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A857RAC7 
1n th15 paper, ~ we pr0p05e a framew0rk 0n 1nd1v1dua11y-~f0cu5ed 
te1ec0nferenc1n9 (1F7) wh1ch 15 5upp0rted 6y an eff1c1ent 3D 
repr0ject10n techn14ue. 7he  90a1 0f de519n1n9 1F7 15 t0 pr0- 
v1de 5uff1c1ent 3D p05e 1nf0rmat10n t0 each te1ec0nference 
part1c1pant 1n 0rder t0 e5ta6115h 11ve1y c0mmun1cat10n 1n a 
te1ec0nference 0n 10w-6andw1dth 1nternet. A n0ve1 1F7 de- 
p10yment and an eff1c1ent 3D repr0ject10n techn14ue are tw0 
maj0r c0ntr16ut10n5 0f th15 paper. 0u r  3D repr0ject10n tech- 
n14ue u5e5 a m1rr0r reference v1ew 1n three-v1ew ep1p01ar 9e- 
0metry. 1t 0verc0me5 the 1neff1c1ency 1n prev10u5 techn14ue5 
~and.pr0v1de5 v15ua11y 900d rec0very 0f p05e 1nf0rmat10n 0f 
te1ec0nference part1c1pant5 even th0u9h 1t 15 the0ret1ca11y an 
appr0x1mat10n 5cheme. 

Keyw0rd5 
1nd1v1dua11y-f0cu5ed te1ec0nferenc1n9 (1F7), three-v1ew ep1p0- 
fax 9e0metry, 3D repr0ject10n, m1rr0r reference v1ew/1ma9e, 
fundamenta1 matr1x 

1. 1N7R0DUC710N 
7here are tw0 cha11en9e5 1n de519n1n9 a v1de0 te1ec0nfer- 

enc1n9 5y5tem. 0ne  15 the tran5m15510n 0f hu9e am0unt5 
0f v1de0 data. A u5er wh0 61a5t5 a h19h-6andw1dth v1de0 
519na1, 5ay 9reater than 128 K6p5, can cau5e 5evere and 
w1de5pread netw0rk pr061em5 ([14]). 7he  0ther cha11en9e 
15 v15ua1 rea115m. M05t c0mmerc1a1 v1de0 te1ec0nferenc1n9 
5y5tem5 ([19, 5]) dea1 0n1y w1th tw0-p01nt c0mmun1cat10n, 
where 1nd1v1dua1 p05e 15 n0t a 619 155ue 6ecau5e there 15 
n0 c0nfu510n a5 t0 wh0 they are ta1k1n9 w1th. Mu1t1p1e- 
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"p01nt te1eC0nferenc1n9 15 tr1Ck1er. 1t 5eem5 natura1 t0 app1y 
au9mented rea11ty ar1d C0mputer v1510n techn14ue5 (5uch a5 
p05e track1n9, fac1a1 track1n9, head-m0unted d15p1ay and 50 
0n) t0 th15 k1nd 0f te1eC0nferenC1n9 ([16, 9, 8, 6]). 1n What 
f0110w5, te1eC0nferenc1n9 15 a1way5 a55umed t0 6e mu1t1p1e- 
p01nt v1de0 te1ec0nferenc1n9. 

1n paper [18], Ra5kar et a1 pre5ent a de519n 0f the future 
0ff1ce 6y u51n9 the c0mm0n 0ff1ce hardware: camera5, LCD 
pr0ject0r5 and de5kt0p5. M0re prec15e1y, they u5e ••cam- 
era5 and pr0ject0r5 that  can 6e 0perated 1n e1ther a cap- 
ture 0r d15p1ay m0de. When 1n capture m0de, the pr0jec- 
t0r5 and camera5 can 6e u5ed t09ether t0 06ta1n per p1xe1 
depth and ref1ectance 1nf0rmat10n fr0m de519nated d15p1ay 
5urface5. When 1n d15p1ay m0de, the 1ma9e-6a5ed m0de15 
may 6e u5ed t0 render and then• pr0ject 9e0metr1ca11y and 
ph0t0metr1ca11y c0rrect 1ma9e5 0nt0 (p0tent1a11y 1rre9u1ar) 
d15p1ay 5urface5••. 7h15 w0rk [18] ha5 many 900d 1dea5 1n 
1ntr0duc1n9 v1rtua1 rea11ty t0 a v1de0 te1ec0nferenc1n9, e5pe- 
c1a11y 0n the dep10yment 0f pr0ject0r5 and camera5. H0w- 
ever, 50me a5pect5 1n the1r 5y5tem can 6e 51mp11f1ed t0 meet 
v1rtua1 v1de0 te1ec0nferenc1n9 f0r 0ur current 11fe. 

