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! Accelerometer

2 Magnetometer

® Orientation

* High Vertical Resolution
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AVl Specifications

Applications Structural geology, stratigraphy, resenor analysis,
neterogeneity, fine-scale features, realtime answers
Vertical resolution 02 in. with 30-micron features visible
Azimuthal resolution 02 in. with 30-micron features visible
Measuring elecirodes 192
Peds and flaps B
Coverage B0% in B-in. borehole {ful lbore image mods)
Max pressurs 20000 psi
Wiz temperature I50°F [175°C)
Borehole dismeter
Min 5% in. AN
Mz 2 in.
hizx hole deviztion 20"
Logging speed
Fullbore: image mods 1 800 ft/hr with real-time processed image
Four-pad mode 3,600 ft/hr with resl-time processad image
Dipmeter mode 5400 ft/tr with real-time dip processing
Inclinometer mods 10,000 ft/hr
Mex mud res istivity 50 ohm-m
Fiil ool
ey dismeter 5 in.
Py Han Pad ”ﬁfg‘;ﬁ
Mizkeup length with flex joint 2641t
Weight in air 4337 lom Toal 22r0
Comjpressional strength (TLC™ operations) 12,000 Iof (safety factor of Z) (o)
Max pad pressure 44 |of

Combinzbility

Top combinable with openhole wirgling tools

) FMI 5l gl (555 F-Y S

ARY%

Maximum toal diamater 5 in.
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! Self - Interpretable
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% Core Calibration needed
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*Gray level
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'Piecewise-Linear Transformation Functions
“Contrast stretching

*Gray-level slicing

*Threshold

® Linear

*Thresholding function
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original RGB IMAGE - DYNAMIC - FILTER
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original gray scale IMAGE - DYNAMIC - FILTER

High lighting [83 183] (first method)

High lighting [83 183] (second method)
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! Morphological function
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Fr a~imread('l.Jpg');b=imadjusti(a, [0.5 0.75],[0.2 O.4]):
>» subplot(l,2,1);imshowi(a),subplot (1,2,2) ;imshow (k)

i

n Figure 2 I._l_léj‘:' C1
File Edit “iew Insert Tools Desktop ‘Window Help &
Udde M ARKRODEL 2|08 a3

e

-

3

E

s b S s FMI IS5 S5 g9, (+17-5+1F) o (+10-+1V0) o3gamme JUizil JUizil b 51 Y- IS

'l o e bl VY
T UK2) 25 oS edge jias 5l ol oo | obe (6 SIS gl 0 (Siwsal sl e 33 sl
ol sl @bl (6 0gud (5 385 CANNY (g 0gus 45 0,10 3929 Jolaie slo 0sis €dgE AL ;o (VY
31l o peliiie (g S 4 ol pglal cpl ol @3¥ g0, G (K5 pslal sl ol (oo 1) &
o)l b (RS (Fudil (i Cmen polaie 4 Lo (K8 jp0 (sl @ 5 (o0 6 il o 308
oolaledge ab 5l avse; cnl jo (I (oo (g Sl oais aslsyy Bua cpl 4 Bdo (pl o 4z STaS o8

Dyl

! Edge detection
Z Grayscale

¢y



>> g= edge (a,method,parameter) O-Y

(V) edge ol sl e N-Y Jsox

b ol gy Igwd 93
D9 oo et 565 jeb 4y 09t 0yl T jlaie 31 [g,t]= edge (a,’sobel’, T, dir”) Sobel
el 485 93 (o9, (nl )0 (258 ey Caz
ools losloe Ll 5l 5 03gs (6 y5eS (Souzmn shls az 51 .ol SODEI i) alice [g,t]= edge (a,’prewitt’,T,’dir’) Prewitt
ROW P P JON SN S A R I
RYPURSCIX 21 P THRK RSP VCIUUNINCIUN [ SN SO KCH IR S VD O [g,t]= edge (a,’roberts’, T, dir") Roberts
S o )5 ool
Syt o i S35 ot syii )y T e 51| [e.t]- edge (a, log’. T,sigma) LoG

el ¥ e 5| Bl (sly o b e ke

855 oo Sygo H ol ot oS 5 s o,y onl 50 Lol <l LOG g, 4

[9,t]= edge (a,’zero crossing’, T,H) Zero
crossing
el S e 31 Blisul lade (TI<T2) conl [TLT2] Jso a oy S0 T Canny
515 T35 5y lsie & sl T2 51 8,50 olas 5 o0 (s laieslss e 0 o5 LSy [g.t]= edge (a,’canny’,T,sigma) (most
polie) ojye ady Wgd oo gasme ¥ ins s olere 4 asb T2 3 T1 oo jlaie powerful
G s 50 Sy 51 g o o ke b sl LS s s (TL 51 S8 method)

o aie b JuSy plo @]y JuSo ol oys80 08l (558 Gl S0 b (Solanon A
Ry

original image cdge detection

! Ridge pixels
2 Strong edge
* Weak edge

123



Ll pate 5 wlis Coy wlys AY

g oiley®) Bio e b Ll (08 Jate 5 585 mhaw Sud gl bl (b ius cq ol ol
oolicial pis g ol b ol (5581 sl 15 505, o0 T a la 0T 8,5 Tz g bl cnl (50
Dy (50

