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ABSTRACT

This research presents a method for registering images using phase correlation technique
on fourier domain, hough transform and multi-resolution wavelet. Image registration can be
applied in several applications. We can use images taken by the camera on the moving satellite to
register into a large image. The purpose of satellite image registration is making it easier to view
all images. We can create a map of the desired location from the registered images. Image
registration can be created by transforming source and input image to wavelet domain. An
angular transition can be obtained by applying hough transform technique. Then we apply phase
correlation technique to find x-axis and y-axis transition, After we get the transition, we use the
transition to transform the input image. Then we compose and blend all images into a new large

image with detail of all source images.
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First-order Interpolation Haumsaatl
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Discrete Fourier Transform (DFT) Haumsnail
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3.4 Phase Correlation
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3.6 Hough Transform
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300 | 0 | 356 | 90 {300 299 (298 | 0 [270 (323301302299 0 | 12 | 51 299|301 | 298
310 | 0 | 90 | 352|310 | 309 | 308 | © | 270 | 357 { 310 { 309 [ 311 | 0 | 3 | 337309 |310] 131
320 | O |27/ 8 L3219 (30T | 3MTMII 779 | \SRUS2PLITT B32=teal) | 386\ 31 | 320 | 319 | 321
330 | 0 | /5. 329 [330°| 329 {3311 0. {3551 2 [329 [ 330 | 15040 | 2 | 90 | 329 | 331|330
340 | 0 | 90 | 270 | 338 | 339|340 | 0 | 350 | 356 | 339 | 341 [ 340 | O | 340 | 357 | 339 | 340 | 338
350 | 0 | 351} 350 | 350 | 349 | 348 | O | 358 | 353 | 349 | 350 | 351 | 0 | 355 | 350 | 350 | 349 | 351

P1, P2 11a% P3 ADA MM

ey

1
~

nuA1 Correlation aNgAl

Tudrén 1, 2 uaz 3 muddu



88

M31AR991/5UA1 Hough Transform Threshold FUATWA 1.3 taaslua1s1afi o 3

it

;
ar

: ,
3 amasaulunsnaang

g n

M131499 0.3 namsmmaalasulaauiunmdedndigi n.3

Threshold = 40 Threshold = 45 Threshold = 50

AB Wavelet Canny Detector Wavelet Canny Detector Wavelet Canny Detector

PL{ P24 P3| Pl (/P2 |P3{PL{P2|P3|PL|P2|[P3|Pl|P2|p3 P1 | P2 | P3
10 0] 270 2 0 | S /8. / 1 5) 9 Thgl0 | O 6 90 01334 10
20 0 5 490 0 21 181 0| 16| 90 01 20 10| 0 51 14 0 18| 15
30 0 3] 90 0 3 [1353] 0| 352 (270 0 8200 1IN0 [, 18 | W3l 0| 358|339
40 0] 355 3 0| 20 19| 0270|333 12 O il €O 4. 270 3 0] 22
50 0 | 270 353 O=fyreer=347 /O 6 | 259 0 e eeT @ 2| 90 0 | 345 | 359
60 0270 | 354 | 270 23201 0270 | 90 0| 407 328 | 0 (270] 90 0 2] 336
70 0] 9 Va3 1\ 0f 0] 90336/ 10 0] 41] 0355|270 | 351 4| 22
80 0| 338 | 270 0] 18 9101265 347 013531292 0 34 BI0 0| 9| 33
90 01270 90 0 61 90,0 90270 270 6 O 0] 18] 90| 90| 270 0
100 01270 | 9% 0 e, 12 910 4.1 270 0 98 | LIS 04/ A3 | 90 | 331 0] 90
110 0 5| 26 0 33( 17| 0| 90| 270 0. LIG{v34 ) 07| 90| 270 0 | 295 [ 333
120 0 901270 70 351 91 01 90 2 | 358 01359 0270 | 34 3 01321
130 0] 90270 0] 348 [ 345 | 0| 345 8 Dup™33 31 0] 9270 10| 52| 26
140 | 0 29| 270 0] 30(332| 0270 352 0 61337 | 0| 79 9 0 4318
150 0| 270 | 344 0325 66| 0| 90| 348 01353 | 15 0| 90| 270 0] 521|355
160 0270 90 0 1 &) 0270 90 0341|331 0270 | 90 | 357 0 1
170 0] 90 2 0 501 35| 0(270| 90351 | 64| 47| 0| 348 335 0| 351 ] 311
180 | 0270 90 0] 9 (270 | 0359 | 90 0106|343 | 0 8] 90| 16 0 31
190 0270 | 90 of 1l 13 0% 270 7 0359|355 0]337| 90| 342 0| 340
200 0] 90| 349 0 L 26| 0| 90| 349 0 37| 10| 0] 90| 332 0] 29280
210 | 0 41270 0 61331 0 7l 1e 0 4 71 0] 90| 341 01349 | 29
22041 0 [ 270 [-190 | /23 0328 ) 01354344 3 013371 0| .28]-17 7 6 | 344
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A15197 0.3 (71D)

Threshold = 40 Threshold = 45 Threshold = 50
AG Wavelet Canny Detector Wavelet Canny Detector Wavelet Canny Detector
Pl ®2 | B3 |P1 | P2 |P3|M|B2|P3|Pl | B2 |P3|P1|P2|{P3 |pPL)pR2]|Ps
230 | 0| 270 | 345 0340|339 0324|346 8 0(309] 0353|343 0| 328 | 346
240 [ O 90| 12 0 41 131 0 4| 270 0 31356 | 0270|359 0] 106 | 339
250 | 0| 270 | 356 0358|347 0270 | 346 0358|347 | 0270 7 0] 10 6
260 | 01270 90 0 6|347 | 0] 270 | 267 0353 32| 01270339 01270 90
270 | 01270 | 90 0270 | 357 0| 270 | 354 01348 19| 0]270| 19 0| 347 | 315
280 | O f270| 15 013451292 0 90 (341 0. 20344 | 0] 270 51308 20| 97
29 | 0270 90 01333270 0270 90 4 0319 0351339 9 | 95| 68
300 | 0270 90| 22| 358 QN QNS4 (/210 47 871 _13 | 35\ | 357 | 270 01270 | 357
310 | 0270 i 0 11 [T@3¢L 6 | 270 Hl341 ] 151 OyfR70 | 90| 12 0| 354
320 | 0]355) 90 0 91342 0| 54270 07 343 || <27l O 31270 90| 345| 14
330 | 0270 90 01 353{270( 01270 | 12 0190 | 15| 0270 | 332 0] 353 | 356
340 | 0270 350 O30T e 3470 [ 9071 \ DB 24 MO | 356 [ U2 0| 62353
350 | O 90] 270 R L INSEY, DL 21353 01343 | 345 0353331 0] 356 | 349

=

P1,P2 ung P3 fiodumiandin Correlation gegaiiudiau 1, 2 nag 3 mudidu
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¥ v
MINAARIUTUVUIAYEY Window YBIMIT Hough Transform AUAWAIAUR .1

yaaaluasen n.4

:; E; o s 1 ':{
M31N A4 wamsmmsnldsundasuiunmdedialugili a.

No Filter Median LPF 3x3 Median LPF 5x5 Median LPF 7x7
i P1 P2 B3 P1 P2 3 P1 P2 P3 Pl 135 P
10 0 11 | 343 10 0 9 11 9 10 10 9 11
20 0 20 | 359 0 20 8 19 21 20 20 19 21
30 0 27 29 0 211 30 1301 | 300 | 29 31 32 30
40 0 39 (270 | 41 0 333, | 311 [aQNN] 308 | 39 42 43
50 0 347 | 50 0 50 24 451 318 | 46 50 49 48
60 0 355=r-307 0 POH 2043010 3283\ 60 61 | 238
70 0 90 70| 340 2 337 | 340 | 71 338 71 70 68
80 0 79 22 0 348 2 352 | 349 .| 351 81 352 | 80
90 90 o g2 0 2 90 90 89 91 90 91 89
100 0 100 | 18 0 348 | 100 | 282 | 100 | 101 29 98 100
110 | 90 0 27 0 16 6 289 18 ] 288 | 110 | 289 | 109
120 0 90 |-120 0 28 LA ODSTRI0 1782 ~1g 8 121 | 120
130 0 90 6 0 B3 =e338\t73107 | 643 | 309,,0" 370f | 313 | 312
140 0 270 | 90 23 0 1317827 § 319 | 3&3 /37 | 323 | 318
150 0 270 ~89 0 RE 2K 200320 | 331 19320 ¥ 327 | 328 | 329
160 0 359 | 260 0 P 2 340 | 341 | 339 | 340 | 342 | 339
170 0 170 | 348 | 33 0 7 3451 349 | 350 | 350 | 349 | 169
180 0 180 | 358 0 90 180 0 359 | 358 | 359 0 1
190 | 190 | 280 0 0 325 10 11 10 // 10 11 9
200 0 270 | 20 0 21 90 19 20 17 20 19 21
210 0 30 22 30 0 358 | 29 26 32 29 30 27
220 0 35 38 0 30 40 41 42 45 40 0 221
230 0 3 90 | 230 0 353 0 315 | 45 49 | 227 | 51
240 0 8 43 0 8 90 | 331 | 240 | 329 | 60 61 | 240
250 0 358 | 270 | 338 0 356 | 342 | 337 | 341 70 71 | 250
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No Filter Median LPF 3x3 Median LPF 5x5 Median LPF 7x7
a0 Pl P2 P3 P1 P2 P3 P1 P3 P1 P2 P3
260 | 270 0 4 0 349 5 270 0 3 90 91 271
270 | 270 0 90 0 270 | 90 | 270 | 90 | 271 | 270 | 271 90
280 0 45 | 270 0 350 | 280 | 280 | 279 | 100 | 100 | 99 | 277
290 0 109 | 270 0 290 | 341 | 290 | 111 21 111 | 109 | 110
300 0 301 97 0 1 2 | 17 | 130 | 119 ] 13r | 120 | 117
310 0 334 | 313 3 0 - Moyl 307 | 127 | 131 | 128 | 129
320 0 12 | 324 0 349 1 139 | 136 | 49 136 | 139 | 138
330 0 e | 332 0 Q3337 173301 331 | W% | 332 | 330 | 329
340 0 343 | 270 0 340 | 169 | 337 | 338 | 336 | 341 | 340 | 339
350 0 354 | 349 | 352 | 349 0 350 [ 349 | 346 | 350 | 349 | 351
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E 1
MINAAITUVUIAYBY Window UBINITIN Hough Transform AUMWAIAUN 0.2

uaaaluaisen n.s

M1l 0.5 wamsmmsildsuulasuiuniwdedalugdi n.

No Filter Median LPF 3x3 Median LPF 5x5 Median LPF 7x7
By P1 P2 P3 PI P2 P3 Pl P2 P3 Pl P2 P3
10 0 9 270 | 359 | 10 22 0 10 | 358 3 4 7
20 0 i 20 0 20 | 338 | 20 14 18 0 8 7
30 0 31 358 0 B [y 12 30 0 i 30
40 0 335 g0 0 41 23 41 0 40 32 38 28
50 0 11 356 | 270 0 90 19 0 241 12 22 3
60 0 352 1 358 17 H 2604 3%~ 285 16 53 | 244 | 238
70 0 352 | 349 0 Y4 PTNTINE TV249. | 241 [ ®%e | 251 | 245
80 0 79 QN A P3R2 /1320034 17 254 | 288 12 723\ 268 | 253
90 0 8 335 L\970d 1Y 94 22 90 | 267 | 262 [ 267 | 262 | 270
100 0 355 | 100 | 101 4 (02 \\( FOILC" a8 91 200 | ;279010281 | 271
110 0 110 | 341 0 LI AYRIENK 290t 267 0 2034 (¥ 289 | 285
120 0 12371120+(_290 1091357 '} 1290..17300 | 308 |~298 | 307 | 301
130 0 270 1 358 1 3 300 346 | 302 311 | 312 | 297
140 0 6 90 0 16 5 27§ 323 | 3Q8 |f327 | 326 | 322
150 0 12420 340 0 42 23 17 | 328 7 200 ¢330 | 329 | 331
160 0 8 356 0 26 | 339 | 337 \$35 /342 | 342 | 337 | 339
170 0 355 | 25 29 0 350 | 348 | 352 39 | 350 | 348 | asi
180 0 270 | 180 0 180 | 358 0 180 1 355 | 352 0
190 0 10 190 10 0 36 190 3 14 0 3 8
200 0 90 20 20 | 354 13 20 16 36 14 3 11
210 0 30 | 347 0 14 | 343 | 30 9 58 25 20 31
220 0 4 270 | 44 39 40 46 21 67 43 356 | 41
230 0 357 | 22 47 50 49 21 42 47 1 232 | 50 | 228
240 0 349 | 333 0 270 | 53 28 74 56 59 | 243 | 249
250 0 353 59 37 | 344 | 313 | 294 | 74 | 258 | 248 | 247 | 251
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No Filter Median LPF 3x3 Median LPF 5x5 Median LPF 7x7
ad P1 P2 P3 Pl P2 P3 P1 P2 P3 P1 P2 P3
260 0 8 270 0 180 | 344 | 43 | 334 | 258 | 259 | 256 | 251
270 0 16 | 270 | 62 90 0 273 | 270 | 357 | 270 | 262 | 260
280 0 6 15 105 17 | 301 | 276 | 279 | 277 | 281 | 269 | 272
290 0 357 | 335 | 36 37 | 282 | 299 | 290 | 301 | 290 | 288 | 284
300 0 270 | 323 0 14 4 337 | 301 | 312 | 287 | 286 | 297
310 0 270 | 357 0 346|310 [ 341 | 301 0 311 | 305 | 300
320 0 75 & | 356, \330\[|/315/] 20 : 0 324 | 313 | 321 | 319
330 0 355 2 7332 33\II//49~ 341" 332 | 849 | 329 | 330 | 331
340 0 350 | 356 0 359 | 356 0 347 | 339 | 336 | 339 | 340
350 0 358 | a1 955 0 I N3P B 350 | R58% | 351 | 355
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¥ 1]
MINAABISUVUIAYDY Window ¥8915911 Hough Transform UM IHSELH .3

