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Ïðîáëåìà

Öåëü èññëåäîâàíèÿ: ïðåäëîæèòü ñòðàòåãèþ âûáîðà ìîäåëåé
è ðåøèòü çàäà÷ó êëàññèôèêàöèè ôèçè÷åñêîé àêòèâíîñòè
÷åëîâåêà ïî èçìåðåíèÿì àêñåëåðîìåòðà.

Ìîòèâàöèÿ: ïîñòðîåíèå óñòîé÷èâîé ìîäåëè äëÿ
êëàññèôèêàöèè âðåìåííûõ ðÿäîâ.

Ïðîáëåìà: âûáîð óñòîé÷èâûõ ìîäåëåé â óñëîâèÿõ
ìóëüòèêîëëèíåàðíîñòè âûáîðêè çàòðóäíåí èç-çà íåîáõîäèìîñòè
îöåíêè áîëüøîãî ÷èñëà ïàðàìåòðîâ.

Ìåòîä ðåøåíèÿ çàäà÷è: ïðîöåäóðà ïîëó÷åíèÿ ìîäåëè ñ
îïòèìàëüíûì ÷èñëîì ïàðàìåòðîâ, èñïîëüçóþùàÿ ìåòîäû
ïîñëåäîâàòåëüíîãî äîáàâëåíèÿ è óäàëåíèÿ ïàðàìåòðîâ.
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Âûáîðêà è ìîäåëü

Âûáîðêà: D = {(xi , ti ), i = 1, . . . ,N} � N ïàð îáúåêò�îòâåò.
Îáúåêòû xi � ñåãìåíòû âðåìåííîãî ðÿäà (xi ∈ Rn). Âñåãî M
êëàññîâ: ti ∈ {1, . . . ,M}.

Ìîäåëü êëàññèôèêàöèè: ñóïåðïîçèöèÿ ôóíêöèé

f(x,w) = µ1(µ2(. . .µK (x))) : Rn → [0, 1]M ,

ãäå µk , k ∈ {1, . . . ,K}, � ìîäåëè èç êëàññà íåéðîííûõ ñåòåé ñ
ñîîòâåòñòâóþùèìè âåêòîðàìè ïàðàìåòðîâ wk , k ∈ {1, . . . ,K},
w = [w1, . . . ,wK ]

T
, f(x; w) = [p(y1 = 1|x; w), . . . , p(yM =

M|x; w)]
T
.
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Àâòîêîäèðîâùèê

Àâòîêîäèðîâùèê � ñóïåðïîçèöèÿ áëîêîâ

µ = ϕ(g(x)),

ãäå g(x) = σ(Wgx + bg ),−êîäèðóþùèé áëîê, èëè encoder,

ϕ(g(x)) = σ(Whg(x)+bh),−äåêîäèðóþùèé áëîê, èëè decoder, à

σ(t) =
1

1 + exp(−t)
− ñèãìîèäíàÿ ôóíêöèÿ.

Âåêòîð ïàðàìåòðîâ: Θ = (Wg ,Wh,bg ,bh), Wh = W
T

g .
Ôóíêöèÿ îøèáêè: S(Θ, x) = ||f(x|Θ)− x||22.

Ïîñòàíîâêà çàäà÷è îïòèìèçàöèè ïàðàìåòðîâ

Θ̂ = argmin
Θ

1

2|L|
∑
x∈L

S(Θ, x).
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Äâóõñëîéíàÿ íåéðîííàÿ ñåòü. Çàäà÷à êëàññèôèêàöèè

Äâóõñëîéíàÿ íåéðîííàÿ ñåòü � ýòî îòîáðàæåíèå âèäà

a(x) = W
T

2 tanh
(

W
T

1 x
)
,

µ(x) =
exp(a(x))∑n
j=1 exp(aj(x))

.

Âåêòîð ïàðàìåòðîâ: w = vec(W
T

1 |W
T

2 ),w ∼ N (0,A−1), ãäå

A−1 � êîâàðèàöèîííàÿ ìàòðèöà ïàðàìåòðîâ, w
T

Aw > 0 äëÿ
ëþáîãî w ∈ Rk .

Ôóíêöèÿ îøèáêè

S(w|K) = −
∑
x∈K

M∑
ξ=1

[yt = 1] ln
(
fξ(x,w)

)
.
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Êðèòåðèè êà÷åñòâà

1 Ñëîæíîñòü. ×èñëî íåíóëåâûõ ïàðàìåòðîâ ìîäåëè,
ìîùíîñòü ñòðóêòóðû.

C (w) =
k∑

i=1

[wi 6= 0] = |A|

ãäå A = {j : wj 6= 0} ⊆ J � ñòðóêòóðà ìîäåëè.

2 Òî÷íîñòü. Âåëè÷èíà ôóíêöèè îøèáêè íà âûáîðêå:

S(w|K) = −
∑
i∈K

z∑
ξ=1

tiξ ln
(
fξ(xi ,w)

)
.

