Bird’s Eye View Based Multi-Agent
Trajectory Prediction for Autonomous

Driving with Segmentation and Sensor
Fusion

.

UNIVERSITY OF

LIMERICK

OLLSCOIL LUIMNIGH

Sushil Kumar Sharma

Department of Electronic & Computer Engineering

University of Limerick

A thesis submitted for the award of Doctor of Philosophy (Ph.D.)

Supervised by Dr. Ciaran Eising and Dr. Mark Halton

Submitted to the University of Limerick, August 2025



Supervisor:

Supervisor:

External Examiner:

Internal Examiner:

Associate Professor Ciaran Eising
Dept. of Electronic & Computer Engineering
Faculty of Science and Engineering

University of Limerick, Ireland

Associate Professor Mark Halton
Dept. of Electronic & Computer Engineering
Faculty of Science and Engineering

University of Limerick, Ireland

Associate Professor Michael Schukat
School of Computer Science
College of Science and Engineering

University of Galway, Ireland

Associate Professor Gerard Dooly
School of Engineering
Faculty of Science and Engineering

University of Limerick, Ireland

Chair: Assistant Professor Petar Trslic
School of Computer Engineering
Faculty of Science and Engineering
University of Limerick, Ireland

Day of the Defence: ............ ... ... ... ... ... . ...... 2025

Signature from the Head of PhD Committee: ..................

i



Bhagavad Gita — Chapter 2, Verse 47

HHULAT AR RE AT el hala |
HT ShHhdedHAl o TFISTIRHATTT 11 Yo I

Translated in English:

You have the right to perform your duties, but not to control the
outcomes. Focus on your actions without being attached to the
results. Success or failure should not affect your dedication. At the
same time, avoiding your responsibilities is not an option. Perform
your work selflessly, without ego, and without any desire for reward

or recognition.
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Abstract

Accurate trajectory prediction is a key component of autonomous driving systems,
particularly in dynamic and complex traffic environments where anticipating fu-
ture movements is essential for safety. This thesis presents a novel multi-sensor
fusion framework that utilises data from cameras, LIDAR, and radar to enhance
the accuracy and robustness of vehicle trajectory prediction. By leveraging the
strengths of each sensor, including visual information from cameras, precise 3D
data from LiDAR, and reliable velocity measurements from radar, a comprehen-
sive representation of the driving scene is constructed.

The architecture proposed in this thesis integrates these heterogeneous inputs
using advanced fusion techniques that align LiDAR point clouds with camera im-
agery for spatial consistency. This fused data is processed by a transformer-based
deep learning model that captures temporal dependencies and agent interactions,
enabling the system to focus on the most salient scene elements and improve pre-
diction in congested or uncertain environments.

Evaluations on benchmark datasets using metrics such as Average Displace-
ment Error, Final Displacement Error, collision rate, and miss rate demonstrate
that the proposed approach consistently outperforms traditional baselines. The
methods developed in this thesis achieve state-of-the-art results, highlighting the
impact of sensor fusion and temporal modelling in advancing safe and reliable

