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Methods of Motion Generation Physically-based Simulation (l)
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Motion Capture (l)
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e 9":&"$ are frames in which a part of transform is explicitly defined
e Interpolate smoothly between keyframes (linearly, sine, etc.)
o We'll see a Blender example

Spacing
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1 \62#8*AH#5($- AJH(1HOPHE3,* #(5H2*#)3, *#31#%o#H 2"
I (T%$37/3, DL%TL/,(;7.+;,(733E,%11)*+,%&&, 738&%()$3,&.2%().*,U, 7.(%().*E,6'&()D&B /2%&3/
I :(.D,%4(37,73%2;)*+,L.7&1,.7)+)*,F%G%,7..(K
[ F(7%*14.76,.4,7..(,738%()$3,(.,)(/3&4,)/,hD./)().*kF=E=E=KE, 7.(%(). *KF=E=E=KE,/2%&3KF>E
B.',2%*,G33D,)(37%()*+,P'(,(:3, 73/ &(,L.*A(,2;%*+3K
U . -
VQTestScene
¥ . BluePlane
¥ . WhitePlane
| RedCylinder

| N%63,.4,J3$3&,)/,
@.781,07)+)*
1%663,2.4$3%().*,

_ 50 1%0&"\i3* C%Ti4+">_\A

L V(B¥H2#2/%)513/$54314#-%0/*) 2R 3() 2542 H#(5H2 ) #+11*823/Z

| S32(3)#31#%. #R3()25H#(5H#*X-.(&(2.AH5-+&(1(*,

U o AHD(S( Yol H23H2 HH$*2'3 #23H0* 2423/ . #21%)513/$HILHVH+&23/#1/3$#.38% #
21%)A3/$H31#2 (SHE (. #Y#-%1%)25

£/ End Effecter

49

Windows MR Oculus Quest
(2 front cameras) (4% corner cameras)

& &

Oculus Rift S

_ 50 1%0&"\i3* CoTi4+">_\A

_5$,86#8%,+.$%#H8$8TBESISYS " &6+%BE: ;
1Y.(,L)(;,6./(,2.66372)%&,13$)23/,L;)2;,*&B,  I"#$%&'()&*&
$+,1"+--" TC,@3,1.*A(,(7%2G /;.'&137,.7,3&P.L SxSpaced cameras)
[ 53$)23/,&)G3,0'3/(,2%*,.*&B,/33,)*,47.*(,.4,B.",",.63,D37)D;37%&/ e
1 -.'&1,(32;%)2%&&B,'13,2%637%,(.,4)+'73,.'(,.(;37,M.)*(,D./)(). ' TC,N(, . m
(7%2G)*+,(32;,)/*A(,9")(3,(;373C #Z(7%,2%637%/a
[ 073,3ZD3*/)$3
[ -%*,;'7(,37+.%.6)2/
[ 139')73,/D32)4)2,D&%2363*(
[ €/3,%,8.(,.4,;%71L%73,73/.'723/ =
[ @.'&1,/()&8&,/'4437,47.6,.22&') *TC,@;%(,;%DD3*/,)4,3&P.L +3(/ \\\/
P&.2G31n ’
[ Y331,(.,P3,3+.23%(7)2TC,@3A73,6.$)*+,%L%B,47.6,3Z(37*%&,
13$)23/,U,3Z(37*%&,(7%2G37/,(.,6)*)6)b3,3g")D63*(,/3('D
_1..0812#"."82.13+01&+4&5".06$!6,7&!3.85#". 1&1"#,14+"2 T CE; Il

\
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https://www.jvrb.org/past-issues/8.2011/2819
https://www.researchgate.net/figure/The-20-body-joints-of-the-human-skeletal-model_fig12_277130688
https://www.researchgate.net/figure/The-20-body-joints-of-the-human-skeletal-model_fig12_277130688

