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MO PAU
Ly do chon d@ tai

Theo théng ké cia WHO, mdi nim c6 684.000 ca tir vong do ngi, chu
yéu xay ra & cac qudc gia thu nhap thap va trung binh tai khu vuc Tay Thai
Binh Duong va Pong Nam A, trong d6 ngudi trén 65 tudi chiém ty 1& cao
(28-35%). Trudc thuc trang nay, nhiéu giai phap hd trg phat hién nga da
dugc dé xuit, bao gdbm hé théng camera, cam bién méi truong va thiét bi deo
IoT. Tuy nhién, cic hé thong nay thuong yéu cau chi phi dau tu 16n, pham
vi gidm sat hep, khién nhiéu ngudi dan kho tiép can. Vi vy, nghién ctru sinh
dé xuat sir dung dién thoai thong minh lam cong cu phat hién ngi nho tinh
pho bién, tich hop sin nhiéu loai cam bién, hd trg két nbi da dang, dé tiép
can va trién khai trong thuc té ma khong can dau tu thém chi phi thiét bi.
CAau héi nghién ciru

Ciu héi nghién ciru: Lam thé nao dé phat trién mot hé thong phat hién
su kién nga chinh xac, hiéu qua véi dir li€u nga kho thu thap va gan nhan
trong thé gidi thyuc?

Muc tiéu ciia dé tai

Muc tiéu thir nhét: Phat trién phuong phap trich rat dic trung hiéu qua
ttr dit liéu cam bién gia tdc trén dién thoai thong minh dé nang cao d¢ chinh
xac trong phat hién su kién nga.

Muc tiéu thir hai: D& xuit giai phap t6i vu hiéu suat mé hinh RF trong
bai toan phat hién ngd. Pdng thoi xdy dung mé hinh phat hién hanh vi bat
thudng trong thé giéi thuc.

B6 cuc ciia ludn an

B6 cuc cua luin 4n bao gdm ndm phan chinh: Mé dau, ba chuong ndi
dung va Két luan - Kién nghi

Phan Mé dau gi6i thidu bdi canh nghién ctru, tim quan trong cia viéc
phat hién nga, 1y do chon dé tai, cau hoi nghién ctru, myc tiéu nghién ctru, ¥
nghia khoa hoc va thyc tién, cing vé6i cac dong gop chinh cia luan an.
Phuong phéap nghién ciru dugc mé ta khai quat dé dinh hudng cho cac
chuong tiép theo.

Chuwong 1 cung cip tong quan vé cic nghién ciru lién quan dén hé thng
nhan dang hoat dong (HAR) va phat hién nga (FDS). Chuong nay gidi thiéu
cac khai niém co ban, phan tich danh gia cac nghién ctru lién quan va trinh
bay cac khoang trong nghién ctru cliing giai phap dé xuat. Muc dich cua
chuong nay 1am rd ba 1y do chinh cho huéng tiép can cua nghién ctu: (i) str



dung SP dé phat hién sy kién ng; (ii) chi sir dung cam bién gia tbc 1am ngudn
thu thap dir li¢u va trich rat dac trung; (iii) st dung mo hinh hoc may RF cho
hé thong phat hién sy kién nga.

Chuong 2 tap trung vao cac phuong phép tién xir 1y dit liéu cam bién va
trich rat dic trung dé phat hién ngi. Chuong nay trinh bay qué trinh xac dinh
tap dic trung phi hop, t6i uu cac thong s6 quan trong nhur kich thudc cira s6
dir liéu (DWS) va ty 1& xép chdng dit liéu (DOR) va so sanh hiéu suét caa
cic mo hinh phan loai khac nhau. Két qua nghién ciru dugc cong bd trong
céac cong trinh [CT1], [CT2] va [CT3].

Chuwong 3 nghién ciru vé giai phap xiy dung mé hinh phat hién su kién
nga. Chuong nay trinh bay giai phap t6i wu mé hinh Random Forest va phat
trién mo hinh phat hién sy kién nga pht hop voi diéu kién dir lidu thyc té.
Céc két qua nghién ciru duge cong bd trong cac cong trinh [CT2], [CT3],
[CT4] va [CTH5].

Cubi cung, phan Két luéin va kién nghi tom tit nhiing két qua dat duoc,
phan tich han ché va vin dé chua hoan thién, dong thoi dé xuat huéng nghién
clru va giai phap bo sung trong twong lai.

Chuwong1l. TONG QUAN

Muc tiéu ciia chiong nay la lam ré 1y do (i) sic dung SP dé phat hién hanh
vi bdt thuong ciia con ngudi, (ii) chi sir dung cam bién gia toc trén SP dé thu
thdp dir liéu, trich rat dac trung, va (iii) lva chon cac mé hinh ML cho hé
thong nhdn dang hanh vi bat thuong.
1.1. Mot sé khéi ni¢m co ban

(i) Hanh vi 1a nhimng phan tmg, cach cu xt, biéu hién ra ngoai ctia mot
ngudi trong mot hoan canh cu thé; (i) Binh thirong 1a nhimng sy viéc, hanh
dong khong khac thuong, khong co gi dac biét; (iii) Bat thuwong 1a nhitng su
viéc, hanh dong khong theo 1é thuong, khéng gidng binh thuong; (|v) Hanh
vi binh thuong la cac hoat dong thu’o*ng ngay cua con ngum nhu ngdi, nam,
dung, di bd, chay, nhay, di 1én cau thang, di xudng cau thang,...; (v) Hanh
vi bdt thirong 1a cac hoat dong khong binh thudng so voi cac hoat dong binh
thuong.
1.2. Céu trac chung ciia hé théng nhan dang hoat déng

Hé théng phat hién nga (FDS) 1a mot phan trong hé théng nhan dang hoat
dong cua con ngudi (HAR). Phan nay sé gigi thiéu tong quan vé HAR va cac
thanh phan cdu thanh cua né. HAR thudng bao gém ba phéan chinh, dugc



minh hoa trong Hinh 1.1:

THUTHAPDCLIEU NHAN DANG HOAT BONG TRUYEN TINCANH BAO
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Hinh 1.1. Céu triic chung ctia hé thing HAR
1.2.1. Thu dir thap liéu cho HAR.
Dé tai nay sir dung cam bién gia tdc cua dién thoai thong minh.
1.2.2. M@t s6 md hinh phan loai thong dung trong HAR
Nam thuat toan ML pho bién nhét dugc ap dung cho ADS theo thdng ké
trong Hinh 1.4, bao gém: SVM, kNN, RF, mang than kinh nhan tao (ANN)
va J48 duoc lya chon dé danh gia cac phuong phap dé xuit.
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Hinh 1.4. Phan phoi cac mé hinh ML va DI d’wgrc st dung trong 305 nghién ciru vé
FDS (tir 2015 dén 2020)

1.2.3. Céc phuong phap dinh gia hi¢u ning ctia mo hinh

Luan 4n st dung cac d6 do nhu ma trdn nhdm 14n, d6 chinh xéc
(Accuracy), do chinh xac duong tinh (Precision), d¢ nhay (Recall), d dac
hiéu (Specificity) va diém trung binh diéu hoa F1 (F1-score) dé danh gi4 higu
nang ctia mo hinh.
1.3. Tinh hinh nghién ciru trong va ngoai nwéc vé phat hién nga

Iy

1.3.1. Mot s6 nghién ciru trén thé giéi



1.3.2. Mot s6 nghién ciru & Viégt Nam
1.4. Khoang trong nghién ciru va dé xuat giai phap
1.4.1. Dinh hudéng nghién ctru

Luén an lya chon dién thoai thong minh (SP) lam nén tang nghién curu
cho hé thong phét hién nga nho kha ning trién khai rong rdi ma khong can
dau tu vao thiét bi chuyén dung.