autonomous driving.
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/i b2i mbBM; /IBz2 2Mi K2i?Q/bX X X X X X Xd& X X X )
9X8 *QKT 'BbQNBMBKMRK p2° ;2 .BbTH +2K2Mi 1°°Q" UJ
M .1V M/IJBMBKmK 6BM H .BbTH +2K2Mi71Q° Q" UJBM®6G.
*QKT2iBM; J2i?Q/b QM i?2 Mma+2M2b . i b2i- Qp2° S
>Q'BxQM Q7 e a2+QM/bX X X X X X X X X X X¥3X X X X
9Xe Pp2 pB2r Q7 i?2 ?2vT2 T  K2i2Ldh Ki@2Bib2Q B i?2
72°BM; BMbB;?i BMiQ i?2 bT2+B}+ +QM};m" iBQMb M/ b
7Q i?22 i D2+iQ'vT 2/B+iBQMi bFX X X X X388 X X X )
9Xd .Bz2'2Mi HQbb 7mM+iBQMb r2°2 2KTHQvV2/ BM i?Bb
i?72 b2;K2Mi iBQM i bF mbBM; i?2 Mma+2M2b Ndb2iX X
9X3 *QKT 'BbHbOM @/m 2/ 1 "Q UE&ALVKQ/2Hb rBi?
p VBM; MmMK#2 b Q7 ?B//2NM BMBIM-MiBHBQBKE," UoBhV
bi?2# +F#QM2 M/ 72 im BM; bBx2 Q7 RykaNdX X X X
9XN hREi2 b2+iBQM Qp2 KIMBBE)HN UAQPZ?B+H2 b2:K2Mi iB!
QM i?2 Mma+2M2b / i b2i "2 +QKT "2/X 06a2iiBM; Ro6
K2 bm BM; RyyKt8yK rBi? "2bQHmMIBQM Q7 k8+K-r?Bkt
mb2b ;'B/ Q7 RyyKt RyyK rBi? "2bQHmMIiBQM Q7 8y+Kk
HbQ Bb i?2 MmK#2 QB TK2K &2 @a2+QM/ M6SaV
i?72 _p HmM2bX X X X X X X X X X X X X X X M3X X X X
OXRYYKT "BbQM Q7 p2?B+H2 b2;K2Mi iBQM K2i?Q/b QM i?2 Mm:
MbBMQIF Q"B /6b@1v2 0B2b®;KIDMi iBQMX AKT Qp2K2Mib "2
b?QrM BM i?2 "B;2I@KRBX POMHMKMXX X X X X XNNX X X X

9XRR S2°7Q K M+2 +QKT "BbQM QM i?2 Mma+2M2b / i b2]
M/ JBM6.1 Qp2° e@b2+QM/ T 2/B+iBQM ?QREYQMX X

9IXRKk *"Qbb@+QKT 'BbQM Q7 S T2 b 9XR M/ 9XKyBM *? Ti.

8XR #H iBQM bim/v Q7 HRbbQRBh2{K2MiJiB®M U
AMi2 b2+iBQM Qp2  MBWOQM UXKXMQQVv T 2BE*iBQM U
M . Lo-JBMBiIVX X X X X X X X X X X X X X RKIX X X X

ttBBB



GAah P6 h "G1la

8Xk *QKT "BbQM Q7 p2?B+H2b2:K2Mi iBQMK2i?Q/b QM i?2 Mm
2p Hm i2A@UWYW X2i?Q/b K "F2/r2°2 Q B;BM HHv /2bB; M2/
70 Qi?2 i bFbX X X X X X X X X X X X X XRX8X X X X X X

8Xj JJh S +?B2p2b "Q#mbi p2?B+H2 b2:K2Mi iBQM + Qbb HB
r2 i?2°p "B iBQMb mbBM; KmHIiB@b2MbQ  H2 "MBM:X _2bm
7Q0° * K2° - _ | -GBRi .2i2+iBQM M/ _ M;BM: UGB. _V
6 #bX .BzX0 BM/B+ i2b #bQHmi2 /Bz2 2M+2KRk¥ X X X X X

8X9 1p Hm iBQM Q7 +QKT2iBM: K2i?Q/bQMi?2 Mma+2M2b . i b
i72 JBMBKmK p2° :2 .BbTH +PKMMV1MQBERBM H
BbTH +2K2MUBM@MWPp2 e@b2+QM/ T 2/BRKBQM ?2Q BxQN

8X8 #H iBQM bim/v QM i?2 mb :2 Q7 mMBKQ/ H pbX KmHiBKQC
7Q  KQpBM; Q#D2+i b2;K2MKAR® - B BM/Vi?2 Qbb
/Bz2 2Mi /Bbi M+2 > M;2b UBM K2i2 ' bVX X XRX3X X X X X X

