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High-Dimensional Generative Models for 3D Perception

Cong Chen

(ABSTRACT)

Modern robotics and automation systems require high-level reasoning capability in represent-
ing, identifying, and interpreting the three-dimensional data of the real world. Understand-
ing the world’s geometric structure by visual data is known as 3D perception. The necessity
of analyzing irregular and complex 3D data has led to the development of high-dimensional
frameworks for data learning. Here, we design several sparse learning-based approaches for
high-dimensional data that effectively tackle multiple perception problems, including data
filtering, data recovery, and data retrieval. The frameworks offer generative solutions for
analyzing complex and irregular data structures without prior knowledge of data. The first
part of the dissertation proposes a novel method that simultaneously filters point cloud noise
and outliers as well as completing missing data by utilizing a unified framework consisting of
a novel tensor data representation, an adaptive feature encoder, and a generative Bayesian
network. In the next section, a novel multi-level generative chaotic Recurrent Neural Net-
work (RNN) has been proposed using a sparse tensor structure for image restoration. In
the last part of the dissertation, we discuss the detection followed by localization, where we

discuss extracting features from sparse tensors for data retrieval.
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(GENERAL AUDIENCE ABSTRACT)

The development of automation systems and robotics brought the modern world unrivaled
affluence and convenience. However, the current automated tasks are mainly simple repet-
itive motions. Tasks that require more artificial capability with advanced visual cognition
are still an unsolved problem for automation. Many of the high-level cognition-based tasks
require the accurate visual perception of the environment and dynamic objects from the data
received from the optical sensor. The capability to represent, identify and interpret complex
visual data for understanding the geometric structure of the world is 3D perception.

To better tackle the existing 3D perception challenges, this dissertation proposed a set of
generative learning-based frameworks on sparse tensor data for various high-dimensional
robotics perception applications: underwater point cloud filtering, image restoration, defor-
mation detection, and localization.

Underwater point cloud data is relevant for many applications such as environmental moni-
toring or geological exploration. The data collected with sonar sensors are however subjected
to different types of noise, including holes, noise measurements, and outliers. In the first
chapter, we propose a generative model for point cloud data recovery using Variational
Bayesian (VB) based sparse tensor factorization methods to tackle these three defects simul-
taneously. In the second part of the dissertation, we propose an image restoration technique
to tackle missing data, which is essential for many perception applications. An efficient gen-
erative chaotic RNN framework has been introduced for recovering the sparse tensor from a
single corrupted image for various types of missing data. In the last chapter, a multi-level
CNN for high-dimension tensor feature extraction for underwater vehicle localization has

been proposed.
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i BMBM; ?B;? H2p2Hb Q7 ° M/QK MQBb2 BMbB/2 i?2 r i2'c QmiHB2"
?QH2b BM i?2 b2 7THQQ TQBMi +HQm/bc HBiiH2 p BH #H2 /i 7Q i
b+2M "BQbX h?2b2 +QKTH2t M/B "2;mH /i KvHQr2 i?2 ++m" +
h?mb Bi Bb BKTQ'i Mi iQ /2bB;M “Q#mbi 72 im 2 H2 "MBM; 7 K2r
"2+Qp2  i?2 2bb2MiB H :2QK2i'B+ 72 im 2b Q7 i?2 B 2:mH - MQBb
?B;?@H2p2H /B ;> KQ7 bi M/ "/ 72 im 2 H2 "MBRMKRovDi2K Bb b?2QrN

AMi?Bb /Bbb2'i iBQM- b2iQ7?B;?@/BK2MbBQM HbT "b2i2MbQ @
#22M T QTQb2/i? i+ M#2 mb2/BMK Mv /B772 2Mi +QKTmi2 pBbBC
TQBMi +HQm/ 7BHi2 ' BM;- _:" BK ;2 "2biQ  iBQM-j. + b? K i2 B H |
i2KTQ  H TH +2 "2+Q;MBiBQMX g2 bm++2bb7mHHv p2 ' B7B2/ i?2b2
bBKmMH i2/ M/ 2 H@rQ H/ 2tT2 ' BK2MibX h?2 ?2B;?@H2p2H bi m+i