waaalumsed n.e

A15197 0.6 wamsmmsifasunlaspiunwdedalugili n.3

No Filter Median LPF 3x3 Median LPF 5x5 Median LPF 7x7
e P1 P2 P3 Pl P2 P3 Pl P2 F3 P1 P2 P3
10 0 10 5 0 13 10 8 0 5 8 11 10
20 0 16 90 0 4 24 0 335 18 15 27 22
30 0 352 | 270 0 353 19 72 3 134 18 33 11
40 0 270 537 30 %\ |/357,| 18 7 20 26 23 15
50 0 6 259 0 337 | 353 0 344 | 23 13 315 | 311
60 0 270 <90 0 358 | 349 | 343 0 9 42 43 44
70 0 90 | 336 0 12/ 1342 0 266 | 344 | 337 | 354 | 347
80 0 265 | 347 0 319 16 6 346 8 356 | 352 | 349
90 0 3 RO 0 8 308 0 5 90 | 266 | 271 | 267
100 0 4 270 0 355 3 342 2 $35) | 45 274 | 352
110 0 90 | 270 0 348 1271296 {342 | 345 | 291 | 289 | 292
120 0 90 2 0 BT IO BA6 UetNK/T P89 | 3431 201 | 312
130 0 345 8 0 345 4 3144 50001 228 ;L322 | 300 | 201
140 0 20 .| 352 8 0 2 330 9 315 | 308 | 306 | 329
150 0 90 “| 348 0 90 W 05322 | 329 4 °348/14313 | 333 | 330
160 0 270 | 90 0 270 | 355 10 | 343 0 339 | 331 | 330
170 0 270 | 90 0 7 352 1| 1357 0 332 | 310 | 269 | 349 | 326
180 0 359 | 90 0 75 20 0 2 3 3809 | 17 | 178
190 0 270 @ 0 10 15 | 354 | 353 13 | 348 | 343 | 357
200 0 90 | 349 5 0 17 | 225 | 109 | 321 | 357 8 6
210 0 7 16 0 353 90 | 304 | 317 | 284 11 206 | 197
220 0 354 | 344 0 337 | 353 0 37 26 | 227 13 3
230 0 324 | 346 0 345 | 335 [ 318 | 315 | 247 | 232 | 223 | 931
240 0 “ 270 0 350 | 353 | 339 0 280 | 311 | 308 | 242
250 0 270 | 346 0 330 | 356 | 350 | 355 | 357 | 249 | 311 | 343
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No Filter Median LPF 3x3 Median LPF 5x5 Median LPF 7x7
AY ¥l P2 P3 P1 P2 P3 P1 P2 P3 Pl P2 P3
260 0 270 | 267 0 357 | 346 0 27 | 337 | 350 | 349 | 347
270 0 270 | 354 0 311 8 0 345 | 353 | 270 | 266 | 265
280 0 90 | 341 0 6 348 1 313 | 353 | 282 | 279 | 280
290 0 270 | 90 0 7 270 0 6 352 | 292 | 297 | 290
300 0 344 | 270 0 358 | 90 23 22 17 | 312 | 307 | 311
310 0 6 270 0 3 1 0 354 | 356 | 318 | 314 | 340
320 0 54 | 270 0 9 346 [ L 26 |G 337 | 329 | 313 | 314
330 0 270 | 12 0 1 L |~10-17339 | RN| 332 | 336 | 337
340 0 90 3 0 355 ¢ 30 0 340 | 47 | 223 | 349 | 246
350 0 2 353 0 353 P12 3507\ 0354 14 348 | 357 | 352 | 353
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Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
0 0 0 0 0 0 0
0 15 0 15 0 14 0 12
0 30 0 30 0 30 0 28
0 45 0 45 0 44 0 44
0 60 0 60 0 60 0 60
0 75 0 75 0 74 0 72
0 90 0 90 0 90 0 88
0 105 0 105 0 104 0 104
0 120 0 120 0 120 0 120
0 135 0 135 0 134 0 132
0 150 0 150 0 150 0 148
0 165 0 165 0 164 0 164
0 180 0 180 0 180 0 180
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Actual Transition

Phase Correlation

Phase Correlation &

Phase Correlation &

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
0 195 0 195 0 194 0 192
0 210 0 210 0 210 0 208
0 225 0 225 0 224 0 224
0 240 0 240 0 240 0 240
0 255 0 255 0 254 0 252
0 270 0 270 0 270 0 268
0 F13 0 -15 0 -16 0 -16
0 -30 0 -30 0 -30 0 -32
0 -45 0 -45 0 -46 0 -48
0 -60 0 -60 0 -60 0 -60
0 36 0 WS 0 399 0 -76
0 -90 0 -90 0 -90 0 -92
0 -105 0 -105 0 -106 0 -108
0 =120 0 -120 0 <120 0 -120
0 135 0 133 0 -136 0 -136
0 =150 0 -150 0 -150 0 =152
0 -165 0 -165 0 -166 0 -168
0 -180 0 -180 0 -180 0 -180
0 -195 0 -195 0 -196 0 -196
0 -210 0 210 0 -210 =212
0 225 0 <225 0 -226 0 -228
0 -240 0 -240 0 -240 0 -240
0 ~233 0 -255 0 -256 0 %256
0 -270 0 -270 0 -270 0 272
15 0 15 0 14 0 12 0
15 15 15 15 14 14 12 12
15 30 15 30 14 30 12 28
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Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
15 45 15 45 14 el 12 44
15 60 15 60 14 60 12 60
15 75 15 75 14 74 12 12
15 90 15 90 14 90 12 88
15 105 15 105 14 104 12 102
15 120 L5 120 14 120 12 120
15 135 15 135 14 134 12 132
15 150 ™S 150 14 150 12 148
15 165 15 165 14 164 12 164
15 180 715 180 14 180 12 180
15 195 15 195 14 194 12 192
15 210 15 210 14 210 12 208
15 223 15 225 14 224 12 224
15 240 1S 240 14 240 12 240
15 255 15 255 14 254 12 252
15 270 B 270 14 270 12 268
15 L5 15 =15 14 -16 12 -16
15 -30 15 -30 14 -30 12 -32
15 -45 15 -45 14 -46 12 -48
15 -60 15 -60 14 -60 12 -60
15 -75 15 <73 14 -76 12 =76
15 -90 15 -90 14 -90 12 -92
15 -105 15 -105 14 -106 12 -108
15 -120 15 -120 14 -120 12 -120
15 =135 15 -135 14 -136 12 -136
15 -150 15 -150 14 -150 12 =152
15 -165 15 -165 14 -166 12 -168
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Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
15 -180 15 -180 14 -180 12 -180
15 -195 15 -195 14 -196 12 -196
15 -210 15 -210 14 -210 12 =212
15 “225 15 =225 14 -226 12 -228
15 -240 15 -240 14 -240 12 -240
15 =255 15 253 14 -256 12 -256
15 -270 15 270 14 -270 12 272
30 0 30 0 30 0 28 0

30 15 30 15 30 14 28 12

30 30 30 30 30 30 28 28

30 45 30 45 30 44 28 44

30 60 30 60 30 60 28 60

30 75 30 75 30 74 23 72

30 90 30 90 30 90 28 88

30 105 30 105 30 104 28 102
30 120 30 120 30 120 28 120
30 135 30 135 30 134 28 132
30 150 30 150 30 150 28 148
30 165 30 165 30 164 28 164
30 180 30 180 30 180 28 180
30 195 30 195 30 194 28 192
30 210 30 210 30 210 28 208
30 225 30 225 30 224 28 224
30 240 30 240 30 240 28 240
30 255 30 255 30 254 28 252
30 270 30 270 30 270 28 268
30 -15 30 -15 30 -16 28 -16
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Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
30 -30 30 -30 30 -30 28 -32
30 -45 30 -45 30 -46 28 -48
30 -60 30 -60 30 -60 28 -60
30 -75 30 -75 30 -76 28 -76
30 -90 30 -90 30 -90 28 -92
30 -105 30 -105 30 -106 28 -108
30 -120 30 -120 30 -120 28 -120
30 -135 30 -135 30 -136 28 -136
30 -150 30 -150 30 -150 28 -152
30 -165 30 -165 30 -166 28 -168
30 -180 30 -180 30 -180 28 -180
30 -195 30 -195 30 -196 28 -196
30 210 30 210 30 210 28 212
30 225 30 225 30 226 28 -228
30 -240 30 -240 30 2240 28 -240
30 -255 30 255 30 -256 28 -256
30 270 30 -270 30 -270 28 272
45 0 45 0 44 0 44 0

45 15 45 15 44 14 44 12

45 30 45 30 44 30 44 28

45 45 45 45 44 44 44 44

45 60 45 60 44 60 44 60

45 75 45 75 44 74 44 i)

45 90 45 90 44 90 44 88

45 105 45 105 44 104 44 102
45 120 45 120 44 120 44 120
45 135 45 135 44 134 44 132
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Actual Transition

Phase Correlation

Phase Correlation &

Phase Correlation &

Wavelet 1 level Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay

45 150 45 150 44 150 A4 148
45 165 45 165 44 164 44 164
45 180 45 180 44 180 44 180
45 195 45 195 44 194 44 192
45 210 45 210 44 210 44 208
45 225 45 225 44 224 44 224
45 240 45 240 44 240 44 240
45 255 45 29 44 254 44 252
45 270 45 270 44 270 44 268
45 -15 45 IR 44 -16 44 -16

45 -30 45 -30 4 =30 44 -32

45 ~45 45 -45 44 -46 e -48

45 -60 45 -60 44 -60 44 -60

45 =75 45 o 44 -76 44 -16

45 -90 45 -90 44 ~90 e 52

45 -105 45 -105 44 -106 44 -108
45 26 45 =120 44 -120 44 -120
45 -135 45 =135 L -136 44 -136
45 -150 45 -150 44 -150 44 -152
45 -165 45 " 44 -166 44 -168
45 -180 45 -180 a4 -180 44 -180
45 -195 45 -195 44 -196 44 -196
45 210 45 -210 44 -210 44 =212
45 225 45 225 44 -226 <4 -228
45 -240 45 -240 44 -240 241 -240
45 -255 45 =255 44 -256 44 -256
45 -270 45 -270 44 -270 444 272
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Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
60 0 60 0 60 0 60 0

60 15 60 15 60 14 60 12

60 30 60 30 60 30 60 28

60 45 60 45 60 44 60 44

60 60 60 60 60 60 60 60

60 75 60 X3 60 74 60 72

60 90 60 90 60 90 60 88

60 105 60 105 60 104 60 102
60 120 60 120 60 120 60 120
60 135 60 135 60 134 60 132
60 150 60 150 60 150 60 148
60 165 60 165 60 164 60 164
60 180 60 180 60 180 60 180
60 195 60 195 60 194 60 192
60 210 60 210 60 210 60 208
60 225 60 225 60 224 60 224
60 240 66 240 60 240 60 240
60 255 60 255 60 254 60 252
60 270 60 270 60 270 60 268
60 -15 60 o 60 -16 60 -16
60 -30 60 -30 60 -30 60 -32
60 -45 60 -45 60 -46 60 -48
60 -60 60 -60 60 -60 60 -60
60 -75 60 =75 60 -76 60 =76
60 -90 60 -90 60 -90 60 -92
60 -105 60 -105 60 -106 60 -108
60 -120 60 -120 60 -120 60 -120
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Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
60 -135 60 -135 60 -136 60 -136
60 -150 60 -150 60 -150 60 -152
60 -165 . 60 -165 60 -166 60 -168
60 -180 60 -180 60 -180 60 -180
60 -195 60 -195 60 -196 60 -196
60 -210 60 210 60 -210 60 212
60 -225 60 -225 60 -226 60 -228
60 -240 60 -240 60 -240 60 -240
60 -255 60 -255 60 -256 60 -256
60 -270 60 270 60 -270 60 -272
75 0 75 0 74 0 72 0

75 15 75 15 74 14 72 12

75 30 75 30 74 30 72 28

75 45 75 45 74 44 72 44

75 60 75 60 74 60 72 60

75 75 75 75 74 74 72 72

75 90 75 90 74 90 72 88

75 105 75 105 74 104 72 102
75 120 75 120 74 120 72 120
75 135 75 135 74 134 72 132
75 150 75 150 74 150 72 148
75 165 75 165 74 164 72 164
75 180 i 180 74 180 72 180
75 195 75 195 74 194 72 192
75 210 75 210 74 210 72 208
75 225 75 225 74 224 72 224
75 240 75 240 74 240 72 240
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Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
75 255 75 255 74 254 72 252
75 270 75 270 74 270 72 268
75 -15 75 -15 74 -16 72 -16
75 -30 75 -30 74 -30 72 -32
73 -45 75 -45 74 -46 72 -48
73 -60 75 -60 74 -60 72 -60
75 415 75 -75 74 -76 72 -76
75 -90 i -90 74 -90 72 -92
75 -105 13 -105 74 -106 72 -108
75 -120 a8 -120 74 -120 72 -120
75 -135 s, 185 74 -136 72 -136
75 -150 75 -150 74 -150 o2 =152
78 -165 5 -165 74 -166 72 -168
73 -180 T -180 74 -180 72 -180
75 ¥195 75 ~195 74 -196 72 -196
75 =210 /5] -210 74 -210 72 =212
75 R25 75 =225 74 -226 T2 -228
75 -240 5 =240 74 -240 72 -240
75 -255 76 -255 74 -256 72 -256
75 =270 75 -270 74 -270 72 =272
90 0 90 0 90 0 88 0

90 15 90 15 90 14 88 12

90 30 90 30 90 30 88 28

90 45 90 45 90 44 88 44

90 60 90 60 90 60 88 60

90 75 90 TS5 90 74 88 72

90 90 90 90 90 90 88 88
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Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
90 105 90 105 90 104 88 102
90 120 90 120 90 120 88 120
90 135 90 135 90 134 88 132
90 150 90 150 90 150 88 148
90 165 90 165 90 164 88 164
90 180 90 180 90 180 88 180
90 195 90 195 90 194 88 192
90 210 90 210 90 210 88 208
90 225 90 225 90 224 88 224
90 240 90 240 90 240 88 240
90 255 90 255 90 254 88 252
90 270 90 270 90 270 88 268
90 15 90 15 90 %6 88 -16
90 430 90 30 90 30 88 32
90 -45 90 45 90 | < 246 88 48
90 -60 90 -60 90 -60 88 -60
90 \75 90 N 90 76 88 76
90 -90 90 -90 90 -90 88 -92
90 -105 90 4105 90 106 88 -108
90 1120 90 -120 90 -120 88 -120
90 -135 90 1135 90 -136 88 -136
90 -150 90 1150 90 -150 88 152
90 -165 90 165 90 166 88 -168
90 -180 90 -180 90 -180 88 -180
90 -195 90 -195 90 -196 88 -196
90 210 90 210 90 210 88 212
90 -225 90 -225 90 226 88 -228
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Phase Correlation &