8Xe AKT +i Q7 “+?Bi2+im° H+QKTQM2Mib QM RpR" HH T2'7Q

eXR *QKT "BbQM Q7 J2i?Q/b QMMrva+2MWI2BM6 .12,
M HvbBb Qp2° e@b2+QM/ T 2/B+iBQM ?2Q BRIPMX X X X X

eXk *QKT 'BbQM rBi? i?2 # b2 KQ/2H M/ :°QmM/ i'mi? mbBM;
bm+?2JBM .1JBM6.-1 MOBbb _ i2 UXJXVX X X X K8X X X

eXj *QKT 'BbQM Q7 K T 2biBK iBQM KQ/2Hb BM i2 Kb Q7 KQ/ |
#QM2 “+?Bi2+im 2-i° BMBM; 2TQ+?b- M/@r2 7Q K M+2 K2
2° 2 S 2+BbBQMJQ BIVp2  :2 S 2+BbBQMXUX RB\K

eX9 *"Qbb@+QKT 'BbQM Q7 S T2 b eXR M/ eXR83 *? Ti2 eX

ttBp



GBbi Q7 6B:m 2b

RXR 2 H®@rQ ' H/ Q / ++B/2Mib BHHmMbi® iBM; i?2 +QMb?2
+B2Mi 2MpB QMK2Mi H r "2M2bb M/ ?mK M2k Q X X X
RXk Pp2 pB2r Q7 i?2 miQMQKQmb /'BpBM; TBT2HBM2, a
+2bb2/i?2°Qm;?i?°22 +Q 2KQ/mH2b, S2°+2TiBQM /2i2+
Q#D2+ib U#QMmMM/BM; #Qt2bV- S 2/B+iBQM 7Q 2+ bib i~
iQ'B2b Ur vTQBMibV- M/ SH MMBM; ;2M2" i2b b 72T i
7Q i?722;Q@p2?B+H2X X X X X X X X X X X X X X X X
RXj *QKK2'+B H TH i7Q Kb BHHmbi® iBM; miQMQKQmb /
TBM; i2+?MQHQ;B2b, h2bH M/ g vKQ /2KQMbi® i2 TH
i D2+iQ v T'2/B+iBQM + T #BHBiB2b- r?BH2 hQKhQK
K T@# b2/i° D2+iQ v T 2/B+iBQM M/ M pB; iBQM bmT1
RX9 h?2bBbbi'm+im 2 M/ +? Ti2° BMi2 ' +QMM2+iBQMb- b
~Qr M/ ?Qr 2 +? +? Ti2 bmTTQ ibi?2 2b2 "HRPRQ#D2+il

kKXR miQMQKQmb 02?B+H2b BM ky u2 "b Ukyy9a@HKykoVv X
kXkaQ+B2ivQ7 miQKQiBp2 1M2pREB QMUABPBM; miQK @
iBQM- 7" QK G2p2H Yy ULQ miQK iBQMV iQ G2p2H 8 U6m
h?2 +H bbB}+ iBQM- T '&Q pBQ2v i#BiIMM2b i?2 ;" /m Hi°™ M@
bBiBQM 7 QK ?mK M@/ Bp2MiQ 7TmHHvV miQMRKQmb p
kXj hQT, h?Bb BHHmMbi" 1BQBLbRIQTR I?Wi #v ?B;?HB;?iBM;
i bFb HBF2 Q#D2+i/2i2+iBQM-T 2/B+iBQM- M/ T i? TH
h?Bb /B ;° K2tTH "BMIBBRQ@r2 i2/ #v T QD2+iBM; i?2 + K(
2 6bT2 bT2+iBp2BK ;2iQ iQT@/QrM pB2r mdBM; + K.
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GAah P6 6A:l_1la

