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Abstract:
is depth estimation from a single image. A depth extraction method based on weighted SIFT flow depth transferring and energy mod-

2D-to-3D conversion is one of the important ways to alleviate the lack of 3D content, in which the key technique

el optimization is proposed. First, k-nearest neighbor images were retrieved by evaluating the global image descriptors between the
target image and the images from the RGBD database. Then, pixels of the target image and pixels of its neighbors in the database
were matched using SIFT flow, which also generated matching errors used to determine the transferring weights of the neighbors.
Next, depth maps of neighboring images were transferred to the target image according to the pixel matching and the transferring

weights. The final depth map was obtained by depth refinement based on an energy model. Experimental results show that our

scheme can significantly reduce the average relative error and improve the uniformity of the depth map.

Key words:
model

1 351§

Wi 3D HLSZ IR JIHET, 3D FAI R A 2 il 2 4
ST I 5T B L BAR 3D R HE R B 3RS S v gk
J& AHHIAE—HEBA B m i BT 5 3D R A 7R oK
1 3D AR TG 2 17 2 PRAK . 3D WA A 2 2k
29 3D YA =L K RO 2D B 3D AR E i 45 Fh
WIEL R M n 2D MU RGO 5 R 1R L
711 3 e TR P 1 25 1] 55 R (Depth Map Based Ren-
dering, DIBR) 7 il 45 Fiig Ui 3D A4 . 2D %% 3D 2 fiff ik
2HT 3D B R A T Bz —, HoAZ 0 a2 i &
RO EE A T SR, G A 15 B 2 2 AR BB [R] 1 56 &

Wik H #1:2013-07-31; &[] B 11 :2013-12-06; 3¢ F: 4« By 24 8

2D-to-3D conversion; scale invariant feature transform flow; depth estimation; depth map refinement; energy

AT X 1Y, PRI NZR BRI SR B 114 7 25 o e A
PRI 0 . A X322 17 B, Saxena 25120 1) i 56 56 60 PR R 1 45
FEAY 73 325 28 5o e AR 5 TR T2 T 1 0T 100G % 5 88 05
FIZERDREE S AT MR R TR R B 20k BAR
AR R B HER 1 TR S B H TR 3 5 i, 75 B
R A TR B B A TN 2R . Dyt , SRR (3 R B AH
LR 5 5 BAT AR TR B, 388 L T RUBE AN AR R i A8 4
(Scale Invariant Feature Transform, SIFT) it IR E T 77
2, HHEH SIFT it @ AR SRR R R I 06 2R L 98
JE BN 2 BUR TR BE T RS 3 A R b B IZ07 R
A % e TR — X G B S

FEATH  EE A RBLEFES (No. 61071173 ) s W L4 AR B 2% 35 4x (No. LY12F01001, No. Y1100253) ; T 3 17 F 4R Bk 2% 3£ 4> ( No. 2012A610043,
No.2012A610111, No.2011A610186) ; WiV1.45 # & JT BHIFIT H (No. Y201431834)



o2 M

LR AL STFT IR 4% B BAE % 2D %% 3D 243

2 HEXHR

4 [ 302D % 3D Jr i i SR 5 1 A% Tl
RHATIRE Al 11, Zhang 205705 I IR E L RAHEAT T
NG, R FE UM B B IR A X R R S AL LA
S5 B MR AR BE S EAG PN T S B L B TR R
TEIE 2 1 e 55 56 2216, DR T n) FRTASER BE A 5 0 i T
Ji . st L T ol 5 0 AL A PR
795 . Zhuo 258 ] PR T 45 FEASORT 1) A6 138 15 A0
R B R AL T E I A TR B, I3 2 41X [ P ir
R R A TR AR 2 B 25 TR BE . X R R B [RGB
W HUES R, Bz 3l R ASRUR R S S5 AR 25 5| R &
BT, DR B AT PR IR BN

A PR 3 18 TG 2 AT 2R T AR AL AR, D R i
I W A 2 1T 3 1) A2 Ak, R T 49 44 2% T 1) BH 5 B2 AR b
AR R A T 2. R 1 TR A A
55 T v D6 P R R T A T v D' IR 1 2 T K
SR RE . 2 M 45OV RS B JR 35 Lax-Friedrichs 42
TR R K S F 1 B R T A A T R TR Y
e WEEKREZAES AT 2 Lk, R ]
T FRIAR X 53 32 DR 55 0 A 22 . Jung 451 ) Y % 4 0
AR AR Ay A T, I AR 4l AE X 5 B DA 43 A [T DI B
) b 42 328 4 1) e oor RS SR AT UR FE 4 I . 31X 28 R )
[i) R 75 B — A 0 SR TR BE A AR Sy e ) 53 B TR