3 Óñòîé÷èâîñòü. ×èñëî îáóñëîâëåííîñòè ìàòðèöû,
îáðàòíîé ê êîâàðèàöèîííîé:

η(ŵ) =
λmax

λmin
,

ãäå λmax � ìàêñèìàëüíîå, à λmin � ìèíèìàëüíîå
ñîáñòâåííûå ÷èñëà ìàòðèöû A.
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Ïîñòàíîâêà çàäà÷è

Ìíîæåñòâî äîïóñòèìûõ ìîäåëåé

F =
⋃
A⊆J
{fA}.

Îòíîøåíèå äîìèíèðîâàíèÿ

Ìîäåëü f ′ äîìèíèðóåò ìîäåëü f (f ′ � f), åñëè

C ′ ≤ C , η′ ≤ η, S ′ ≤ S ,

Ìîäåëü f ∈ F íàçîâåì îïòèìàëüíîé ïî Ïàðåòî, åñëè íå
ñóùåñòâóåò f ′ ∈ F òàêîé, ÷òî f ′ � f.
Ìíîæåñòâî îïòèìàëüíûõ ïî Ïàðåòî ìîäåëåé íàçîâåì Ïàðåòî

îïòèìàëüíûì ôðîíòîì POFF ìíîæåñòâà F.

Çàäà÷à âûáîðà îïòèìàëüíîé ìîäåëè

ñîñòîèò â òîì, ÷òîáû íàéòè Ïàðåòî îïòèìàëüíûé ôðîíò POFF
ìíîæåñòâà äîïóñòèìûõ ìîäåëåé F.
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Îïðåäåëåíèå ñòðàòåãèè àëãîðèòìà Add-Del

Îïðåäåëåíèå ñòðàòåãèè

Ñòðàòåãèÿ çàäàåòñÿ ñëåäóþùèìè ìàòåìàòè÷åñêèìè îáúåêòàìè:

• íàáîðîì êðèòåðèåâ êà÷åñòâà {Q};
• íàáîðîì îãðàíè÷åíèé íà ñòðóêòóðó è ïàðàìåòðû ìîäåëè
A ⊆ J , w = ŵA = argmin

wA∈Rk

S(wA|L).;

• êðèòåðèÿìè ïðîðåæèâàíèÿ è íàðàùèâàíèÿ ìîäåëè;

• êðèòåðèÿìè îñòàíîâà øàãîâ óäàëåíèÿ è äîáàâëåíèÿ
ñòðóêòóðíûõ åäèíèö â ìîäåëü;

• êðèòåðèåì îñòàíîâà ïðîöåäóðû âûáîðà ìîäåëè.

Êðèòåðèè êà÷åñòâà

Ñëîæíîñòü C , òî÷íîñòü S , óñòîé÷èâîñòü η.
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Êðèòåðèé îïòèìàëüíîãî ïðîðåæèâàíèÿ

Ïðèðàùåíèå ∆S âáëèçè òî÷êè ëîêàëüíîãî ìèíèìóìà w0:

∆S = S(w0 + ∆w)− S(w0) =
1

2
∆w

T
H∆w.

Çàäà÷à óñëîâíîé ìèíèìèçàöèè:

∆S =
1

2
∆w

T
H∆w→ min, e

T

j ∆w + wj = 0.

Äëÿ ðåøåíèÿ çàäà÷è ñòðîèì Ëàãðàíæèàí:

L =
1

2
∆w

T
H∆w − λi (e

T

j ∆w + wj).

Äèôôåðåíöèðóåì L ïî ∆w:

Lj =
w2
j

2[H−1]j ,j
,

ĵ = argmin
j∈A

Lj .
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Êðèòåðèé óñòîé÷èâîãî ïðîðåæèâàíèÿ

W � ìàòðèöà ðåàëèçàöèé âåêòîðà ŵ.
Îöåíêà êîâàðèàöèîííîé ìàòðèöû ïàðàìåòðîâ:

A−1 = cov(W) = E(W
T

W) =
1

r
WW

T
.

Âûïîëíèâ ñèíãóëÿðíîå ðàçëîæåíèå W, ïîëó÷èì:

A−1 = (WW
T

) = (UΛV
T

VΛ
T

U
T

) = (UΛΛ
T

U
T

) = UΛ2U
T
.

l̂ = argmax
l∈A

λmax

λl
.

ĵ = argmax
j∈A

u2
l̂ j
λ2jj

σ(wl̂)
,
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Êðèòåðèè ïîñëåäîâàòåëüíîãî ïðîðåæèâàíèÿ è íàðàùèâàíèÿ

Êðèòåðèè ïîñëåäîâàòåëüíîãî ïðîðåæèâàíèÿ è

íàðàùèâàíèÿ

ĵ = argmin
j∈A

S(wA \ wj |T ).

ĵ = argmin
j∈J\A

S(wA ∪ wj |T ).

