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Fig. 2.6 Coordinate determination using the ratio of similitude
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Fig. 2.7 First-order derivative operators for an edge detection
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Fig. 2.8 Laplacian filters

Edge First derivative Second derivative

Fig. 2.9 Derivatives of an edge function (McAndrew et al., 2010)
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3.1 B4 35 Al

Zhelete of AT AT E JHAE UAE LSHEkARA Fh2; Nikon
D200S ©]-§3} 3L, #EZE Nikon AF-S DX 18-70 mm (f/3.5-4.5G IF-ED)

2 Agsldth AEE Azt AdnHom ASHE BE F AZRLA,

23 Ag 18 ~ 70 mn, 32k 76° ~ 22°50°2] WLE JFHY & 3.1, 32
Zk7b sheetel Alzo] AU ekt ek 3
716l tiste], 22kl FEAEIIEE o] 8T ATole
g 22 o] AoFoE I3 HA AV|(S)e A4S olgI g, ¢

s

rr

AAAZFE S ol §F ATl Ao 2L F3L ol &ALk

Table 3.1 Camera specification, Nikon D200

Camera type Digital single-lens reflex camera

10.2 million
RGB CCD: 23.6 x 15.8 mm
Image sensor . o
Total pixels: 10.92 million
3,872%2,592 (L), 2,896%x1,944 (M), 1,936%1,296 (S)
The equivalent in 35 mm format is

Picture angle .
approx. 1.5 times lens focal length.

Effective pixels

Image size (pixels)

- 29 - X 2-th



Table 3.2 Lens specification, Nikon AF-S DX 18-70 mm (f/3.5-4.5G IF-ED)

Focal length 18-70 mm
F-Number 35 -45
Maximum aperture /3.5 - 4.5
Minimum aperture 22 - 36
Picture angle 76° - 22°5(0'
» 15 elements in 13 groups
Lens construction > Three ED glass elements
» One aspherical lens element

32 23Y 3= B4 2

22 = BAS 915ke] Split Desktop= ©]-83F T Split Desktop
< Y dE £X 4 dE zEOgo A 23l A =

@ 34 ZEadelth 94 A5 A 2AYY AEE VY BAE B

& (auto-delineation)2 3 1212082 YAEES AAEZS F=3¢. v
o2, 12 A3zl st AREAS] dH S Tt 23 AA A A
(manual editing)= T3y &, A7 F4S Tt ALY HF A=
X 4 ARE 9A . 19 3.1 Split Desktope] ZZ 13 A
T£AE UERITH
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Image Input Manual Editing
Y
Scaling Size Analysis
Y
Auto-Delineation — Output

Fig. 3.1 Flowchart in Split Desktop

Split Desktop2 HIZ& 22+ FdAelol 7Ivte &4 7[He, Z=27
S8 A AE A 22 SAelA Bhte 2 BRo| ofg] sjel e
252 UAAY, Bz oy e A2 EES0] stue & 252
Z AAE=E A7 HAE £ Atk (Liu & Tran, 1996; Maerz, 1996;

1

A )

Ozkahraman, 2006) ©]= UH&E9] 23 FFAZ7IHES o] &3 227
Wol A Wwls WAG s EAdos ded Qon wed AeRe] o
9g 59 A4 274 AYe) Fol8 s} @k
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19 329 2ol dMe AR & FHE st HHAos wjxT
Split Desktop= ©]-&3te] A= XS E45ATh FAel @
= 27 st Aedistn c#=

= e
Aol % 39709 e FRSAT $4 F2E o8] 2 grael

S
& SAsA=H, A4 A 4 =52 6000w ~ 13,000em2] -]
TEE How F F= f 170,000em0] AT

Split Desktop®] &4 A#=E A|FHE= WA HARE A% 27, 24
397 B ARE X3S Case 18] A5 837l Case 22 ZH-$ 10070
o] E5 HRI} FEHAO. Split Desktop ZZ13H 0] |4 Ayol= ¢
A AR ol 8" AAANY WA mAd AV|FS JHAH HF HFH

Aol ZTFHERE AA EFFEY ¥ B2 ARV F2E Zow Ad
19 3.3 Split Desktop= ©]-83 A A& AFE HoAFEoh