F a2 L AT B A% R B, S Y % K 55 (vanishing
point) 75 [ {9 1 B S W4 11 . Battiato 2512V AR 45 7K 45 )7 1f)
A IR AG A TR B, O 38 2o 3 55 3 ) e R R A T 1Y
JFi it . Cheng 251130 1k — A 7] FRVB B 7 1) I 8 3425 1 ]
B RBGEMTFIR B B e XKL RGEH TEH
SRR Z RN LT SR W i 5. R R R AGE T HE
Yyse PR, AATT3 B8 L8 2 S TR A T 7 ik
Saxena ZE 2 1 9 Make3D 77 V4 8 T HLES 2 2 7E 2D
¥ 3D J7 T B9 . Liu 20450 8 S B4R T
Make3D J532% ARG FE . 202 0 26505 it R 90 5 0 I g g
KR RAGTIEREE . Make3D [ BRFA 2B 2R 1T 2
ZRAER, R G, T AT T 2T IR ik, S
AR (3 B AR Y 37 5 A AR A TR B, 42 o 2508 3 3l
FITCS R BE AN 1 5 % AR SCHE b 8y I, 38 1 Jin A
SIFT Jit VR BE 1T 7% LKL T 6B f A5 B 9 UR BE AL Ak, i — 20
B TR BEAG T i, i 20 2 2D &% 3D XFIREE 4]
Prfg R,
3 EiRIEZR

ASCE DA 1 PR, FES R K TR (K-
nearest neighbor,KNN)*ﬁ%:' SR SIFT IR E T8 B E
& il £ 5 T g A AR P TR BE TR AL Ak PU AR 4

BEEEEEEL S L

23R b

I EEENS TS A

117" F—
SIFT# i‘ %3
H WA N1
' \ RGBD &R -
TR . Bl =
HI2DER

Bl ASCHEIESR

3.1 KNN#&Z

IR 42 SR GIST il ik 475 10 448 Ay ] 14 18] + AL
B RE RS bR, 18 o LA GIST #3845 . RGBD %35 )% rh
2 i A S ) KNN B K g i R B 1 AR Q
J ABEME, C Mgk i 4BEIE, G(+ )24 GIST iR AT .
RO iR A IR Q H5iE4PE& C Ltz , X
il - | FRRER IR B KT Q 5 RGBD ¥
B MR VC AR 22 5 SR 5, B VG e 58 22 /B KR4 T
HEFP s e N Hase 0 K A S5 /NG i 15 2 % 7 114 PR AR
@ 1) KNN, Hoxd B IR EEAE N @ P il TR .

Eusi(Q,C)= | G(Q)-G(C) | (1)

3.2 Y SIFT iR EER

FIFH SIFT 9 AJ #7622 1] 145 2 98 % UG i
RN PR EIZ 56 2, n] VT B R £ T
FE 5 H bR UG B SR 18 E A AT R L S5
SCHR[3TAS [R) fA) 2, A SCAR B SIFT i 1% 22 11 E B AL
T, AT A A B A B R T R RS B A A
PG b T R R T LAAN FE A T3 A% X AR AU IR
PRI, 45 300 40 UG TR B2 A B 1 o ik AN (], ek A 7
PG FRUEAT A, a7 00 i) D) DG e 5 22 3 A 1) R E A 7%
P22 . SIFT P17 i $2 AN B M5 R ARG STFT ik
5, PR IR EMG R B VT R BIRIR R SRR
p(m,n), Hh m fln 53 BIRIRATSFIN S So(p) N
Q TENLHE p Ab1Y SIFT FRAFE K 5 5 Wi A BE Q R 4R
K12 C ) SIFT i m N F = (u,v), FHoi w Flo 2353
ANV B 1) b A 43 o ) STRT 9 i) L AR 155
AIRIE .