Ludn an dé xuat chi sir dung cam bién gia tdc nham giam tiéu thy ning
luong, don gian hoa hé thong, giam chi phi tinh toan va t6i wu qué trinh xir
1y dit liéu. Tuy nhién, viéc chi sir dung cam bién gia téc c6 thé han ché kha
nang ghi nhan cac chuyén dong phtrc tap ciia nguoi ding so voi khi két hop
nhiéu loai cam bién. Do d6, ludn 4n tap trung vao ba giai phap: (i) tién xir Iy
dir lidu, (ii) trich rat dic trung toan dién va (iii) tbi wu mo hinh RF. Muc tiéu
1a phat trién mot hé théng don cam bién c6 hiéu ning twrong dwong véi cac
hé théng da cam bién.

1.4.2. Khoang trong nghién ciru

Luan 4n nhan dién hai khoang tréng nghién ctru chinh can giai quyét dé
xdy dung mo hinh phat hién nga tdi uu.

Thir nhat, vé trich rat dic trung, cic nghién ctru hién nay chu yéu khai
thac mién thoi gian va mot phan mién tan s6, chua mo ta day du sy phuc tap
ctia chuyén dong co thé, gay kho khan trong phén biét ngd voi cac hoat dong
tuong tu. Chua 6 nghién ctru két h0’p ddc trung tir mién th(n gian, mién tan
s6, tham s6 dinh hudng va tham s6 Hjorth, du cac tham $6 nay da ching
minh hiéu qua trong phan tich tin hiéu y sinh.

Thir hai, vé t6i wvu mé hinh Random Forest, qua trinh nay dong vai tro
quan trong trong viéc cai thién hi¢u suit cua RF. Cac siéu tham sb nhu sd
lugng cay quyét dinh, do sau tdi da, sb lugng ddc trung anh hudng 16n dén
hiéu ning cua RF. Chua c6 cac nghién ctru phén tich chi tiét anh hudng ciia
ting siéu tham s dén hiéu suat cia RF dé thiét ké ciu triic nhidm sic thé,
khong gian tim kiém va ham thich nghi t6i wu 1a hét sic can thiét.

1.4.3. Dé xuit giai phap

Ludn an dé xuat hai giai phap chinh dé khic phuc cac khoang tréng nghién
ctru.Giai phap thtr nhit 1a phuwong phap trich rat dic trung da mién, két hop
thong tin tir mién thoi gian, mién tan sb, tham sé dinh hudéng va tham sb
Hjorth. Giai phap thir hai tdi wu mo hinh RF bang giai thuat di truyén. Nghién
ctru phan tich mirc d6 anh huéng cua cac siéu tham sé dé xac dinh gia trj toi
uu, dong thoi thiét ké ciu triic nhidém sic thé va khong gian tim kiém hiéu
qua. Ham thich nghi dugc thiét ké nham t6i da hoa do chinh xac, su dung hé
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s6 tuong quan Matthews (MCC) lam chi s6 d4nh gia chinh dé cai thién hiéu
qua xir 1y dir liéu khong can bang.
1.5. Két luan chuwong

Chuong nay da thiét 1ap nén tang 1y thuyét va dinh hudéng cho viéc phat
trién FDS trén thiét bi di dong. Qua viéc phan tich chi tiét cac thanh phan cta
hé théng HAR va danh gia toan dién cac phwong phap tiép can hién co,
nghién ctru di xac dinh dwoc nhitng han ché can khic phuc trong cac giai
phap hién tai. Phuong phép tich hop cac ddc trung tir nhiéu mién khac nhau
va téi vu mo hinh RF duoc xac dinh 14 nhitng hudng nghién ctru day tiém
nang nhung chua dugc khai thac nhiéu. Nhirng phén tich va d& xuét nay tao
tién dé quan trong cho viéc cu thé hoa cac giai phap trong cac chuong tiép
theo.

Chuwong2.  TRICHRUT PAC TRUNG

Chuwong ndy tdp trung tim cdc gidi phdp dé giai quyét cac khé khan da
néu bang cach dé xudt quy trinh trich rit ddc trung tir dir liéu cam bién gia
toc, bao gom tién xir Iy dit liéu, trich rat déc trung, lra chon ddc trung va
lwa chon mé hinh hoc may phu hop. Cac giai phap nay ciing da duoc cong
bé trong cdc cong trinh nghién ciu [CT1], [CT2], va [CT3].
2.1. Tong quan vé trich rat dic trung
2.1.1. Vai tro caa trich rit dic trung

Bai toan trong chuong ndy yéu ciu trich rt cac dic trung quan trong tir
Trich rat dic trung 1a mot budc quan trong trong viée phat trién cac FDS,
gitip chuyén d6i dir liéu tho tir cam bién thanh cac dic trung c¢6 kha ning
phan biét tdt cac hoat dong, bao gdm cac sy kién ngd. Phuong phap nay
khong chi giam chiéu dir liéu ma con loai bo nhiéu hiéu qua, tir d6 ting cudng
hiéu suét tinh toan va cai thién d6 chinh x4c cua cac mé hinh hoc may.
2.1.2. Mot s6 nghién ciru lién quan dén trich rat dic trung

Nhin chung, cic phuong phap trich rit ddc trung hién nay van déi mat
v6i thach thirc trong viéc phat hién chinh xac su kién nga. Mot khoang trong
quan trong trong cac nghién ctru hién tai 13 chua trich rat va két hop céac
nhom dic trung nhu dic trung tu thé (nhu gbe nghiéng cia co thé), dic trung
chuyén dong (nhu sy thay d6i dot ngdt trong hoat dong) va dic trung mic
d6 phrc tap cta hanh dong (phan 4anh sy két hop ddng thoi ctia nhidu chuyén
dong co thé).
2.1.3. Thach thirc trong trich rut dac trung



Trich rat dic trung tir dit liéu cam bién gia toc trén dién thoai thdng minh
gip ba thach thirc chinh. Th nhat, chat luong dir liéu thap do nhiu dién ti,
rung dong co hoc, va khac biét vé do phan gii giira cac thiét bi doi hoi cac
phuong phap loc nhiéu hiéu qua. Thir hai, sy khong on dinh trong dinh huéng
va vi tri thiét bi khi nguoi dung dat dién thoai ¢ cac vi tri khac nhau khién
viéc dong bo tin hiéu va xay duyng mé hinh thich nghi tré nén phic tap. Thir
ba, gi6i han tai nguyén tinh toan va dung luong luu trit trén thiét bi di dong
yéu cau céc thuat toan trich rat dic trung phai hiéu qua, tiét kiém nang lugng,
va phu hgp véi kha nang xu ly.

2.1.4. Huoéng tiép cin giai quyét thach thirc

Dé giai quyét cac thach thirc trong trich rat dic trung cho FDS, ludn an
nay dé xuat phuong phap trich rat dic trung da mién (TEDHD), két hop cac
dic trung tir mién thoi gian, mién tan s6, tham s dinh huéng va tham sb
Hjorth. Su két hop da chidu nay cho phép md ta toan dién cac dic diém cua
su kién nga, bao gém: thay ddi dot ngot tir mién thoi gian, chu ky dao dong
tir mién tan sd, goc nghiéng bat thuong tir tham sé dinh huéng va mirc do
phirc tap tir tham sé Hjorth.

2.2. Phwong phap trich rit dic trung tir dir liéu cam bién gia toc
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Hinh 2.1. Quy trinh trich rit ddc trumg
2.3. Nguon dir liéu gia toc
Bang 2.1. Cdc bg dit liéu céng khai duge sit dung trong ADL va phdt hién ngd.