1% 3.4% Split Desktop ZEIHNA A Fdt= HZ a4 ARES
o1, Case 137 Case 2] W5t M= w4 W AHIF x3H5
A 25 o]t} Case 19 4% THE 20% N4 AL 167.24mm, F 3-8
50%°1 49 2742 24531mm, F3-& 80%°l A1 272 328.80mm, F3}-&

=

g
fz

i

100%° A1 8] 217 & 487.65mM= LA EHATE Case 29 A9 FHE 20%
ol el AL 174.02mm, FIHE 50%A] AAFL 242.44mm, FI-E
80%°l A1 2] 2173 322.83mm, F3-8 100%1A42] 2| 7H-L 488.64mmz H-2]
H Ak
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(a) Case 1

(b) Case 2

Fig. 3.2 Scattered blocks of different arrangements
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CUMULATIVE SIZE DISTRIBUTION

size [mml %
100 1505.00 100,00
1270.00 100,00
£35.00 100.00
3E1.00 31,08
254.00 53,67
an 203.20 32.94
152.40 15,38
101.50 4,08
£0.80 0.12
36.10 0.02
- L 25,40 0.00
5 19.05 0.00
& 12.70 0.00
E 9.525 0.00
£ 6.350 0.00
a0 4.750 0.00
1.933 0.00
0
P20 Size (mm) 167.24
PS5O Size (mm) 245.31
o PEO Size (mm) 32&.80
S00 1000 1500 2000 2500 3000 3500 4000 4500 Top size (mm] 487.65
Particle Size (cm) a— =
SP'_"E academic valsmnE
(a) Case 1
CUMULATIVE SIZE DISTRIBEUTION
size (mm) i
1oo 1905.00 100,00
1270.00 100.00
535.00 100.00
281.00 90.11
2E54.00 gE.21
a0 z03.20 3z2.08
152.40 12.45
101.&0 2.52
50,80 0.0%
35,10 0.01
. 60 25,40 0.00
s 13.0% 0.00
& 12.70 0.00
E 5.528 0.00
2 5.350 0.00
@ 4.750 0.00
1.999 0.00
0
P20 Size (mm) 174.02
PEO Size (mm) 242.44
o F&0 Size (mm) 32z.83
S00 1000 1500 000 2500 3000 3500 4000 4500 Top size (MMl 488.54

Particle iz (o) SP“I ﬁ;m

(b) Case 2

Fig. 3.4 Size distributions using Split Desktop for scattered blocks



34 Tl o] @ T = B

O% 359 Zo] A miAE ZElste] trFEHE wA g § 9
T BYS Y59 Y. 1™ 3.62 Split Desktop= ©] 83k HA Ag 2
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(a) Case 1

(b) Case 2

Fig. 3.5 Heaped blocks of different arrangements
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Fig. 3.7 Size distributions using Split Desktop for heaped blocks
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Table 3.3 Errors between the water tank measurement and the Split Desktop

analysis for scattered blocks

Maximum Error Error at D), Mean Error
Passing
(em /%) (em/ %) (em/ %)
(%)
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
50 - - 7.46/31 6.14/25
8.12/34 8.43/36
100 16.37/57 | 16.68/58 - -

Table 3.4 Errors between the water tank measurement and the Split Desktop

analysis for heaped blocks

Maximum Error Error at D), Mean Error
Passing
(em /%) (em/ %) (cem/ %)
(%)
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
50 - - 0.63/3 2.45/10
4.08/17 3.67/15
100 10.04/35 | 11.52/40 - -
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(a) Case 1

(b) Case 2

Fig. 4.2 Modeling images using a PhotoModeler Scanner for scattered blocks
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Fig. 4.3 Size distributions from the water tank measurement and the

PhotoModeler Scanner analysis for scattered blocks
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Table 4.1 Errors between the water tank measurement and the PhotoModeler

Scanner analysis for scattered blocks

Maximum Error Error at D, Mean Error
Passing
(em /%) (cem/ %) (em /%)
(%)
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
0 2.18/22 - - -
7 - 1.23/9 - -
0.51/3 0.39/2
50 - - 0.04/<1 0.98/4
100 1.31/5 - - -