#A\G""H50)i3D" 1i7;'5302'aa'b'453+10%i37+

5/9/23

:%63,/(7'2('73,%/,D73$,3Z%6D&3,3223D(,*.L,G*.L L;373,(;3,731,2B&)*137,)/,U,2.%/(7%)*(/, * D%73*(/
_ @)2,*3),(3, & EE+2"3FDD@,
| D#1"$2"E,#'0%4,-2'FDEGHO(8*)#2*#-35(2(3)#3L#2"*#*) #*11*&23/I#1() ,#2"*#-35(2(3|
31()29%2(3)#31#%. #R3()25#()HY6t (*1961& A#31#.() @ Y%0*SN#Yb. TIHEDS AIBDB.
1AL 8. P%E,%*1V.7,8.2%8&, (7%%/4.76,.4, D% T3*(/,F%*1V.7 &.2%8&. (T%¥/4.76,.4 ##K
I @;)2;,>,L3,L%*(/D32)4)2%&&B,13D3%1/,;3%$)&B,.*,0\HT 3C+C,)*,+9663,3*+)*3/,6)+;(,2.$37(,47.6,L.7&
ID%23N,&.2%&,/D%23,.4,2%637%,P'(,*.(,*323//%7)&B,/G3&3(%&,/D%23T,6.73,8%(37

¥ . BluePlane
¥ . WhitePlane
| RedCylinder

\Nhite can only Hl y 1m below red

be exa 4

52

—51%7i53"a<% (=9*

Q.73,D7%2()2%8&.,4.7,%*)6%().*
X)$3%,(;)/,D%73*()+,/(7'2('73,U,/3(,.4,2./(T%)*(/E,L;%(,%73,%*+&3/,%(,M.)*(/E,L;:373,)/,(;3,L;)(3,M.)*(n
)6)&Y%7,(.,;'6%*,%76,G)*36%()2,2;%)*

0%/L37,6)+;(,*.(,P3,)*()()$3,B3(TC,(,)(,L)&& P3C,H(A/,/'7D7)/)*+&B,))6D&3,+3.63(7Bj

Blue is at (0,0)

v € RotationExample

¥ Blueloint
¥ | BlueCylinder
¥ | WhiteJoint
¥ | WhiteCylinder
| RedJoint

White rigidbody Blue rigidbody
is 0.5m long is 0.5m long
White joint can't

bend upwards

Z;*+*'c/*+1153+'5302'D*T1" (50*'45 (=*<:::

€;3/3,0H,%73,P%/)2%&&B, *&B,+)$3* (7%+*/8%().* 2.*/(7%)*(/,PVL,7)+)1P.1)3/T,(;3B,&3%7*,7.(%().*/,*33131,4,
%2().*/C,,C;3B,&3%7*,(;3,7.(%().*%8&,2.*/(7%)*(/,.$37,()63,FP32.63/,283%7,;.L,(;3)7,P.1B,)/,.7)3*(31,.$37,()63,
L;3%,)(AV,.7)+)*%&&B, 7%+1.6K

53

$31%0+%"\[3* UTI4+"\A

;. JF55*5# ($(2* #@)32.* 0*#31#R3()2#2/%)513/$5

‘B #23#53.84$%6) At-13C *$5H()H&3$- XH@ ()*$%2(8H#5A52*$5

Q($(.96/4#23H5AS2*SHI1H6%2(3) 542 *#8%/ (YoC *SHYo/ # V68, #83$-3)*) 243 1#2/%)