BidiE = Nam S6é ngwoi  Gidi tinh

0 Nam - upL Nei Tudi Chiéucao Cinning
liéu cdngbo

thu thip Nam Ng (cm) (kg)
MobiAct 2016 12 4 66 48 19 20-47 158-193 50-120
UP-Fall 2019 6 5 17 9 8 18-24 157-175 53-99
2.4. Tienxirly dir ligu
2.4.1. Ky thuat loc nhieu
Trong luan an nay, NCS st dung b¢ loc thong dai dé loc bo nhicu tan so
cao va tan so thap. Bang thong cua bd loc thong dai dugc gidi han bdi tan so



cit fy = 0.25Hz va f;, = 15Hz. Trong d6, fy 14 tan so cat ctia bd loc thong
cao va fi, 1a tan sd cit cua bo loc thong thap.
2.4.2. Phan doan dir li¢u

Luan 4n phan doan dir liéu bang k¥ thuat cira s6 xép chong dir liéu (OSW)

Phan doan dif liéu khdng xép chong

25

Gia téc (m/s"2)

Hinh 2.3. Phén doan dit liéu bdng kyf thudt cira s6 khéng xép chéng dit liéu (nOSW)

2.5. Trich rit dic trung
2.5.1. Mién thoi gian

Trong mién thoi gian, nhiéu dic trung duoc sir dung dé phan loai cac hoat
dong tir dir liéu cam bién gia toc. Cac dic trung nay c6 dic diém tinh toan
nhanh, thé hién duogc cac gia tri théng ké nhu: gid tri trung binh (5), phuong
sai (6%) va do léch chuén (c); d6 hiéu dung (Sps); ti 18 dinh trén trung binh
(PAR); d6 tuong quan (R); dién tich do 16n tin hiéu (SMA)
2.5.2. Mién tin sb

Céc hoat dong ngudi dung thuong co sy lép lai theo mot chu ky nhét dinh,
vi du nhu di bg, chay, nhay. Mot cach dé biéu dién su 1ap lai nay la dung
phep blen d6i Fourier, mot phép bién dbi tin hiéu tir mién thoi gian sang mién
tan sd. Thanh phan trung binh; bién d6i Fourier nhanh (FFT) va khai trién
tan s6 thoi gian nhanh (STFT); Nang luong phd; Entropy théng tin.
2.5.3. Tham s dinh hwéng

Sau khi di tinh toan cac thanh phan goc xoay, goc nghiéng va goc dao,
cac dac trung s€ dugc xac dinh tuong ty nhu viée xur ly dir li€u tir cam bién
gia tbc nhu Phuong sai (s?), gié tri trung binh (3), tich phan (Ig)
2.5.4. Tham s6 Hjorth

Tham s Hjorth 12 mot trong nhing cach mé ta dic diém thong ké cua tin
hiéu trong mién thoi gian. Tham s6 nay bao gdm ba thanh phan chinh: Tinh
hoat dong (A), Tinh di dong (M) va Do phuc tap (C).
2.6. Luwa chon dic trung

Trong luén an nay, viéc lya chon cac dac trung t8i uu duoc thyuc hién qua
ba budc chinh. Budc ddu tién 14 danh gia kha ning phan biét cua timg dic
trung riéng l¢. Budc thir hai 1a phan tich muc d quan trong cua céac dac trung



dé chon ra nhitng dic trung phit hop v6i mé hinh hoc may. Budc cudi ciing
la thtr nghiém cac td hop déc trung khac nhau nhim xac dinh b dic trung
hi¢u qua nhét cho viéc nhan dang hoat dong hang ngay va phat hién sy kién
nga.
2.7. Thue nghiém va danh gia két qua
2.7.1.  Thiét ké thuc nghi¢m
Thyc nghiém 2.1: Panh gia hiéu sudt ciia cdc tdp dac trung
Thiee nghiém 2.2: Panh gid dnh hwéng cia kich thiede civa sé di liéu
Thiee nghiém 2.3: Ddnh gid danh hwéng cia ti 1é xép chong dir liéu
2.7.2. Két qua va ban luan
2.7.2.1. Hiéu suit cic nhém dic trung
a. BPanh gia trén cac hoat dong (cdc su kién ngd va hoat dong binh thuong)
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Hinh 2.7. Hiéu sudt cdc mé hinh ML khi sir dung 10 bé ddc trung dé phan loai tdt
cd cde hoat dong trong bé dir lieu MobiAct (DWS 128 mau va DOR 80%)

b. Ddnh gia trén cac hoat dong binh thuong

100 nMobiAct v2.0 - Danh gid trén di liéu cac hoat dong

binh thuromg
N =

~
=]
ssescaas|

oW [T
o o o o
R e T

Hiéu suat (Fl-score - %)
3

.
o

18|
N
N
5
N
N
N
N
N
%

%

T FD DD E
EIANN  83.83 66.28 18.32
5148 88.13 78.98 65.73
90.11 68.61 39.47
90.91 83.08 72.68
ESvM | 8033 59.22 13.82

TFD TDD THD TFDD TFHD
87.97 85.88 87.69 50.19 9135
91.63 90.09 5114 93.63 93.86 95.94
92.88 92.11 92.92 94.88 95.16 97.16

93.84 93.04 93.63 95.84 96.12 | 99.11

85.02 82.33 34.74 87.02 88.66 90.66

o

93.43

Hinh 2.9. Hiéu sudit céc mé hinh ML khi sir dung 10 bé diic trimg tie;phtin loai cac
hoat dong binh thwong trong bo dit liéu MobiAct (DWS 128 méu va DOR 80%,)



C. Danh gid trén cdc sy kién nga
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13.26 87.20
18.00 89.97
6.00 45.86

TDD

45.62
79.80
86.22
88.54
42.89

THD

46.66
80.01
85.87
8315
42.29

TFDD
50.62
83.22
89.20
92.17
47.84

54.52 58.81

83.44 85.92
88.88 90.88

5171 53.73

Hinh 2.11. Hiéu sudt cdc mé hinh phan logi khi sir dung 10 b ddc trung dé phdn
logi cdc s kién ngd trong bo div liéu Mobidct (DWS 128 méu va DOR 80%)
2.7.2.2.  Anh huwong cia kich thudc cva so dii liéu (DWS)
Bdng 2.13. Anh Iirong ciia DWS dén hiéu sudt nhdn dang cdc hoat dong trong bg
dit liéu Mobidct v2.0

Nhan

BSC
FKL
FOL
SDL
Nga
CHU
CSI
CSO
JOG
JUM
LYI
SCH
SIT
STD
STN
STU
WAL
ADL

Téng hop

2.7.2.3.  Anh hwong ciia ti 1¢ xép chong di ligu

Hiéu suiit ciia RF (F1-scores %) voi DOR = 80% va cic kich thwéc

32 mau
89.30
89.08
88.47
89.19
89.01
86.47
83.22
96.30
97.37
99.01
9791
9143
89.19
98.84
99.21
84.34
84.30
96.31
95.61

64 mau
94.04
93.31
93.71
92.87
93.48
96.87
88.21
98.79
96.51
98.11
99.15
94.06
92.87
99.72
99.03
88.86
88.90
96.93
96.60

L3 R - A =
cira s0 khac nhau (s6 mau)

128 mau
94.92
95.58
95.28
95.14
95.23
95.18
94.75
98.33
99.49
99.91
98.84
96.61
99.84
99.96
95.02
95.50
99.62
99.11
98.79