Acc0rd1n9 t0 a c0mm0n c0mp1a1nt 0n current c0mmerc1a1 
te1ec0nferenc1n9 0r te1epre5entat10n 5y5tem5, 1t 15 hard f0r a 
part1c1pant t0 te11 wh0m he/5he 15 ta1k1n9 w1th. We 51mp11fy 
the 5y5tem 1n [18] and c0ncentrate 0n pre5erv1n9 1nd1v1dua1 
p05e rather than 0ther fact0r5 5uch a5 depth and 5pat1a11y 
1mmer51ve d15p1ay1n9. 8e1n9 a te1ec0nference part1c1pant, 
0ne can accept d15p1ay 0n a f1at 60ard a5 we11 a5 0n a 2D 
f11m 0r 7 V  5creen, and a150 accept 50me c0nfu510n 0n h0w 
far the 5peaker 15 away fr0m h1m/her. 8u t  a part1c1pant can- 
n0t t01erate a 5cenar10 where a11 0ther part1c1pant5 100k 11ke 
they are a11 ta1k1n9 w1th h1m/her. 7e1ec0nferenc1n9 wh1ch 
can pre5erve 1nd1v1dua1 p05e 15 character12ed a5 1nd1v1dua11y- 
f0cu5ed te1ec0nferenc1n9 (1F7). An0ther 51mp11f1cat10n 15 0n 
the 1ma9e-6a5ed m0de11n9 pr0ce55. 7he  1ma9e-6a5ed m0d- 
e11n9 1n [18] 6e10n95 t0 3D rec0n5truct10n cate90ry and 1t 
15 a m0de1-6a5ed rec0n5truct10n 5cheme, 1.e., a c0ncrete 3D 
06ject 15 6u11t 6ef0re a te1ec0nference u51n9 a camera ca11- 
6rat10n techn14ue. 7he  camera ca116rat10n 15 kn0wn t0 6e a 
t1me-c0n5um1n9 pr0ce55. 7here are 0ther meth0d5 that  d0 
n0t 1nv01ve camera ca116rat10n 5uch a5: tr1an9u1at10n [10] 
depth map [3, 15, 20], and parameter12ed me5h m0de1 [17, 
13]. 1ma9e-6a5ed 3D m0de11n9 15 u5ua11y acc0mpan1ed w1th 
p05e track1n9 techn14ue 1n the c0ntext 0f v1rtua1 te1ec0nfer- 
enc1n9 [18, 16, 13]. P05e track1n9 15 an0ther t1me-c0n5um1n9 
pr0ce55 and may 1nv01ve 5evere accumu1at10n err0r. 
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7he  techn14ue we are 901n9 t0 u5e 1n 1F7 15 ca11ed 3D 
repr0ject10n wh1ch pr0v1de5 a m0de1-free and track1n9-free 
5cheme. 0nce  the parameter5 f0r a v1ew adju5tment are 
pre-c0mputed,  a te1ec0nferenc1n9 5y5tem a1way5 repr0ject5 
a rea1 frame captured 6y a 5tat10nary camera fr0m the cam- 
era•5 v1ew p01nt t0 a v1rtua1 v1ew p01nt 6y the pre-c0mputed 
paranmter5. 7hree-v1ew ep1p01ar 9e0metry 15 the under1y- 
1n9 the0ry f0r 3D repr0ject10n. Many w0rk5 have 6een d0ne 
0n three-v1ew ep1p01ar 9e0metry [21, 11, 7]. M05t 0f the5e 
w0rk5 0n1y c0n51dered repr0ject10n 0f feature/c0rner p01nt5 
1n an 1ma9e rather than den5e repr0ject10n. Av1dan and 
5ha5hua [1] 5tud1ed den5e repr0ject10n v1a an 0pt1ca1 f10w 
6etween a 50urce v1ew and a reference v1ew where the 6a5e- 
11ne 6etween the 50urce and reference v1ew 15 a55umed t0 6e 
t1ny. 7he0ret1ca11y, 0pt1ca1 f10w 15 the 0pt1ma1 meth0d f0r 
den5e repr0ject10n. H0wever, c0mput1n9 0pt1ca1 f10w c0m- 
putat10n 1t5e1f 15 an 111-p05ed pr061em wh1ch 15 very 5en51t1ve 
t0 1ma9e n015e and 15 a150 a t1me-c0n5um1n9 pr0ce55. 