55 b e blas Gl Gulul p a5 (g pate jlsbo strel jgiws b e lae 50 lail psbaie cnl sl
ol 2y JSB @y a5 090 (o0 i Sl (o0

>> SE= strel(shape , parameter) sy

ol oas oaly Sialed o )] 5l (B Sileds S5 anlsl jo g ol odl (g 3l slo paie ) Jgo 0

(V) strel ol s sl slo paie Y-Y Jgo

Flat Structuring Elements Nonflat Structuring Elements
'arbitrary' 'pair' 'arbitrary' | "ball"
'diamond"® 'periodicline’

'disk' 'rectangle’

'line’ 'square’

'octagon'

1 Morphological and structure element function
2 Erosion

$o



. SE=strel;"disl" B M
SE=strel;"line’ LEN DEG, strel; el SE=strel;"rectangle’ MN;

Oiigia Drigin, v 90 g © O pall
e [] 1 1 1 1 1 L] 1 1 1 1
LR ’ !
11 1 1 @ | 0 0 ] 1 R=3 il 1 L] 1 1 1 1
- 1 1 LA 1 1 1 1 1
deg=0 len=19 i ,(’ ¢ 1 1 1 1 1w
E:’ j deg =45 e 1 1 1 1 1 MN=[3 5]
len < 3 ¢ 8 ® 1 B & @
SE=strel;"octagon’ R SE=strel;"diamond’ B,
SE=sirel;'pair’ OFFSET; ' origin
iy R=) . trisin <
Al P @ i ] b 0 & A1 ] ] SE=strel "square’ W
o [ [] [ o ) 1 1 o1 3 s 5 1 1 1.0 @ i |I
LI . L 1 aR=3r | 1 1 e 1 1 1 i !
o 0o O o @ 1 q) 11 PP L 11 1o
o 0 L] ] 1 1 1 ] 1 L) 81 1 1 LI ] g {D :
s o ol_a, 1 e 1 1 1 1 1 e o 1 1 1 8 @ i ' J
o & 1 1 1 @ 0
OFFSET=[2 2] L. L w=3
contamning two member

vy strel g Sl slo a5l golaas Ssleds JS5 YY-Y S
Iy g,y blEs lg5 oo wus 5 4y imerode g imdilate sla jgiwos b el slul g g l3le pate Sl 5

el odal aalol Jo T4 by slo Jlio 9 &l jgws ols iolw 3 b bl

>> |= imdilate (a, SE) (v-Y)
>> |= imerode (a, SE) (A-Y)

5 ok b plide 613 pgal 4 b bl 0Bl () cpgal &5 (Sige )0 oad e Gl 4 axgil,
g o adgi Bi> jolate LVFT S oled poal 65y @b cnl Jloel 5 Jle Sy aalsl o098 Joas ad
b ols coy, JSo 5l as imdilate b jo .l oo 00,51 pgal cwgiomw Al dgy Sgugp puired
P9 S $oges bt CIB s (was oo LSS ) i) G 45) Py, LLE cond oolatul (990
gy Soluar N (glils &S Caas] g, bl (o mnd byl aiS o Bi> | aiile adgs 05 blis ass
o5 A (Solan Sy 51 5 il (5, Sl A el (Sn gy 95 o A B Y e ) a2

g Mg (o0 0, g AL iule 8 soges ba> Ojso 4 pdg, bl imerode &b o (el (BI5 ail b,

€1



)s))i{éh:))l.:&d.}.bsﬁi"so)s&chﬁsdj).;@b?dg&%ubébjwuoﬂbu}w)é

(A g8 o0 0,5 (ASNKA) Wil 0,05  Slaar N glls alais S oS 550

convert to contineous pattern

I=imerode(a,SE)
SE=sterl(line,7,90)

Oy, bla Giolw 3 Loy bla o  SiaS Jlail g obide 5S> ol glp paai bl (iolo,s YE-Y G

1A



|Sume noises are removed |
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(GS-245 Maijor Open Fractures Attributes
md DPTR DPAZ
m deg deg
2566.7564 52.49346 328.73785

G5-245 Minor Open Fractures Attributes
md DPTR DPAZ
m deg deg
2567.3939 52.34109 311.76892
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m deg deg
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md DPTR  DPAZ
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G5-245 Minor Open Fractures Attributes
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Model Summary
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Model Summary
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Linear The independent variable is azimuthactual.
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NPar Tests One-Sample Kolmogorov-Smirnov Test
Difference1Azi | DifferenceZAzi
Difference1Di DifferencezDi muthi0Surme muth0Surrme
plSurmeh plSurmeh h h

