m”) {m”) (%)
ABCD 70.24m’ 69.726 m’ 69.983 0.514 0.75%

EF 46.34 m’ 45.839 m’ 46.090 0.501 1.09%
Average 0.92%

oleist A= B rAsHA st AP dofA HEG AHAAE
A FAAZSHZ|HY] @8 EE HAFI oy, FF 3D #HolA &
A B3 2 ARD guiste] AAZ nelw ATt A58 A, &
Aol QlolA FARS A4S urk Behgeln TR0 FYY &
A Ao g HuHAT
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e
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42 AAE o] &3 EFHAAF A

EFRNAFE W) Astel ol w3k A - F 107 AG F
HAEF B F AMS Fara 430l o8 EFBMAFDLIL Table
415} 2t

Table 4.1 Soil Conversion Coefficient(L)

Section Loosed Cfndiﬁon Natural (iondition SOiéoi(f);;Z;Stion
(m”) - i (m™) L)
A 22.328 13.134 1.70
B 32.142 2;354 1.73;”77 |
C 28.735 16.706 7717.727777
D 28915 1&%3% 175
F: 28.;80 wow 1.69
F 1;57.619 - 24.763 1.44
G / ; 28.999 21.201 7 1 %7 7
H ‘ 29.306 20.875 1.40
Iiv R 31.522 18.220 7173 o
J 23.329 _ 16.545 1.41
Averag;_. O B -~ _
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