W1 SIFT FiR R X EMG E R R S
p, PRI SIFT Ja i fli i A, 551 128 4k [ FFAE [n] 5

W2 M SIFT #5RFF AR IR EEXT @ Fl C 1)
GFE S ATICEL. o e /MEX (2) B EIN 0 Fl C 1)
SIFT 3t . 2 (2) A5 0 ey 250408 00 /N A7 8 300 i1 235 [1] SF- g 33
1, AEARTIE SIFT i 148455 DT i i W] B, o C E 5 14 78 B
PEFT ARl 28 A R IR R s ke F—30 X (2)



244 w7

EE ' 2015 4F

e B 4 A 5 ICIRE17 ] —HE SR OG- Y
TR BRI R R (2).

E(F) = 25|l So(p) = Sclp + F(p)) ||
+ 2 (Lu(p) 1+1v(p) 1)

va > (Tulp) = ulg) 141 v(p) - v(g) 1)

(p.g)€e
(2)
JH SIFT #3845 VG Be A% B2 VR R i B AR, LA X 4345
IR UG IR EE RS Y DA BE . 2 & M IR <P EI& ¢, 3
A MG Q IEBACE A kX (3) s, H K
FR BT ARECH
ch(p) — e I8, =5, G+Fp) (3)
SIFT Jit 7. 1 3 2 G Ay A G (8] 3 2 15 R O] g
KR IREEE T 5 30 <8 B AR R A B IR FE
A4 B A BG b A SCIRHE K (4) # I 4B A € X g
HIBRBEIE Zo 3253 g A R L 4R R 3t i A TR B
B30 Zo(p) Wi AEIG Q 112 3K 4 p A Al A
FEME, Zo(p + F(p)) FniiMEMGR C tEBFEmip+ F
(p)AEBITREEAE , We ARG (3) B AR A .
Zy(p)=We(p) x Zc(p + F(p)) (4)
3.3 EFHERENREEME
TRIE IRl G 2 4 R i A JEMB U KN I8 TR 2 14
TR NE R A BRI iR Al TR B . AR SR A
PRI RS T, BT R = (5) s . A ng%é/%iﬁ
AEMG Q 5 k M E4RIEE ¢ MR ERE (4) 2% )5
MIEEH ;s p BB R S ALE; K B SRER % H |, 58
ol 75 A o Bk B AR AT X ACE B i IH —
k.

G E

ZQ(P) = "X ! 22
Z e I Sg(p)=5, (p+ F(p)) || k=1
3.4 E?ﬁﬁ%*ﬁﬁ!ﬁ‘]ﬁ%f;%ﬂ
BB AR L R = BE 20 30N w A, N = w x b,
WAL TR K Z N 4ER 5 Kt z, B z(m x
w+n)=Z(m,n). LM (6) PFros i B # AL BE
AR QSRR Ey FEIACD Es.

E(z) = Z,ED(Z)+BEg(z) (6)
éﬁt%ﬁ‘ﬂtﬁ‘ﬁﬁ?ﬁgﬁnmﬂﬂ“ 55 KNN BIRIE B3
FERIRY 22 5%, 8 =X (7) s, K z€ RY, 6, € RY,
o(+) =V 8, RAH i MITRN 1, HRTEY A 0. 2,
NS b AR ENR B TR BE T Zo 3 L BB K& f, 2R
M Q F C, B SIFT Jii. Fy, %R K &, w, y C, 3] Q
HIE R AL W XEREESI i, v, v, 230 2R 7k

Q,

SRR I LB F. G, € RV VR G, € RV
53 R AR ST 2 T ) A AR )

Ex(z) = 23w p((8% - 26(i + £ii))) +

7 [e((81Gz - V.zc (i + £i(i)))?) +
((8:Gz - V zc (i + £i(i)))]} (7)
S A o TR 5 B AE AR B /N DX S ks T — 3
E SN (8) Fi i, Hovb st il st 43 1) 27 T IR AE K
- A BT 1) AR R R Y Sigmoidal BREL, B sf = (1 +
QOIValy =T o (] 40Vl
Es(z;) = sip((81Gz)*) + slp((81G2)?) (8)
FAFRN(6) 1R K E R 2 KRGS A 0,,n§'ﬁllﬂf
(9) o . o, i/ MR bR B0 SR A i B, T B —
AR EEERTE 7 A st BIEANTANY FJIJJ%WEI’J#H“
AR TR, PR TSR U 4K

N33 () (8 = 20 + (D))
(8% = 2+ (D)8,
¢ 7L (8162 - v 2 (i + (D))
< (81Gz - V.20 (i + £i(0)))8;
¢ ¢ (816 - V20 (i + fi()))
(5167 - 20 (i 4 i())8]]

+,8§)?