RXRX JQiBp iBQM i

6B:m 2 RXk, ?B:?@H2p2H /B ;" KQ7 T QTQb2/72 im 2 H2"

H2 MBM; M2irQ ' F ? b #22MXRQrM BM 6B ;X

>B;?@/BK2MbBQM H/ i 2T 2K2Qi?2iBXPM@XBK2MbBQM H/ i 2T 2b2
BKTQ'i Mi7Q  ;2QK2i'B+ 72 im 2 2ti° +iBQMX "mi 7Q K MvQmi/QQ
/i + M#2 +QKTH2t M/ B "2;mH -r?B+? K F2b i?2 +QKKQM /i 2T
+QKTmi iBOQM HHv BM277B+B2MiX 6Q 2t KTH2- j. b2MbQ b Q7i2M
2MpB " QMK2Mi M/ H2 /iQ bT "b2b2iQ7 /i iQ 2T 2b2Mi ;2QK2i B+
"QMK2MiX aBM+2 QMHv i?2bm 7 +2 /i Bb2bb2MiB H7Q T2 +2TiE
+ Mr bi2 K2KQ'v/m2iQ K Mv 2KTiv +2HHb BM j. bT +2X JQ 2Qp2 - k
+ MH2 /iQ2 Q' bBM/ i M HvbBbX h?mb-i?2"2Bb Mm ;2Mi M22/ |
2T °2b2Mi M/ M Hvx2 j. TQBMi@+HQmM// i X b /i bi'm+im 2i? il
b KTHBM: bi® i2;:B2b-bT b2 i2MbQ b+ M T ' QpB/2 +QKT +i/i 7Q°
['i 2T 2b2Mi iBQMX

[ TiBp2 72 im 2 2ti° #iBTMKBp2 72 im 2 2ti° +iBQM Bb 7mM/ K2Mi
M HvbBbX J Mv 2tBbiBM; 72 im 2 2ti° +iBQM K2i?Q/b mb2 ? M/+"
bmBi #H2 7Q bT2+B7B+ i bFbX 6Q 2t KTH2- 7Q  KmHiIiB/BK2MbBQ N\
Ip Mi ;2b BM + Tim"BM; BKTQ i Mi /i 72 im'2b M/ #HdREPQmMM/ / |
h?mb-rBi?BM i?2 T bi/2+ /2b-i2MbQ" 7 +iQ 'Bx iBQM ? b #22M +iBy
b+B2M+2 TTHB+ iBQMb- BM+HmM/BM; bQ+B H M2irQ'F M HvbBb- B
T'Q+2bbBM;- M/ 7 +B jH- RdjQyMEKQMM{ i2MbQ" 7 +iQ Bx iBQM ? &
T2 7Q K M+2 r?2M bQK2 /i TQBMib "2 KBbbBM;X 6Q 72 im 2 2ti"
*QMPQHMIBQM H L2m > H L2irQRE} HRFRMD222NHEM ( T Q+2/m 2 Bb



9 *2 Ti2° RX AMi"Q/m+iBQ

7Bt2/ pQt2H b+ H2X aBM+2 i?2 "Q#QiB+b T2 +2TiBQM /i Bb Q7i2
QTiBK H72 im2K TbBx2+ Mp 'v7Q /B772 2Mii bFbX h?2mb- M
K2i?Q/ rBi? ;2M2° HBx2/ T2 7Q K M+2 7Q  /2Mb2 M/ bT b2/ i Bb N
# H M+BM; i?2 H2p2H Q7 /2i BH rBi? +QKTmi iBQM H HQ /X