Phase Correlation &

Actual Transition Phase Correlation

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
90 -240 90 -240 90 -240 88 -240
90 -255 90 -255 90 -256 88 -256
90 -270 90 -270 90 =270 88 -272
105 0 105 0 104 0 102 0
105 15 105 15 104 14 102 12
105 30 105 30 104 30 102 28
105 45 105 45 104 44 102 44
105 60 105 60 104 60 102 60
105 75 105 75 104 74 102 72
105 90 105 90 104 90 102 88
105 105 105 105 104 104 102 102
105 120 105 120 104 120 102 120
105 135 105 135 104 134 102 132
105 150 105 150 104 150 102 148
105 165 105 165 104 164 102 164
105 180 105 180 104 180 102 180
105 195 105 195 104 194 102 192
105 210 105 210 104 210 102 208
105 225 105 225 104 224 102 224
105 240 105 240 104 240 102 240
105 255 105 255 104 254 102 252
105 270 105 270 104 270 102 268
105 -15 105 -15 104 -16 102 -16
105 -30 105 -30 104 -30 102 <32
105 -45 105 -45 104 -46 102 -48
105 -60 105 -60 104 -60 102 -60
105 “75 105 75 104 -76 102 -76




15199 2.1 (619)

107

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
105 -90 105 -90 104 -90 102 =92
105 -105 105 -105 104 -106 102 -108
105 -120 105 -120 104 -120 102 -120
105 -135 105 -135 104 -136 102 -136
105 -150 105 -150 104 -150 102 -152
105 -165 105 -165 104 -166 102 -168
105 -180 105 -180 104 -180 102 -180
105 <195 105 -195 104 -196 102 -196
105 210 105 210 104 -210 102 -212
105 -2.25 105 -225 104 -226 102 -228
105 -240 105 -240 104 -240 102 -240
105 §255 105 =255 104 -256 102 -256
105 -270 105 -270 104 =270 102 =272
120 0 120 0 120 0 120 0
120 15 120 15 120 14 120 12
120 30 120 30 120 30 120 28
120 45 120 45 120 44 120 44
120 60 120 60 120 60 120 60
120 75 120 75 120 74 120 72
120 90 120 90 120 90 120 88
120 105 120 105 120 104 120 102
120 120 120 120 120 120 120 120
120 135 120 135 120 134 120 132
120 150 120 150 120 150 120 148
120 165 120 165 120 164 120 164
120 180 120 180 120 180 120 180
120 195 120 195 120 194 120 192




A1519% 2.1 (719)

108

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
120 210 120 210 120 210 120 208
120 225 120 225 120 224 120 224
120 240 120 240 120 240 120 240
120 255 120 255 120 254 120 252
120 270 120 270 120 270 120 268
120 -15 120 -15 120 -16 120 -16
120 30 120 -30 120 -30 120 -32
120 -45 120 -45 120 -46 120 -48
120 -60 120 -60 120 -60 120 -60
120 -75 120 -75 120 -76 120 -76
120 90 120 -90 120 -90 120 92
120 -105 120 -105 120 ~106 120 -108
120 -120 120 -120 120 -120 120 -120
120 2135 120 -135 120 “136 120 -136
120 -150 120 -150 120 -150 120 -152
120 -165 120 -165 120 -166 120 -168
120 -180 120 -180 120 -180 120 -180
120 -195 120 -195 120 -196 120 -196
120 -210 120 210 120 -210 120 212
120 -225 120 225 120 -226 120 -228
120 -240 120 -240 120 -240 120 -240
120 -255 120 255 120 -256 120 -256
120 -270 120 -270 120 -270 120 272
135 0 135 0 134 0 132 0

135 15 135 15 134 14 132 12

135 30 135 30 134 30 132 28

135 45 135 45 134 44 132 44




A15197 U.1 (619)

109

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
135 60 135 60 134 60 132 60
135 75 135 75 134 74 132 72
135 90 135 90 134 90 132 88
135 105 135 105 134 104 132 102
135 120 135 120 134 120 132 120
135 135 135 135 134 134 132 132
135 150 135 150 134 150 132 148
135 165 135 165 134 164 132 164
135 180 135 180 134 180 132 180
135 195 135 195 134 194 132 192
135 210 135 210 134 210 132 208
135 225 135 225 134 224 132 224
135 240 135 240 134 240 132 240
135 255 135 255 134 254 132 252
135 270 135 270 134 270 132 268
135 -15 135 L 134 -16 132 -16
135 =30 135 -30 134 -30 132 -32
135 -45 135 -45 134 -46 132 -48
135 -60 135 -60 134 -60 132 -60
135 -75 135 -75 134 -76 132 -76
135 -90 135 -90 134 -90 132 -92
135 -105 135 -105 134 -106 132 -108
135 -120 135 -120 134 -120 132 -120
135 -135 135 -135 134 -136 132 -136
135 -150 135 -150 134 -150 132 -152
135 -165 135 -165 134 -166 132 -168
135 -180 135 -180 134 -180 132 -180




P i
1IN V.1 (f9)

110

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
135 -195 135 -195 134 -196 132 -196
135 -210 135 -210 134 -210 132 <212
135 -225 135 -225 134 -226 132 -228
135 -240 135 =240 134 =240 132 -240
135 -255 135 5259 134 -256 132 -256
135 =270 135 =270 134 -270 132 =292
150 0 150 0 150 0 148 0

150 15 150 15 150 14 148 12

150 30 150 30 150 30 148 28

150 45 150 45 150 44 148 44

150 60 150 60 150 60 148 60

150 75 150 75 150 74 148 72

150 90 150 90 150 90 148 88

150 105 150 105 150 104 148 102
150 120 150 120 150 120 148 120
150 135 150 135 150 134 148 132
150 150 150 150 150 150 148 148
150 165 150 165 150 164 148 164
150 180 150 180 150 180 148 180
150 195 150 195 150 194 148 192
150 210 150 210 150 210 148 208
150 225 150 225 150 224 148 224
150 240 150 240 150 240 148 240
150 255 150 255 150 254 148 252
150 270 150 270 150 270 148 268
150 -15 150 <15 150 -16 148 -16
150 -30 150 -30 150 -30 148 =32




M3190 2.1 (919)

ikl

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 Ievel

Ax Ay Ax Ay Ax Ay Ax Ay
150 -45 150 -45 150 -46 148 -48
150 -60 150 -60 150 -60 148 -60
150 -75 150 -75 150 -76 148 -76
150 -90 150 -90 150 -90 148 -92
150 -105 150 -105 150 -106 148 -108
150 -120 150 -120 150 -120 148 -120
150 -135 150 -135 150 -136 148 -136
150 -150 150 -150 150 -150 148 -152
150 -165 150 -165 150 -166 148 -168
150 -180 150 -180 150 -180 143 -180
150 -195 150 -195 150 -196 148 -196
150 -210 150 210 150 -210 148 -212
150 =225 150 -225 150 -226 148 -228
150 -240 150 -240 150 -240 148 -240
150 -255 150 -255 150 -256 148 -256
150 =270 150 -270 150 -270 148 272
165 0 165 0 164 0 164 0

165 s 165 15 164 14 164 12

165 30 165 30 164 30 164 28

165 45 165 45 164 44 164 4

165 60 165 60 164 60 164 60

165 75 165 75 164 74 164 72

165 90 165 90 164 90 164 88

165 105 165 105 164 104 164 102
165 120 165 120 164 120 164 120
165 135 165 135 164 134 164 132
165 150 165 150 164 150 164 148




M9 V.1 (919)

112

Phase Correlation & Phase Correlation &
Actual Transition Phase Correlation

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
165 165 165 165 164 164 164 164
165 180 165 180 164 180 164 180
165 195 165 195 164 194 164 192
165 210 165 210 164 210 164 208
165 225 165 225 164 224 164 224
165 240 165 240 164 240 164 240
165 255 165 255 164 254 164 252
165 270 165 270 164 270 164 268
165 -135 165 718 164 -16 164 =16
165 -30 165 -30 164 -30 164 =32
165 -45 165 -45 164 -46 164 -48
165 -60 165 -60 164 -60 164 -60
165 e~ 165 =75 164 -76 164 =16
165 -90 165 -90 164 -90 164 02
165 -105 165 -105 164 -106 164 -108
165 -120 165 -120 164 -120 164 -120
165 -135 165 \ 164 ~-136 164 -136
165 -150 165 -150 164 -150 164 <152
165 -165 165 -165 164 -166 164 -168
165 -180 165 -180 164 -180 164 -180
165 -195 165 -195 164 -196 164 -196
165 -210 165 -210 164 -210 164 -212
165 =225 165 -225 164 -226 164 -228
165 -240 165 -240 164 -240 164 -240
165 -255 165 -255 164 =256 164 -256
165 -270 165 -270 164 <270 164 =272
180 0 180 0 180 0 180 0




MI19N U1 (#D)

113

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
180 15 180 15 180 14 180 12

180 30 180 30 180 30 180 28

180 45 180 45 180 44 180 44

180 60 180 60 180 60 180 60

180 75 180 75 180 74 180 72

180 90 180 90 180 90 180 88

180 105 180 105 180 104 180 102
180 120 180 120 180 120 180 120
180 135 180 135 180 134 180 132
180 150 180 150 180 150 180 148
180 165 180 165 180 164 180 164
180 180 180 180 180 180 180 180
180 195 180 195 180 194 180 192
180 210 180 210 180 210 180 208
180 225 180 225 180 224 180 224
180 240 180 240 180 240 180 240
180 255 180 255 180 254 180 252
180 270 180 270 180 270 180 268
180 -15 180 Y 180 -16 180 -16
180 -30 180 -30 180 -30 180 -32
180 -45 180 -45 180 -46 180 -48

180 -60 180 -60 180 -60 180 -60
180 =75 180 <73 180 -76 180 -76

180 -90 180 -90 180 -90 180 -92
180 -105 180 -105 180 -106 180 -108
180 -120 180 -120 180 -120 180 -120
180 -135 -135 180 -136 180 -136

180




A15199 .1 (70)

114

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
180 -150 180 -150 180 -150 180 -152
180 -165 180 -165 180 -166 180 -168
180 -180 180 -180 180 -180 180 -180
180 -195 180 -195 180 -196 180 -196
180 -210 180 -210 180 -210 180 212
180 -225 180 =225 180 -226 180 -228
180 -240 180 -240 180 -240 180 -240
180 -255 180 -255 180 -256 180 -256
180 -270 180 =270 180 =270 180 -272
195 0 195 0 194 0 192 0

195 15 195 15 194 14 192 12
195 30 195 30 194 30 192 28

195 45 195 45 194 44 192 44
195 60 195 60 194 60 192 60
195 &) 195 7 194 74 192 72
195 90 195 90 194 90 192 88

195 105 195 105 194 104 192 102
195 120 195 120 194 120 192 120
195 135 195 135 194 134 192 132
195 150 195 150 194 150 192 148
195 165 195 165 194 164 192 164
195 180 195 180 194 180 192 180
195 195 195 195 194 194 192 192
195 210 195 210 194 210 192 208
195 225 195 225 194 224 192 224
195 240 195 240 194 240 192 240
195 255 195 255 194 254 192 252




M3199 4.1 (A9)

115

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
195 270 195 270 194 270 192 268
195 -15 195 =15 194 -16 192 -16
195 -30 195 -30 194 -30 192 -32
195 -45 195 -45 194 -46 192 -48
195 -60 195 -60 194 -60 192 -60
195 -75 195 -75 194 -76 192 -76
195 -90 195 -90 194 -90 192 -92
195 -105 195 -105 194 -106 192 -108
195 -120 195 -120 194 -120 192 -120
195 -13% 195 r 185 194 -136 192 -136
195 -150 195 -150 194 =150 192 -152
195 -165 195 -165 194 -166 192 -168
195 -180 195 -180 194 -180 192 -180
195 =195 195 =195 194 -196 192 -196
195 -210 195 =210 194 -210 192 -212
195 =225 195 223 194 -226 192 -228
195 -240 195 =240 194 =240 192 -240
195 -255 195 -255 194 -256 192 -256
195 =270 195 -270 194 =270 192 -272
210 0 210 0 210 0 208 0

210 15 210 15 210 14 208 12

210 30 210 30 210 30 208 28

210 45 210 45 210 44 208 44

210 60 210 60 210 60 208 60

210 75 210 75 210 74 208 72

210 90 210 90 210 90 208 88

210 105 210 210 104 208 102

105




M15197 2.1 (D)

116

Phase Correlation & | Phase Correlation &

Actual Transition Phase Correlation

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
210 120 210 120 210 120 208 120
210 135 210 135 210 134 208 132
210 150 210 150 210 150 208 148
210 165 210 165 210 164 208 164
210 180 210 180 210 180 208 180
210 195 210 195 210 194 208 192
210 210 210 210 210 210 208 208
210 225 210 225 210 224 208 224
210 240 210 240 210 240 208 240
210 255 210 25% 210 254 208 252
210 270 210 270 210 270 208 268
210 (LS 210 -15 210 -16 208 -16
210 >3 210 -30 7 210 -30 208 =32
210 -45 210 -45 210 -46 208 -48
210 -60 210 -60 210 =60 208 -60
210 s 210 I 210 -76 208 -76
210 -90 210 =90 210 -90 208 =02
210 -105 210 -105 210 -106 208 -108
210 -120 210 ~120 210 -120 208 -120
210 -135 210 =130 210 -136 208 -136
210 -150 210 -150 210 -150 208 -152
210 -165 210 -165 210 -166 208 -168
210 -180 210 -180 210 -180 208 -180
210 -195 210 -195 210 -196 208 -196
210 =210 210 -210 210 210 208 =212
210 225 210 228 210 -226 208 -228
210 -240 210 -240 210 -240 208 -240