+ sl¢' ((8]G2)*)8GzG 8| =
HAESCHRL18 ], X5 T2 (9) , AT R FH % AR A o fi /)N —5fe
7% (Tierative Reweighted Least Square, IRLS) T AR i, HAK
A BRANT BT

TR MRS RS B REE B A

K

()= 20wl (82— z¢ (i + £i())Y),

k=1

(9)

5! ((8762)*) 862G,

(D)= 20 ()¢ ((81Gz - V.2 (i+ £i()))),

As(i) = Z ()¢ ((81Gz - v z¢ (i + £i(i)))?),
Ay(i) = Bsig' ((81G2)?),
As(i) = psle’ ((81Gz)?),
Hrfi=1,2,, N —UGERE I (5) 1A X R 1Y)
SR Ak 7 MF 0 EUCGEAR TR 1A

]2 W (9) TR =X (10) 7w 15 BE B
ARG R /N — ek i z. XL (10)H, A, 3R
ANH A (i), i = 1,2, N FIECR N x N XA AR B, B
A, 1) =2(0), Ay Ay Ay T As IE XS0 b



o2 W /I AL SIFT 33

RILIT

5% 1 B 5 2D 55 3D 245

K

€ RV U i MTEREX R b= 2 1A (D2 (i +

() + (1) Vg i+ fi (D) + 25(0) Vo (i + f
(i))f.
(A, + G'A,G, + G'A,G, + G'A,G, + G'A;G,)z= b
(10)
b 10) ,1R

B3 AR BOE B

5 7B L9 1
4 XWERSHHN

TE Liu ZEH 4R 40 0 o i Make3D MR B0HE b #E 1T

S LLER i E A B 134 S RGBD EIF 400 Sl
45 RGBD % ¥ B, B AN IR BE 14 43 98 3R 35 2 240 x
320. LIPS HIE N K=7,2=10,8=10,7 =10, 7
=0.255. Fl Make3D 33k —HFE2) i it Ho B R HIF- 40
XPRZE SN (L) B, Herfr 2 Tl zg 500 2R 55 0
AT P A5 B4 Al 3R R R L S R X R N 4 A AR

L CE T, R Make3D 575 TR R 5 MRF B 7
% (Pointwise MRF) (B T2 & MRF B 77 1 (Superpix-

el MRF)™2", SCHR[31F03CHR[ 14 1647 T AR,
v 2D - 2 ()]
€REL = 134N2 Z z ’(]) (11)

(@ ﬁﬁ)\@@l (b) LW

P L 2 AT, IR STFT 78 1R BE A 4% AT 45 4 19 PR 4
SR G T BARR S A 2 B95E 1 AT R 2(e) )
SIFT 3t FELUE I O B A H a5 i Fe B, 1R 28 X5
PITRBEAG T R A TR 225 T 1 2 (e ) YA SIFT i

4.1 AN SIFT AR EE MR LIE

S B E AL SIFT Yt B AR B P A0 A X TR B A
2 R INA SIFT i UR B 1R 2 (A DB D Al A5
ZESORLH I (FR R “ AL SIFT JRIRBEERS ) 5 SIFT Uit
TREE TR I 28 5 v (B DR OB 5 T A o 85 280 1 O 2 BTG
e (FRN “ e Al SIFT IR BE RS ™) 43 i F1 STk [ 3 ] i
ITHEE . 32 1 2 A Make3D W% B 17 I B AL 1115
§UE’J¥£J$HXT§:5§ 21 2R AL SIFT i i B i F8 A

T AE SRR 0 R B O AL 0 I S R AIR T A R B A

Eﬁ¥i9$ﬁxfwf§.
F1 FHEIRE
(RS SRR R 22
R3] 0.391
JAL SIFT Ji iR 8 0.378
Al SIFT Ji R E T 5% 0.368

B2 &3 1R 3R R LA LB 25 1 & 2 g
R A= (12) Bros f A 0 Horb 2 g &
(B d X R P SEPRIRBE 5 [ Znear s 260 ) 2705 550 1) S PR R B
.