kX9 M 2t KTHRoQZT 2b2Mi iBQM mb2/ 7Q" i bFb bm+? b K T
b2;:K2Mi iBQM-2M #HBM; +H2 " iQT@/QrM pB2r Q7 H M2b |
2 bX XX X XX XXX XXX XXX XX X Xk X X X X X X
kX8:LLb 2T 2b2Mi iBQMoBIM i®2-r?2°2 MQ/2b "2T 2b2Mi p2@
?B+H2b M/ 2/;2b+ Tim 2i?2B  bT iB HQ BMi2 +iBQM@# &
b?BTbX X X X X X X XXX XXX XXXXXRKX X X XXX
kXe M 2t KTHRo@%# b2/ i° D2+iQ'v T'2/B+iBQM- BHHmbi  iBM;
7Q° 2+ bi2/ 7Tmim 2T i? Q7 i?2 2;Q p2?B+H2 mbBM; iQT@/C
"2T°2b2Mi iBQM Q7 i?2 /°'BpBM; b+2M2X X X KNX X X X X X
kXd M 2t KTH2 Q7 KmHiB@"1oMERQ " 22 MB QBIQBM r?2° 2
/i 77Q&B. - "/ - M/ + K2 b "2 BMi2; i2/iQ +'2 i2
+QKT ' 2?22MbBp2 iQT@/QrM pB2r Q7 i?2 /'BpBjM; 2MpB QMK :
kX3 M2t KTH2 Q7 KmHiB@WoMRQ 202 iMB QBIQBM r?2 " 2
/i 7°Q&B. - "/ - M/ + K2 b "2BMi2; i2/iQ + 2 i2
+QKT 2?22MbBp2 iQT@/QrM pB2r Q7 i?2 /" BpBR; 2MpB QMK?:

jXR . i bi iBbiB+b7Q 2 +? +H bb Q7 i?2 M2rHv 392 i2// i b2iX
jXk a KTH2 BK ;2b 7°QK 6G2p2H Rd M/ 6G2p2H k6 / i b2ib- BH
i?72/Bz2 2M+2 BM b+2M2 +QKTH2tBiv M/ Q#D®B+i /2MbBivX
jXj STQTObR/ +?Bi2+im 2 iQTQHQ;v /B ;" K7Q i D2+iQ v 2b
K iBQM 7°QK BK ;2 b2[m2M+2b- b?Qr+ bBM; i?2 ~Qr Q7 BM7
i?2°Qm;? +QMpQHmMIiBQM H M/ 7mHHvV +QMM29%E2/ H v2 bX X
jX9 .2KQMbi® iBM; "Q#mbiM2bb Q7 i?2 KQ/2H BM ? M/HBM; +C
bm+? bT2/2bi' B M+ QbbBM;b-rBi?Qmi2tTHB+Bi2M+Q/BM
BM; FMQrH2/;2X h?2 +QKT "BbQM Q7 :"QmM/ h " mi? U#Hm2\
/IB+i2/ "QmM/BM; "Qt2b U 2/V 7Q i D2+iQ v By2/B+iBQMX
jX8* G bBKmH iBQM "2bmHib b?QrBM; T 2/B+i2/ pbX +im H
i D2+iQ ' B2b BM m # M b+2M 'BQbX h?2 :’22M #Qt ?B;:?HB;
+ b2r?2 2i?2p2?B+H2 TT QT B i2ZHVvbHQrb/QrMr?2M T2,
+'Qbb2b i?2 bi22i BM 7°QMi Q7 BiX h?Bb /2KQMbi' i2b i?
#BHBiviQ "2bTQM/iQ /vM KB+ ;2Mib M/ /Dmbi Bibi® D2+
+Q /BM;Hv BM +QKTH2t 2MpB QMK2MibX X X8K X X X X X X
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GAah P6 6A:l_1la

jXe S'QTQb2/ "+?Bi2+im 2, a2K MiB+ b2;K2Mi iBQM 2ti"
#Qt2b M/ K bFB10BKMTmiXL BM7Q Ki@L2 “2bi
L2B;?#RLb\N@ # b2/ ;" T?-T Q+2bbeBi#VTQbBIiBQM H
2M+Q/BMGaMJIH v2'biQ T 2/B+ii?2 2;Q p2?B+&206b i" D:

jiXd AMTmi BK ;2 7" QX iPRKmH iBQM mb2/iQ 2ti’ +i Q#D2-
M/ i?22B° 72 imL2bBb i?2M TTHB2/iQ +QMbi m+i MQ/2b
2/;2b "2T 2b2MiBM; Q#D2+ib M/ i?2B  bT iB H "2H iBQ
bmHIBM; ;" T2 bi m+im 2-rBi? MQ/2b M/ +QMM2+iBM; 2
BMi?2BK ;2X X X X X X X X X X X X X X X &&X X X X