413 TA4 = 4 43
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= 2

3t A4 A (Surface Based Estimation, SBE)

- 50 - A = TH <



o, o
r>~
hins
__>‘.1_|‘I
>,
™
AN
ol
N
rE
ftlo
o
oo
ol
£
n)
=)
o
AN
e
J
ﬂl\l‘l
o
=
i
o~
lo

=
g 4% olF fgr 9F EE5EY A Higk Nz 4
(frequency count)y= T3 F HE FHES T3 42 gH 9= 559

Distribution Function, CDF)& A42t& 4 =], o] & IJTEFH ¢
oo A SEo| Ui AF HRE I9ITE Tt ALstAt. whA
wog dHE A4 W wE Ao H

g Aol 10] s AT YT 1Y

Uit
Stereo-Image Input Frequency Analysis
v
3D Modeling Surface Based Estimation
Volume & Diameter Analysis — Size Distribution Analysis

Fig. 4.4 Procedure for the Surface Based Estimation, SBE

¥ 3 11 =
- 51 - -"*u: 'kll'.l_.l i



414 98 A5 AA

T
Al =

65

55 60

40 45 50

30 35

— 523 —

Diameter(cm)

20 25

15

10

5

D= - s M s B R 1
T o oy ®OBROK o,
R o O_ i S o8 W -_— o_ ] _é; O_
(O] S - o o= T
= M o g Xmos AN
r TN g TRy ER
ﬁq ~ ﬂE ﬂw ﬂm m M” N EA () X
up o S o = W s oK
A Mo o7 A e ooy B
Ko @ .F 5 7 W KT
B el L = HT —~ oF ot
L il ol T X » 5 o/
@ W OH o & T W F oy NP
" Z % W T o h
nl] iR + N m = oy __m < o) °
d| T - = OT O ° ~o e i
7 8x35,202°8%  §
T T w o & X TR % P = S
) Tx >
Foaow BT e ook E
o = T X T . o oF i o oy a
oo Wl W X O™ o BT o R W T 8
T o om o T T W oo W o ”
. X on _
_EE il ﬂo W OT oR 0 ”M ﬂo EE — T B
W B = & T A <O = HM 4J../ll W ﬁ
= R o e i -
mi,%ocaeaoi,xmeﬂ‘% I
S m M ® o P oo X owog o N BE ® R EEREHRP
5 X oﬂT R o i~ oﬂT (ZUN S S~ (vaBusseg
Taoe oo oo M
m%%ﬁﬁwﬂwﬁ%zﬁﬁx
o o N X ! . o
D ¥ou <om
A W ol W o oW W B o o) W
™ OB OB N d m Wk X W R

%

Fig. 4.5 Distorted estimation result using improper input parameters



pAgo 2, vk Hulelds Y B0l AR OE 44 £55 A
olo EAJste] 19 4.63 #Zo] oA FRlo] HA ¢he Fio] EA
A =HH, tebA YAARRISF7TH =2
W& A P thHan & Song, 2014). X3 Cjn] 9= BE2E59 AHHUS
o] g3te] I EE EAstE A Sole gr 95 ESEC dig 24 2
Wb HEre, o] A3yt tu] AA e HRE Yehita & & gioh

Maerz 5(1998)2 T3] tulo A 2k 7S o] &35 84 A 237}

P47 EE A 2153, Rosin-Rammler Y% 3% -5 T3

Zg Aol slig FERt

A3E HAsE ATE TIAT 24 (4.2)Y Rosin-Rammler Y%= &

=
Lefebvre, 1985), 40| oJH < A& 22 AAF S ztes A= dist
o APl 53 ASZ dHAH JTh(Van Breugel, 1995; ©]d-&,

1996).

]

MEolA AFF wieh Zol, o] ATeNAE FAH R fojnG 2]
o) shalstel thated, WA Tivle] Axel Wrl 9% B AR Ao
o AE BASZA ST o AT B Aske] o ATIAE
AU AT B o) &7 o D WG 3R FHT A S T3}

1

of H7el A71% BASGTh 4 A 307 e A5 FF G e

=

- 53 - LT



= a1, TulEfA el o

T
]

A

18.83cm=

!