(12)

(c) SIFTH AW (d) JRIGSIFTH (e) bﬂﬂSI}Tﬁi@fﬁ%ﬁiﬁi (f) MBLSIFTH  (g) TARALSIFTH
B2 nAXSIFTHR MBI L%

TREEIERS AT X 73 K 2 DX e SR i 0 A, HLR =8
DX DR BE At B O B 2(g) B AL Ak SIFT
TGO TR B 16 B AT fie A 9 TR 2 2 20 (HL TR B A
LR 25 AR SCK AL SIFT 3 35 (8 % 6 A 3 1 Rk



246 H, T

2 2015 4F:

B B R EE IR 45 G ok , vl 5 0 A =& A
4.2 E5RBFHEZELER

2 5 1A ST A A BB I AE Make3D K
Bds AR R 2E R 2 alE W SR (3 ] i1
AHAXT 22 5% T Superpixel MRF J7 75 I SCHK [ 14 ]. A< S
REAIA SIFT iR B2 i 76 Fl AL T e m B AU IR B AL S
T S AR T Ak IR LA P E A R 25

B 325 TAFBEEMIREAGTHZ5 R B 3,
Pointwise MRF 530325 1 SCHK [ 3 146 1 19 38 BE &1 1 S PR 3¢
26 AT EAETHREE B 19 25 PE 5 Superpixel MRF 55

SR (H U A RCR AT X J2 R AR SCR T g
BRI R BT J5 KNN R IR BE A w42 T, AU
B RE B0/ IN DI A7 0 DR T A 2403 %2 1 2 S 1 Y
[l IR BEA T4 B 0 58 DX ) £ 6

®2 FHErHRE

ik SRR 2
Pointwise MRF') 0.458
Superpixel MRF!?! 0.370
i XA Make3D 43704 0.375
k(3] 0.391
AT 0.355

(a) WNEB

(b) FLTWPE

(c) Pointwise MRF  (d) Superpixel MRF

(e) 3CHR[14] (f)3CHR[3] (A ITr ik

B3 BB fivhE R

5 RE

B SIFT 30 T4 B2 1T 7% 3 A T H R B 114 3 53 1 1)
JI, B RE T INA SIFT i IR BEIE RS 7 s, IF S TR

B AL RE AR AL , LSS Al TR BE g X 5 P 1 SEaR
P SIFT Wi 15 B A, B 3 4B MR VT B AR 3R A IR
JE R AR EE 5 3% 2 i A JEIME SR )5 | e s AT, 7E
REE TR 5 3 28 R TR BE RT3 R, OF T 0 B A



o2 M

LR AL STFT IR 4% B BAE % 2D %% 3D 247

NI TR BE . SE 80 R W], 5 Make3D 53 3% Rl 546 SIFT

TR B SEIE AN LG, AR 3OO 3 AR 1 A3 TR 1

PIAXSERZE . H AT, FATE B S B G, & 2k —

B3 b5 12 0 IR RS

B 3k

(1] BV, %0, £%, 5% T XA 0 50 s BUS TR BE S
SARHR[T] . AR ,2011,35(19) : 11 - 13.
Wang P, An P, Wang K, et al. Depth extraction of single-view
image using region merging[J]. Video Engineering, 2011, 35
(19):11 - 13. (in Chinese)

[2] Saxena A,et al. Make3D: Learning 3-D scene structure from a
single still image[J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence,2009,31(5) : 824 — 840.

[3] Konrad J, Brown G, Wang M, et al. Automatic 2D-to-3D image

conversion using 3D examples from the internet[ A | . Proceed-

ings of SPIE[ C]. Beningham: Society of Photo-Optical Instru-

mentation Engineers, 2012. 82880F.

Bharathi S, Vasuki A.2D-to-3D conversion of images using

—
~
P

edge information[ A]. IJCA Proceedings on International Con-
ference in Recent trends in Computational Methods , Communi-
cation and Controls| C]. New York: Foundation of Computer
Science,2012.27 - 32.
[5] Zhang L, Vazquez C, Knorr S.3D-TV content creation auto-
matic 2D-to-3D video conversion [ J]. IEEE Transactions on
Broadcasting, 2011, 57(2) :372 - 383.
SRR A R R R IR BT R R D] 40405, 2013,
34(5):16 - 22.
Su Q, et al. Calculation method of depth in single defocused
image[ J] . Infrared,2013,34(5) : 16 — 22. (in Chinese)
P, A BT B R R R AR O 1]
iS5 R ,2012,27(2) :229 - 234.
Shi G, et al. Method for depth map extraction of defocused im-

