HMM Example

Consider a simplified activity recognition problem with two classes

e ¢, = walking
® (, =sitting

and two measurements (e.g., from an accelerometer)

e v; = high
o v, =low

Suppose we have 100 sequences of varying lengths that are summarized by the following statistics

o #cStAt =90 #e3tart = 10
o #(c,c) =80,000  #(cyc) = 20,000  #(c,cy) = 10,000  #(cy cy) = 90,000
o #(v,c)=75000 #(vyc)=25000 #(vy,c,) =30,000  #(vycy) = 70,000

Maximum likelihood allows us to compute the following estimates for the parameters

09 y;=¢
01 y;,=¢
08 Yey1=cnye =0
02 Yy =cye =01
01 yp1=cp,ye =0
0.9 Y41 =cye =0
0.75 xt =vy,y: =0
025 X =vy,y: =01
030 x;=v,y: =0y
0.70 x; =vy,y: =0y

e Initial distribution: Pr(y,) = {

e Transition distribution: Pr(y;,1|y:) =

e Emission distribution:  Pr(x.|y;) =

Suppose that we observe the following sequence of measurements: vy, v1, Uy, V5.
We can estimate the probability of each class at each time step by belief monitoring

0.675 {0.9574 Yi=0
0.030 < 10.0426 y; = c,

05777 0.8934 =c
2. Pr(yylvivy) o Pr(n1y2) Ty, Prvslyn) Prifo) = {007 T ec {0 72~ &

0.1813 (04854 y;=c
3. Pr(yz|vyiv1vy) o Pr(valys) Xy, Pr(yslyz) Pr(yz|vivy) = {0 1922 & {0.5146 y: — C;

1. Pr(y;[vy) o Pr(v ly)) Pr(yy) = {

0.1099 0.2190 =c
4. Pr(yu|viv1v,v;) & Pr(v,lys) Xy, Pr(yalys) Pr(ys|viviv,) = {0_3921 x {0.7810 i: = C;



We can also estimate the most likely sequence of classes by the Viterbi algorithm

0540 y1=cp,y, =01
0.003 =Cy,Y, =C
L fO1y2) = PrOaly) Pr(mly) Prn) = 4 yae 5 Z 202 2
0.027 V1 =0C,Y = C
0540 y,=¢
Pr(yy, o« ) =
max Pr(y,yz[v1) « max f(yy, y2) {0_135 Vo = ¢

Henceif y, = ¢; theny;, =¢; and ify, =c, theny; =¢;

0.3240 Vo, =€, Y3 =
_ _)0.0041 y, =cpy3=1¢
2. f(¥2,¥3) = Pr(yslyz) Pr(vily,) n}?x Pr(yy, y2|vy) = 0.0810 y, = ¢y, y3 = ¢y
0.0365 Vo = C3,Y3 = Cp
03240 y3 = Cl
P ) ) ) O( 4 =
max Pr(yy,yz, ys|vi, v1) « max f(yz, ) {0.0810 Vs =

Hence if y; = ¢; theny, = ¢; and ify; =c, theny, =¢;

0.064’8 V3 =C1, Y4 = (1
0.0057 y3=cy,y, =04

3. B =P P P ) ) ) =
f(3,ya) = Pr(yalys) Pr(valys) maxPr(yy,y2, ¥31v1,v1) =40 0162 ), = ¢y, = ¢

0.0510 V3 = C2,Y4 = Cy

0.0648 y, =
P ) ) 1 ) ) x ’ = {
yﬂ}g?}(]z (Y1, Y2, Y3, Yalve, v1,v2) n}gxf(% Ya) 0.0510 vy, =c,

Hence if y, = ¢; thenys; = ¢; and ify, = c,theny; = ¢,

0.0162 V4 = C1
4. =P P f ) ) ’ ) =
fOa) = Prvely,) max Pr(yi, yz,ys,yalvs, vi,v2) {0_0357 Vs = €

max  Pr(yy,y2,¥3, Yalv1, vy, V2, v2) < max f(y,) = 0.0357
Y1,Y2,Y3,Ya YVa

Hence y, = ¢,

By backtracking through the rules obtained at each time step, we can conclude that the most
likely sequence of classes is ¢q, ¢q, €3, Co