ﬁo

NI

!

el

)

Tr
oH

O} A

10370

s

k2l

Bl

=
=l

9] Hl(ratio)

;:-l_

53] of

5
F 9AE 1496%E BAHUG meb] FA 2L FAF Qo]

4.20] YERA AT

3

AE Azl 15%9 BRALS

o] 7]

Hul 9% BEow

]

2)

1

3
pil

AT01DoNA =, ek Al o

=
| S

29 $AZ

34

AT

3] o

ME wd g
Aol A, HH YF-g

=0
==

= H
= =

b, oAl H o)

(i%e)
T

A

i
=N
-

o

-

o) ol A
EEREEE

-
mr

il

A7 Hrls} 9=

L
) B

) 5F

=
T

=
=

of, % H3le] o],

Aoz 744

td A

3|

bl A

S

tol 243 Hn) 92 259 27 YRE O

S

oo

,54,



Camera
%
vj

Camera

|

5 Camera

Ground-

Fig. 4.6 Possible source of error of heaped blocks (Han & Song, 2014)

Table 4.2 Errors of surface blocks in heaped blocks

(After Han & Song, 2014)

Mean Diameter (CM)

Error Ratio (%)

Entire 18.83 -
Laboratory ]
) Surface in Case 1 16.26 13.65
experiments
Surface in Case 2 16.79 10.83
Entire 24.65 -
Donghae 1
Surface 21.06 14.56
Field Entire 26.40 -
. Donghae 2
experiments Surface 23.11 12.46
Entire 22.95 -
Samchuck
Surface 17.60 23.31
Mean Error Ratio (%) 14.96
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(a) Case 1

(b) Case 2

Fig. 4.7 Modeling images using a PhotoModeler Scanner for heaped blocks
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Fig. 4.8 Frequency count of surface blocks analyzed with a PhotoModeler

Scanner for heaped blocks
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Table 4.3 Errors between the water tank measurement and the SBE for

heaped blocks

Maximum Error Error at D, Mean Error

Passing

(em /%) (cem/ %) (em/ %)

(%)
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

49 3.01/12 2.85/12 - -

1.55/7 1.52/7

50 - - 2.99/12 2.85/12
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Fig. 4.9 Size distributions from the SBE and the water tank measurement

without the improvement of input parameters for heaped blocks
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Fig. 4.10 Size distributions from the SBE and the water tank measurement

with the improvement of input parameters for heaped blocks
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(a) Field 1

Fig. 4.11 Muckpile in the field
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(¢) Field 3
Fig. 4.11 Muckpile in the field (Continued)

(a) Field 1

Fig. 4.12 Modeling images using a PhotoModeler Scanner for a muckpile in

the field
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(b) Field 2

(c) Field 3

Fig. 4.12 Modeling images using a PhotoModeler Scanner for a muckpile in

the field (Continued)
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(b) Modeling image

Fig. 4.13 3D modeling for an individual block
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Fig. 4.15 Size distributions from the SBE and the water tank measurement

without the improvement of input parameters for a muckpile in

the field
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Fig. 4.15 Size distributions from the SBE and the water tank measurement
without the improvement of input parameters for a muckpile in
the field (Continued)
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Fig. 4.16 Size distributions from the SBE and the water tank measurement
with the improvement of input parameters for a muckpile in the
field (Continued)
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Table 4.4 Errors between the SBE and the water tank measurement: Field 1

Passing Maximum Error Error at D, Mean Error
(%) (cm / % ) (em/ %) (cem/ %)
50 - 0.81 /3

1.88 /5
87 6.42 / 13 -

Table 4.5 Errors between the SBE and the water tank measurement: Field 2

Passing Maximum Error Error at D, Mean Error
(%) (cm/ %) (cem/ % ) (em/ %)
0 5.07 / 40 -
50 - 0.90 / 3 0.58 / 2
93 1.67 / 5 -

Table 4.6 Errors between the SBE and the water tank measurement: Field 3

Passing Maximum Error Error at D, Mean Error
(%) (cem /%) (em/ %) (em/ %)
2 3.10 / 18 -
132 /6
50 - 145/ 6
_ 75 _
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Fig. 4.17 Basic concept of the proposed algorithm
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6 1.55 /12 - - -