256 mau

93.60
93.93
93.23
93.94
93.67
93.66
93.36
98.26
99.39
99.90
98.69
95.49
93.94
99.83
99.94
94.03
94.38
98.89
98.45

512 miu
85.08
79.79
77.04
84.23
81.53
95.45
96.42
98.43
99.82
99.98
91.27
97.12
84.23
98.92
99.99
95.85
96.55
99.46
98.31

1024 maun
84.13
82.56
75.00
78.42
80.04
95.50
98.18
98.21
99.92

100
97.89
97.96
78.42
99.52

100
94.04
93.60
99.58
98.88
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@ 7

T
70

10% 20% 30% 40% 50% 60% 70% 80% 90%
«--®--- ANN  85.85 86.28 87.05 87.86 88.44 88.80 89.74 90.28 91.09
= -J48 8861 89.42 90.12 90.99 91.81 92.75 93.80 95.02 96.56
= =kNN 90.17 90.76 91.58 92.40 93.32 94.42 95.18 96.59 98.23
—— RF 93.42 93.95 94.53 95.09 96.21 97.33 97.97 98.79 98.89
— e —=5VM 8230 82.78 83.55 84.36 84.99 85.69 86.45 87.30 88.31

Hinh 2.13. Anh hieéng cria DOR dén hiéu sudt phan loqi cac heat déng trong bé dir
liéu MobiAct v2.0

2.7.3.  So sanh két qua véi cac nghién ctru lién quan
2.7.3.1. Nghién ciru dwa trén bj dir lieu MobiAct

Thiét 13p cac tham s ctia mo hinh nhu WS truot 128 mau va ty 1é chong
chéo dir li¢u 80%.

100 -
95
%0
85
o &0
5
Q 75
w
-
+w 65 G N
a N Trung binh
3 &0 H trong sd
T 55 - B
Nga L
50 Y
45 -
BSC FKL FOL SDL|CHU €SI €SO JOG JUM LYl SCH ST  SID SIN STU WAL :fg"
--------- 148 [25] 6940 6200 5680 59.20(47.30 66.40 68.90 9810 9830 98.40 69.80 9540 9850 B750 BEA0 100.00 9530
148 [TFDHD] | 8460 8560 8510 8820|8730 8350 9520 9850 9920 9570 8960 9810 9990 B7.70 B7.B0 99.00 9650
— — —kNN[25] |8804 8655 8624 BB12|8990 8144 9577 9676 9822 9768 9088 9813 9972 B39 B39E 9851 9553
KNN [TFDHD]| 91.20 9080 9060 9470]9090 9170 97.00 8970 9990 9570 9260 9930 9390 5380 9360 9960 9820

Hinh 2.15. Hiéu sudt chi tiét ciia Chatzaki vé cgng sirva mo hinh dé xudt ciia NCS
trong viéc phat hién ADL ve ngé
2.7.3.2.  Nghién ctru dwa trén bj dir ligu UP-Fall
Tuong tu voi phuong phap so sanh cac Nghién ctru dua trén b dir lidu
MobiAct, phan nay NCS so sanh phuong phap ctia minh véi cac cong trinh
gan day trén bo dir liéu UP-Fall.
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100 (~

- -

90
20
70

60 T
Cac hanh vi nga

Hiéu suat (F1-Score %)

50
FH FF FB FS FE w ST Sl P ] L

--------- Res-TCN [122] 73.00 8580 62.70 8470 70.70| 99.20 9780 99.70 7290 99.10 97.20
= = «0OP-Tanish [123]]| 95.00 94.00 92.00 96.00 97.00 | 97.00 99.00 99.00 97.00 100 100
RF [TFDHD] 99.67 99.69 96.25 9049 94.20 J 99.97  99.92 99.90 9805 99.88 99.92

Hinh 2.17. Hiéu sudit chi 1iél ctia phicong phép Res-TCN va OP-Tanish b dic trung
TFDHD dé xudt trong viéc phat hién ADL va cac sw kién ngd

2.8. Két luin chuwong

Chuong 2 di trinh bay mot phuong phép trich rt dic trung méi bang
cach két hop thong tin tir mién thoi gian, mién tin s6, tham s6 dinh huéng
va tham s6 Hjorth cua dir liéu gia tdc. BO 44 dic trung TFDHD dugc dé xuit
cho thay hiéu suét tot hon trong viéc phat hién ngi so véi cac nghién ciru
khac, dat &6 chinh xac lan luot 14 95,23%, 99,11% va 98,79% trén bo dir liéu
MobiAct v2.0 va 96,16%, 99,90% va 99,60% trén bo dir liéu Up-Fall. Két
qua thyc nghiém dat dugc khi sir dung kich thudce ctra s6 WS = 128 méu
(twong duong 1.5 gidy vdi MobiAct v2.0 va 1.28 giday vdi UP-Fall), DOR =
80%, va thuat toan RF dé phan loai.

Chuong3.  XAY DUNG MO HINH PHAT HIEN SU KIEN NGA

3.1. Giéi thiéu bai toan
3.1.1. Thach thirc trong phat hién nga

Phat hién ngi bang dién thoai théng minh 1a linh vyc tng dung cao nhung
dbi mit v6i hai thach thirc chinh. Thtr nhat, can t6i wu mé hinh hoc may dé
céi thién hiéu suat va d6 chinh xac, dam bao kha ning tong quat hoa tdt, tranh
hién tuong qua khép hodc chua khop. Thir hai, thiéu hut di liéu thuc té vé
su kién nga khién nhiéu nghién ctru phai ding dit liéu mo phong tir phong
thi nghiém, dan dén giam hiéu suat mo hinh khi trién khai thyc té.
3.1.2. Hudéng tiép cin giai quyét thach thirc

Chuong nay giéi’ quyét hai van d& chinh trong phat hién ngi bang dién
thoai thong minh: t6i wvu mo6 hinh RF va xdy dung mo hinh phat hién nga
(FEDM). DBé t6i uu RF, nghién ctru dé xudt thuat toan GA4RF, sir dung GA
dé tu dong tim si€u tham s6 toi wu. GA4RF duoc thiét ké v6i cAu trac nhidm
sic thé, khong gian tim kiém va ham thich nghi phu hop véi dit lidu. Doi véi
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FEDM, nghién ctru tap trung vao phén tich dic trung va huin luyén tir dix
liéu hoat dong binh thuong, khic phuc han ché do thiéu dit liéu ngd. FEDM
két hop GA4RF véi ky thuat so khop dir ligu va ngudng phat hién, gitp phat
hién ngd ma khong can dir liéu nga trong qua trinh huan luyén.

3.1.3. Mot s6 nghién ciru lién quan

Qua phén tich, danh gia cac nghién ctru lién quan, c6 thé thy nhiéu
nghién ctru str dung GA dé Iya chon dic trung. Mot sb it nghién ctru 4p dung
GA dé tbi wu cac siéu tham s6 RF nhung chu yéu rai rac ¢ nhidu bai toan
khac, khong danh cho phat hién nga.

3.2.  Tbi wu md hinh mé hinh RF
3.2.1.  Giai thuit di truyén
3.2.1.1. Hoat dong ciia GA

Giai thuat Di truyén (GA) 1a phwong phap t6i wu dua trén nguyén 1y “kha
nang sdng sot cia nhitng cé thé thich nghi nhat”. Qu4 trinh bat ddu bang viéc
tao ngau nhién cac giai phap dugc ma hoa thanh nhidm sic thé, sau do sir
dung ham thich nghi dé dénh gi4 chit luong cua timg giai phap.