7he  90a1 0f th15 paper  15 t0 pr0p05e a framew0rk 0f te1e- 
c0nferenc1n9 wh1ch ha5 10w netw0rk c0mmun1cat10n c05t 6y 
reduc1n9 the num6er 0f camera5 f0r each part1c1pant wh11e 
5t111 pre5erve5 1nd1v1dua1 p05e 0f each part1c1pant (50 tha t  
he/5he can ea511y te11 wh0m he/5he 15 ta1k1n9 w1th) v1a a11 
eff1c1ent 3D repr0ject10n techn14ue. 7he  re5t 0f th15 pa- 
per 15 0r9an12ed a5 f0110w5: 5ect10n 2 pr0p05e5 a frame- 
w0rk 0f 1nd1v1dua11y-f0cu5ed te1ec0nferenc1n9 (1F7). 5ect10n 
3 pre5ent5 an eff1c1ent den5e 3D repr0ject10n techn14ue 6y 
1ntr0duc1n9 a m1rr0r reference v1ew 1n three-v1ew ep1p01ar 
9e0metry. 7he  exper1ment5 1n 5ect10n 4 5h0w the accuracy 
and eff1c1ency 0f 0ur 3D repr0ject10n techn14ue. F1na11y, 
5ect10n 5 91ve5 0ur c02m1u510n5 and future w0rk. 

2. E F F 1 C 1 E N 7  1F7  
A 5tra19htf0rward 6ut 1neff1c1ent 501ut10n f0r 1F7 15 t0 

arran9e camera5 1n each part1c1pant•5 0ff1ce 5pat1a11y c0rre- 
5p0nd1n9 t0 the 0ther part1c1pant5. F0r n part1c1pant5 th15 
re4u1re5 n - 1 camera5 per part1c1pant5. 

We a1m t0 ach1eve 1F7 w1th fewer than n - 1 camera5 1n 
each part1c1pant•5 0ff1ce 6y 51mu1at1n9 the 9e0metry 0f the 
te1ec0nference, u51n9 repr0ject10n t0 51mu1ate camera an91e5. 
F19. 1 (a) 5h0w5 the netw0rk arch1tecture tha t  we a55ume 
f0r te1ec0nference5 and (6) 5h0w5 the a550c1ated de519n 0f 
the v1rtua1 c0nference ta61e. 1n the 5cenar10 de5cr16ed 1n 
F19. 1 (a), there are 6 part1c1pant5. A and 8 are a 9r0up 
5har1n9 LAN1; C 15 an 1nd1v1dua1 u51n9 LAN2; D, E are a 
9r0up 5har1n9 LAN3; F 15 an 1nd1v1dua1 u51n9 LAN4; We 
u5e the pr1nc1p1e tha t  par t1c1pant5  1n t h e  5ame  L A N  
a r e  5eated c105e t0 each 0ther  at t h e  v1rtua1 ta61e - -  
y1e1d1n9 a 9e0metry 11ke tha t  0f F19. 1 (6). 

51nce A and 8 ••51t•• c105e t0 each 0ther, there 5h0u1d 0n1y 
6e 5119ht d1fference 6etween the v1ew5 0f F 6e1n9 watched 
6y A and 8.  7heref0re, 1t 15 rea50na61e t0 5end 0n1y 0ne 
v1ew t0 the 9r0up 0f part1c1pant5 A and 8. We ca11 th15 
v1ew a ••ma5ter v1ew•• f0r the 9r0up. An 1F7 5y5tem ha5 the 
re5p0n516111ty 0f 9enerat1n9 tw0 1nd1v1dua1 v1ew5 fr0m the 
ma5ter v1ew after 1t reache5 LAN1 50 tha t  A and 8 each 5ee 
a11 1nd1v1dua11y-f0cu5ed v1ew. 70 capture 0ne ma5ter v1ew, 
we need 0ne rea1 camera. 50 1n the 5cenar10 1n F19. 1, there 
are three camera5 1n F•5 0ff1ce t0 capture a11 the ma5ter v1ew5 
0f F. 