BYo)# %68 #a 0 IHYH%)0* JH3I#() 1()(2#53.62(2
L el3,2 (7%, (. IMY( G

Unconstrained kinematic chain

Kinematic Chain and not a mechanism

54

55
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?5091i3D"\

I B%)#1(06/*#2"*#-%/*)2#2/%)513/$54#3GPBHE&;4,-% 8844 "$%4,1"&;
| B&MH#=2$+(#EW)*1,1.63,/.&'().*,PB,137)$)*+,)(,47.6,$%&) 1, 73&3$%*(,39'%().*/
[ #C+C,2.6D'(3,137)$%()$3/Vp%2.P)%*,U,/3((..=
I H2,3(29) .4
[ 534)*3,377.7,F3C+C,13&(%.(%().* (...;)+ E,P73%G/,2.*/(7%)*(/K
[ Q%G3,%,+3/
[ -%&2'&%(3,377.7,.%,(;3,+'3/l
[ QUG3,%*(;37,+'3//,(%(73/'&(/.)* &3/1,377.7,F 1 %&&B,L)(;, + 7%1)3*(,13/23*(K
[ 1)%3,U,73D3%(
I B%)HS(X#YH#$%2& #2 *#$5*2'3, SN#*>0>#53$*#-%/%S*2* /58 %/ *#*%5A#23#1() ,#%) %.
CE2H$(0' 24456 268 HIT*H#+'1%$,%/8" 27 (& #I*1B(IH#(2*1%2(8*4#$*2'3,5
I 33,)(3$(BHK 2.6D&3(3&B,*G*.L*R,2%6%,2;../3,%*B $%&'3,F)*4)*)(3,/.& (). /K
|6 .&*)(35(B#, a,8%7)%P&3,L)(;,%,7%++3,.4,D./)P&3,1.&().*,FD.I)P&B )*28& 1)+ =,1.&'(). K
L T)HOI%-'(&5I496)%.A2(8% #8Y%.86.%2(3)SHYo/*#656%. AHO*35+2/(&>>>>HCILARL*
2'%)H(HSAHEIH(2MEHSI/H1*%5(C. *H23H#, 3H(2#2' (5H?%A
I 0&/.,;%8%3,(;3,P3*34)(,.4,D%7%63(37/,;%$3,%,+7%D;)2%&,134)*)().*,U,)*() 0$3,2.*/(7%)*(/

56

~N58Y* (1T (32" 5/ (h3NA*3T004"E\" (*1;5&+E:

I H12*)#,3#)324#83)5(,*/#&3)52/%()25#3/#83)2()6(2AD>
! #C+C,--5,G*.L*,4.7,/'113*,7.(%().*,M'6D/V/(7%*+3,D./3/

I d%/0*#/%)0*#31#-13-35* #53.62(3)5H#(5#($-355(C.*#%)A?%AHO(8*)#,*0/*5#31#
1/ 3$H0 +78<HILHUHR3()2

I HB/M#.(SCEH&Y)M2HSIB*#2(2#/32%2(3)% #1. %X (C(.(2A#31#$3524#/3C324%/$5

I T$-3/206)2#83)5(,1%2(3)H%5#: [#(), 652/ AHS38*5H#13/ 2UT0"- @ Yott, -%8&!
TH2A$%,#42

58

NS53DM7f " =0*6*00*&"§7*0%7i1*" (*7; 5&6'FFY
IS BAGE(2, %+ &2'FIILG
- T1)*%(3,13/23*(,))6)8%7 (., +7%1)3*(,13/23*(,3223D(,)8504L 1& #$38#96186 &1 .8, $.86 11 #0&+4&

1628-1# +81-:
796/)2%68&B,G33D/,7.(%()*+,3%2;,M.)*(,PB,%, P)(, * )& ##.)/.%/,28.13,(..(%T+3(.##,D./)().*%/,D.//)P&3,F&)G3

73%2;)%+,4.7,%,L%&8&.,)*,D)(2;, 1%7G*3//K

o Target Current Position

Error

Optimal Position®

/ Current Joint

o8R8 AF B R0 0448607 3 0V T4s" 354" Ta)