JMHiIB@b+ H2 bT b2 72 imA22M2B MWBM;Xi?2 KQbi 2T 2b2Mi iBp2 /

7°QK r /i b2i+ M ?2HT rBi? #2ii2° 72 im 2 H2 "MBM; M/ BM72°
KBbbBM; /i -72 im2H2 "MBM; 7°QKbT b2/ i + M#2 +? HH2M;BM
bT b2 M2irQ " Fb rQ " FBM; QM bT b2/ i M HvbBbX 1t KTH2b 2?2
Ua"GV 7" K2RQIFi?2 *? QiB+ _2+m  2B)i MYiaQ@ Fb@ *QMpQHmMIiBQM L2
L2irQ RRX h?2b2 M2irQ Fb '2:;QQ/ i2ti’ +iBM; 2bb2MiB H;2QK2i B
B 2;mH > M/ T iBH/i bi'm+im 2bX .m2iQ i?2 bi'QM; 72 im 2 H
+ T #BHBiv- i?2b2 M2irQ Fb ? p2 #22M mb2/ BM K Mv /B772 2Mi / i

b/ i 2+Qp2°'v-/i /2MQBbBM; M/ QmiHB2  /2i2+iBQMX "mi HH i?
7Q0° M HVXBM: 72 im 2b i bBM:H2 b+ H2X TQi2MiB H ?B2" “+?B+
r?B+? HHQrb KmHiB@b+ H2 72 im 2 M HvbBb 2 BMp2biB; i2/ BM i

RXKP#D2+iBp2b

h?2 T'BK v Q#D2+iBp2b Q7 i?Bb /Bbb2 i iBQM "2 b 7QHHQrbD,

ChQ T°QTQb2 M277B+B2Mi bT b2 ?B:?@/BK2MbBQM H/ i bi'm-
mH /i 2T 2b2Mi iBQM 7Q  p 'BQmb 2 H@rQ H/ b+2M "BQbX

C hQ /2p2HQT KmHiIiB@H2p2H ;2M2" iBp2 H2 "MBM; 7° K2rQ F iQ
im 2b 7°QK bT b2 i2MbQ" /i 2772+iBp2Hv 7Q  /B772 2Mi TTH
+Qp2'v M/ /i "2i'B2p HX



RXjX S'QTQb2/ TT Q +7?

6B;m 2 RXj, 2 2tTHQBi bT "bBiviQ BKT Qp2i?2 ;2M2" iBp2

h #H2 RXR, >B;?@H2p2H BMi'Q/m+iBQM Q7 HH +? Ti:

AM/2h bF o
S T A" +F;QmM/ *2X S 2HBKBM v 3.
*2X 9.1 7TBHi2 BM;
S 'TAA, 2T 2b2Mi iBO®MXHZ iMBRMiQ iBQM 3.:;4.
*?X1€:2QK2i'B+ T ii2°M 2+Q;MBiBQM
S 'TAAA, SH +2 "2+Q;MBABIQM?vK2i B+ HQ+ HBx4iBQM

RXjS'QTQb2/ TT Q +?

h?2 /Bbb2'i iBQM Bb bi'm+im 2/ BMiQ 7Qm T ‘ib, /i 7BHi2 ' BM;- |/
K iBQM /2i2+iBQM M/ TH +2 "2+Q:MBiBQMX g2 BMp2biB; i2 b2i Q
H2p2H iQ 72 im 2 H2p2H- 7°QK / i 2ti° +iBQM iQ / i R2ZiD*¥?PBQM-

+? Ti2 /2 HbrBi? QM2 +? HH2M;2 7Q bT b2 ?B;?@/BK2MbBQM H +
BM i #HRER



e *2 Ti2° RX AMi"Q/m+iBQ

6B;m 2 RX9, h?2 Qp2° HH bi'm+im 2 Q7i?22 T°'QTQb2/ bQM "/ i

RXjXRi 6BHi2 BM;