jX3 Zm HBi iBp2 "2bmHib, G27i/2TB+ib*" BR/QK 7 K27 °Q
bBKmH iBQM- M/ i?2 KB//H2LRH,HmMRibi2b+ihk 2
rBi? MQ/2b M/ 2/;2bX PMi?2 "B;?i-i?2T 2/B+i2/i D2+
2;Q p2?B+H2 Bb THQIii2/ Qp2° 8@bi2T ?Q BxQM-r?2"2
Bb K "F2/ BM #Hm2- M/ i?2 T 2/B+i2/i° D2+i@y Bb 2T

9XR JQ/2°M b2H7@/ ' BpBM; bvbi2Kb BM+HmM/2 bi M/ */ +Q
b2imT- QmiHBMBM; p BQmbi bFbX X X X X XeX X X X
9Xk "loa2;k:h 2M? M+2b 2;Q p2?B+H2 i  D2+iQ v T 2/B+i
#BMBM; M2M+Q/2 @/2+QUR- i MEDIBQKRA2KTQ" " H
S'Q# #BHBbiB+ L2IiMQAFTU QT2NMb KmHIiB@+ K2° BMTmi
"lo-b2;K2Mibi?2b+2M2-#mBH/b bTLIB-HM] T?rBi?i?2
mb2b @ahBLQ T 2/B+i 7mim 2 i D2+iQ B2bX Xexd X X X X
9Xj h?2S°QTQb2/"1o0a2;khS "+?Bi2+im 2X X Xd¥X X X X .
9X9 Zm HBi iBp2 "2bmHib Q7 "1o0a2;khS KQ/2H 7Q" DQBMi
i iBQM M/ 2;Q p2?B+H2i° D2+iQ v T 2/B+iBQ@MWMX X X X
9X8 Pp2 pB2r Q7 i?2 "1loa2;k:h "+?Bi2+im 2, ai "b U 2/ 7
M/ ; 22M 7Q  KBMQ 'V ?B;?HB;?i F2v +QMi BBRIiBQMbX
9Xe G27i, KmHiB@pB2r BK ;2b rBi? MMQi iBQMbX _B;?
2T 2b2MiBM; "Q /b M/ KQiBQM ;2MibX X X3X X X X X
9Xd 1tTHQ BM;?Qr+? M;2bBM2T2Zb2MIBR; i?72 MmK#2"
Q7 M2 "2bi M2B;?#Qm b kMLHMhQ/ BIMK? BKT +i i?2
+QMM2+iBpBiv M/ HvQmi Q7 MQ/2b M/ 2/;2BBM ;" T°
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GAah P6 6A:l_1la

9X3 > T?@" b2/ aT iB H*QMpQHMiIBQM H L2irQ ' F, h?Bb M2ir
im'2b bT iB H 2H iBQMb?BTb #2ir2ZM HpQRMPOKK2b mbBM;
HmiBQM H L2irQ"AQ@+FLW/ 2ti> +ib i2KTQ> H 72 im 2b iQ
KQ/2H i> D2+iQ v +?2 M:2b Qp2 iBK2X X X X BN X X X X X

9XN U VaT iB H 2H iBQMb?BTb #2ir22MKQiBQM ;2Mib + i2:Q
KQ/2  i2- Q7  :BH2X U#V :> T? 2t KTH2 i bT2+B}+ iBK2
[?2°2 p2?B+H2 +QHQM b K i+?2 ;> T? MQ/2b M/ 2/:2 r2B:?ib
b BMp2 b2 /Bbi M+2b BM i?2AM0 % 2M% vXKXi JBBKy X X X

9XRy Zm HBi iBp2 "2bmHib Q7 "loa2;k:h b?QrBM; bBt + K2°
QmM/ i'mi?- M/ T 2/B+i2/ i  D2+iQGHBZH aQKT "2/ rBi?
a?QQi uUcGMEVQbb@oB2r h Mb7QRR2? Wtoh X RyR X