8 u t  the num6er 0f camera5 1n A•5 0ff1ce 15 n0t exact1y the 
5ame a5 F•5 6ecau5e A 15 n0t the un14ue part1c1pant wh0 
15 u51n9 LAN1. 8e51de5 pr0v1d1n9 three ma5ter v1ew5 t0 
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F19ure 1: (a) C0mmun1cat10n arch1tecture 0f  a ta1e- 
c0nference;  (6)  A v1rtua1 c0nference  ta61e f0r n1ne 
part1c1pant5 1n f0ur LAN5; the  5ame L A N  1mpHe5 
phy51ca1 pr0x1m1ty. 

three LAN5, the 1F7 5y5tem 5t111 need5 t0 pr0v1de a ma5ter 
v1ew t0 the 9r0up mem6er 8. 1f the num6er 0f 1t5 9r0up 
mem6er5 1ncrea5e5, the 1F7 5y5tem w111 a5519n the 5ame 1n- 
crea51n9 num6er 0f ma5ter v1ew5 f0r a11 9r0up mem6er5. 1n 
0ther w0rd5, a55um1n9 a 10w traff1c 1n a 91ven LAN, the 1F7 
5y5tem 0f 50me part1c1pant5 d0 n0t 1nv01ve any repr0jec- 
t10n/5ynthe515 pr0ce55 0f v1ew5 f0r the part1c1pant5 1n the 
5ame LAN. 7h15 15 6ecau5e the 6andw1dth 0f a LAN 15 h19h 
en0u9h t0 t01erate many 1ma9e5. 

7he  dep10yment 0f 1F7 5y5tem 1n the 51te (0ff1ce) 0f a 
part1c1pant 15 5h0wed 1n F19. 2. 7he  maj0r e4u1pment 0f 
an 1F7 5y5tem 1nc1ude a pr0ject0r, a 1apt0p/de5kt0p and 
mu1t1p1e v1de0 camera5. 7he  wa11 0f a part1c1pant•5 0ff1ce 15 
the 5creen f0r an 1F7 5y5tem. 

F19ure 2: A 5cenar10 0f  dep10yment  0f  an eff1c1ent 
1F7  5y5tem 1nc1ud1n9 a pr0ject0r ,  a 1apt0p/de5kt0p 
and three  v1de0 camera5.  7 h e  1ma9e captured  6y  
1-th camera  15 0n1y 5ent t0  1-th L A N .  7 h e  1ma9e5 0f  
0 ther  part1c1pant5 are d15p1ayed 1n the  wa11 0f  part1c- 
1pant F•5 0ff1ce after an a550c1ated p05e adju5tment  
6y  the  3D repr0ject10n techn14ue.  

1t 15 w0rth t0 p01nt 0ut tha t  the 0ne-t0-ma~1y camera- 
part1c1pant pr0perty 1n an eff1c1ent 1F7 exact1y matche5 the 
0ne-t0-many packa9e de11very 5cheme 0f mu1t1ca5t addre55- 
1n9. Actua11y, 1t 15 mu1t1ca5t addre551n9 tha t  pr0v1de5 net- 
w0rk 5upp0rt f0r an 1F7 5y5tem. H0wever, t0 c0ncentrate 0n 
the 9e0metry framew0rk 0f an eff1c1ent 1F7 5y5tem (wh1ch 
15 the kerne1 and attract1ve pr061em 1n de519n1n9 an eff1c1ent 
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1F7 5y5tem), we axe n0t 901n9 t0 1ntr0duce h0w t0 e5ta6115h 
an 1F7 5y5tem 0n mu1t1ca5t ena61ed netw0rk5. 1t w111 6e 
5uff1c1ent f0r a reader t0 9et the 5en5e 0f the eff1c1ency 0f 0ur 
1F7 5y5tem 6y keep1n9 1n m1nd that  there 15 0n1y 0ne, rather 
than mu1t1p1e 1ma9e5, 0f a part1c1pant t0 6e 5ent t0 an0ther 
LAN where there can 6e mu1t1p1e part1c1pant5 10cated. 7he  
reader5 wh0 are 1ntere5ted 1n mu1t1ca5t addre551n9 can refer 
t0 [4, 14]. 

Up t0 th15 p01nt, the accuracy and eff1c1ency 0f a 3D re- 
pr0ject10n a190r1thm are the 0n1y tw0 1mp0rtant fact0r5 f0r 
the perf0rmance 0f an 1F7 5y5tem. 7he  accuracy 0f a 3D 
repr0ject10n a190r1thm 1nd1cate5 the v15ua1 va11d1ty 0f the 
5ynthe512ed 1ma9e acc0rd1n9 t0 the pre-a5519ned 9e0metry, 
and 1t5 eff1c1ency 1nd1cate5 the rea1-t1me execut10n 0f 3D re- 
pr0ject10n a190r1thm 1n 0rder t0 pr0v1de c0nt1nu0u5 d15p1ay 
0f 5ynthe512ed 1ma9e 5e4uence5. 