57

#3'D% (*'*3Di3*+6"_""$—#\"%ID50i7; (">STUUA

L 17$3%$+K6#4 %-MI%S$+N"%-@ #5' D#1"$2"E #'0%4,-2'FI3LNDEG
| T$-/38*8¥)243)#BBP#? (& HC*22*#&3)5( */5#8&3)2()6(2A#Y#8&3)52/%()25
| EPO625#/(0(#C3,(*5#.(@*#.(*#5+0$%)254()52*% #31#/32%2(3)5

I JRL)*,L;%(,B ", G*.L %P (/G3&3(%& %*)6%().*TC,@;%(,&)6)(%().*/,.%73,(;373n
[ @3A&&,*331,(.,3$3*(%E&&B,2%8&2'€%(3,(;3,P.*3,7.(%().*/, %*BL%BTC

U F(/52H$%@*#/*%53)%C  *#-1*, (&2(3)HYC 36242 V242" #-0/*) 2#R3() 2#-35(2(3)5#
COb5* #3)#*) #*11*823/#-35(2(3)HICY&@ 2%/ 5#52*-<

U E)JH529/241I3$H2*H#-%6/¥)24%) #$38* #2379/ SH2*#¥) #-11+823/I#8%.&6.%62(
&3/1*82* #-3()25

| G*#-[*8(3654#1/%$#R3()24-35(2(3)54#%5#()(2(% HOG 554234+ 56/*#5$332') 554
&3)2()6(2A#()#$32(3)
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http://www.ryanjuckett.com/programming/cyclic-coordinate-descent-in-2d/

TS A\'=*0650 (%34*"45 (=%0*&

FABRIK

Forward And Backward Reaching Inverse Kinematics

60

A,035/9BCA&D/+*,6)11/E+1)0;,6,))/,-@F
I )4, F##&)6PI..(KC6%+*)(13,dK,qF7)+) 1. 1BI3*+(;/K
\673%(,M.)*(/,%73,D8&%231,%& *+,(;3,8)*3,47.6,&)6PI..(,(. ##,P%/31,.*,7)+) 1" 1BI3*+(;/

1 3&/3

"R E B(+0<(3*% a,W.7,3%2;,M.)*(/(%7()*+ %( ##,3*1)*+,%(,M.)*(,7)+;(,P34.73,&)6P,7..(
1)77KF2'773*(\%73*(C& 2% ({7 73*(p.)*(C&.2%().*KC*.76%&)b31
13&(%"K1)71&3*+(;041)+)1P.1BW7.6-"773*(p.)*(C.\%73*(
&.2\k2'773%(p.)*(C&.2%().* 13&(%"
\&9623,D%73*(,%(,&.2\
2'773%(p.)*(,P32.63/,2 773*(\%73%(
* E' 3"3<(3%% a,W.7,3%2;, M.)*(,/(%7()*+ %(##,3*1)*+ 9%6(,M.)*(,7)+;(,P34.73,8)6P, 7..(
1)7WKF2'773%(-;)&1C&. 2% 7 73*(p.)*(C&.2%(). *KC*.76%&)b31
13&(%WK1)7Wr&3*+(;041)+)1P.1BW7.6-773*(p.)*(C.-})&1
&.2-K2'773%(p.)*(C&.2%().* 13&(%W
\&%23,2;)81%(,&.2-
_ 2773%(p.)*(,P32.63/,2773*(-))&1
L;)&3,F##0/53(376)*31°BW.7L%71: (3DMH#C&.2%().*KC6%+*)(13,d,s