GA thyc hién chon loc thong qua cac phuong phap nhu banh xe roulette,
giai d4u, va xép hang. Sau d6, ap dung hai toan tir di truyén co ban: lai ghép
(két hop phan tir tir hai nhidm sic thé cha me) va dot bién (thay ddi ngau
nhién cac thanh phan). Nho tinh ngau nhién trong tién hoa, GA c6 kha ning
tranh t&i wu cuc bd va tim ra giai phap toan cuc tot hon.
3.2.1.2. Uu diém ciia GA

GA thé hién nhiéu wu diém ndi bat trong giai quyét cac bai toan tdi wu va
tim kiém. Khac voi phuong phép truyén thong, GA khong doi hoi tinh toan
dao ham, c6 thé xir 1y cac ham muc ti€u khong lién tuc va bai toan véi nhiéu
bién phirc tap. GA tao su cin bang giita khai thac va kham pha khong gian
giai phap thong qua tich hop tim kiém ngdu nhién va dinh huéng. Céu trac
song song cho phép danh gia ddng thoi nhiéu phuong an va giam thiéu hoi
tu cuc tri dia phuong. GA con thé hién tinh linh hoat trong biéu dién 1oi giai
va c6 kha ning giai quyét da muc tiéu dé tim ra tap nghiém Pareto t6i uru.

Véi cdu trac module, GA cho phép diéu chinh linh hoat c4c thanh phan
va tich hop tri thirc chuyén gia. Thuat toan hoat dong hiéu qua vai dir liéu
nhiéu va thiéu, phtt hop v6i méi trudng thyc té khong hoan hao.

32.1.3. Han ché ciia GA

Bén canh nhiing uu diém, GA ton tai mot sb han ché dang ké. Hiéu suit
cua GA phu thudc vao viéc xac dinh cac tham s6 nhu kich thuéc quﬁn thé,
ty 1& dot bién va xac suét lai ghép. Thuat toan ciing yéu cau sb luong 16n thé
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hé va quéan thé, dan dén chi phi tinh toan cao.

Mot diém yéu ciia GA nam & viéc ma hoa bai toan thanh biéu dién gen va
thiét ké ham thich nghi pht hop. Cac toan tir di truyén c6 thé pha v t6 hop
gen ¢6 loi, viée xac dinh diéu kién dimg ciing anh huong dén chat lugng giai
phap va hiéu qua tai nguyén. Viéc nim rd nhimg han ché nay 1a yéu t6 then
chdt dé ung dung GA hi€u qua vao thuc té.
3.2.1.4. Gidi phdp tang higu qud tim kiém cho GA

Luan 4n dé xuat hai giai phap cai thién hiéu qua ctia GA khi t6i uu mo
hinh Random Forest trong phat hién nga. Thir nhét, phan tich tic dong ciia
céc siéu tham sé RF dé xéac dinh gia tri t6i wu, thiét ké ciu trac nhiém séc thé
phu hop va khong gian tim kiém hiéu qua, giup giam do phirc tap, ting tdc
d6 hoi tu va nang cao do chinh xac.

Thir hai, ham thich nghi dugc xiy dung dua trén hé sé tuwong quan
Matthews (MCC) dé danh gi4 toan dién hiéu suét, do kha nang xu ly dit liéu
khong cin bing va tan dung day du cac thanh phan trong ma tran nham lan.
Thanh phén logarit dugc tich hop dé ting do phan gidi trong giai doan tinh
chinh, gitp dat nghiém tbi wu.

3.2.2. Deé xuit thuit toan GA4RF

3.2.2.1. Téng quan vé thugt toin GA4RF

Hinh 3.1

3.2.2.2.  Quy trinh thuc hién thudt toan GA4RF
Khéi tao quan thé

Hudn luyén mé hinh Random Forest

Pdnh gid do thich nghi ciia méi cd thé

Kiém tra diéu kién dimng

Chon loc cd thé

Lai ghép

D6t bién

Cdp nhat quan thé méi, danh gid va két thiic vong ldp

S@ e a0 o
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Khdi tao quén thé
(Chl’m ={HF. NT. HD])

¢

RF Faop = Min [Eval (Chrg)]

I >1 Sal

Quén thé mdi

A

Lai ghép

Théa mén diéu
kién dimg

/ B sidu tham sd tdi uu /

Hinh 3.1. Thudt toan GA4RF
3.2.2.3. Ham thich nghi
Fpop( = 1T k.logz (1 = Nyceqiy) (3.10)
Trong do6, k 1a hé sb hiéu chinh; Nmccy 18 hé s6 tuong quan Matthew
chuan hoa cua hoat dong thur 1.

Chon loc

bai lugng log, (1 — Nmcc (i)) dong vai tro quan trong trong viéc dinh
hinh ham thich nghi, giap khuéch dai su khéc biét giira cac gié tri Nmccy:
Viéc nay lam cho mé hinh nhay cam hon véi nhiing thay d6i nho trong gia
tri MCC, dac biét khi MCC dat gia tri cao, tur do toi uu hoa higu suat mo hinh
phat hién ngd mdt cach toan dién va chinh xac hon.

Viéc két hop Ny cc va ham logarit trong ham thich nghi 1a mot cai tién
quan trong, gitp thuat toan GA4RF tim kiém hi€u qua hon cac si€u tham so0
toi vu cho mo hinh RF, dac biét trong boi canh dir liéu khong can bang va
yéu cau phan biét rd rang gilra cac md hinh c6 hi€u suat cao.
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Hinh 3.3. Anh luréng ciia ham logarit trong viéc ting ciromg khd nang phan biét cac
gid tri fitness gan nhau (véi k = 0.75)

3.2.3. Thuc nghiém va danh gia
3.2.3.1. Mo ti thuc nghiém

Bang 3.1. Gia tri ¢dc tham $6 cdi ddt cho GA

Tén tham sé  Gi tri
Nhiém séc thé (Chr)  {Mg, N7, Mp}
Kich thuéc quinthé 100
S6 1an lip lai tdida 10000
Tilélaighép 0.8
Tile dotbién 0.1

3.2.3.2. Két qud va ban lugn
a. Dd,nh gid kha nang hoi tu cua thudt toan GA4RF
% Ket qua thuc nghiém véi b dir ligu MobiAct v2.0

Thyc nghiém trén bé dir liéu MobiAct v2.0
0.035
0.030
0.025
0.020
S 0015
Q.
w
0.010
Foop=1+k.loga(1-Npcc)
0.005
0.000
N M T8O D ®mOmMmMInLMMO T O NSO MM~®ZS Mmoo
I T - T = S = B < - = R+
o o = o o o oF o oF o T T T Ff o F F & T < T o F F F T
A - - O - - A - O - S G- - - A - O A - - - {
T T T T T T T T T T T T T O T - T T T - - T
o O 0 0 0 0 0 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 o0 o0 o o
Nmcc

Hinh 3.4. Gid tri ham thich nghi theo Nycc trong 50 thé hé cudi cimg trude khi théa
man diéu kién dirng tai s lan lap 161 da trén b div liéu Mobidci v2.0
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Thye nghiém trén b dir liéu UP-Fall

0.045
0.040
0.035
0.030
0.025
o 0.020
[]
o
20015
0010 Foop=1+k.ogs (1-Npcc)
0.005
0.000
DS e m N e owEEn s anEen RSN DS
438233383 oRRSEEeEEog0EnRRE
EESREIB8SB fpPEERRERozEgn:
PR PR PR BEEEEREECELEREERREERRE
R R R R R R R EEEE R EERRERRERS
R T T - T T T T O - T - T T B = -
o 0O 0O 000 C 0O 0 0O C 0 Q0 0 o0 C o0 C o0 Q0 o0 oo o o o o
Nmc