9XRR 6 BHM 2+ b2bBM 2;Qi D2+iQ'vT 2/B+iBQM QM Mma+2N\
b?Qrb KBbbBM;i" D2+iQ v- M/ i?2 #QiiQK + b2 b?Qrb T 2
Ti?BMi2 b2+iBM; rBi? MQi?2  ;2MiX X X XR}¥kX X X X X X

8XR Pp2'pB2rQ7 M miQMQKQmb /'BpBM; TBT2HBM2 mbBM; K
TmiX .i 7°QK + K2° - "@B: MZMbQ'b Bb T'Q+2bb2/
i2°Qm:? T2 +2TiBQM- T 2/B+iBQM- M/ TH MMBM; bi :2biQ 1
i?72 2MpB QMK2Mi- T 2/B+i Q#D2+i KQiBQM- M/;2M2" i2 b
TH M- 7QHHQr2/ #v p2?B+H2 +QMi QH /2+BbBYMbX X X X >

8Xk JJh S “+?Bi2+im 2 7mb2b KiGBI.B@MB2r/+ K2 -
/i BMiQlo 2T 2b2Mi iBQM 7Q  KQiBQM b2;K2Mi iBQM M/ Kr
2Mi i’ D2+iQ v T 2/B+iBQMX X X X X X X RRRX X X X X >

8Xj JmMHIB@ ;2Mi h> D2+iQ v S 2/B+iBQM JQ/mH2, h?2 };m 2 E
i° D2+iQ v T 2/B+iBQM bvbi2K i? i miBHBb2b T bi p2?B+H
"B2b- "2T 2b2Mi2/ rBi? p2?B+H2 2K#2//BM;bX i° Mb7Q K
2M+Q/2 @/2+Q/2° KQ/2H T Q+2bb2b i?2b2 2K#2//BM:b i?"Q
+H2 §ii2MiBQM H v2'biQ T 2/B+i 7mim 2 i’ DRRiEQ 'B2bX X X
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GAah P6 6A:l_1la

8X9 JQpBM; 02?B+H2 . i b2i, h?2H27ibB/2b?Qrb bBt+ K2
i?72 Mma+2M2b /i b2i- r?BH2 i?72 B;?10B22@BbTH vb i~
"2b2Mi iIBQMX1AaMB202- bi iB+ p2?B+H2b "2 K "F2/ BM
KQpBM; p2?B+H2b BM #Hm2- i?2 2;Q p2?B+H2 BM ; 221
b?QrM BM ; 2V X X X X X X X X X X X X X X RKyX X X >

8X8 1tTHQ'BM: i?2 AKT +i G®F. *QK#BMBW:* K2°
i X h?Bb THQi BHHmMbIi  i2bi?2 T2 '7Q K M+2 Q7 /Bz2
imTb U*YG-*Y -*Y _YG- M/i?2T ' QTQb2/ TT Q +?V Qg
iIBTH2 77 K2bX X X X X X X X X X X X X X XR{yX X X X

8Xe *QKT 'BbQM Q7 b2MbQ  b2imTh 7Q i D2+iQ v T 2/B
2° pB2rb- ;"QmM/ i'mi?- M/ T 2/B+iBQMbX "QiiQK, :
/Bz2 2Mi b2MbQ " +QK#BM iBQMbX X X X X RjR X X X

8Xd h” D2+iQ'vT 2/B+iBQM +°Qbbr2 i?2° M/ HB;?iBM; +
+ K2° pB2rb BMbmMMv-" BMv- M/ MB;?i b2iiBM;bX JB/
i D2+iQ 'B2bX _B;?i, ;"QmM/ i mi?X "Hm2 +B +H2b b?(
iBQM mM/2' +? HH2M:;BM; +QM/BiBQMbc "2/ #Qt2b K °
712" b2MbQ™ 7TmbBQMX h?2 KQ/2H "2HB #Hv + Tim 2b
+ ' Qbb HH 2MpB QMK2MibX X X X X X X X KjK X X X