IM/2 r i2° TQBMi +HQm// i Bb '2H2p Mi 7Q K Mv TTHB+ iBQMb bm
iQ'BM; Q' ;2QHQ;B+ H2tTHQ  iBQMX h?2/ i b +QHH2+i2/rBi? bQNM
iQ /IB772 2Mi ivT2b Q7 MQBb2- BM+HmM/BM; ?QH2b- MQBb2- M/ Qm
vbBb i2+?MB[m2b + M QMHvV bQHp2 QM2 Q7 i?2b2 T Q#H2Kb M/ ?
/i Bb+Q "mTi2/ ?2 pBHvVX >2°2r2 T ' QTQb2/ MQp2H K2i?Q/ 7Q b
M/ QmiHB2 b bBKmHi M2QmbHvX h?2 K2i?Q/ mb2b MQp2H i2MbCQC
/| TiBp2 72 im 2 2M+Q/2 - M/ ;2M2 iBp2 " v2bB M M2irQ FX h?2 (
M2irQ ' F Bb b?QrR¥OM BB Xr bQM ~ TQBMi +HQmM/ /i Bb 7B bi [m Mil
i2MbQ X h?2 Tm TQb2 Q7 i?2 i2MbQ @# b2/ TQBMi +HQm/ 2T 2b2
+2HHb BM j. bT +2 M/ ? p2 KQ 2277B+B2Mi/ i bim+im 2X h?Bb

TOQBMi +HQmM/ /i Km+? KQ 2 +QKT +iHvi? Mi?2 r TQBMi +HQm/
QMHv b +'B7B+BM; HBiiH2 ++m” +vX h?2M-r2 722/ i?2 i2MbQ " Bx2,
2M+Q/2° i? i miBHBx2b i2MbQ 7 +iQ°'Bx iBQM 7Q° miQK iB+ 72 ir
i?72 /1 BMIiQ 2?B2° "+?B+ H ;2M2 iBp2 " v2bB M M2irQ FX h?2 M2
QM p B iBQM H " v2bB M BM72 2M+2X h?2 BM72 ' 2M+BM; +QMp2;



RXjX S'QTQb2/ TT Q +7? d

6B:m 2 RX8, h?2 Qp2> HH bi'm+im 2 Q7i?2 T QTQb2// i “2biQ

rQ'F K i+?22b i?2 Q#b2 p iBQMX M/ 7BM HHv-r2 ;2ii?2 +H2 M2/ b2
bm++2bb7mH TTHB+ iBQM Q7 i?Bb K2i?Q/ QM b2p2 " HH “;2@b+ H
2tT2 BK2MibX

RXjXki _2biQ  iBQM

AK :2 “2biQ" iBQM i2+?MB[m2b bm+? b BMT BMiBM; ‘2 2bb2MiB F
*2[mB'2 ?B;?@[m HBivpBbm HT2 +2TiBQMX h?2 +H bbB+i bF Q7 B
iQ KQ/2H i?2 bi iBbiB+b Q7 M im> HBK ;2b r?2M T “iB H/ i Bb KBbb
Q7 i?2BK ;2 T'BQ #v /22T H2 "MBM; K2i?Q/b Q7i2M H +Fb i?2 ;2M2"
/2 HBM; rBi? /B772 2MiivI2b Q7 MQBb2X hQ // 2bbi?Bb T Q#H2K- r
72 im 2Q7i?2/i # b2/ QM +QMi2tim H +Q "2H iBQM #v K2KQ 'Bx |

h?2T°QTQb2/BK ;2 °2biQ  iBQM 7 K2rQ ' FBb MQp2H KmHIB@H2p?2
L2m" H L2irQ ' F U_LLV 7Q  BK ;2 BMT BMiBM;X h?2 ?B;?@H2p2H &
b?QrM b BB®h?Bb i2+?MB[m2 miBHBx2b ;2M2  H 7" K2rQ F rBi? K
iQ H2 "M i?2 BK ;2 bi iBbiB+b 7°QK DbBM;H2 +Q "mTi2/ BK ;2X h?2
" M/QKHv BMBiB HBx2/ T°'Q+2bb 7Q T * K2i2'Bx iBQM- HQM; rBi



3 *2 Ti2° RX AMi"Q/m+iBQ

6B:m 2 RXe, h?2 Qp2  HH bi'm+im 2 Q7i?2 T QTQb2//27Q K iBQ
2M+Q/2  bi'm+im 2- +? QiB+ bi i2 i° MbBiBQM- M/ / TiBp2 BKTQ i
mT/ iBM;X h?2277B+ +vQ7i?2 TT Q +?2 2 b#22M p HB/ i2/i?°Qm;?
bTBi2 Q7 Km+? HQr2  +QKTmi iBQM HHQ /-[m MiBi iBp2 +QKT “Bb
TT Q +?2 2t+22/bi?2 T2 7QK M+2 Q7 b2p2  HBK ;2@ 2biQ" iBQM ¢