6(+0<(3*%

1'3<(3*%

249=51@A.?BC1;*4>(66
>@Q%G3,/'73,)(A/,%2(%&&B,D./)P&3,(.,73%2;,(;%(,D.)*(,+)$3*,7)+)1P.1B,&3*+(;/T,.(;37L)/3,4'&&B,3Z(3*1,&)6P
%BC+C,L7)/(,2%*A(,P3,4%7(;37,47.6,/;.'&137,(;%*,'DD37076J3*+(;"4.73%76J3*+(;
PBC+C,%*G&3,2%*A(,P3,4%7(;37,47.6,;)D,(;%*,(;)+;I3*+(; /;)*I3*+(;
MB(+0<(3*%" /(3Da
%T3%(3,*.76%8)b31,$32(.7/,47.6,2'773*(,M.)*(,(.,D%73*(,M.)*(,F&3(A/,298&K.,)(,
PQ'&()D&BE36'PB,&3*+(;,47.6,2'773*(,M.)*(,(.,D%73*(,F3C+C,4.73%76J3*+(;a,L.7)/(,(.,3&P.LK,F 22¢®&K) (,
+N.33,820"$&2P"+(2$"& * #2(6  (.,+3(,&.2%().*,.4,D%73*(,F2%&& K
*NE"+QL)&&,P3,/31,4.7,*3Z(,)(37%().*,%/,(;8,33,&20"$&2P"+(2$"&
36.,()/,*(&,73%2;)*+,7..(,.4,&)6P
fCe*&3//,3Z(7363&B,&'2GB,F.7,)4,(;3,##,1)1*A(,6.$3KE, (;3,7..(,&.2%().* L. *A(,P3,)*,(;3,7)+;(,D&%23,47.6,M'/(,(;3,
P%2GL%71/,/(3DC,:.,L3,+.,)*,73$37/3,L)(;E"3<(3*%"/(3Da
%T3%(3,*.76%&)b31,$32(.7/,47.6,2'773*(,M.)*(,(.,2;)&1,M.)*(, F&3(A/, 2%RBK, ) (,
PQ'&()D&BE3I'PB,&3*+(;,47.6,2'773*(,M.)*(,(.,2;)&1,F3C+C,'DD37076J3*+(;a,/;.' &137,(.,3&P.LK,F2%&&() (K
+N.33,820"$&2P"+(2$"& * #2(3 (.,+3(,&.2%().*,.4,D%73*(,F2%&8&)(K
N+ L)&&,P3,'/31,4.7,*3Z(,)(37%().*,%/,(;8,33,&20"$&2P"+(2$"&
36.,(),*(&,73%2;)*+ ##
mBD3%(,(;3,D7.23//,*()&, B(+0<(3*%' U E"3<(3*%/(3D,2.*$37+3,F3C+B(+0<(3*%' /(3D,7..(,D./)().*)/,$37B,2&./3,
(.,73%&,7..(,D./)().*,.7,E"3<(3*%"/(3D,$37B,2&./3,(.,%2('%& ##K

61

T 0*%7" Li+/%9"7/ 150099
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_US-ANI3, -

;.03/(2'$#(25*. 1#(5#1%52I#/3C652I# Y #&3$$3) . A#65*, D#-/3C. *$S#()#:[# Y #0%$*5#(H
-*3- 2 H#H%[* A#EI)52/% () #-1*,(&2(3)5I#&%65()0#6)) %26/%.4#%/$#/32%2(3)5#Y#C3,A
I ¢;3,$37B,7323%(,(73*1,)%,81,)/,%1173//)*+,(;)/,D7.P&36,LV,P).632;%*)2%&,2.*/(7%)*(/
K3)*#/32%2(3)5#)** #23#C*#8&3%-62* #23#%83(,#$*5'#,(523/2(3)5
1 @;%(,%73,(;3,D7.P&36/,L)(;,7.(%().*/n
[ p'6D,47.6,=(.ft=,13+733/,F/)6)8&%7,(.,)*,:<-E,1,2%82'&%().*,;3&D/,%,&.(,L)(;, 1 3&(%C7%*/4.76/K
[ p'6D/,L;3%1.)%+,$32(.7,/P(7%2().*,)*,1)44373*(,g'%1 7%*(/
_ 0/,L3A&S&,/33E,B.",2%* %2('%&&B,(38&,L;3*,(;)/,;%DD3*/,PV2,%*.(;37,7.(%().*%&,%Z)/,L)§
[ 15,7.(%().*,.%73,6'2;,,%7137TC,086./(,2B2&)2,13D3*13*2B,.*,7.(%(). *%&,2.*/(7%)*(/,)4,*.(,