1t 15 n0t d1ff1cu1t t0 5ee that  the 0n11ne repr0ject10n a190- 
r1thm 5h0u1d 6e executed at the rece1ver 51te5 rather than 
the 5ender 51te5. 0therw15e, the 1F7 5y5tem can 0n1y 5ave 
0n the num6er 0f camera5, n0t the tran5m15510n 6andw1dth. 

3. AN EFF1C1EN73D REPR0JEC710N 7ECH- 
N1QUE 

F19. 3 5h0w5 a 5pec1a1 three-v1ew ep1p01ax 9e0metry where 
the reference v1ew 15 the 0pp051te v1ew 0f 50urce v1ew (7he 
06ject 15 a 3D 5urface). A 5tra19htf0rward 1mp11cat10n 0f 
th15 5pec1a1 three-v1ew ep1p01ax 9e0metry 15 t0 u5e the m1r- 
r0r 1ma9e 0f the 50urce 1ma9e t0 appr0x1mate the 0pp051te 
v1ew. 8ecau5e the c0rre5p0ndence 6etween m1rr0r 1ma9e 
and 50urce 1ma9e 15 a t•r1v1a1 pr061em (6y re1at10n (y, x) e--+ 
{y, c015 - x)), the 3D repr0ject10n a190r1thm 15 fa1r1y ea5y ,t0 
1mp1ement 6y mapp1n9 an 1ma9e p01nt 1n 50urCe v1ew t0 
an ep111ne 1n a tar9et v1ew and mapp1n9 1t5 m1rr0r p01nt t0 
an0ther ep111ne 1n the 5ame tar9et v1ew. 

N0w we c0n51der the pr061em 0f h0w we11 th15 appr0x1- 
mat10n techn14ue can w0rk. F19. 4 exp1a1n5 that  th15 ap- 
pr0x1mat10n w111 n0t w0rk we11 1f the depth ran9e 0f a 3D 
5urface 15 1ax9e re1at1ve t0 the d15tance 6etween 1t5 center 
and 0pt1ca1 center 0f a camera. 7he  3D 5urface 5h0wed 1n 
F19. 4 15 a f01ded p1ane. P and Q axe tw0 3D p01nt5 1n a 
f01ded p1ane and the1r pr0jected p01nt5 1n 1ma9e p1ane 1 and 
2 axe p1, 41 and p2, 42 re5pect1ve1y. 1n the m1rr0r 1ma9e 0f 
1ma9e 1, the p01nt5 c0rre5p0nd1n9 t0 p1 and 41 axe p• and 
4• re5pect1ve1y wh1ch d0 n0t appr0x1mate the true pr0jected 
p01nt P2 and 42 very we11. H0wever when the depth ran9e 
0f 3D 5urface 15 5ma11 re1at1ve t0 the d15tance 6etween 1t5 
center and 0pt1ca1 center 0f a camera, we can 065erve that 
the m1rr0r p01nt5 p• and 4• w111 appr0x1mate t0 the1r true 
p01nt5 re5pect1ve1y. 7h15 5h0w5 that  0ur 3D repr0ject10n 15 
an appr0x1mat10n 5cheme. 

A 3D repr0ject10n a190r1thm 1n the c0ntext 0f te1ec0nfer- 
enc1n9 ha5 tw0 part5: an 0ff11ne part and an 0n11ne part. 7he 
0ff11ne part 15 t0 c0mpute fundamenta1 matr1ce51 fr0m m0de1 
1ma9e5 and 5t0re them 6ef0re a te1ec0nference. 0n11ne part 
15 t0 app1y the5e fundamenta1 matr1ce5 t0 5ynthe512e new 
v1ew5 fr0m the rea1-t1me captured 1ma9e5 1n a te1ec0nfer- 
ence. 7he  f0110w1n9 15 an 0ut11ne 0f 0ur m1rr0r-1ma9e-6a5ed 
3D repr0ject10n a190r1thm: 