M3199 2.1 (#19)

8 b4

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
210 -255 210 -255 210 -256 208 -256
210 -270 210 -270 210 -270 208 -272
225 0 225 0 224 0 224 0
225 15 225 15 224 14 224 12
225 30 225 30 224 30 224 28
225 45 225 45 224 44 224 44
225 60 225 60 224 60 224 60
225 73 225 75 224 74 224 72
225 90 225 90 224 90 224 88
225 105 225 105 224 104 224 102
225 120 225 120 224 120 224 120
225 135 225 135 224 134 224 132
225 150 225 150 224 150 224 148
225 165 225 165 224 164 224 164
225 180 225 180 224 180 224 180
225 195 225 195 224 194 224 192
225 210 225 210 224 210 224 208
225 225 225 225 224 224 224 224
225 240 225 ; 240 224 240 224 240
225 255 225 255 224 254 224 252
225 270 225 270 224 270 224 268
225 -15 225 -15 224 -16 224 -16
225 -30 225 -30 224 -30 224 -32
225 -45 225 -45 224 -46 224 -48
225 -60 225 -60 224 -60 224 -60
225 -75 225 -75 224 -76 224 -76
225 -90 225 -90 224 -90 224 -92




A15190 2.1 (619)

118

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
225 -105 225 -105 224 -106 224 -108
225 -120 225 -120 224 -120 224 -120
225 -135 225 -135 224 -136 224 -136
225 -150 225 -150 224 -150 224 -152
925 -165 225 -165 224 -166 224 -168
225 -180 225 -180 224 -180 224 -180
225 -195 225 -195 224 -196 224 -196
225 -210 225 210 224 210 224 -212
225 -225 225 225 224 226 224 -228
225 -240 225 -240 224 240 224 -240
225 255 225 -255 224 -256 224 256
225 -270 225 -270 24 | 270 224 272
240 0 240 0 240 0 240 0

240 15 240 15 240 14 240 12

240 30 240 30 240 30 240 28

240 45 240 45 240 44 240 44

240 60 240 60 240 60 240 60

240 75 240 75 240 74 240 72

240 90 240 90 240 90 240 88

240 105 240 105 240 104 240 102
240 120 240 120 240 120 240 120
240 135 240 135 240 134 240 132
240 150 240 150 240 150 240 148
240 165 240 165 240 164 240 164
240 180 240 180 240 180 240 180
240 195 240 195 240 194 240 192
240 210 240 210 240 210 240 208




A15190 0.1 (710)

119

Actual Transition

Phase Correlation

Phase Correlation &

Phase Correlation &

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
240 225 240 225 240 224 240 224
240 240 240 240 240 240 240 240
240 255 240 255 240 254 240 252
240 270 240 270 240 270 240 268
240 =15 240 = 240 -16 240 -16
240 -30 240 -30 240 -30 240 32
240 -45 240 -45 240 -46 240 -48
240 -60 240 -60 240 -60 240 -60
240 =73 240 /78 240 -76 240 -76
240 -90 240 -90 240 -90 240 -92
240 -105 240 -105 240 -106 240 -108
240 =120 240 -120 240 -120 240 -120
240 -135 240 -135 240 -136 240 -136
240 =150 240 -150 240 -150 240 -152
240 -165 240 -165 240 -166 240 -168
240 -180 240 -180 240 -180 240 -180
240 -195 240 W93 240 -196 240 -196
240 -210 240 -210 240 -210 240 212
240 ~225 240 -225 240 -226 240 -228
240 -240 240 -240 240 -240 240 -240
240 -255 240 =235 240 -256 240 -256
240 -270 240 -270 240 -270 240 -272
255 0 255 0 254 0 252 0
255 15 255 15 254 14 252 12
253 30 255 30 254 30 252 28
255 45 295 45 254 44 252 44
255 60 255 60 254 60 252 60




M3 V.1 (#0)

120

Phase Correlation &

Phase Correlation &

Actual Transition Phase Correlation

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
255 75 255 75 254 74 252 72
255 90 255 90 254 90 252 88
255 105 255 105 254 104 252 102
255 120 255 120 254 120 252 120
255 135 235 135 254 134 252 132
255 150 255 150 254 150 252 148
255 165 255 165 254 164 252 164
255 180 255 180 254 180 252 180
255 195 255 195 254 194 230 192
253 210 255 210 254 210 252 208
255 225 255 225 254 224 252 224
235 240 255 240 254 240 252 240
255 258 255 255 254 254 252 252
255 270 255 270 254 270 252 268
255 =15 255 -13 254 -16 22 -16
255 -30 255 -30 254 -30 252 -32
255 -45 255 -45 254 -46 252 -48
255 -60 255 -60 254 -60 252 -60
255 =75 255 <75 254 -76 252 -76
255 -90 253 -90 254 -90 252 -92
255 -105 255 -105 254 -106 252 -108
255 -120 255 -120 254 -120 252 -120
255 =135 255 -135 254 -136 252 -136
255 -150 255 -150 254 -150 252 ~152
255 -165 255 -165 254 -166 252 -168
255 -180 255 -180 254 -180 252 -180
255 =195 255 -195 254 -196 252 -196




A13199 2.1 (71D)

121

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
255 -210 255 -210 254 =210 252 212
255 =225 255 =225 254 =226 252 -228
255 -240 255 -240 254 -240 252 -240
255 =255 255 =255 254 -256 252 -256
255 =270 255 =270 254 =270 252 -272
270 0 270 0 270 0 268 0

270 15 270 15 270 14 268 b

270 30 270 30 270 30 268 28

270 45 270 45 270 44 268 44

270 60 270 60 270 60 268 60

270 95 270 75 270 74 268 T2

270 90 270 90 270 920 268 88

270 105 270 105 270 104 268 102
270 120 270 120 270 120 268 120
270 135 270 135 270 134 268 132
270 150 270 150 270 150 268 148
270 165 270 165 270 164 268 164
270 180 270 180 270 180 268 180
270 195 270 195 270 194 268 192
270 210 270 210 270 210 268 208
270 225 270 225 270 224 268 224
270 240 270 240 270 240 268 240
270 =15 270 -15 270 -16 268 -16
270 -30 270 -30 270 -30 268 -32
270 -45 270 -45 270 -46 268 -48
270 -60 270 -60 270 -60 268 -60
270 -75 270 =73 270 -76 268 76




M15190 V.1 (519)

122

Phase Correlation &

Phase Correlation &

Actual Transition Phase Correlation
Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
270 -90 270 -90 270 -90 268 “32
270 -105 270 -105 270 -106 268 -108
270 -120 270 -120 270 -120 268 -120
270 <135 270 135 270 <136 268 -136
270 -150 270 -150 270 -150 268 <152
270 -165 270 -165 270 -166 268 -168
270 -180 270 -180 270 -180 268 -180
270 -195 270 -195 270 -196 268 -196
270 -210 270 2210 270 =210 | 268 =212
270 -225 270 28 270 226 268 -228
270 -240 270 -240 270 -240 268 -240
270 -255 270 o 270 -256 268 -256
270 =270 270 -270 270 -270 268 272
-1§ 0 %15 0 -16 0 -16 0
<13 15 -15 13 -16 14 -16 12
=15 30 @3 30 -16 30 -16 28
15 45 -15 45 -16 44 -16 44
~15 60 = 60 -16 60 -16 60
~15 75 i, 75 -16 74 -16 72
=15 90 15 90 -16 90 16 88
-15 105 <15 105 -16 104 -16 102
-15 120 -15 120 -16 120 -16 120
15 135 i 135 -16 134 -16 132
-15 150 -15 150 -16 150 -16 148
-15 165 13 165 -16 164 -16 164
15 180 -15 180 -16 180 16 180
-15 195 -15 195 -16 194 -16 192




i i
139N 4.1 (M9)

125

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
~15 210 -15 210 -16 210 -16 208
=15 225 -15 225 -16 224 -16 224
=15 240 -15 240 -16 240 -16 240
-15 -15 -15 -15 -16 -16 -16 -16
-15 -30 -15 =30 -16 -30 -16 -32
-15 -45 -15 -45 -16 -46 -16 -48
-15 -60 =15 -60 -16 -60 -16 -60
~15 =75 -15 -5 -16 -76 -16 =76
-15 -90 -13 -90 -16 -90 -16 -92
-15 -105 15 -105 -16 -106 -16 -108
-15 -120 =15 -120 -16 -120 -16 -120
-15 §13% -15 by ) -16 -136 =16 -136
-15 -150 -15 -150 -16 -150 -16 -152
-13 -165 R -165 -16 -166 -16 -168
-15 -180 -5 -180 -16 -180 -16 -180
-15 -195 @5 -195 -16 -196 -16 -196
-15 -210 -15 =210 -16 =210 -16 =212
-15 -225 oIS -225 -16 -226 -16 -228
-15 -240 -15 -240 -16 -240 -16 -240
-15 255 =15 | =203 -16 -256 -16 -256
-15 -270 -15 =270 -16 -270 -16 972
-30 0 -30 0 -30 0 -32 0

-30 15 -30 15 -30 14 -32 12

-30 30 -30 30 -30 30 -32 28

=30 45 -30 45 -30 44 -32 44

-30 60 -30 60 -30 60 -32 60

-30 75 -30 75 -30 74 -32 72




19191 V.1 (A0)

124

Phase Correlation & Phase Correlation &

Actual Transition Phase Correlation

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
-30 90 -30 90 -30 90 <32 88
-30 105 -30 105 -30 104 <32 102
-30 120 -30 120 -30 120 =32 120
-30 135 =30 135 -30 134 <52 132
-30 150 -30 150 -30 150 -32 148
-30 165 -30 165 -30 164 -32 164
-30 180 -30 180 -30 180 ~32 180
-30 195 -30 195 -30 194 §32 192
430 210 =30 210 -30 210 D2 208
-30 228 -30 225 =30 224 -32 224
-30 240 -30 240 -30 240 B2 240
-30 15 =30 i -30 -16 82 -16
-30 -30 30 -30 ~30 -30 =32 =32
-30 45 -30 -45 =30 -46 -32 -48
-30 -60 -30 60 -30 -60 -32 -60
-30 <) -0 A S -30 -76 Y /) -76
-30 90 -30 -90 -30 -90 32 -92
-30 -105 -30 -105 -30 -106 =32 -108
-30 -120 -30 -120 -30 -120 32 -120
-30 =135 -30 -135 -30 -136 -32 -136
-30 -150 -30 -150 -30 -150 =32 <182
-30 ~165 -30 -165 -30 -166 -32 -168
-30 -180 ~30 -180 -30 -180 “32 -180
-30 -195 -30 -195 -30 -196 32 -196
-30 -210 -30 =210 -30 -210 =32 -212
-30 225 -30 225 -30 -226 =32 -228
-30 -240 -30 -240 -30 -240 -32 -240




A ;
A1519N U.1 (M19)

125

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-30 =255 =30 -255 -30 -256 -32 -256
-30 -270 -30 -270 -30 -270 -32 -272
-45 0 -45 0 -46 0 -48 0
-45 15 -45 15 -46 14 -48 12
-45 30 -45 30 -46 30 -48 28
-45 45 -45 45 -46 44 -48 44
-45 60 -45 60 -46 60 -48 60
-45 75 -45 75 -46 74 -48 72
-45 90 -45 90 -46 90 -48 88
-45 105 -45 105 -46 104 -48 102
-45 120 -45 120 -46 120 -48 120
-45 133 -45 135 -46 134 -48 132
-45 150 -45 150 -46 150 -48 148
-45 165 -45 165 -46 164 -48 164
-45 180 -45 180 -46 180 -48 180
-45 195 -45 195 -46 194 48 192
-45 210 -45 210 -46 210 -48 208
-45 225 -45 225 -46 224 -48 224
-45 240 -45 240 -46 240 -48 240
-45 -15 -45 =15 -46 -16 -48 -16
-45 -30 -45 -30 -46 -30 -48 -32
-45 -45 -45 -45 -46 -46 -48 -48
-45 -60 -45 -60 -46 -60 -48 -60
-45 -75 -45 -75 -46 -76 -48 -76
-45 -90 -45 -90 -46 -90 -48 -92
-45 -105 -45 -105 -46 -106 -48 -108
-45 -120 -45 -120 -46 -120 -48 -120




M13197 V.1 (719)

126

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-45 -135 -45 -135 -46 -136 -48 -136
-45 -150 -45 -150 -46 -150 -48 152
-45 -165 -45 -165 -46 -166 -48 -168
-45 -180 -45 -180 -46 -180 -48 -180
-45 -195 -45 -195 -46 -196 -48 -196
-45 -210 -45 =210 -46 -210 -48 212
-45 225 -45 -225 -46 -226 -48 -228
-45 -240 -45 -240 -46 -240 -48 -240
-45 -255 -45 -255 -46 -256 -48 -256
-45 -270 -45 -270 -46 -270 -48 -272
-60 0 -60 0 -60 0 -60 0
-60 15 -60 15 -60 14 -60 12
-60 30 -60 30 -60 30 -60 28
-60 45 =60 45 -60 e -60 44
-60 60 -60 60 -60 60 -60 60
-60 75 -60 75 -60 74 60 12
-60 90 -60 90 60 90 -60 88
-60 105 -60 105 -60 104 -60 102
-60 120 -60 120 -60 120 -60 120
-60 135 -60 135 -60 134 -60 132
-60 150 -60 150 -60 150 -60 148
-60 165 -60 165 -60 164 -60 164
-60 180 -60 180 -60 180 -60 180
-60 195 -60 195 -60 194 -60 192
-60 210 -60 210 -60 210 -60 208
-60 225 -60 225 -60 224 -60 224
-60 240 -60 240 -60 240 -60 240




M15197 2.1 (A19)