Hinh 3.5. Gic tri ham thich nghi theo Nycc trong 50 thé hé cudi cimg truede khi théa
man diéu kién dirng tai 56 lan lap toi da trén bé dir ligu UP-Fall

b. D¢ on dinh cia thudt todan GA4RF

Bdng 3.4. Hiéu sudt trung binh cdc hoat dong trong tap dir liéu Mobidct khi dp
dung thugt toan GA4RF vdi 15 bg siéu tham 56 cudi, trude khi dat diéu kién dirng

Hiéu suit trung binh + D léch chuén cia thudt toin

TT Nhan GAA4RF trén b§ dit liéu MobiAct v2.0 Nhém hogt
Precision Recall MCC F1-scores dong
1  BSC 97.18+0.34 96.85+031 9695+0.30 97.02+0.29
2 FKL 96.17+0.58 96.36+038 96.17+021 96.26+021 Hanhvingd
3 FOL 96.12+0.34 9582+042 9587+0.23 9597+0.22 (Falls)
4 SDL 97.21+£0.29 96.09+£0.20 96.57+£0.21 96.64+0.20

Falls 96.65+024 9628=0.14 9638£0.18  96.46+0.18 ::amcifﬁnﬁffi;:
5 CHU 97.060.50 9535+0.55 9617037 96.19 =036
6 CSI 96.10:041 9547040 95.69+038 9579037
7 CSO 9821+032 9748021 97.81=021 97.84=021
8 JOG 99.56+0.04 99.62+005 99.56=0.02 99.59 = 0.02
9 JTUM 99.97+004 99.83=0.04 99.89+005 99.90=0.04
10 LYD 99.61£0.12 99.73=0.05 99.66+007 99.670.07
11 SCH 9629+023 9827=050 9722+026 97.270.26
12 SIT  100£0.00 99.74=0.12 99.87+0.06 99.870.06 (ADL)
13 STD 99.88+0.01 100£0.00 99.92£000 99.940.00
14 STN 9620:0.18 96.86=020 96.34+0.18 96.530.17
15 STU 97.80£027 9557026 96.50+021 96.680.20
16 WAL 99.61£0.03 99.93=0.02 99.67+002 99.770.02

Hoat dong binh
thwéng

Trung binh trong s6

ADL  99.21+0.04 9925+0.05 99.16+0.05  99.23+0.05 . =  \pp
Trung binh trong s6
All  98.96+0.06 98.96+0.06 98.89+0.06 98.96+0.06 ciia tit cd hoat déng
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Bdng 3.5. Hiéu sudt trung binh cac hoat dong trong bé div ligu UP-Fall khi ép
dung thudt todn GA4RF véi 13 bo siéu tham 56 cudi, triede khi dat diéu kién dimg

Hiéu suft trung binh + D léch chuiin ciia thuit toin

TT Nhin GA4RF trén b dir liéu UP-Fall Nhém hoat déng
Precision Recall MCC F1-scores
I FH 100=000 98.68=0.00 99.33+0.00 99.34=0.00
2 FF  9925+026 99.79+039 9951£032 99.52+031 L
3 FB 98544066 9606087 9725£027 9728£027 C© S‘-; lﬁ'?“ ngd
4 FS  9228+0.57 95.43£0.62 93.74=0.25 93.83%0.24 (Falls)
5 FE 9834043 9579+0.55 97.01=0.33 97.04£0.32

Fall | 97734000 97.21%0.11 97.42+007 97.45+006 movg o o0 50
6 W 9991008 1004000 99.04£005 99.95%0.04
7 ST 9992003 99982004 99.94=0.02 99.9520.02 Hoar dong binh
§ SI 9979005 99.89%0.05 99.80+005 99.84%0.04
9 99.16£0.81 9605507 9756048 97.58%0.47
10 7 9976£000 100£0.00 099.87-000 9988£000  (APL)

11 L 99.86 £0.03 99.91x0.05 99.86=0.04 99.89+0.04
Trung binh trong s6

ADL | 99.85+0.04 99.89+0.03 99.85+0.04 99.87£0.03 . =~ \pp

Trung binh trong s6
ciia tAt ca hoat dong

thuong

All | 99.68+0.03 99.68+0.03 99.65+0.04 99.68 +0.03

3233 So sdnh két qud véi cdc nghién civu khdc
a. So sanh voi cac nghién cuu swr dung bo dir lieu MobiAct v2.0

100
95
%0 *
85
®
g 80 *
8 ! !
1
2 75 1 /
(i [
B K
& 70 - !
> M
= | 1
g & N
I Céac hanh A
0 L Y
; vingd X
- 1
55 | .
, BsC FKL FOL sSDL 1 CHU €SI CSO JOG JUM LYl SCH SIT STD STN STU WAL Falls ADLs Al
s+ ee0 SSRDC [43] 187.00 72.00 70.00 84.00797.00 96.00 99.00 95.00 92.00 58.00 79.00 93.00 90.00 90.00 97.00
=y = = B [25] " 8316 7557 63.10 72 14!53,]5 8019 83 48 9850 9897 9870 78.81 97 71 98 43 9125 92 95 9937
—&— RF mic dinh «94.92 95.58 95.28 55.14155.18 94.75 98.33 99.49 99.91 98.84 96.61 95.84 95.95 §5.02 9550 99.62 §5.23 59.11 58.79|
el GAARF IQ?,SQ 96.81 96.57 96. EN];%E 96.27 97.88 99.60 99.93 99.75 97.45 99.94 99.94 96.69 96.79 99.77 96.91 99.27 99.05|

Hinh 3.6. So sanh hiéu sudt ciia thudt todn GA4RF véi thudt toan SSRDC, IBk va
RF mdac dinh thirc hién trén bo dir liéu Mobidct v2.0
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100 -
f
55 !
1
90 |
]
. 85 I
= |
@ 80 !
o |
2 75
jd i
= I
3 i
2 65 |
2 !
g 60 | L !
T ;= Céc hanh vingd —=1
55 1
'FH FF FB FS FE, W ST sl P 1 L Fals ADLs Al
OP-Tanish [122]| 95.00 94.00 92.00 96.00 97.00{97.00 99.00 99.00 9700 100 100
I .
==dr==Res-TCN [12] i73.00 85.80 62.70 84.70 70.7019%9.20 97.80 99.70 7290 99.10 97.20
—e—RFmacdinh | 99.67 99.69 96.25 9049 94.20!99.97 9992 99.90 98.05 99.88 99.92 96.16 99.90 9950
=l GA4RF ;93.3& 93.06 97.96 9455 35.82-‘9‘5.‘30 9952 99.79 9690 99.88 99.84 97.67 99.82 99.65

Hinh 3.7. So sénh hiéu sudt ciia thudt todn GA4RF vdi thudt todn OP-Tanish, Res-
TCN va RF mac dinh thure hién trén bo div lieu UP-Fall

3.3. Xay dung mo hinh phat hién sw kién nga (FEDM)
3.3.1. Thach thirc trong phat trién mo hinh phat hién sy kién nga
Théch thirc 16n nht trong viéc phat trién mo hinh phat hién sy kién nga
(FEDM) 1a sy khan hiém cua dir liéu ngi thyc té.
3.3.2.  Anh huwéng ciia kich thuéc cira so dir liéu
Viéc lwa chon DWS rat quan trong, vi kich thuéc nay anh hudng dén hiéu
suat nhan dang cua hé thong. DWS qua ngin s& khong cung cap du thong tin
cho céc hoat dong riéng 1¢, trong khi DWS qua dai c6 thé chira nhiéu hoat
dong khac nhau trong cing mot cira so.
Dit ligu thé thu thap bang gia toc ke cia SP

Gia tdc (m/s"2)