RXjXj2i2+iBQM

Sii2’M/2i2+iBQM BM ?B;?@/BK2MbBQM H /i r?2M mM/2 T 'iB H
MQM@ 'B;B/ Q#D2+i KQ/2HBM;X >2'2r2 T°QTQb2/ i2+?MB[m2iQ |
MiIQKQ#BH26b 7°QMi HT Qi2+iBQM bi'm+im 2-r?B+? Bb ?B;?Hv Q-
rQ ' Fob Qp2 HH bi m+im 2RBEeBMIM BMBBBIm2-i?2 BMTmi Bb pB.
+ "+ b?BM H#Q iQ v b2iiBM;X J Mv pBbB#H2 K "F2 b ? p2 #22
#BH20b 7 QMi HT Qi2+iBQMbi m+im 2i? iBb#2BM;i2bi2/X hQ 2biE
K "F2'b/m'BM;i?2+  b?-i?22T°'QTQb2/7° K2rQ ' FBb+QM7B;m 2/ rBi
/i M/ H2 "Mbi?2/27Q K iBQM K2+? MBbK i?°’Qm:? i?2 /i +Q  2H
K "F2'bX IbBM; i?Bb K2i?Q/- i?2 BMi'BMbB+ ;2QK2i'B+ BM7Q K iB
bi'm+im 2 /27Q°K iBQM /m"BM; +  b? + M #2 /2KQMbi i2/- M/ i?2"
mb mM/2 bi M/ i?72 miQKQ#BH2d6b +  b? #27? pBQ #2ii2 X h?2 7 K
irQ@bi2T T Q+2bb, UBV KmHIB@+ K2 bvbi2KrBHH + Tim 2i?2 +°



RXjX S'QTQb2/ TT Q +7? N

6B:m 2 RXd, h?2 Qp2° HHbi'm+im 2 Q7i?27T7°QTQb2/ TH +2 "2+

i72 pBbB#H2 T i Q7i?2 MiQKQ#BH2 rBHH #2 j. "2+QMbi m+i2/- M/
7° K2rQ FBb 2KTHQV2/iQ 2biBK i2 i?2 KBbbBM: /i Q7/27Q K iBQM
M/ i2KTQ  H+Q "2H iBQM Bi H2 "Mb 7°QK i?2 bT b2 i2MbQ X

RXjX$H +2 2+Q:MBiBQM

g2 ? p2 T°'QTQb2/ i2+?MB[m2 7Q"  mM/2'r i2° HQ+ HBx iBQM mbBNM
/i - bb?QrM BR¥B ;XK TTBM; i?2 " r TQBMi +HQm/ /i iQ HQr@!/
72 im 2 /2b+"BTiQ -r2 + Mmb2 /i "2iB2p HT Q+2/m 2 iQ 7BM/
+ M/B/ i2BM/ i # b27Q [m2'v/i X AMQ /2 iQ +?B2p2 #2ii2° HQ
rBi? +QKTmi iBQM H277B+B2M+v-r1r2 /2bB;M KmHIB@H2p2H M2irQ
“2b2Mi iBQM M/ bT "b2 *LLX aBM+2 i?2 +QMp2MiBQM H TQBMi +H
7Q  HQ+ H 72 im 2 2ti° +iBQM-i?2 T°QTQb2/ K2i?Q/ +QMbBbib Q7 i
2ti° +iBQM M2irQ ' F 7QHHQr2/ #v ?B2° “+?B+ H ;;°2; iBQMH v2 X |
iQ i2MbQ 7B bi- M/ i?2M i?2 ;2M2" i2/i2MbQ " Bb 72/ iQ i?2 KmH
im 2 2M+Q/2 X hRBN&RLB ;M BMbB/2 i?2 bT "b2 *LL 2M #H2b #2ii2°
2ti° +iBQM rBi? '"B+?2  b2K MiB+ +QMi2Mi 7Q /i “2i'Bp HX