127

Phase Correlation & Phase Correlation &
Actual Transition Phase Correlation

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
-60 15 -60 15 -60 -16 -60 -16
-60 -30 -60 -30 -60 -30 -60 =32
-60 -45 -60 -45 -60 -46 -60 -48
-60 -60 -60 -60 -60 -60 -60 -60
-60 =75 -60 =75 -60 -76 -60 -76
-60 -90 -60 -90 -60 -90 -60 -92
-60 -105 -60 -105 -60 -106 -60 -108
-60 ~120 -60 -120 -60 120} -60 -120
-60 ~135 -60 -135 -60 436 -60 -136
-60 -150 -60 -150 -60 -150 -60 -152
-60 -165 -60 -165 -60 -166 -60 -168
-60 -180 -60 -180 -60 -180 =60 -180
-60 ~19& =60 -195 60 -196 -60 -196
-60 -210 -60 210 -60 -210 -60 212
-60 y225 -60 225 -60 =226 -60 -228
-60 -240 -60 -240 -60 -240 =60 -240
-60 R53 -60 256 -60 =256 -60 -256
-60 -270 -60 =270 -60 -270 -60 272
-75 0 -75 0 -76 0 -76 0
=75 15 75 15 -76 14 76 12
-75 30 -75 30 -76 30 -76 28
-75 45 =15 45 ~76 44 -76 4
=79 60 ~75 60 -76 60 -76 60
=13 75 -75 75 -76 74 -76 T2
-75 90 =75 90 -76 90 -76 88
. 105 75 105 -76 104 -76 102
73 120 -75 120 -7 120 -76 120




M3 V.1 (71D)

128

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
=75 135 -75 135 -76 134 -76 132
=75 150 =75 150 -76 150 -76 148
-75 165 -75 165 -76 164 -76 164
-75 180 -75 180 -76 180 -76 180
=75 195 -75 195 -76 194 -76 192
-75 210 =75 210 -76 210 -76 208
=73 225 =75 225 -76 224 -76 224
=75 240 =75 240 -76 240 -76 240
205 =15 -757 F18 -76 -16 =76 -16
-75 -30 /I -30 -76 H80 -76 -32
-7 -45 578 -45 -76 -46 -76 -48
-75 -60 -75 -60 -76 -60 -76 -60
-75 -75 75 -75 -76 -76 76 -76
-75 -90 -75 -90 -76 -90 -76 -92
=75 -105 -1 -105 =76 -106 =76 -108
-715 -120 wS -120 -76 ~120 =76 -120
~75 U35 =15 =135 -76 36 =76 -136
=15 -150 &3 -150 -76 -150 -76 -152
=75 -165 -75 -165 -76 -166 -76 -168
=15 -180 -75 -180 -76 -180 =76 -180
-75 -195 -75 -195 -76 -196 -76 -196
=15 =210 =75 =210 -76 -210 -76 -212
-75 -225 -75 -225 -76 -226 -76 228
75 -240 =75 -240 -76 -240 -76 -240
75 -255 -75 -255 -76 -256 -76 -256
=75 -270 =73 -270 -76 -270 -76 -272
-90 0 -90 0 -90 0 -92 0




M3199 2.1 (719)

129

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-90 15 -90 15 -90 14 -92 12
-90 30 -90 30 -90 30 -92 28
-90 45 -90 45 -90 44 -92 44
-90 60 -90 60 -90 60 -92 60
-90 75 -90 7 -90 74 92 72
-90 90 -90 90 -90 90 -92 88
-90 105 -90 105 -90 104 -92 102
-90 120 -90 120 -90 120 -92 120
-90 135 -90 135 -90 134 -92 132
-90 150 -90 150 -90 150 -92 148
-90 165 -90 165 -90 164 -92 164
-90 180 -90 180 -90 180 -92 180
-90 195 -90 195 -90 194 -92 192
-90 210 =90 210 =90 210 -92 208
-90 225 -90 225 -90 224 52 224
-90 240 -90 240 -90 240 £92 240
-90 &l S -90 2l 5 -90 -16 -92 -16
-90 -30 -90 -30 -90 -30 -92 -32
-90 -45 -90 -45 -90 -46 -92 -48
-90 -60 -90 -60 -90 -60 -92 -60
-90 =75 -90 =15 -90 -76 -92 =76
-90 -90 -90 -90 -90 -90 -92 -92
-90 -105 -90 -105 -90 -106 -92 -108
-90 -120 -90 -120 -90 -120 -92 -120
-90 -135 -90 -135 -90 -136 -92 -136
-90 -150 -90 -150 -90 -150 -92 -152
-90 -165 -90 -165 -90 -166 -92 -168




& .
AN U.1 (AD)

130

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-90 -180 -90 -180 -90 -180 =92 -180
-90 -195 -90 -195 -90 -196 -92 -196
-90 =210 -90 -210 -90 -210 -92 -212
-90 -225 -90 =225 -90 -226 92 -228
-90 -240 -90 -240 -90 -240 -92 -240
-90 -255 -90 -255 -90 -256 -92 -256
-90 =270 -90 =270 -90 =270 -92 =272
-105 0 -105 0 -106 0 -108 0

-105 15 -105 15 -106 14 -108 12

-105 30 -105 30 -106 30 -108 28

-105 45 -105 45 -106 44 -108 R

-105 60 -105 60 -106 60 -108 60

-105 75 -105 75 -106 74 <108 72

-105 90 -105 90 -106 90 =108 88

-105 105 -105 105 -106 104 -108 102
-105 120 -105 120 -106 120 -108 120
-105 135 -105 135 -106 134 -108 132
-105 150 -105 150 -106 150 -108 148
-105 165 -105 165 -106 164 -108 164
-105 180 =105 180 -106 180 -108 180
-105 195 -105 195 -106 194 -108 192
-105 210 -105 210 -106 210 -108 208
-105 225 -105 225 -106 224 -108 224
-105 240 -105 240 -106 240 -108 240
-105 -15 -105 ~15 -106 -16 -108 -16
-105 -30 -105 -30 -106 -30 -108 -32
-105 -45 -105 -45 -106 -46 -108 -48




o i
AMTIN V.1 (D)

131

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
105 -60 -105 -60 -106 -60 -108 -60
-105 B -105 75 -106 76 -108 76
-105 -90 -105 -90 -106 -90 -108 2
-105 -105 -105 -105 -106 -106 -108 -108
105 -120 -105 -120 106 -120 -108 120
-105 138 -105 \IB5/ /| , 106 “136 -108 -136
-105 -150 -105 -150 -106 -150 -108 152
105 -165 105 -165 -106 166 -108 168
-105 -180 -105 1180 -106 -180 -108 180
-105 -195 -105 195 -106 -196 -108 -196
-105 210 105 210 -106 210 | -<108 212
-105 225 -105 2225 -106 226 -108 228
-105 2240 -105 240 -106 -240 -108 -240
-105 2255 -105 255 -106 256 -108 256
-105 -270 -105 270 -106 270 -108 272
-120 0 120 0 -120 0 -120 0
120 15 120 15 120 14 -120 12
-120 30 120 30 -120 30 -120 28
1120 45 ‘120, 45 120 44 -120 44
1120 60 -120 60 “120 60 -120 60
-120 75 -120 75 -120 74 -120 72
-120 90 -120 90 120 90 -120 88
-120 105 -120 105 -120 104 -120 102
-120 120 -120 120 -120 120 -120 120
-120 135 -120 135 -120 134 -120 132
-120 150 -120 150 -120 150 -120 148
120 165 -120 165 -120 164 -120 164




A15197 v.1 (719)

132

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-120 180 -120 180 -120 180 =120 180
-120 195 -120 195 -120 194 -120 192
-120 210 -120 210 -120 210 -120 208
-120 225 =120 225 -120 224 -120 224
-120 240 -120 240 -120 240 -120 240
-120 -15 -120 -15 -120 -16 -120 -16
-120 -30 -120 -30 -120 -30 -120 -32
-120 -45 -120 -45 -120 -46 -120 -48
-120 -60 -120 -60 -120 -60 -120 -60
-120 -73 -120 N -120 =76 -120 -76
-120 -90 -120 -90 ~120 90 2120 -92
-120 -105 -120 -105 -120 -106 =120 -108
-120 -120 -120 -120 -120 -120 -120 -120
-120 =133 -120 =135 -120 -136 -120 -136
-120 -150 -120 -150 -120 =150 -120 -152
-120 -165 -120 €65 ;120 -166 -120 -168
-120 -180 -120 -180 -120 -180 -120 -180
-120 -195 -120 -195 -120 -196 -120 -196
-120 -210 -120 -210 -120 -210 -120 -212
-120 -225 -120 -225 -120 -226 -120 -228
-120 -240 -120 -240 =120 -240 -120 -240
-120 -255 -120 =255 -120 -256 -120 -256
-120 -270 -120 =270 -120 =270 -120 =272
-135 0 -135 0 -136 0 -136 0

-135 15 -135 15 -136 14 -136 12

=135 30 -135 30 -136 30 -136 28

-135 45 -135 45 -136 44 -136 44




= .
199N V.1 (D)

133

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-135 60 -135 60 -136 60 -136 60
-135 75 -135 75 -136 74 -136 72
-135 90 -135 90 -136 90 -136 88
-135 105 -135 105 -136 104 -136 102
-135 120 -135 120 -136 120 -136 120
-135 135 =135 135 -136 134 -136 132
-135 150 -135 150 -136 150 -136 148
=135 165 139 165 -136 164 -136 164
-135 180 -135 180 -136 180 -136 180
-135 195 -135 195 -136 194 -136 192
-135 210 <135 210 -136 210 -136 208
-135 225 -135 225 -136 224 -136 224
-135 240 -135 240 -136 240 -136 240
-135 18 Tb36 ~15 -136 -16 -136 -16
-135 -30 -135 -30 -136 -30 -136 -32
-135 45 -135 -45 -136 -46 -136 -48
-135 -60 -135 -60 -136 -60 -136 -60
-135 -78 495 =75 -136 -76 -136 =76
=135 -90 -135 -90 -136 -90 -136 -92
-135 -105 -135 -105 -136 -106 -136 -108
~1.38 -120 =135 -120 -136 -120 -136 -120
-135 -135 -135 -135 -136 -136 -136 -136
-135 -150 -135 -150 -136 -150 -136 -152
-135 -165 -135 -165 -136 -166 -136 -168
-135 -180 -135 -180 -136 -180 -136 -180
-135 -195 -135 -195 -136 -196 -136 -196
-135 -210 -135 -210 -136 -210 -136 212




A15190 V.1 (719)

134

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-135 -225 -135 -225 -136 -226 -136 -228
-135 -240 -135 -240 -136 -240 -136 -240
-135 -255 -135 -255 -136 -256 -136 -256
-135 -270 -135 -270 -136 -270 -136 -272
-150 0 -150 0 -152 0 -152 0

-150 15 -150 15 -152 14 -152 12

-150 30 -150 30 -152 30 -152 28

-150 45 -150 45 -152 44 -152 44

-150 60 -150 60 -152 60 -152 60

-150 75 -150 75 -152 74 -152 72

-150 90 -150 90 -152 90 -152 88

-150 105 -150 105 -152 104 -152 102
-150 120 -150 120 -152 120 <152 120
-150 135 -150 135 -152 134 -152 132
-150 150 -150 150 -152 150 -152 148
-150 165 -150 165 -152 164 -152 164
-150 180 -150 180 -152 180 -152 180
-150 195 -150 195 -152 194 -152 192
-150 210 -150 210 -152 210 -152 208
-150 225 -150 225 -152 224 -152 224
-150 240 -150 240 -152 240 -152 240
-150 -15 -150 -15 -152 -16 -152 -16
-150 -30 -150 -30 -152 -30 -152 -32
-150 -45 -150 -45 -152 -46 -152 -48
-150 -60 -150 -60 -152 -60 -152 -60
-150 -75 -150 -75 -152 -76 -152 -76
-150 -90 -150 -90 -152 -90 -152 -92




A15199 U1 (719)

135

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-150 -105 -150 -105 152 -106 -152 -108
-150 -120 -150 -120 -152 -120 -152 -120
-150 -135 -150 -135 -152 -136 -152 -136
-150 -150 -150 -150 -152 -150 -152 -152
-150 -165 -150 -165 -152 -166 -152 -168
-150 -180 -150 -180 -152 -180 -152 -180
-150 195 -150 -195 -152 -196 -152 -196
-150 -210 -150 -210 158 -210 2157 212
-150 -225 -150 225 -152 -226 -152 228
-150 -240 -150 -240 Y -240 -152 -240
-150 255 =150 -255 -152 -256 -152 -256
-150 -270 -150 2270 O 270 -152 -272
-165 0 -165 0 -166 0 -168 0

-165 15 -165 15 -166 14 -168 12

-165 30 -165 30 -166 30 -168 28

-165 45 -165 45 -166 44 -168 44

-165 60 -165 60 -166 60 -168 60

-165 75 165 75 -166 74 -168 72

-165 90 -165 90 -166 90 -168 88

-165 105 -165 105 -166 104 -168 102
-165 120 -165 120 -166 120 -168 120
-165 135 -165 135 -166 134 -168 132
-165 150 -165 150 -166 150 -168 148
-165 165 -165 165 -166 164 -168 164
-165 180 -165 180 -166 180 -168 180
-165 195 -165 195 -166 194 -168 192
-165 210 -165 210 -166 210 -168 208




M9 V.1 (910)

136

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-165 225 -165 225 -166 224 -168 224
-165 240 -165 240 -166 240 -168 240
-165 -15 -165 -15 -166 -16 -168 -16
-165 -30 -165 -30 -166 -30 -168 -32
-165 -45 -165 -45 -166 -46 -168 -48
-165 -60 -165 -60 -166 -60 -168 -60
-165 ] -165 =75 -166 -76 -168 -76
-165 -90 -165 -90 -166 -90 -168 -92
-165 -105 =108 -105 -166 -106 -168 -108
-165 -120 -165 -120 -166 -120 -168 -120
-165 -135 -165 -135 -166 -136 -168 -136
-168 -150 -165 -150 -166 -150 -168 -152
-165 -165 -165 -165 -166 -166 -168 -168
-165 -180 k65 -180 -166 -180 -168 -180
-165 -195 -165 -193 -166 -196 -168 -196
-165 <210 -165 <10 -166 =210 -168 212
-165 %229 -165 2275 -166 -226 -168 -228
-165 -240 -165 -240 -166 -240 -168 -240
-165 =255 -165 -255 -166 -256 -168 -256
-165 -270 -165 -270 -166 =270 -168 =272
-180 0 -180 0 -180 0 -180 0

-180 15 -180 15 -180 14 -180 12

-180 30 -180 30 -180 30 -180 28

-180 45 -180 45 -180 44 -180 44

-180 60 -180 60 -180 60 -180 60

-180 75 -180 75 -180 74 -180 72

-180 90 -180 90 -180 90 -180 88




A15190 .1 (919)