Hinh 3.8. Biéu dién mot sir kién ngd dién hinh ciia nguedi di b duoe thu thap bdng
cdm bién gia téc ba truc ctia SP (SP)

3.3.3. Phwong phap thiét ké FEDM
3.3.3.1. Két hop da cira so div liéu:
FEDM str dung song song hai loai cira s6 dit liéu c6 kich thuéc khac nhau.
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Cira s6 dai dugc thiét ké dé phan tich tong thé cac hanh vi thudng ngay, cira
s6 ngin dugc thiét ké dé phan tich cac sy kién nga.
3.3.3.2. Ky thuat so khop linh hoat

Dil liu thé thu thap bang gia téc ke cia SP

5! ;

Bia tdc (m/s"2)

Tilg dong nhat (ry )
_ Hoat déng doan dudc trong céc clia 50 sWSy;

f =
k Hoat dong doan dugc trong cifa so LWS)

Hinh 3.9. Y twomg thiét ké mé hinh phdt hién cée si kién nga (FEDM). Trong hinh
vé, LWS la kich thude cira 56 dai, sWS la kich thidc cira s6 ngén

Phén doan di Céac ma-dun

o liu, trich rit nhan dang ADL L
DULIEV dac trung theo (=={ | theo kich thudc ﬂ::f;sg:ﬁ ﬂaén
HUAN LUYEN kich thude cifa clia sd dai N e
(Cde hoqt ding si dal (LWS) [ARM,, sl

biinh thudng (ADL)
d duge gan nhin)

Phan doan dif Cac mé hinh

1

1

1

1

1

. liéu, trich rit nhén dang ADL So khdp cac hogt dang 8

. d4c trung theo [—>| | theo kich thugc | =] sWSvéi hoat ddng 6LWS

! kich thudc clia cifa 6 ngan

' 5B ngén (sWS) [ARM,, ows]

'

il

|

1

1 " .

B . 1

r‘ PHA PHAT HIIEN _________________________________________________ I\.

- Phan doan du Cac ma-dun -
ligu, trich rat nhan dang ADL |

0l LIEv
PHAT HIEN
| (chuo gdn nhdn)

déc trung theo |=== | theo kich thudc
kich thutc ciia ciia sb dai
54 dai (LWS) [ARMy, 5]

Phan dogn dii Cac md hinh
ligu, trich rit nhén dang ADL So khop céc hoat dgng 6
d4c trung theo [—=| | theo kich thugc | [=>| SWS vdi hoat ddng d LWS
kich thudc clia ciia s ngan (1)

s ngén (sWS) [ARM,, o]

Ti I dong nhat

Hinh 3.10. M6 hinh téng quan phdt hién cac su kién nga
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3.3.3.4. Giai doan téi wu tham so

Giai doan nay duoc thuc hién dé tim ra bo tham sd tot nhat cho FEDM.
Bo tham s6 can tim 1 t,=(LWS,, SWS,, 0,), trong d6 LWS 1a kich thudc
ctia ctra s6 dir liéu 16n (phu hop véi cac hoat dong binh thuong nhu di b,
chay, nhay....), sWS la kich thudc cua ctra s6 dit liéu nho (phu hop voi cac
su kién ngd nhu ngd), va 0 12 ngudng hiéu suit cia md hinh trong viéc phat
hién cac sy kién nga va binh thuong.
3.3.3.5. Giai doan phdt hién

Phén doan d

DU LIEY ligu cifa s Nhan dang i
PHAT HIEN dailWS | | hoatong (—| [ |

(Thu tir cm bigh Trichrit béng céc — : !

giotdcciosp) | |4 dactung | JIARM, | o -foodooo o ;

theo WS ! Sokhdp-Tinhr, k

l 3"“.“‘;‘",r--?--——i——----.i

Phan doan _‘ A T ! | |

LWS thanh . IR |

cécelas ;:ét de Fomm | 1 | Hoat dng hang ngay
ngansWs [~ béhqdércm Fusung . ! ! -

Trichrit o | |
w [ARM, , 5] m
Hinh 3.11. Quy trinh thuc hién nhan dang va phdt hién sy kién nga

3.3.4. Thuc nghiém va danh gia két qua
3.3.4.1. Dirliéu thir nghiém

B0 dit liéu MobiAct 2.0 sir dung dé huan luyén, kiém thir va danh gia cac
phuong phap dé xuat trong phan nay. Chin hoat dong binh thudng trong bd
du liéu MobiAct 2.0 dugc st dung dé huén luyén cac mo-dun ARM.

Bang 3.7. Cdc mdu hoat déng binh thwimg trong bé die liéu Mobidet v2.0 diege stk

dung dé huén luyén mé hinh
T o .
' Npan IO Mé ti Logi hogt
U] gian (s) dong
1 CHU 6gify Chuyén tiép tir ngdi sang ding (dimg lén tir ghé)
2 JOG 30gidy Chaybo
3  JUM 30gidy Nhay lién tuc
4  SCH 6giay Chl.‘lyéll tiép t’l‘:r dieng sang ngdi (ngdi trén ghe) Binh thung
5 SIT 1 phut Ngoi trén ghé véi nhimg ci dong nhe nhang
6 STD  Sphat Dimg véicir dong nhe nhang (hang ngay)
7  STN 10 gidy Bixuéng ciu thang (10 bic)
8§ STU 10 giay Dilén céu thang (10 bac)
9 WAL Sphit Dibd binh thuong
10 Fall | 10 gidy Dit liéu tong hop cua 4 ki¢u su kién ngi khac nhau Ngi

(c4c sw kién ngd) 1a BSC, FKL, FOL va SDL.
3.3.4.2. Mo ta thuc nghiém

Quy trinh td chure cac thuc nghiém dé tim bo tham sd tbi wu, danh gia tinh
hiéu qua cua méd hinh dé xuit FEDS duoc thyc hién nhu sau:
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(1)  Lua chon dix liéu: LAy ngau nhién 70% dit liéu thd cta chin hoat dong
thuong ngay trong bo dir liéu MobiAct v2.0 (Bang 3.7).

(2)  Huan luyén md-dun nhan dang hoat dong (ARM)

(3) Panh gia mo6 hinh dya vao dir liéu cac hoat dong binh thuong;

(4) Danh gia mo6 hinh dya vao dir liéu cac su kién nga;

(5) Lua chon bo tham s6 téi uu ty, = (LWSy,, sSWSy, 0,).

3.34.3. Két qua va ban lugn

a. Hudn luyén mé-dun nhan dang hoat dong (ARM)

Dir liéu tho ctia chin loai hoat dong binh thuong lan luot duge phan thanh
nam loai WS khéc nhau, d6 1a 64 mau, 128 mau, 256 mau, 512 mau va 1024
mau Va thiét 1ap DOR ¢ mirc 80%.