• 0ff11ne part 

~7he n0rma112ed e19ht-p01nt a190r1thm 15 u5ed t0 c0mpute 
fundamenta1 matr1ce5 1n 0ur 1mp1ementat10n. M0re deta115 
0n the n0rma112ed e19ht-p01nt a190r1thm can 6e f0und 1n [12]. 
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F19ure 3: A 5pec1a1 th ree-v1ew ep1p01ar 9 e 0 m e t r y  1n 
wh1ch a c0nnect1n9 f1ne 0 f  tw0 0pt1ca1 cen t e r  pa55e5 
t h r 0 u 9 h  t he  cen t e r  0 f  a c1rc1e. 0 1 , 0 2  a n d  03 a re  0p-  
t1ca1 center5  0 f  t h r e e  camera5 .  P 15 a 3D p01nt. P ,  01 
a n d  02 c0n515t 0 f  t h e  f1r5t ep1p01ar p1ane a n d  P ,  03 
a n d  02 c0n515t 0 f  t h e  5ec0nd ep1p01ar p1ane, c2 a n d  
c~ a re  tw0 ep1p01e5 1n t a r 9 e t  p1ane c0rre5p0nd1n9 t0  
t h e  f1r5t ep1p01ar 9 e 0 m e t r y  a n d  t he  5ec0nd ep1p01ar 
9 e 0 m e t r y  re5pect1ve1y~ p2 15 a pr0 jec t10n 0f  3D p01nt 
P 1n t a r 9 e t  p1ane. 7 h ~  epf11ne ~ 15 c0n t r16u ted  6y  
"the f1r5t ep1p01ar 9e0metr5~, a n d  t h e  ep11~ne d2P2 15 
c0n t r16u ted  6 y  t h e  5ec0nd  ep1p01ar •9e0metry. 
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F19ure 4: A m1rr0r  1ma9e 15 an  appr0x1mat10n v1ew 
0f  an  0pp051te v1ew. P a n d  Q a re  tw0 3D p01nt5 1n 
a f01ded p1ane a n d  the1r p r 0 j e c t e d  p01nt5 1n 1ma9e 
p1ane 1 a n d  2 a re  P1~ 41 a n d  P2~ 42 re5pect1ve1y. 1n t h e  
m1rr0r  1ma9e 0f  1ma9e 1, t he  p01nt5 c0r re5p0nd1n9 
t0  p1 a n d  41 a re  p• a n d  4• re5pect1ve1y wh1ch d0 n 0 t  
a p p r 0 x 1 m a t e  t h e  t r u e  p r 0 j e c t e d  p01nt P2 a n d  42 v e r y  We11 • 
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- C0mpute the fundamenta1 matr1x F fr0m a 50urce 
v1ew t0 a tar9et v1ew 

- C0mpute the fundamenta1 matr1x F• fr0nt the 
m1rr0r v1ew 0f the 50urce v1ew t0 the tar9et v1ew. 

• 0n11ne par t  

- F0r any 1ma9e p01nt 2 p = (y, x, 1) 1n the 50urce 
v1ew, and p• = (y, c015 - x, 1) 1n the m1rr0r 1m- 
a9e, where c015 15 the num6er 0f c01umn5 0f an 
1ma9e. C0mpute the 1nter5ect10n 0f tw0 ep111ne5 
Fp and F•p• (1.e., the1r cr055 pr0duct) and render 
th15 1nter5ect10n 6y the c010r 0f the p01nt p. 

7h15 15 a f0rward render1n9 a190r1thm w1th wh1ch 50me 1m- 
a9e p01nt5 1n tar9et  v1ew may n0t 9et render1n9. 1n pract1ce, 
we u5ua11y u5e the 6ackward render1n9. 51nce the1r 1dea5 are 
51m11ar (even th0u9h 6ackward render1n9 5eem5 t0 6e a 11t- 
t1e tr1cky), we pre5ent the 6ackward render1n9 a190r1thm 1n 
Append1x. 

1n 5ummary, we 6u11d fundamenta1 matr1ce5 6ef0re a te1e- 
c0nference, and app1y the5e parameter5 t0 adju5t rea1 v1ew5 
0f part1c1pant5 dur1n9 te1ec0nference. A11 c0mputat10n5 0n1y 
1nv01ve the 6a51c a19e6ra1c 0perat10n5 and the c0mputat10n 
c0mp1ex1ty 15 0f the 1ma9e 512e, theref0re, 1t 15 a 51mp1e and 
eff1c1ent 3D repr0ject10n techn14ue. 