137

Actual Transition

Phase Correlation

Phase Correlation &

Phase Correlation &

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
-180 105 -180 105 -180 104 -180 102
-180 120 -180 120 -180 120 -180 120
-180 135 -180 135 -180 134 -180 132
-180 150 -180 150 -180 150 -180 148
-180 165 -180 165 -180 164 -180 164
-180 180 -180 180 -180 180 -180 180
-180 195 -180 195 -180 194 -180 192
-180 210 -180 210 -180 210 -180 208
-180 225 -180 225 -180 224 -180 224
-180 240 -180 240 -180 240 -180 240
-180 -15 -180 1% -180 -16 -180 -16
-180 -30 ~180 -30 -180 -30 -180 -32
-180 45 -180 -45 -180 -46 -180 -48
-180 -60 -180 -60 -180 -60 -180 -60
-180 75 -180 -75 -180 -76 -180 -76
-180 =90 -180 -90 -180 -90 -180 -92
-180 -105 -180 -105 -180 -106 -180 -108
-180 -120 -180 -120 -180 -120 -180 -120
-180 -135 -180 35 -180 -136 -180 -136
-180 -150 -180 -150 -180 -150 -180 <152
-180 -165 -180 -165 -180 -166 -180 -168
-180 -180 -180 -180 -180 -180 -180 -180
-180 -195 -180 -195 -180 -196 -180 -196
-180 -210 -180 -210 -180 210 -180 212
-180 -225 -180 -225 -180 -226 -180 -228
-180 -240 -180 -240 -180 -240 -180 -240
-180 255 -180 255 -180 256 -180 -256




. .
AN V.1 (A0)

138

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-180 -270 -180 =270 -180 -270 -180 =272
-195 0 -195 0 -196 0 -196 0

-195 15 -195 15 -196 14 -196 12
-195 30 -195 30 -196 30 -196 28
-195 45 -195 45 -196 44 -196 44
=195 60 -195 60 -196 60 -196 60
=195 ¥ -195 75 -196 74 -196 72
-195 90 -195 90 -196 90 -196 88

-195 105 -195 105 -196 104 -196 102
-195 120 =195 120 -196 120 -196 120
-195 13 -195 135 -196 134 -196 132
-195 150 -195 150 -196 150 -196 148
-195 165 =195 165 -196 164 -196 164
-195 180 -195 180 -196 180 -196 180
-195 195 -195 195 -196 194 -196 192
-185 210 -195 210 -196 210 -196 208
-195 225 -195 225 -196 224 -196 224
-195 240 -195 240 -196 240 -196 240
-195 -15 -195 -15 -196 -16 -196 -16
-195 -30 -195 -30 -196 -30 -196 -32
-195 -45 -195 -45 -196 -46 -196 -48
~195 -60 -195 -60 -196 -60 -196 -60
-195 <75 -195 =75 -196 =76 -196 -76
-195 -90 -195 -90 -196 -90 -196 -92
-195 -105 -195 -105 -196 -106 -196 -108
-195 -120 -195 -120 -196 -120 -196 -120
-195 =135 -195 =135 -196 -136 -196 -136




A15191 2.1 (519)

139

Actual Transition

Phase Correlation

Phase Correlation &

Phase Correlation &

Wavelet 1 level Wavelet 2 level
Ax Ay Ax Ay Ax Ay Ax Ay
-195 -150 -195 -150 -196 -150 -196 -152
-195 -165 -195 -165 -196 -166 -196 -168
-195 -180 -195 -180 -196 -180 -196 -180
-195 -195 -195 -195 -196 -196 -196 -196
-195 -210 -195 210 -196 -210 -196 212
-195 225 -195 -225 -196 226 -196 -228
-195 240 -195 -240 -196 -240 -196 -240
-195 -255 -195 -255 -196 -256 -196 -256
-195 -270 -195 -270 -196 -270 -196 272
-210 0 210 0 210 0 -212 0
-210 15 210 15 2210 14 212 12
-210 30 210 30 -210 30 212 28
-210 45 -210 45 210 44 212 44
-210 60 =210 60 -210 60 212 60
210 75 -210 75 210 74 212 72
-210 90 210 90 210 90 212 88
-210 105 -210 105 210 | 104 212 102
-210 120 210 120 -210 120 212 120
-210 135 210 135 -210 134 -212 132
210 150 -210 150 210 150 212 148
-210 165 -210 165 -210 164 212 164
210 180 210 180 -210 180 -212 180
210 195 -210 195 210 194 212 192
210 210 -210 210 210 210 212 208
-210 225 -210 225 -210 224 212 224
210 240 210 240 210 240 212 240
210 -15 -210 -15 -210 -16 212 -16




15139 9.1 (719)

140

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-210 -30 -210 -30 -210 -30 212 -32
-210 -45 210 -45 -210 -46 -212 -48
-210 -60 -210 -60 -210 -60 -212 -60
-210 =75 =210 =75 -210 -76 -212 =76
-210 -90 -210 -90 210 -90 212 -92
-210 -105 -210 -105 -210 -106 212 -108
-210 -120 210 -120 210 -120 212 -120
-210 -135 -210 -135 210 -136 212 -136
-210 -150 210 -150 -210 -150 312 -152
-210 -165 -210 -165 -210 -166 -212 -168
-210 -180 -210 -180 -210 -180 212 -180
-210 -195 -210 -195 -210 -196 a2 18 -196
-210 -210 =210 210 =210 -210 =212 =212
-210 -225 -210 -225 -210 -226 -212 -228
-210 -240 -210 -240 210 -240 212 -240
-210 -255 210 -255 210 -256 412 -256
-210 -270 -210 -270 -210 270 -212 -272
=225 0 “225 0 2725 0 -228 0

=225 15 =025 5 -226 14 -228 12
=225 30 -225 30 -226 30 -228 28

-225 45 -225 45 -226 44 -228 44
225 60 -225 60 226 60 -228 60
-225 75 -225 71 -226 74 -228 72
-225 90 -225 90 -226 90 -228 88
-225 105 -225 105 -226 104 228 102
-225 120 -225 120 -226 120 -228 120
-225 135 -225 135 -226 134 -228 132




3199 0.1 (619)

141

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-225 150 =225 150 =226 150 -228 148
-225 165 =225 165 -226 164 -228 164
=225 180 =225 180 -226 180 -228 180
=225 195 <225 195 -226 194 -228 192
225 210 -225 210 -226 210 -228 208
-225 225 =225 225 -226 224 -228 224
-225 240 -228 240 =226 240 -228 240
~225 =15 -225 ~15 -226 -16 -228 -16
=225 -30 =223 -30 2226 -30 -228 -32
-223 -45 223 -45 =226 -46 -228 -48
2% -60 =225 -60 -226 -60 -228 -60
-225 -75 225 -75 226 -76 -228 -76
-225 -90 -225 -90 -226 -90 -228 -92
-225 -105 228 -105 =226 -106 -228 -108
=225 -120 -225 -120 £226 -120 -228 -120
-225 -135 -225 -135 -226 -136 -228 -136
-225 -150 -225 -150 -226 =150 -228 -152
-225 -165 -225 -165 -226 -166 -228 -168
=225 -180 =296, -180 -226 -180 -228 -180
=225 -195 =225 -195 -226 -196 -228 -196
=225 -210 ~225 -210 -226 -210 -228 -212
-225 -225 -225 ~225 =226 -226 -228 -228
-225 -240 =225 -240 -226 -240 -228 -240
=225 <255 =225 ~255 -226 -256 -228 -256
~225 -270 =225 =270 -226 =270 -228 =272
-240 0 -240 0 -240 0 -240 0
=240 15 -240 15 -240 14 -240 12




A13199 0.1 (610)

142

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
=240 30 -240 30 -240 30 -240 28
-240 45 240 45 -240 44 -240 44
-240 60 -240 60 =240 60 -240 60
-240 76 -240 75 -240 74 -240 72
-240 90 -240 90 -240 90 -240 88
-240 105 -240 105 -240 104 -240 102
=240 120 -240 120 -240 120 -240 120
-240 135 -240 135 -240 134 -240 132
-240 150 -240 150 -240 150 =240 148
-240 165 -240 165 =240 164 -240 164
-240 180 -240 180 -240 180 -240 180
-240 195 -240 195 -240 194 =240 192
-240 210 -240 210 -240 210 -240 208
-240 225 -240 #i¥ie) -240 224 -240 224
-240 240 -240 240 =240 240 -240 240
-240 £l5 -240 -15 =240 -16 =240 -16
-240 =30 -240 =30 -240 -30 -240 -32
-240 -45 -240 -45 -240 -46 -240 -48
-240 -60 -240 -60 -240 -60 -240 -60
-240 -75 -240 =73 =240 =76 -240 -76
-240 -90 -240 -90 =240 -90 -240 -92
-240 -105 -240 -105 -240 -106 -240 -108
-240 =120 -240 -120 -240 -120 -240 -120
-240 138 -240 -135 -240 -136 -240 -136
-240 -150 -240 -150 -240 -150 -240 -152
-240 -165 -240 -165 -240 -166 -240 -168
-240 -180 -240 -180 -240 -180 -240 -180




3190 V.1 (A0)

143

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-240 -195 -240 -195 -240 -196 -240 -196
=240 -210 -240 =210 -240 -210 -240 -212
=240 -225 -240 =225 -240 -226 -240 -228
-240 -240 -240 -240 -240 -240 -240 -240
-240 =255 -240 =055 -240 -256 -240 -256
-240 -270 -240 =270 -240 -270 -240 -272
=253 0 -255 0 =256 0 -256 0

-255 15 -258 15 -256 14 -256 12

-255 30 -255. 30 -256 30 -256 28

-255 45 256 45 -256 44 -256 44

253 60 =255 60 -256 60 -256 60

-255 75 -255 75 -256 74 =256 12

-258 90 -255 90 -256 90 -256 88

-235 105 F255 105 -256 104 -256 102
-253% 120 -268 120 256 120 -256 120
-255 135 -255 135 256 134 =256 132
-255 150 -255 150 -256 150 -256 148
=255 165 ] 165 =256 164 -256 164
=255 180 i 180 -256 180 -256 180
=255 195 =255 195 -256 194 -256 192
-255 210 =253 210 -256 210 -256 208
-255 225 -255 225 -256 224 -256 224
-255 240 -255 240 -256 240 -256 240
=255 =15 -255 =15 -256 -16 -256 -16
-255 -30 =255 -30 -256 -30 -256 -32
=255 -45 <255 -45 -256 -46 -256 -48
-255 -60 -255 -60 -256 -60 -256 -60




- ’
A19149% V.1 (719)

144

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-255 -75 -255 -75 -256 -76 -256 -76
=255 -90 -255 -90 -256 -90 -256 -92
-255 -105 -255 -105 -256 -106 -256 -108
-255 -120 -255 -120 -256 -120 -256 -120
-255 -135 -255 -135 256 -136 -256 -136
-255 -150 -255 -150 -256 -150 -256 -152
-255 -165 2255 -165 256 -166 -256 -168
-255 -180 -255 -180 256 -180 -256 -180
-255 -195 -255 2195 256 -196 -256 -196
-255 -210 -255 -210 -256 -210 -256 212
-285 225 AN, =225 -256 =226 -256 -228
-255 -240 -255 -240 -256 -240 -256 -240
-255 -255 -255 -255 -256 -256 -256 -256
-255 -270 255 -270 256 -270 -256 272
-270 0 -270 0 270 0 272 0
-270 15 -270 15 -270 14 272 12
-270 30 -270 30 -270 30 -272 28
=270 45 -270 45 -270 44 272 44
-270 60 270 60 -270 60 -272 60
-270 75 -270 75 -270 74 272 72
-270 90 -270 90 -270 90 272 88
-270 105 270 105 270 104 272 102
=270 120 -270 120 =270 120 -272 120
-270 135 -270 135 -270 134 272 132
-270 150 -270 150 -270 150 -272 148
=270 165 -270 165 -270 164 =272 164
-270 180 -270 180 -270 180 272 180




4 '
A1919N V.1 (§19)

145

Actual Transition

Phase Correlation

Phase Correlation &

Wavelet 1 level

Phase Correlation &

Wavelet 2 level

Ax Ay Ax Ay Ax Ay Ax Ay
-270 195 =270 195 -270 194 =272 192
-270 210 -270 210 -270 210 -272 208
-270 225 -270 225 =270 224 =272 224
=270 240 =270 240 -270 240 272 240
=270 -15 -270 =15 -270 -16 =272 -16
-270 -30 -270 -30 =270 =30 “272 -32
-270 -45 -270 -45 =270 -46 =272 -48
-270 -60 -270 -60 -270 -60 =272 -60
-270 =75 =270 13 =270 =76 2 -76
-270 -90 -270 -90 -270 -90 -272 -92
-270 -105 -270 -105 270 -106 272 -108
-270 -120 =270 -120 270 -120 72 -120
-270 -135 -270 -135 -270 -136 =272 -136
=270 =150 -270 -150 -270 -150 =2 =152
-270 -165 -270 -165 -270 -166 -272 -168
-270 -180 -270 -180 =270 -180 -272 -180
-270 0T -270 =195 =270 -196 =272 -196
=270 -290 -270 -210 -270 -210 =273 =212
-270 <225 20 25 -270 -226 272 -228
-270 -240 -270 -240 ~270 -240 272 -240
-270 =255 -270 ~255 -270 -256 <272 -256
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Ax Ay Ax Ay
10 | 10 10 10
20 20 20 20
30 ‘ 30 30 30
40 40 40 40
50 50 50 50
55 55 55 55
60 60 60 60
65 65 65 65
70 70 70 70
75 75 112 154
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msifAeunlasmsideusumias manlAsunasmsidoudumisiinn 1
Ax Ay Ax Ay
10 10 10 10
30 30 30 30
50 50 50 50
70 70 70 70
90 90 90 90
110 110 110 110
130 130 130 130
150 150 150 150
155 155 155 155
160 160 17 135