M 24 24 24 24

Mormal Parameters® Mean .T886 - 0217 2 7686 H823

Std. Deviation 1.892014 1.75924 F.00411 7112549

Maost Extreme Differences  Absalute 115 A3z 147 A63

Fositive 15 132 075 08z

Megative -.081 -074 - 147 - 163

kaolmogoraw-Smirnoy £ B79 e BT H64
[#syrmp. Sio. (2-tailed) T4 576 434 311

a. Test distribution is Maormal.

oal Cowds SIY Jlaie @ ag5 b o390l slo ools slp ¥ gV Jolis polie aojes o9 Jloy N F-F IS

w
NPar Tests One-Sample Kolmogorov-Smirnov Test

: . | Difference1Azi | Difference2Azi
Differenceq1Di | Difference2Di | muthDGachsa | muth0Gachsa

p0Gachsaran | p0Gachsaran ran ran
M 25 25 25 24
Mormal Parameters® Mean 1.5880 -.4347 - 7960 - 2270
Std. Deviation 4.33189 422346 336644 321738
Most BExtreme Differences Absolute 188 ATA 50 140
Positive 1E8 ATE A50 140
Negative -1489 - 164 =122 -129
Kolmogorow-Smirnoy £ 938 BTE 751 752
|As1.rmp. Sig. (2-tailed) 343 A27 626 _Ejdl

a. Test distribution is Normal.
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One-Sample Test

Test¥alue=10
959% Confidence Interval of the
DATA Difference
Mean
t Sig. (2-tailed) Difference L over Lpper
Difference DipdSurmeh | 2. 430 021 7agaT A290 14482
Surmeh Difference2Dip0Surmeh | -073 947 02167 - 6260 5827
. Differenced AzimuthiSur
Trained data | e 2338 025 2 76857 3626 51746
Difference2AzZiMUtnOSUr |- gy 420 98232 | -1.4609 3.4256
Differenced DipdGachsar | 4 533 079 1.58800 -.2001 3.3761
Gachsaran | Diference2DipdGachsar | 544 512 - 43469 -2.1780 13087
Test data Difterencet Azimuth0Gach |y 1g; 249 - TG00 -2.1856 5036
Difference2izimutniGach| _ zgq 707 - 22697 -1.4508 0968
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Abstract

As the oil and gas exploration becomes gradually complicated, the traditional well logging
method has many problems. With limited information, recognizing effective layers and
estimating reserves parameters become more and more difficult. In contrast, the Formation
Micro Imager (FMI) technology can provide rich information on fractured reservoirs, and most
importantly it can be applied to identify fractured reservoirs qualitatively and can help explain
them quantitatively.

Iranian reservoirs are mainly carbonate reservoirs in which the fractures have important effect on
permeability and petroleum production. . To our knowledge, we rarely find automatic fracture
recognition systems with FMI images in the literatures. Consequently, for promoting oil and gas
exploration, it is of great significance to develop an efficient and intelligent recognition system
using FMI images.

The projection of a planar feature on borehole images will be represented by a sine wave.
Because the borehole is very small in relation to Stratigraphic and structural features, when they
intersect the borehole, they are nearly planar and assumed to be planar feature, so in this paper
we use sine function for fitting the best curve on fracture pattern.

We analyze rock FMI images with very limited samples in a different way by using image
processing. There are several key issues in such recognition systems for FMI images. Firstly, the
training samples are limited in most cases due to sensitive company data source. Secondly, FMI
images are usually of great noises. In practice, even with manual processing, it is very difficult to
analyze and classify rock structures without enough expertise. So, some fractures cannot be
detected using this algorithm because of great noisy FMI images and also existence of other
features and rock textures with low resistivity around fractures which cause the ambiguous
condition in processing. Moreover, related references were very limited and we used just few
references.

The dip and azimuth of fractures are detected using this algorithm to identify more precise
permeability and career of fluid in reservoir. Our algorithm includes three main steps. First,
pixels represented fracture are extracted from projected FMI image involve location matrices x
and y and corresponding values matrix f(x,y). Then, two vectors X and Y as inputs of CFTOOL

of MATLAB are produced by combination of these three matrices. Finally, optimum

A%



combination of sine function is fitted to sine shape of fracture pattern to identify dip and azimuth
of fracture. We test our fracture recognition system with real interpretation FMI rock images. In
experiments, the average recognition error of our proposed system is about 0.7 % for azimuth
detection and less than 3% for dip. The results are improved by statistical analysis so that the
confidence level for correlation between real and determined parameters is upgraded to 0.95
(95%). Moreover, this automatic system can significantly reduce the complexity and difficulty in

the fracture detection analysis task for the oil and gas exploration.
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