4. EXPER1MEN75 0 N  7 H E  3D REPR0JEC-  
7 1 0 N  5CHEME 

1n th15 5ect10n, we w111 f1r5t te5t the accuracy 0f 0ur 3D 
repr0ject10n techn14ue 0n m0de1 1ma9e5 0f 5anta•5 face cap- 
tured 6y Pana50n1c PVDV 400 camc0rder 6y eva1uat1n9 the 
r.m.5, err0r, and 1t5 eff1c1ency 6y the c0mputat10n t1me. 
7hen  we app1y the parameter5 (1.e., tw0 fundamenta1 ma- 
tr1ce5) ac4u1red fr0m 5anta  1ma9e5 t0 a rea1 face 1ma9e cap- 
tu red  6y a we6 camera  and 9et an adju5ted v1rtua1 v1ew. 
7he  1ma9e 512e 15 320 x 240. 0 u r  c0mputer  15 18M 1apt0p, 
721 CPU 800, MEM 128M. 

F19. 5 (a) and (6) 5h0w a 50urce v1ew and a tar9et  v1ew 0f 
5anta  face re5pect1ve1y. 7he  phy51ca1 d15tance 6etween the 
center 0f 5anta•5 face and the 0pt1ca1 center 0f 0ur camera 
15 ar0und 30cm, and the depth  ran9e 0f the face 15 ar0und 
5cm. F19.5 (c) 5h0w5 the 5ynthe512ed 5anta  6y 0ur 3D repr0- 
ject10n techn14ue. We can 5ee tha t  v15ua11y the p05e 0f the 
5ynthe512ed face 100k5 very c105e t0 the tar9et 1ma9e. 7he  
r.m.5 repr0ject10n err0r 15 ar0und 2.0 p1xe15. 7he  repr0jec- 
t10n 5peed 15 ar0und 0.5 5ec0nd t0 5ynthe512e 0ne 1ma9e. A 
reference re5u1t 15 fr0m [2] where 5 5ec0nd5 15 needed t0 5yn- 
the512e an 1ma9e 1n the c0ntext 0f 561 1ndy c0mputer  and 
260 × 480 1ma9e 512e. 7here  are tw0 way5 t0 further 1mpr0ve 
the repr0ject10n 5peed t0 meet the rea1-t1me d15p1ay1n9 re- 
4u1rement. 7he  f1r5t way 15 t0 u5e 5u65amp11n9, and the 
5ec0nd 0ne 15 t0 em6ed th15 a190r1thm 1nt0 a c1rcu1t. 

W1th parameter5 c0mputed fr0m the 50urce and tar9et  
1ma9e5 0f 5anta  face, we n0w app1y the 0n11ne a190r1thm 
0f the  3D repr0ject10n a190r1thm t0 a v1ew 0f a rea1 face 
wh1ch 15 captured  6y a we6 camera. A un14ue re4u1rement 
0n the dep10yment 0f the we6 camera 15 tha t  the cr055 an91e 
6etween the 0r1entat10n5 0f the we6 camera and the rea1 face 
5h0u1d 6e r0u9h1y e4ua1 t0 the 0ne 6etween the camc0rder 

2We u5e the h0m09ene0u5 c00rd1nate5 0f 1ma9e p01nt5 1n 
the c0ntext 0f ep1p01ar 9e0metry c0mputat10n. 

(a) (6) (c) 

F19ure 5: 5ynthe512ed v1ew 0f  5anta  face 15 very  
51m11ar t0 the  tar9et  v1ew 0f  5anta  face. (a) A 50urce 
v1ew; (6) A tar9et  v1ew; (c) A 5ynthe512ed v1ew. 

and 5a21ta face (We can ea511y ach1eve th15 re4u1rement 6y 
manua11y dep10y1n9 the we6 camera). F19. 6 5h0w5 a rea1 
v1ew 0f a 5tudent 1n Un1ver51ty 0f De1aware and 1t5 adju5ted 
v1ew. We 065erve that th15 v1ew adju5tment matche5 pre t ty  
we11 w1th the v1ew chan9e fr0nt the 50urce v1ew t0 the tar9et 
v1ew 0f 5anta  face. 