A13199 .3 M5 slaeulasnisdoud v U LIA 300x300

msilfvun lasmsiaeudumianse msffeumlasnisdeudumisin 1
Ax Ay Ax Ay
30 30 30 30
60 60 60 60
90 90 90 90
120 120 120 120
150 150 150 150
180 180 180 180
210 210 210 210
240 240 240 240
245 245 245 245
250 250 202 191
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mnlfounasmsdoudumisnds | msnldeuilaimsdeudum vafin'ld
Ax Ay Ax Ay
40 40 40 40
80 80 80 80
120 120 120 120
160 160 160 160
200 200 200 200
240 240 240 240
280 280 280 280
320 320 320 320
340 340 340 340
345 345 138 231

319N A5 NMsMsasunaIns Ao U UM USRI TR 500x500

maAvunlasmsidousumienss | mandeunlasmsdoudim Yafin14
Ax 4y Ax Ay
50 50 50 50
100 100 100 100
150 150 150 150
200 200 200 200
250 250 250 250
300 300 300 300
350 350 350 350
400 400 400 400
440 440 440 440
445 445 32 426
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manfounlasmsidoudumisess msnlfeunlasmsdoudumiaiing g
Ax Ay Ax Ay
60 60 60 60
120 120 120 120
180 180 180 180
240 240 240 240
300 300 300 300
360 360 360 360
420 420 420 420
480 480 480 480
530 530 530 530
535 535 552 264

MINN A7 msvmsalAsuntasmsdousiurisuo snnng 700x700

nsifAsum)aemsiaeud umi a5 msnfRevinlasmsdoudumisiing 1

Ax Ay Ax Ay
70 70 70 70
140 140 140 140
210 210 210 210
280 280 280 280
350 350 350 350
420 420 420 420
490 490 490 490
560 560 560 560
625 625 625 625
630 630 594 373
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Ax Ay Ax Ay
80 80 80 80
160 160 160 160
240 240 240 240
320 320 320 320
400 400 400 400
480 480 480 480
560 560 560 560
640 640 640 640
720 720 720 720
725 725 259 407

M3 2.9 MINMInfaen)aan @ UM UV I INYLIA 900900

mAeunlasms@sudimiands mswlasunlasnsdeudumiaiv 18
Ax Ay Ax Ay
90 90 90 90
180 180 180 180
270 270 270 270
360 360 360 360
450 450 450 450
540 540 540 540
630 630 630 630
720 720 720 720
805 805 805 805
810 810 11 438
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msdoun)aimsidoudumianss mswavunlasmsdeudumisin 18
Ax Ay Ax Ay
100 100 100 100
200 200 200 200
300 300 300 300
400 400 400 400
500 500 500 500
600 600 600 600
700 700 700 700
800 800 800 800
910 910 910 910
915 915 818 206
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AD Ax Ay Cross-correlation RMSE
1 19 319 349 -0.183 -
2 19 319 -33 -0.201 o
3 19 -63 349 -0.183 &
4 19 -63 33 0.710 15.071
3 21 319 350 -0.178 5
6 21 319 -38 -0.198 &
T 21 -69 350 -0.178 -
8 21 -69 -38 0.681 20.189
9 20 322 352 20179 -
10 20 322 33 -0.199 -
11 20 -63 352 -0.179 a8
12 20 -63 =32 0.729 6.512

(d)
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M990 42 HaMINAABRINTIART RMSE 12 Cross-correlation fusnislaevtla

AB Ax Ay Cross-correlation RMSE
1 41 373 386 -0.144 &
2 41 373 -38 -0.149 -
3 41 <Al 386 -0.144 -
4 41 351 -38 0.672 16.119
5 0 61 195 -0.104 36.082
6 0 61 ~105 -0.094 37.1
7 0 -139 195 -0.294 30.489
8 0 -139 -105 -0.157 41.405
9 40 371 387 -0.144 o
10 40 378 =36 ~0.152 -
11 40 -52 387 -0.144 -
12 40 52 -36 0.684 8.157
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AB Ax Ay Cross-correlation RMSE
1 31 324 315 el 5
2 31 324 AR -0.194 -
3 31 -88 315 PONISY -
4 .y -88 Y 0.621 22.788
5 21 116 131 JF179 20.396
6 21 116 <257 -0.146 21.894
7 21 -273 131 -0.144 31.173
8 21 -273 = LHd -0.210 24.415
9 110 352 334 -0.192 -
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AB Ax Ay Cross-correlation RMSE
1 230 381 349 155 &
2 230 381 74 -0.158 =
3 230 -42 349 -0.174 5
4 230 -42 -74 0.712 5.765
5 232 138 311 -0.196 &
6 232 138 =111 -0.010 23.642
7 232 -284 Y -0.196 -
8 232 -284 -111 0.018 25.028
9 228 381 345 -0.157 =
10 228 381 79 -0.158 o
11 228 -43 345 -0.176 -
12 228 43 <79 0.697 15.102

L L4 i ] £ " v ]
Ui 0.8 namssamnmdsduninmanfaouuasiild @ nmwddudt 1 o) nmdadui 2

() WamsTWAMAWR B URATIZR (d) NaMITIMNMAIBRIMBLEY




159

HAN311A1 RMSE A Cross-correlation 4arAe 111319 9.4 11na15197 .4 v21fud

; y : d , - . | 4 4
Mmeuiilii RMSE driiqauaz Cross-correlation gafigafiefineud 4 Fuitel#lunssn
v ] Hd ' 1
amasduudnz Idnmdagli o8 HazgnamITWMNAuIINMsIdfmeuduuaaslugyi

1.8

45 MINARDIH 5

mwﬁ"’aé’fu‘lunﬁmaamﬁmﬁ’agﬂﬁ 19 fmnummsnlfounaslaoms 195503
0/52N0UAMNTGIVDY Wavelet Transform Iumsnwvey Tavld Median LPF YU
Window 5x5 (1agfi1 Threshold 4840151 Hough Transform (V81 45 Tﬂumwﬁaﬁmmﬁhms

wasunlaayy wazmsalounlasdumualdnumsed s

HANIIMIAT RMSE Wag Cross-correlation (aadlua1s19f 9.5 NN 9.5 92U

T
=

. ; . , ' Y / FW
mnevfilia1 RMSE Mifigauas Cross-corelation gefigafodinsufi 1 auileldluniss

4
a 9 kY

¥ Y = J y Yo & P
mwmmuumﬂﬂﬂmwmgﬂﬂ 4.10 meﬂﬁﬂ'l'ii’cli]ﬂ']'ﬂﬂ'ﬂﬂu‘i]Tﬂﬂ151‘lﬂﬂ1ﬂﬂﬂﬂuuﬁﬂﬁiuzﬂ1’l

410



160

M3197 4.5 HaMINAQDINITIAM RMSE Lag Cross-correlation Auammsalasuuilas

AB Ax Ay Cross-correlation RMSE
1 350 57 15 0.364 8.003
2 350 57 333 -0.142 44.345
3 350 -291 15 -0.099 64.079
4 350 -291 =333 -0.144 -
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Image registration using Phase correlation in
‘Wavelet Domain

Bhuttichai Summar’

Orachat Chitsobhuk

Department of Computer Engineering
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Ladkrabang, Bangkok, Thailand, 10520

Abstract— This paper presents an image registration
technique in frequency domain, We apply phase correlation to
find the transition between images, However, phase correlation
can find only translation on x-y axis. We have to apply other
technique before performing phase corrclation to find an
angular transition. Therefore, hough transform technigue is
implemented to overcome this problem. In this paper, images
will be pre-processed using wavelet transform. Multi-resolution
property of wavelet transform can help reducing processing time.
The experiments are conducted to show the proposed structure
of wavelet, such as pumber of levels, selected sub-band and othér
parameters suitable for image registration.

L. INTRODUCTION

Image registration is a methed to register or arrange small
images and compose them to make one image that contains
details of all'input images. Images taken as inputs of process
must have some overlap area. Registered images help us to
view overall detail without swapping image many times and
image analysis can be done easily. In satellite image analysis,
image registration can be applied in process, Satellite images
are captured in a row, continuous in the same interval in
satellite orbit. Moreover, almost all images taken by satellite
have some overlap area. We will take a pair of images and
register them to an image and take other image to register
again, This process is continued until all images have been
registered. We get a new big image with detail of all images
in correct position. This image is more useful in geography
because it is a map of the region we have taken and can be
used as input to image analysis process for several
applications. This image may be a natural resource map.
mineral map or military map,

In the past image registration was proposed by many
researchers either in spatial domain or frequency domain.
Image régistration in spatial domain can be divided into 2
groups. The first group uses control point as a reference of
registration process [6]. User must select points in an image
and select those points in other image. User must select at
least 3 pairs to be references of registration process. If user
makes an error in this-process or select bad points, it will
cause errors in the result image. However, the advantage of
this method is that it is fast and simple. The second group do
not use control point but try to search all possible transitions
to find the best match [4][7]. Main point of this method is

0-7803-6685-9/01/510.00©2001 IEEE

search algorithm. Processing time for this method depend on
speed and complexity of searching algorithm. Tmage
registration in frequency domain by phase correlation can be
done easily and fast. But images must be transformed from
spatial domain to frequency domain by fourier transform and
transformed from frequency domain back to spatial domain
by Inverse fourier transforu. fourier transform and Inverse
fourier transform. take some time o process. Image
registration on spatial domain can find several type of
geometric fransform while image registration using phase
correlation in frequency domain is limited to transition only in
x-y-axis. However, the main disadvantage of registration in
spatial domain is that it requires longer processing time than
phase correlation does. Time spending in search algorithm is
greater than that used for fourier and inverse fourier transform.
Phase correlation also has a restriction. It can find only x-axis
and y-axis.translation. We have to apply other technique to
find an angular transition. In the propesed algorithm, we
apply hough transform technique prior to phase correlation to
overcome this problem,

In this paper, images will be pre-processed using wavelet
transform to reduce size of image. Even though wavelet can
reduce image size and processing time to 1/4 from original for
each wavelet level, erroralso increases for each wavelet level.
So, we have to find the appropriate level of wavelet to get the
correct result at the least time.

II.  BASIC THEQRY

In this part we will see the basic principle that will be
applied in our work.
4. Phase Correlation

Phase correlation is one of fourier properties. From fourier
equation (1) [1][3]

S ey =
S (e +dv, y+ AP} = ff(ru,,m,_) e

We have a point in image that is shifted to any point
image 2.

fle,, @,) (n

Hudrsa 8y) (2)

Li(x+Ax,y+4y) =
We apply equation (1) and (2) in (3).

1,(x,y) ®)
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e 15 X-axis fransition and y-axis

transition from input images in fourier domain. We can use
inverse fourier transform to get the x-axis translation and y-
axis translation in spatial domain [2].
Gorr(x39 - 23 keedly S{x=Ax, y—-Ay) (6)
We will - select transition at the point where
correlation equal to 1. However, we cannot get perfect
correlation because of non-overlapping area and noise in input
images. As a result, we select the point where correlation is

max. : L
(62) = argpmax(Corr(.5)}] )

We use x and y as an x-axis and w-axis transition
respectively. Notice that x and y never become negative but
translation can be negative. So, we have 16 determine sign of
X-y transition. Another problem occurs when inpur images
have different contrast or have less overlapping area or
contain a large amount of noise. This makes the resulted
image from phase correlation incorrect. Therefore, we use
another form of phase correlation as follow:

j(mx,m,-)f'; {0 0,)
TACRES VAT |
Symbol jn"z'(a),,-wy.) is complex conjugate of 7.

% e, St ar) ( 8‘)

Corr(w,,w,)

8. Hough Transform [2][11]

Hough transform is a technique to collect all lines hiding in
an image. Before applying hough transform, images have to
be processed in edge detection process. Hough transform can
indicate_how lines are in an image at any distance and any
angle. Hough transform- will collest lines from image in

hough space (p,0). pis a distance of the fine from original
point and & is an angle of the line. Each cell in hough space
is the density of lineat {2,8) . We can get p from
g = xcosB+ ysind 9
We can draw an image from hough space. We apply & in
x-axisand p in y-axis. We get image as show in fig, 1.
The white spots in figure are the dense point of hough
space. If @ is changed, hough image will also change in x-
axis. Notice that there are many trivial lines in hough image.

These lines may disturb our result so we have to filter out
with a threshold.
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Fig 1. Hough image plotted frem hough space. [n x-axis is & and y-axis is
P & is changed from 110 360 degree

1. EXPERIMENT

First, we have to perform wavelet transform of two input
images. With a wavelet level, we get % size of original image,
sec Fig. 2. We will use only LL part of wavelet image to find
transition between images.

Second, we have to find an angular transition between
images by applying hough transform to two images. We
create image of hough space of two images. The low density

of hough space will be ignored because low density data may

accur by noise or non-overlapping area and can affect our
result. We use only the high density of hough space to create
hough image. In Fig. 3 we apply hough threshold at 60,

te we adjusted
for clarity.




The bright spots in images show high density of hough
space. If image | and 2 have angular transition, these point

will translate in x-axis (€) and y-axis () . We ignore result
in y-axis because distance from origin point () is not

concerned. We apply phase correlation to two images. From
(8), we do not concern with y-axis thus we take inverse

fourier transform only in direction & or x-axis.

T bt is x-axis and y-axis translation of images in
fourier form.
Corr(@) = ZS;’ (e’(”"'“’”’” ) J (10)
2
We select max correlation of &
g = argimax{Corr(8 11
A gimax{(Corr (9)} an

After we get @, we transform input image (LL part of
wavelet images) by rotating with angle — & to get new input
image with the same angle of source image.

Third, we apply phasc correlation to ‘two images after
correcting the angular translation to get x-y axis translation.
Then, we apply. Ax , Ay and A& with source and input

image to construct a new image with all details in hoth images.

In our experiment, we begin testing process with only x-y
axis translation as shown in table T. Image registration with
phase correlation in wavelet domain can be done well.
However, there are some errors occur in our process because
phase correlation can be used to find only integer transition.