Ry *2 Ti2° RX AMi"Q/m+iBQ

RX9*QMi ' B#miBQMb

h?2 +QMi'B#miBQMb Q7 i?Bb "2b2 "+? BMpQHp2 7Bp2 +QKTmi2 ¢
/IBK2MbBQM H bT b2 i2ZMbQ bX h?2b2 i bFb BMpQHp2 2T 2b2Mi i
i2+iBQM- M/ TH +2 "2+Q;MBiBQMX

C 2T 2b2Mi iBQM, MQp2H b KTHBM: K2i?Q/ 7Q K TTBM:; TQBM
i2MbQ  bi'm+im 2 i? i + M 2772+iBp2Hv 2T 2b2Mi ;2QK2i B+ BN
7Q°K iBQM b r2HH b ? M/H2 MQBb2 M/ QmiHB2 bX

C 7BHi2°BM;, "Q#mbi M/ 277B+B2Mi mMB7B2/ QM2@bi ;2 mMb
"v2bB M H2 MBM; 7 K2rQ F7Q bBKmHi M2Qmb TQBMi +HQmM/
QmiHB2  "2KQp HX

C 2biQ iBQM, KmHiIiB@H2p2H ;2M2 iBp2 +? QiB+ _LLrBi? [m |
BK ;2 "2biQ° iBQM 7' QK bBM;H2 +Q "mTi2/ BK ;2 rBi?Qmi Mv T
Q7 i?2 BK ;2X

C/2i2+iBQM, p 'BiBQM H" v2bB M7  K2rQ ' F7Q  +QKTH2iBM; N
iBQM /2i2+iBQM BM7Q K iBQM rBi? KmHiB@b2MbBM; bvbi2K /r

CTH +2 "2+Q:MBiBQM, KmHiB@b+ H2 bT b2 i2MbQ @# b2/ 72 i
bT "b2 *LL 7Q  mM/2'r i2° HQ+ HBx iBQM Tm TQb2bX

RX8P ; MBx iBQM

h?Bb /Bbb2'i iBQM Bb /BpB/2/ BM 3 +? Ti2 b, *? Ti2 R T 2b2Mib i?
i72 T°QTQb2/ TT Q +?2X *? Ti2  k bm p2vb i?2 T bi rQ°F Q7 TQBMi



RX8X P'; MBx iBQM RR

+QKTH2iBQM-aT ‘b2 " v2bB MH2 "MBM;- +? QiB+ "2+m "2Mi M2irQ"
i2+?MB[m2bX *? Ti2 jBMi Q/m+2b T 2HBKBM 'B2b BM+HmM/BM; i?z
bBiBQM M/ bT "bBiv T'TBQ X *? Ti2 9 T '2b2Mib i?2 /i 7BHi2 BM;
T°QTQb2/" v2bB M i2MbQ  +QKTH2iBQM 7> K2rQ FiQ "2+Qp2 j. TQ
MMFMQrMbm 7 +2 bMQBbvmM/2 r i2 TQBMi+HQmM// i X *? Ti2 8
i2+?MB[m2r?B+? Bb M 2ti2MbBQM Q7 i?2i2MbQ " +QKTH2iBQM 7" K
biQ+? biB+ "2+m "2Mi M2irQ ' FX h?Bb 7" K2rQ 'F 2M #H2b i2MbQ" "2
+QMp2 ;2 i2X h?2 TTHB+ iBQM Q7 BK ;2 BMT BMiBM; ? b#22M BF
/27Q K iBQM /2i2+iBQM, i?2 mb2 Q7 " v2bB M i2MbQ > +QKTH2iB«
Q#D2+i rBi? TQBMi +HQm/ 2T 2b2Mi iBQM i? i 2 b /27Q K2/ Qp2°
KQ/2HBM; +  b? + " /27Q K iBQM mM/2  ?B;? Q++HmbBQM Bb ;Bp2M
"2+Q:MBiBQM b M TTHB+ iBOQM Q7 T QTQb2/?B;?@/BK2MbBQM H
*QM+HMbBQMb M/ 7mim 2 rQ'F Q7 i?2 +m "2Mi "2b2 "+? Bb BM *?2 T