(a) (6) 

F19ure 6" V1ew adju5tment5  0f  a rea1 face 6y  the  
ep1p01ar 9 e 0 m e t r y  c 0 m p u t e d  fr0m t h e  1ma9e5 0f  
5anta•5 face.  (a) A rea1 v1ew captured  6y  a w e 6  
camera;  (6)  A n  adju5ted v1ew; 

5. C 0 N C L U 5 1 0 N 5  AND FU7URE W 0 R K  
1n th15 paper,  we pr0p05e a the0ret1ca1 framew0rk 0f 0ur 

1F7 5y5tem 5upp0rted 6y an eff1c1ent 3D repr0ject10n tech- 
n14ue. An 1F7 5y5tem c0nta1n5 many 1mp0rtant fact0r5 5uch 
a5 the dep10yment 0f e4u1pment, the accuracy and eff1c1ency 
0f 3D repr0ject10n a190r1thm, and netw0rk addre551n9. We 
f0cu5 0n the f1r5t tw0 fact0r5 and de519n an 1F7 5y5tem de- 
p10yment 5cheme, and pr0p05e an eff1c1ent 3D repr0ject10n 
a190r1thm wh1ch 0verc0me5 the 11m1tat10n 0f trad1t10na1 3D 
rec0n5truct10n 5cheme5 and 50me 0ther current repr0ject10n 
techn14ue5 6y 1ntr0duc1n9 a m1rr0r 1ma9e (0f a 50urce/tar9et 
1ma9e 1n the f0rward/6ackward a190r1thm) a5 a reference 
v1ew 1n a three-v1ew ep1p01ar 9e0metry. 

51nce 0ur 3D repr0ject10n techn14ue 15 6a5ed 0n 6a51c a1- 
9e6ra1c 0perat10n5 w1th0ut hav1n9 t0 1nv0ke any 0ther c0m- 
puter  v1510n 0r 1ma9e pr0ce551n9 r0ut1ne5, 1t 15 extreme1y 
v1a61e t0 de519n a c1rcu1t tha t  5t0re5 9e0metry 1nf0rmat10n 
repre5ented 6y a fam11y 0f fundamenta1 matr1ce5. 7he  per- 
f0rmance 0f an 1F7 5y5tem thu5 depend5 0n the accuracy 
and c0mp1etene55 0f the 9e0metry 1nf0rmat10n 06ta1ned v1a 
the fundamenta1 matr1ce5. 0 u r  future w0rk 1nv01ve5 c0m- 
put1n9 ••ar61trary•• v1ew adju5tment f0r a m0re pract1ca1 1F7 
5y5tem 0n a mu1t1ca5t ena61ed netw0rk5. 

6. A C K N 0 W L E D 6 M E N 7 5  
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APPEND1X 

A. 3D R E P R 0 J E C 7 1 0 N  1N 8ACKWARD REN- 
D E R 1 N 6  5CHEME 

F19. 7 5h0w5 a new de519n 0f three-v1ew ep1p01ar 9e0metry 
where the 0pp051te v1ew 0f a tar9et v1ew (rather than 50urce 
v1ew) 15 1ntr0duced. And n0w we c0n51der the 1nter5ect10n 
0f ep111ne5 1n the 50urce 1ma9e p1ane rather than the tar9et 
1ma9e p1ane. 

~2 tar9et 

F19ure 7: A three-v1ew ep1p01ar 9 e 0 m e t r y  f0r 6ack-  
ward  render1n9. 

8ackward render1n9 5cheme 15 a 11tt1e tr1cky 51nce 1t 5tart5 
fr0m a tar9et v1ew wh1ch 5eem5 t0 6e unkn0wn f0r u5. 8ut  
n0te that each repr0ject10n a190r1thm 15 a1way5 d1v1ded 1nt0 
an 0f14•1ne part and 0n11ne part, and the 0ff11ne part 15 t0 ac- 
4u1re fundamenta1 matr1ce5 fr0m m0de11ma9e5 wh05e tar9et 
v1ew5 are c0mp1ete1y kn0wn t0 u5. 50 a 3D repr0ject10n 1n 
6ackward render1n9 5cheme can 6e 5ummar12ed a5 f0110w5: 

• 0ff11ne part 

- C0mpute the fundamenta1 matr1x F fr0m a tar9et 
v1ew t0 a 50urce v1ew 

- C0mpute the fundamenta1 matr1x F~ fr0m the m1r- 
r0r v1ew 0f the tar9et v1ew t0 the 50urce v1ew. 

• 0n11ne part 

- F0r any 1ma9e p01nt p = (y, x, 1) 1n a tar9et v1ew, 
a55ume p~ = (y, c015 - x, 1). C0mpute the 1nter5ec- 
t10n 0f tw0 ep111ne5 Fp and F~p~ and render p01nt 
p 6y the c010r 0f the 1nter5ect10n 0f tw0 ep111ne5. 
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