Next, we perform hough transform and phase correlation to
find angular transition of two images. We found that image
registration process can be done well in every wavelet level,
see table 1L Although there are some errors but may not affect
resultobviously,

Fig 4. Source image and input image aRerrotated

TaBLEL
RESULT FROM PERFORMING PHASE CORRELATION WiTH MULTIPLE WAVELET
LEVEL
Wavelet level Actual Computed
5 (Ax,Ay) (Ax,4Ay)
0 (10,10) (10,10)
0 (15,20) (15,20)
0 (-10,-14) (-10,-14)
1 (10,10) (10,10)
1 (15,20 (16.20)
1 (-10,-14) (-10,-14)
2 (10,10) (i2,12)
2 (15,20) (16,20)
2 (-10,-14) (-12,-16)
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TasrLell
RESULT FROM ANGULAR TRANSITION FINDING PROCESS
Wavelet level Actual A8 (Computed Af
0 10 10
0 20 20
0 27 26
1 10 10
1 20 20
1 21 27
2 10 11
2 20 20
2 27 26 f
TABLE I
PROCESSING TIME OF EACH PROCESS
Image size Hough | Angular | Phase |
transform phase correlation
correlation
64 x 64 <[ sec. 8§ sec. Lssc, !
128 x 128 2 sec. 19 sec. 2 sec.
256 x 256 6 sec, 44 sec. 7 sec.

We found that transforming image with wavelet transform
need only small time, about 0.5 seconds for 128 x 128 and
about 2 second for 256 x 256 image size. Processing time
increases nonlinearly as the size of the image grows up as
show in table TH. Therefore, with lower size of image,
processing time can be reduced.

Suitable wavelet levels for applying to the image is depend
on image size. If image size is small, processing time may not
different but error can occur and accumulate for each level we
applied. However, when image size becomes large, wavelet
transform can decrease processing time dramatically and error
accumulated is not obvious in the large image. Accumulate

emoris 2", n is ntimber of wavelet level we applied. In our
experiment, we found that image size 200 x 200 or less is not
suitable to apply wavelet transform before registration
because processing time differ less than 10 seconds. Image
size more than 200 x 200 can apply wavelet level more than |
level if image size still more than 200 x 200 to speed up
processing time but may not more than 3 levels because errors
may accumulate and affect our results.

IV. CONCLUSION AND FUTURE WORK

In this paper, image registration using hough transform and
phase correlation in wavelet domain is proposed. The
proposed - image registration system can find rotation and
translation in x-y axis between two images correctly in case of
integer transition. Wavelet transform can reduce size of image
by Y for each level. With smaller size of image, we can
process with less time and space. However, some error may
occur at each level of wavelet, Therefore, sub-pixel
registration is required in order to obtain accurate result in
case of non-integer transition, If the resolution of the image is



high, hough transform may take a plenty of time. We may
apply fast hough transform or other line collector method to

reduce processing time,

(1

1

[5]

(6]

(7]
(8]

{9
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Image registration using Hough transform

and Phase correlation

in Wavelet domain

Bhuttichai Summar*, Orachat Chitsobhuk ", and Watjanapong Kasemsiri'""

Department of Computer Engineering , Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang,Ladkrabang, Bangkok

Abstract: This paper presenls a method for registering images using phase correlation technique in fourier domain,
source and input images are transformed to wavelet domain. An

transform and multi-resolution wavelet. To register images,

hough

angular transition can be obtained by applying hough transform technique followed by phase correlation. Then we apply phase
correlation technique to find x-axis and y-axis transition. We apply wavelet transform to reduce processing time and also use its
coefficients as edge information instead of canny detector. With multi-resolution property of wavelet transform, registration time
can be greatly reduced. After we get all transition parameters, we transform the input images according to these parameters. Then,
we compose and blend all images into a new large image with details of all source images. From our experiment, we can find the
accurate transition both x-y translation and angular transition with less error.

Keywords: image registration, phase correlation, hough, wavelet

1. INTRODUCTION

Image registration is the method to register or arrange
small images and compose them to make one image that
contains details of all input images. Images taken as inputs of
process must have some overlapped arca. Registered images
help us to view overall details without swapping image many
times. So that image analysis can be done easily. In satellite
image analysis, image registration can be applied in process.
Satellite images are eaptured in a row, continuous in the same
interval of satellite orbit. Moreover, almost all images taken
by satellite have some overlapped arca. We will take a pair of
images, register them to create new image then take other
image to register again, This process is continued until all
images have been registered. We get a new large image with
details of all images in correct position, This image has more
useful information in geography because it is a map of the
region we have taken and can be applied in many analysis
processes. This image may be a natural resource map, mineral
map or military map.

This paper presents an image registration technique using
hough transform and phase correlation in wavelet domain.
Several algorithms have been proposed in the past both in
spatial and frequency domain. Image registration in spatial
domain uses technigues such as user's specified control points
and searching algorithm. The first technique is simple but
depends on user's ability to select good control points [6, 9,
10]. Selecting bad control points can cause errors in the
registration process, The second technique gives better
registration results and covers several cases of geometric
transformation such as rotation, translation, sheering, and
different point’s of views [4, 6, 7, I1, 12]. However, it requires
greater complexity and processing time since the algorithm
has to search all the possible solutions before identifying the
correct one. _

Phase correlation is the most widely used technique for
image registration in ‘frequency domain [1, 2, 5, 8]. It applies
the property of Fourier transform in order to find translation
between images. The algorithm is easy to implement and
requires less amount of processing time due to the benefit of
fast Fourier trunsform (FFT) algorithm. However, phase
correlation can be used to find only translation in x-y axis.
Other techniques must be applied in advance to transform
information from x-y axis to suitable space in order to find
other types of geometric transform such as angular transition,
zooming, sheering, or stretching. In the proposed algorithm,
hough transform is used to transform line information in x-y
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axis to hough space (p,8). Therefore, rotation in x-y axis
will be transformed to translation in hough space( p, 8). Then,
phase correlation can be used to find angular transition in

hough space (0,8).

Recently, wavelet transform has become a widely used
technique to compress image data. With its multi-resolution
property, the resolution of the image can be reduced. This
results in less amount of processing time. Therefore, in the
proposed algorithm, we first transform our images into
wavelet domain. Then, angular transition is-calculated using
hough transform and phase correlation. Generally, edge
detection algorithm must be done before hough transform
process to extract lines in the image. This process causes
additional processing time. Since high frequency information
corresponding to edges is already there in wavelet domain, we
can directly use this information as input to hough transform.
As a resull, we can climinate edge detection process thus
additionally reduce the processing time. However edge
detection using information in wavelet domain is not as good
as edges from canny edge detector or sobel. There are some
trivial details and noises in an image that can cause errors and
affect our result. Therefore, we filter images using low pass
filter to eliminate trivial details and noises in images. Only
main lines and details remain in the image. Afier we obtain
angular transition, the image is rotated using angular transition
parameter. Finally, phase carrelation is performed to obtain
translation parameter in x-y axis.

2. OVERVIEW OF THE PROPOSED IMAGE
REGISTRATION IN WAVELET DOMAIN

In image registration process, we work with a pair of
images. We call the first image as “Source image” and the
other one as “Input image™. The work flow from our system is
shown in Fig.1. We begin the process by filtering both images
with low pass filter. Then, we transform images using wavclet
transform. After wavelet transformation each image is
separated into 4 components, LL. LH HL and H. In stead of
using canny detector, we combine LH, IIL and HH
coefficients to obtain edge information. After that, we start
finding angular transition parameter to compensate rotation of
the camera. Hough transform method is performed to edge
information of both images to transform angular transition in
image space to translation transition in hough space. After we
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obtain hough space of both image, we use phase correlation
process o find angular transition between 2 images. We then
use angular transition obtained from preyious step to rotate LL
part in wavelet components of the input image. After that we
find x and y translation between images. We use only LL
component from source and input images. Phase correlation is
applied in this step. After we get all transitions, we compose
source and input image together to obtain an output image.
The detail of cach process will be discussed in the next
sections.
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|
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Fig.1 Block diagram presents our system {low

2.1 Wavelet transform

Wavelet transform is a methed to separate an-image inlo
different frequendy partsc Afer wavelet transform, image is
separated as Fig. 2

Fig. 2 Image is transformed with wavelet transform,

The top-left part of image is called LL part. The LL part of
image is the lowest frequency. Most of this part is the details
of original image. The bottom-right part is called HH, which is
the highest frequency. This part consists of only the sharp
edges in diagonal direction of original image. In LL part you
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can see all details of original image with size % of original
image. Wavelet transform is one of the techniques used to
reduce resolution of the image needed to be processed. The
smaller size of the image, the less processing time and
processing space.

We can further apply wavelet transform to LL part and we
can continue transform with LL part to get lower resolution of
image, however error will increase accumulatively for cach
level of wavelet, see Fig. 3.

Fig. 3 Multi-level wavelet transform
1

2.2 Edge detection

Before applying hough transform, edge information must
be obtained from the image. We may use canny detector or
sobel in this step. However, we can take the advantage of
wavelet property by combining LH, HL and HH part together
to use as an edge detection process. But the result of edge
detection process from wavelet is not as good as that of canny
detectar or sobel, There are many trivial points and lines in the
image that may cause an error in hough transform process. We
can improve quality of edge information from wavelet
coefficients by pre-processing an image with low pass filter to
filter out small points that disperse an image. 1f we select a
suitable type of filter, we will get better quality edge image as
shown in Fig. 4.

Fig. 4 (left)
image using wavelet without filter, (right) Edge image using
wavelet and low pass filter

2.3 Hough transform [2]

Hough transform is a technique to collect all lines hidden
in an image. Hough transform can indicate how lines are in an
image at any distance and any angle. Hough transform will
colleet lines from image in hough space(p,6). p is a

distance of the line from original point and & is an angle of
the line. Each cell in hough space is the density of line at

(p, 9) -Wecanget 0 from
ol xcosé + ysing (4]
We zan plot an image from hough space as show in Fig. 5.

L
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Fig. 5 Original image and hough image plotted from hough
space. In x-axis is & and y-axis is 2.0 is changed from |
to 360 degree

The brightest spots in figure are the dense points of hough
space. Notice that, when @ is changed. hough image will
also change in x-axis. However, there are many trivial linesin
hough image. These lines may disturb our results, therefore,
we have to threshold hough information to reduce this
problem.

2.4 Phase correlation [1]
Phase correlation is one of Fourier properties. From Fourier
equation

It = f(w,0,) @)

Hf(x+Ax, yrt9)} = Playo;) e 5

We have image 1 that'is shifted to any point and become
image 2.

Ii(x+Ax, y+ Ay) = L% ) (4)
We apply equation (2) and (3) in (4).
i il 2 X
Lk o e e Y I (0 ,) (5)
{l (w; ] C{)'),) o ej(u,dﬁa,A}'] (6)
IZ (mx > (oy)
gl B) o woaxis transition and y-axis transition from

input images in Fourier domain. We can use inverse Fourier
transform to get the x-y translation in spatial domain.
Corr(x,y) e MY < xR Ay —dy) 1)

We should select transition at the point where correlation is
1. However, we cannot get the perfect correlation because of
non-overlapping area and noise in input images. Therefore, e
select the point that correlation is maximum instead.

(x, ) argﬁgg;({Corr(f, p)}} (8

We use x and y as an x-axis and y-axis. transition
respectively. Notice that x and y never become negative but
translation can be negative. If transition is negative x and v
become back to another side because of Fourier transform and
phase correlation. As a result, we have to determine both
positive and negative. There is another problem. If input
images have different contrast, less overlapping area, or large
amount of noise, the result from phase comelation may
become incorrect. Therefore, it is better to use anather form of
phase correlation, which incorporates magnitude of Fourier
coefficients to reduce the effect. From (6) we adapt to

Jie,0) f;@,.0,)
lhe..2))4,.0,)
Symbol j'; (@,, wy) is complex conjugate of fz :

= eltmieey) 9)

Corr(w,,0,) =

3. EXPERIMENT

We perform the experiment on 3 input images, cameraman
and satellite images of Bangkok and Pentagon. Several
resolution of the input images (64x64, 128x128, 256x256,
512x512 and 1024x1024) are used. We divide our experiment
into 2 parts. In the first part, we test the translation effect in
Xy axis. The second part is to find both angular transition and
x-y translation, The X-y translation from 5 pixels to 100 pixels
are divided into 10 steps and tested. To obtain angular
transition, we tested the total of 36 steps with 10 degrees apart.
We also compare accuracy and processing time of the
proposed algorithm with that of [2] as shown in table | and 2
and Fig. 6 and 7.

The results show that the propose algorithm can correctly

detect X-v. translation with errors of £2”7, where n is the
number of levels of wavelet transform we applied to the image.
This error oceurs due to the reduction of the resolution in
wavelet domain. However, the error does not affect the result
much. In'the case of angular transition, the results using phase
correlation and hough transform with canny detector as an
edge detection process causes average error about 0.6%. Using
edge information from wavelet domain without preprocessing
is resulted in average errors about 3.23%. However, afler we
apply low pass filter before wavelet transform, average error
decreases to 0.8%. Even though the error is greater than the
previous case, it does not obviously affect output image.
Moreover, by using information from wavelet domain, we can
reduce the processing time not only from the reduction in
resolution of  the pracessing information but also the
climination of cdge detection process. The larger the
resolution of the image, the more reduction in the processing
time. This can help making real-time image registration and
analysis of high resolution images possible.

Proeessing time in our system-is less than [2] especially
when image resolution is large, see Fig.6 and 7. Notice that if
images are small (less than 200 x 200 pixels), there is ro need
to apply wavelet transform in the process because processing
time may differ less than 3 seconds while error may obviously
seen. If images are large. processing time in our system will
reduce sharply while error may not affect our result image
much. The example result images are shown in Fig.8.

Table 1 Translation error occurred in our system compare (0
[2] (pixel)

Translation [2] Proposed system
Even value 0 0
Qdd value 0 +1

Table 2 Average angular transition error occurred in our
system compare [2

Angular transition [2]

Proposed system

Average error 0.67 0.8
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Fig.8 Example result images from our systefn

4. CONCLUSION AND FUTURE WORK
Image registration with phase correlation can find

_from wavelet transform is lower

[4]

‘registration is still required to accurately corect our resull in
case of real number transition. Even though edge information
quality, we can improve the
quality by filtering an image before applying wavelet
transform to filter out trivial details that can cause errors. We
may apply fast hough transform or other line collector method
to further reduce processing time. For very low resolution of
the image, there is no need to apply wavelet transform in the
process because processing time may differ less than 5
seconds while error may obviously seen. However, for high
resolution of the image which is usually the case for image
registration, registration time is very high, thus registration in
wavelet domain as proposed in this paper ¢an help reduce the
processing time sharply while error oceurred is trivial and may
not obvious.
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