*? Ti2 K

" +F; QmM/

h?Bb +? Ti2  "2pB2rb T birQ F "2; "/BM; 2 +?2 Q B;BM H +QMi B#mi
b2'i iIBQMX 1tBbiBM; TQBMi +HQmM/ 2+Qp2 vi2+?MB[m2b BM+HmM/B
+HQmM/ /2MQBbBM;- TQBMi +HQm/ QmiHB2" "2KQp H-i2MbQ"  +QKTH
H2 "MBM; i2+?MB[m2b-+? QiB+ 2+m "2Mi M2irQ ' F M/ bT b2 *LL 7"
+H bbB7B2/X

KXRSQBMi *HQmM/ 2+Qp2'v

j. TQBMi +HQmM/ +QKHAH2IBQMX Mv i2+?MB[m2b 7Q TQBMi +HQmM/ +C
BbKQ/2H@# b2/ +QKTH2iBQM K2i?Q/b-r?B+? miBHBx2 i?2 ;2QK2i
/i X 6Q°  BMbi M+2-bm’ 7 +2 "2+QR8IkR+8B &M R BAK/bn{bm HHVv
'2M2" i2 bKQQi? BMi2 " TQH iBQMb BM K2b? iQ 7TBHH KBbbBM: / i
h?2°2 "2 HbQ bQK2 TT'Q +?2b # b2/ QM bvKKER KR OYREBM K2i?Q
RA-&R3-R3I8 r?B+? B/2MiB7v i?2 bvKK2i'v M/ i?2 T 'iB HHv "2T2 iBM
BMi BMbB+ BM i?2 Q#D2+iX h?2b2 TT Q +?2b K F2 i?2 bbmKTiB
'2QK2i'B+ BM7Q K iBQM Bb bBKBH " iQ i?2 pBbB#H2 "2 X >Qr2p2"-
Q7 i?2 KBbbBM; "2 + M #2 p2'v/B772 2Mi 7 QK i?2 pBbB#H2 T i Q

h?2 b2+QM/ ivT2 Bb 72 im 2 K i+?BM;@# b2/ b? T2 +QKTH2iBQM K
i?72 T 'iB HBMTmi /i rBi? T'BQ b? T2 KQ/2Hb 7' QK b? T2 /i #

Rk



kKXRX SQBMi *HQm/ _2+Qp2 v Rj

(NyNKRKS8RAKR3)R 2i'B2p2 i?2 Q#D2+i T “ib 7B bi M/ i?2M bb2K#H2
+QKTH2i2 b? T2 r?BRRKRKERM)y 2i B2p2 i?2 r?QH2 b? T2 /B 2+iHv
rQ FR¢8eeNRyRy-R83+? M;2 i?2 T 2/B+iBQMob b? T2 iQ b iBb7v i?2
HB# “vi? iK i+? i?2 pBbB#H2 / i #2iiRdRRIBR &R yBQViIBHBxX2 i?2

'2QK2i'B+ T'BKBiBp2b BM i?2b? T2/ i # b2X h?2b2 K2i?Q/b HH "2
22 pv+QKTmi iBQM HHQ //m BM; BM72 2M+2-bQ i?2v "2 BKT  +iB
JQ2Qp2' - MQBb2 + M #2 Db2MbBiBp2 Bbbm2 7Q  i?2b2 K2i?2Q/bX

h?2 /22T H2 MBM;@# b2/ b? T2 +QKTH2IiBQM TT Q +?2b mb2 T °
i?72 T "iBHBMTmiiQ i?2 T BQ +QKTH2i2b? T2 KQ/2HX Ai+ M Q77
;2M2° HBx iBQM /m2 iQ i?2 /p Mi ;2 Q7 i?2 K +?BM2 H2 "MBM; 7° K
K2Ii7QAREYRRRAR AR IR 3IRNKky) mbm HHv 2T 2b2Mii?2 TQBMi +HQT
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