2%734'&

_ 1).632;%%)2%8&,2.*/(7%)*(/,%&/.,;3&D,L)(;, ()i
[32%2(3)%.#&3)52/%() 25#3% @*#F; K[ TU#$6 & #'%/, */ I#CE62#C(3$*&'%) (&% .#&3)52
%..3?#)(&*#%)%.A2(&%.#53.8()OD>#F;K[TU#$3/*#65*16.#13/#$32(3)#5$332")*55
Q**#2"*#3/(0()%.#-%-*/#e;/(52(,36#fabbg#13/#$3/*#,*2%(.5
TU#65* #13/#1()0*/#2/%&@ ()0#()#,*8(&*5#.(@*#:%.8*#T), *X#9*>0>#3) . A#, *2*&2#1|

$I5 (4 ;%314%" 453 +70%137+

C)*G,.4,B.'7,/G38&3(.+,8)G3,(733,%1,)* /G3&3(%& %*)6%().*
C7B,;.&1)*+,(;3,"D%73*(9,P.*3,F31+3K,/(%()2,%+1,/33,;.L,
6'2;,B.,2%*,6.$3,(;3,2;)&1,M.)*(
0//'63,P.*3/,20%*, *&B,7.(%(3T./)6D&)4)3/,2.*/(7%)*(,U,
20682'8%().%,%,&.(,%*1,)/,%,+..1,3* '+, %DD7.2)6%().*,
*&3/1,1)6'&%().* 6'/(,P3,D37432(&B,%22'7%(3

I HCHC,(%7/%&],(32;%)2%8&&B, (T%*/&%(3TC,N(,;.L,.4(3* e

1.,B.",/33,2:%7%2(37,433(n

D))"+, *'E' %8&&.L/,4.7,/(7.*+37E,4%/(37,%*%&B()2%8&, U,
+3.63(7)2,63(;.1/
€:3/3,1)8&,6.()$%(3,H],2.*/(7%)*(/

64

65

- "

i5 (4 ; %34%8 453 +70%i37+
S.L,6%*B,1.4,1.,(;3/3,M.)*(,(BD3/,;%$3n
R:S(..&6
A#BB<CH(+1%. &G
T:<$%,&6
U#CCB%,&4
V(<CFB(;C &4
RB#<%,&4

S.L,6'2;,1.3/,(;)/,731'23,/B/(36,2.6D&3Z)(Bn,F3C+C,%76K
LY., 2.51(T%)*(1,F7.(%().*,U,(7%*/18&%().*K
[:.'&137a,tE,3&P.La,tE,L7)/(a,t,kRS*'E ‘“’ﬁﬂ%ﬁ.ﬂ;‘"‘
1'Y.,P).632;%%)2%&,2.%/(7%)*(/,FU,.*&B,7.(%().*/Ka
[ :;.'&137a,fE,3&P.La,fE,L7)/(a,f kT*E
| @)(;,P).632;%%)29%&,2.*/(7%)*(la R
[ :.'&137a,fE,3&P.La,>E,L7)/(a,<,KI*"E /A‘
V"E'27,"3$5$&(#')(3$(B#,%'2"%"#),'E"3I
A+T7'E,<,3'+"8&%23($&2%'2"'<"33="(B".2
6"27'2,+78&$+(##='9"3,'E,(%$B#,'8:L'9"2$"&'<$##'B,'9"3,'&(2.3(#I
1 -.6D&3Z)(B,)/,%(,&3%I(,
OF*6H(37%().*/c.-.*$37+3r*'6p.)*(JuKCCC,%*1,
*BH(37%().*/c.-.*$37+3,1)732(&B,2.7738&%(3/,(.,*'6p.)*(/