8X3 M 2t KTH2 Q7 p2?B+H2 KQpBM; bHQrHv U+B +H2/
H #2HH2/ bbi iBQMolwIBM2?2@BibbT22/7 HHb Dmbi #2F
i?72 yX8 Kfbi? ' 2b?QH/X h?2 + K2° pB2rb b?Qri?2p2?B+
7Q°r /- r?BH2dM2#2H BM+Q "2+iHv "2~2+ib Rpji iB+ Q#

eXR h?2 T°QTQb2/ '»BBI@+2}MBiBQM J TAMI2BTV
> iBQM 7Q" 02?B+H2 h> D2+iQ v SH MMBM:X h?2 T Q+
i?72 72 im 2 2ti° +iQ° M HVbBM; i?2b2 BMTmib iQ + 2 i
im 2bX h?2b2 72 im 2b "2i?2M M Hvb2/#v T Q# #BH!
r?B+? 2p Hm i2b KmHiBTH2 TQi2MiB H i’ D2+iQ B2b M
#BHBiIB2biQ 2 +2X X X X X X X X X X X X XREyX X X X

exXk>.J T@" b2/ h D2+iQ v S 2/B+iBQMX X X XRRIX X X X

ttBt



GAah P6 6A:l_1la

eXj AMOMHBMDIBK iBQM-KmHIB@+ K2° BK ;2b "2i° Mb7Q K
BMiQ b?18bT +2-rBi? K Tp2'iB+2b KQ/2HH2/ T Q# #BHBE
+ HHviQ+ Tim 2 mM+2 i BMivX h?Bb 2T 2b2Mi iBQM Bb BN
#Qi2LL M/ i° Mb7Q K2 @# b2/ 2M+Q/2'bX XR®¥eX X X X X X

eX9 J T mM+2'i BMiv 7Q ' KmH iBQM + Tim 2b Q++HmbBQMb #:
?B+H26b + K2° M/ bm "QmM/BM; K T 2H2K2MibX G27i, am
pB2r BK ;2bX>.B; M7 QK m;K2Mi2/ QMHBM2 >. K TTBM;
KQ/2HbX X X X X X X X X X X X X X X X XRIONX X X X X |

eX8 JmHIiB@pB2r+ K2 BK ;2b7 QK Mma+2M2b UH27iV-rBi? +
;QmM/ i'mi? U} bi +QHmMKM- "B;?iV- i D2+iQ v T 2/B+iBQ
+QHMKMV- M/BKT ' Qp2/ K TmM+2'i BMivrBi?i> D2+iQ v T"
Ui?B/ +QHMKMVX X X X X X X X X X X X XR8jXx X X X X X

ttt



*?2 Ti2 R

AMI Q/m+iBQM

RXR JQiBp iBQM

lp2'vv2 "-"Q /i {+ ++B/2Mib +H BK i?2 HBp2b Q7 Qp2 RX]j
rB/2 M/ H2 p2 #2ir22M ky M/ 8y KBHHBQM KQ 2 rBi? BMDm"
HQM;@i2 K /Bh)XBHBTBEZBK i2Hv NywW Q7 i?2b2 ++B/2Mib
KM2 Qb-bm+? b KBbDm/;BM; i {+; Th- 7 BHBM; iQ /2i2
/IBbi® +iBQMb HBF2 KQ#BH2 T?QM2 mb2- QY97 iB b @MB BINm + 2
6B;mMR2XRh?Bb ?B;? " i2 Q7 ?mK M2 "Q '2p2 Hbi?2 HBKBib Q
BMb 72Hv M pB; iBM; +QKTH2ti" {+ b+2M "'BQb- 2p2M rBi? +
/" BpBM; B/bX 2 +iBQMiBK2-bBim iBQM H r "2M2bb- M/ /2
+2°i BMiv "2 + BiB+ H#mi Q7i2M BMbm{+B2Mi- H2 /BM; iQ -
?mMK M M/ 2+QMQKB+ +Xb2[m2M+2b (

MiQK i2/ 02?B+HZ2ZR U dbWbwW7Q KBM; KQ/2 Mi°  MbTQ i iBQM
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