(6

—

[7

[

age based on segmentation[ J] . Chinese Journal of Liquid Crys-
tals and Displays,2012,27(2) :229 — 234. (in Chinese)
[8] Zhuo S, Sim T. Defocus map estimation from a single image
[J] . Pattern Recognition,2011,44(9) ;1852 — 1858.
(9] B AL, THRG AL, TR /INEL . T i 35 DI A I g Y R
FEARB 72 [ 7] 727412, 2010,5(5) : 1084 — 1088.
Ma Ji,Ma P, Su X. New method of shape from shading based
on specular highlights detection[ J]. Acta Electronica Sinica,
2010,5(5) : 1084 — 1088.. (in Chinese)
[10] 2, FNRIAE . T @5 B LLF F1 WENO 5332 19 375 #
SES[J]. v [l P gL I 2441, 2011, 16(2) :300 - 304.
Wang X, Sun J. Perspective shape from shading based on
high-order LLF and WENO[ J] . Journal of Image and Graph-
ics,2011,16(2) :300 — 304. (in Chinese)
[11] Jung Y J,Baik A,Kim J,et al. A novel 2D-to-3D conversion
technique based on relative height depth cue[ A]. Proceedings

of SPIE[ C] . Beningham: Society of Photo-Optical Instrumen-
tation Engineers,2009.7237 — 7244.

[12] Battiato S, et al. Depth map generation by image classification
[ A].Proceedings of SPIE[ C] . Beningham: Society of Photo-
Optical Instrumentation Engineers,2004.95 — 104.

[13] Cheng C C,Li C T, Chen L G. A 2D-to-3D conversion sys-
tem using edge information[ A]. Proceedings of International
Conference on Consumer Electronics| C ] . Los Alamitos: IEEE
Computer Society Press,2010.377 - 378.

[14] Liu B Y, Gould S, Koller D. Single image depth estimation

from predicted semantic labels[ A] . Proceedings of IEEE Con-

ference on Computer Vision and Pattern Recognition[ C] . Los

Alamitos: IEEE Computer Society Press,2010.1253 — 1260.

IR BRI, AR, A IS IN S a0 A R B A

FAZE 3 14 2D/3D e e 05 2 [ 1) AL B it 5

B 27244 ,2011,23(5) : 899 - 908.

Li L,Zhang M, Li Y, et al.2D/3D video conversion method

based on foreground temporal-spatial analyzing and back-

[15

[}

ground understanding[ J ] . Journal of Computer-Aided Design

& Computer Graphics,2011,23(5) :899 — 908. (in Chinese)
[16] ¥, =% I, 4 JRITT Gist FR1E VT Bc A% 1 3 5 43 25

(] P R ETE %4, 2013, 18(3) : 264 - 270.

Yang Z,Gao J, Xie Z, et al. Scene categorization of local Gist

feature match kernel [ J]. Journal of Image and Graphics,

2013,18(3) :264 — 270. (in Chinese)

[17] Liu C,et al. SIFT flow: dense correspondence across scenes

[

and its applications| J] . IEEE Transactions on Pattern Analysis
and Machine Intelligence,2011,33(5) :978 — 994.

[ 18] Liu C.Beyond pixels: exploring new representations and appli-
cations for motion analysis[ D] . Cambridge : Dept of Electrical
Engineering and Computer Science, Massachusetts Institute of
Technology,2009.144 — 146.

[19] Tian D, et al. View syntesis techniques for 3D video[ A] . Pro-
ceedings of SPIE[ C]. Beningham: Society of Photo-Optical
Instrumentation Engineers, 2009 . 74430T — 74430T - 11.

EEE T
ROE(BEEE) F5,19804 10 A4
FRBE R, T W TR 515 B TRk
BIZ R R GE3Hr . 2010 4E B T [ ) 2 4
'y ARG BB E AR S, R T2 2. &
-~ FNH(E S5 (5 B AL H 3D YUH 5 5 A B A B
N PERETTH R RS B T T & T AE

‘ . E-mail : yuanhx @ mail . ustc. edu. cn

ROBE 2,198 F 2 A TRBEKR, TR TR HE T
S5 B TREEBEYFIN . 2011 4F 5k T A AR IS K U B 5T I, 3R
HAPETUL G £ M5 545 B 3D LIE S U 1052 7
KA.

E-mail : vison101 @ 163 . com