o000 o000

2 4 (SESY 7

2501§3D'C/ (%3 "0 A\

I TYHE[IHYHE(S- #2%5 @#(5#1(06/()0#362#*. C324.38%2(3)#1/3$#R 6524 W SPHY#&
2% 4- YoA*IH&Yo)H YoB*HYot $*5'>H#
I )AR(%5H 3PP HEI)HE2%/2ZH#Q(S-. (LAH23HIPH#13/#)37#9.33@ () OHY%2H& %/ %&2
53#b,31#/32962(3)5D>#6-+,3?)#/329%2(3)5H%/*H#%. #2' Y24 $%2 25 /#13/#)37<
I S%S$3,%,(%7+3(,63/;
I -%&)PT%(3,7)+)1P.1B,&3%+(;/
[ W.7,(;3,%76E,*331,(,G* L, DD37076J3*+(;,U,4.73%76J3*+(;
[ Y331,*32G,;3)+;(,U,/;.'&137,1)1(;,(..D731)2( /;.'&137,D.1)().*
I W)+73,.(,P).632,%%)2%8&,2.*/(7%)*(/,.4,/G3&3(%&,63/;
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Law of Cosines
a2=b? + c2- 2bc- cos(A)
‘@ b p2=a2 4 ¢2- 2ac-cos(B)

c2=a? + b2- 2ab- cos(c)
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e Better-optimized animation using only shape keys (usually extreme transforms)
e Most commonly used for facial animation & lipsync
e Basic idea:
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e Blender example
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https://www.doc.ic.ac.uk/~dfg/graphics/GraphicsLecture18.pdf
https://www.cs.cmu.edu/~rapidproto/mechanisms/chpt4.html
https://www.youtube.com/watch?v=pgaEE27nsQw&list=FLvvwjs3C99ps2YaTaK4fX-A&index=3&t=0s
https://www.youtube.com/watch?v=tN6RQ4yrNPU&list=FLvvwjs3C99ps2YaTaK4fX-A&index=4&t=0s
https://xinreality.com/wiki/Markerless_tracking
http://www.andreasaristidou.com/publications/papers/Hand_Tracking_2010.pdf
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The "primary” emotions
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Table from combining 2 "primary” emotions
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_ 50°0%%97 (*"=*0650 (%34* E:
Especially for tracking real faces
Often use ML to learn 61"#)'4"(.<+$ after learning some faces
| 0,13(%)&31,4%23,D./3,)/,%,8)*3%7,2.6P)*%().*,.4,P&3*1,L3)+;(/j
Good, simple example is Olszewski 2016: “High-Fidelity Facial and Speech Animation
for VR HMDs”
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http://r-wong253249-sp.blogspot.com/2014/11/intro-to-maya-more-notes.html
https://thinkinganimation.com/15-dialog-phonemes-2/
http://www.readingdoctor.com.au/phonemes-graphemes-letters-word-burger
http://www.readingdoctor.com.au/phonemes-graphemes-letters-word-burger
https://users.csc.calpoly.edu/~zwood/teaching/csc572/final15/aacosta/index.html
https://users.csc.calpoly.edu/~zwood/teaching/csc572/final15/aacosta/index.html
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https://www.youtube.com/watch?v=hHPIFJ-USiI
http://www.cgchannel.com/2016/05/makehuman-1-1-ships/
https://support-thepixelfarm.co.uk/documentation/docs/pftrack_node_mocap_solver.html
https://www.researchgate.net/figure/Figure-S3-PhaseSpace-suit-with-50-active-pulse-LED-markers-The-numbers-next-to-the-LED_fig8_335451300
https://www.researchgate.net/figure/Figure-S3-PhaseSpace-suit-with-50-active-pulse-LED-markers-The-numbers-next-to-the-LED_fig8_335451300
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