Êðèòåðèé ñìåíû øàãîâ Add-Del

S(ŵA|T ) ≥ Smin + δS ,

Êðèòðèé îñòàíîâà ïðîöåäóðû

H(A,A′
) = −ρ(z, z

′
) ln
(
ρ(z, z

′
)
)
,

zj =

{
0, åñëè wj + ∆wj = 0, ò. å. j /∈ A;

1, èíà÷å.
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Ýêñïåðèìåíò: öåëè

Öåëè âû÷èñëèòåëüíîãî ýêñïåðèìåíòà

• ïîâûøåíèå òî÷íîñòè êëàññèôèêàöèè äëÿ ðàçëè÷íûõ òèïîâ
ñóïåðïîçèöèè ìîäåëåé è ñðàâíåíèå èõ ñî çíà÷åíèÿìè
òî÷íîñòè èç ðàáîò çàðóáåæíûõ àâòîðîâ;

• ïîëó÷åíèå óñòîé÷èâûõ ìîäåëåé ñ ïîìîùüþ îïèñàííîé
ñòðàòåãèè è ñðàâíåíèå ðàçëè÷íûõ êðèòåðèåâ
ïðîðåæèâàíèÿ.
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Ýêñïåðèìåíò. Îïèñàíèå âûáîðêè

Ïåðâûé íàáîð äàííûõ

Ñåãìåíòû âðåìåííûõ ðÿäîâ àêñåëåðîìåòðà, âñåãî 4 òèïà
ôèçè÷åñêîé àêòèâíîñòè ÷åëîâåêà � õîäüáà, áåã, ñòîÿíèå è
ñèäåíèå. Ñåãìåíò � 10 ñåêóíäíûé îòðåçîê, ñîñòîÿùèé èç 600
èçìåðåíèé ïðîåêöèè óñêîðåíèÿ.
Kwapisz J. R., Weiss G.M., Moore S. Activity recognition using cell
phone accelerometers // SIGKDD Explorations, 2010. Vol. 12.
No 2. P. 74�82.

Êëàññ 3 óðîâíÿ 4 óðîâíÿ 5 óðîâíåé Kwapisz et. al.

Áåã 98% 95% 97% 98%

Õîäüáà 95% 94% 96% 92%

Cèäåíèå 100% 100% 100% 95%

Ñòîÿíèå 89% 82% 84% 92%
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Ýêñïåðèìåíò. Îïèñàíèå âûáîðêè

Âòîðîé íàáîð äàííûõ

Âåêòîðû ïðèçíàêîâ � ñåãìåíòû âðåìåííûõ ðÿäîâ ñ
àêñåëåðîìåòðà è ãèðîñêîïà, âñåãî 6 òèïîâ ôèçè÷åñêîé
àêòèâíîñòè � õîäüáà, áåã, ñòîÿíèå, ñèäåíèå, ïîäú¼ì è ñïóñê.
Ñåãìåíò � 2,5 ñåêóíäíûé îòðåçîê, ñîñòîÿùèé èç 561 èçìåðåíèé
ïðîåêöèè óñêîðåíèÿ.
Anguita D., Ghio A., Oneto L., Parra X., Luis Reyes-Ortiz J.

Human Activity Recognition on Smartphones // Proceedings of the
4th International Workshop (IWAAL 2012). � Springer, 2012.

Êëàññ 3 óðîâíÿ 4 óðîâíÿ 5 óðîâíåé Anguita et. al.

Õîäüáà 96% 98% 96% 97%

Ïîäú¼ì 94% 93% 80% 87%

Cïóñê 98% 92% 96% 72%

Ñèäåíèå 91% 65% 84% 95%

Còîÿíèå 75% 80% 71% 97%

Ëåæàíèå 99,7% 98% 92% 100%
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Ýêñïåðèìåíò: ðåçóëüòàòû

Ñòðàòåãèÿ C S η

Îïòèìàëüíîå ïðîðåæ-íèå 50 877 2.2 · 105

Ïîñëåäîâàòåëüíîå ïðîðåæ-íèå 50 870 1.2 · 105

Óñòîé÷èâîå ïðîðåæ-íèå 50 866 6 · 104
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Ïðîöåäóðà ìîäèôèêàöèè êàê ïóòü â êóáå

Номер итерации процедуры модификации

Н
о
м
ер
п
ар
ам
ет
р
а

• êàæäûé ñòîëáåö îïèñûâàåò ñòðóêòóðó ìîäåëè íà äàííîé
èòåðàöèè;

• áåëàÿ êëåòêà � ïàðàìåòð íåàêòèâåí;

• ÷åðíàÿ êëåòêà � ïàðàìåòð àêòèâåí.
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Çàêëþ÷åíèå

• Ïðåäëîæåíà ñòðàòåãèÿ ïîøàãîâîé ìîäèôèêàöèè
äâóõñëîéíîé íåéðîííîé ñåòè äëÿ ïîëó÷åíèÿ òî÷íûõ è
óñòîé÷èâûõ ìîäåëåé îïòèìàëüíîé ñëîæíîñòè;

• Ïðåäëîæåíà ñóïåðïîçèöèÿ ìîäåëåé äëÿ âûäåëåíèÿ
èíôîðìàòèâíûõ ïðèçíàêîâ;

• Ïðîâåäåí âû÷èñëèòåëüíûé ýêñïåðèìåíò íà äâóõ íàáîðàõ
äàííûõ. Ðåçóëüòàòû ñðàâíèâàëèñü ñ ðàáîòàìè çàðóáåæíûõ
àâòîðîâ.
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