50 - - 033 /1 0.87 / 4 044 /2 0.96 / 4

79 - 2.64 / 10 - -
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y = Intercept + B1*x"1 + B2°x"2 + B3"x"3
Equation
-y
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Fig. 5.4 Frequency count of surface blocks analyzed
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Fig. 5.5 Size distributions from the integrated algorithm and the water tank

measurement for heaped blocks
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Table 5.2 Errors between the integrated algorithm and the water tank

measurement for heaped blocks

Maximum Error Error at D, Mean Error
Passing
(cem /%) (em/ %) (cem/ %)

(%)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
6 - 293 /22 - -
50 - - 081 /3 1.86 / 8 091/ 4 099 /5
100 345/ 12 - - -
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Table 5.3 Errors between the integrated algorithm and the PhotoModeler

Scanner analysis: Field 1

Passing Maximum Error Error at D, Mean Error
(%) (cem/ %) (em/ %) (em/ %)
50 - 0.01 / <1

271 /17
93 9.37 / 19 -

Table 5.4 Errors between the integrated algorithm and the PhotoModeler

Scanner analysis: Field 2

Passing Maximum Error Error at D, Mean Error
(%) (cem/ %) (cem/ %) (cm / %)
50 - 094 /3

1.76 / 6
84 3.77 / 11 -

Table 5.5 Errors between the integrated algorithm and the PhotoModeler

Scanner analysis: Field 3

Passing Maximum Error Error at 1, Mean Error
(%) (cem/ %) (cem/ %) (cem / % )
50 - 2.62 / 10

241 /9
88 396 / 13 -
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Table 5.6 Delineated rate using the Block Delineation Algorithm

Scattered blocks

Heaped blocks

Experiments
Delineated Additional Rate (%) Delineated Additional Rate (%)
Case 1 34 5 87 19 10 66
Laboratory
Case 2 36 3 92 21 9 70
Field 1 28 14 67
Field 2 - 31 15 67
Field 3 36 8 82
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Abstract

Fragmentation Analysis

using 3D Block Delineation Algorithm

Han Jeong-Hun
Department of Energy Resources Engineering
The Graduate School

Seoul National University

Fragmentation analysis is the basic method for evaluating the efficiency of
a blast design and the productivity of a blast. In soil mechanics, the sieve
test is generally used to determine the size distribution of soil, while
computer software has been used in rock engineering to determine the size
of rocks due to the constraints of the rock size and the volume. Split
Desktop, WipFrag and FragScan are the most popular software packages
based on 2D image processing for performing a size distribution analysis of
the rock blocks. 2D image processing techniques, however, only use the
area and boundary information of an object to analyze an image. In
addition, scattered blocks on a plane, such as a conveyor belt and a bucket,
have been considered in most research studies; however, rock blocks are

usually heaped, for example, a muckpile in the field. Therefore, an
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estimation method designed for heaped blocks can provide prompt analysis
for a muckpile in the field after a blast.

Stereophotogrammetry is the technique to extract the spatial information of
an object by constructing a sterco-image from two or more photos. A higher
number of geometrical features of an object can be obtained with
stereophotogrammetry through reconstruction based on images taken from
various directions rather than the number of features obtained using 2D
image processing techniques. In this study, stereophotogrammetry based on
3D modeling was used to analyze the size distribution of rock blocks. In
the laboratory experiments, results using stereophotogrammetry and the 2D
image processing technique were compared with the physical measurements
using a water tank for characterizing the scattered and heaped blocks. For
heaped blocks, the information of the surface blocks that was analyzed by
stereophotogrammetry was used as the input parameter for the statistical
estimation. The applicability of stereophotogrammetry and the statistical
estimation methods to the analysis of blast fragmentation was estimated
through the field experiments.

The Block Delineation Algorithm (BDA) was developed to distinguish
each block of the muckpile. This algorithm is based on the features that
block shapes have in common. Finally, this algorithm was integrated into

the statistical estimation described above to analyze blast fragmentation.
keywords : Fragmentation analysis, 2D image processing,

Stereophotogrammetry, Statistical estimation, Block Delineation Algorithm
Student Number : 2007-30856
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