Bang 3.8. Két qua hudn luyén cdc mé hinh 6 cdc WS khdc nhau dia trén chin nhan
ADL thuéng gap trong bé dir liéu Mobidet 2.0
F1-score (%)

Hoat dong Nhin Wws= Ws= WS= WS= WS=
64 128 256 512 1024

Chuyén tiép ti ngdi sang diimg CHU 9670 96.60 9520 9480 9420

(dvmg lén tir ghé)

Chay bb JOG 9650 9850 9950 99.00  99.00
Nhay lién tuc JUM 9810 99.60 9990 99.00  99.90
Chuyén tiép tir dimg sang ngoi (0201 gy 9799 9730 0760 9640  96.10
trén ghé)

Neoitrén ghe véinhimg erdong o1 9590 9970  09.80 9930  99.50

nhe

Dimg voi cir dong nhe nhing STD 99.10 99.70 100 100 100
Di lén céu thang (10 bic) STN 88.60 9260 9500 96.60 94.20
Di xuéng chu thang (10 bc) STU 8870 93.10 0550 96.00 92.70
Bi b6 binh thwéng WAL 9830 9930 99.60 99.90 99.90

b. Bdnh gia mé hinh dwa vao dir liéu cdac hoat dong binh thuong
Bang 3.9. Két qua thir nghiém FEDM v&i bé dit liéu hoat déng binh thieong

Tilé LWS=512 LWS=512 LWS=512 LWS=256 LWS=256 LWS=128
(rg)* sWS=256 sWS=128 sSWS =64 sWS =128 sWS =64 sWS =64

0.1 96.12 96.22 95.94 93.77 93.60 890.05
0.2 96.06 96.17 95.70 93.57 93.20 88.63
0.3 95.98 96.10 95.34 93.32 92.66 88.16
0.4 95.85 95.87 94.73 93.05 91.72 87.57
0.5 95.46 95.62 94.09 92.24 90.78 86.07
0.6 95.22 95.21 92.74 91.72 80.64 84.99
0.7 94.76 94.28 91.15 91.03 87.27 83.41
0.8 94.06 92.63 87.76 90.08 84.20 81.01
0.9 92.88 90.05 80.98 88.27 78.18 77.13

10 80.14 54.01 83.98 61.19 69.39

* 1y cang nhé, két qua dir dodn ciia FEDM trén cde LWS va sWS cang khdc biét
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C. Danh gida mo hinh dwa vao dir liéu cdc s kién nga
Bdng 3.10. Két qud thir nghiém FEDMvéi bé die liéu cdc s kién ngd

TilE LWS=512 LWS=512 LWS=512 LWS=256 LWS=256 LWS=128
(n)*  sWS=256 sWS=128 sWS =64 sWS =128 sWS =64 sWS =64

0.1 90.28 89.45 88.93 96.63 95.36 97.87

0.2 90.13 88.96 88.10 95.64 93.44 96.93
0.3 89.90 88.36 87.20 94.26 92.00 96.03
0.4 89.34 87.27 86.07 93.07 90.01 05.14
0.5 87.88 86.45 85.32 90.33 88.15 02.95
0.6 87.09 85.66 84.65 88.42 85.99 91.88
0.7 86.56 83.86 83.07 86.73 82.90 90.74
0.8 85.59 80.82 80.37 85.04 80.51 89.69
0.9 84.12 76.65 73.69 82.98 77.97 88.61
1.0 79.05 70.31 67.79 80.31 75.61 85.65

d. Lua chon bé tham s6 t6i uu

Muc ngudng 0 = 0.4, LWS = 256 mau, sWS = 128 mau 1a sy lva chon
phi hop dé lam bo tham sb tdi wu cho FEDM. V&i bo tham s6 t, =
(256,128,0.4), hiéu suét phat hién cac hoat dong cua con nguoi (bao gém
ca binh thuong va ngi) déu dat trén 93%.

Bdang 3.11. Két qua thiee nghiém hé thing nhan dang cdc méu chuyén dsng binh
thiromg va ngd

Newimg LVV37= 512 LWS,= 512 LWS i512 LWS,= 256 LWS i256 LWS i128

sWS =256 sWS=128 sWS =64 sWS =128 sWS =64 sWS =64

© ADL. FE ADL FE ADL FE ADL FE ADL FE ADL FE
01 96.12 9028 9622 8945 9594 8893 9377 9663 9360 9536 89.05 9787
02 96.06 90.13 96.17 8896 9570 88.10 93.57 9564 9320 9344 8863 96.93
0.3 9598 8990 96.10 8836 9534 87.20 9332 9426 9266 92.00 88.16 96.03

X o555 5934 9587 8727 9473 8607 [ENCIRCNED 9172 9001 8757 9514

05 9546 8788 9562 8645 9409 8532 9224 9033 9078 8815 86.07 9295
06 9522 8709 9521 8566 9274 8465 9172 83842 8964 8599 8499 9188
0.7 9476 8656 9428 8386 91.15 8307 9103 8673 8727 8290 8341 90.74
08 9406 8559 9263 8082 8776 8037 9008 8504 8420 8051 8101 8969
09 9288 84.12 90.05 76.65 8098 7369 B88.27 8298 78.18 7797 7T77.13 83861
1.0 90.82 79.05 80.14 7031 5401 67.79 8398 8031 61.19 7561 6939 8565

Ghi chii: ADL — Cdc hoat dpng (binh thudng) hdng ngay, FE - Cac sy kién ngd.
3.4. Kétluin chuong
Chuong nay tap trung vao hai van dé trong viéc phét trién FDS: cai thién
hiéu suit cua mé hinh RF va xay dung mo hinh phat hién sy kién nga dua
trén dir liéu hoat dong hang ngay.
Véi vin dé tht nhit, dé xuit thuat toan GA4RF dé tdi wu siéu tham sé
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cho mé hinh Random Forest. GA4RF nbi bat vi ciu tric nhidm sic thé va
khong gian tim kiém dugc thiét ké dua trén phan tich tac dong ctia siéu tham
s6. Ham thich nghi st dung thuéc do MCC dé danh gia toan dién hiéu suat
va tich hop yéu t6 logarit dé ting kha nang phan biét. Két qua thuc nghiém
cho thiy Fl-score ting tir 95.23% lén 96.91% trén MobiAct V2.0 va tir
96.16% Ién 97.67% trén UP-Fall.

V6i van dé thr hai dé xuat mé hinh FEDM tich hgp phuong phap
TFDHD, thuat toan GA4RF, phuong phap so khép dir liu linh hoat va k¥
thuat nguong. FEDM dat hiéu suét trén 93% trong phan biét hoat dong binh
thuong va sy kién ngd. Cac két qua nghién ctru da duoc cong bé trong [CT2],
[CT3], [CT4] va [CT5].

KET LUAN VA KIEN NGHI

Luan 4n phat trién cic giai phap ning cao hiéu qua hé thong phat hién nga
dua trén cam bién gia tc cua dién thoai thong minh, v6i hai dong gop chinh
1a phuong phép trich rat dic trung méi va thuat toan tdi wu mo hinh Random
Forest.

Phuong phap trich rut dic trung TFDHD két hop céc dic trung tir mién
thoi gian, tan s, tham sé dinh hudng va Hjorth. Thuc nghiém trén MobiAct
v2.0 cho Fl-score 95.23% trong phat hién nga, 99.11% vai hoat dong binh
thuong va 98.79% véi hoat dong tong hop. Trén UP-Fall dat twong tmg
96.16%, 99.90% va 99.60%.

Thuat toan GA4RF dugc thiét ké dé tdi vu siéu tham sé cho mé hinh
Random Forest, gitp nang F1-score phat hién nga tir 95.23% 1én 96.91% trén
MobiAct v2.0 va tir 96.16% 1én 97.67% trén UP-Fall. M6 hinh FEDM dua
trén su két hop cia GA4RF véi ki thuat so khép dit liéu linh hoat va ngudng.
Két qua thuc nghiém dat hiéu suit trén 93% trong phan biét hoat dong binh
thuong va su kién nga.

Nghién ctru con mét s6 han ché nhu thiéu dit liéu nguoi Viét Nam, chua
thir nghlem day du cac phuong phap trich rat dac trung tu dong va cac giai
phap t6i wu khac. Hudng phat trién twong lai s& tap trung vao xay dung dit
liéu da dang, thu nghi¢m phuong phap trich rut déc trung tu dong, va phat
trién mé hinh xtr 1y thoi gian thyc. Xa hon, nghién ctru s& mo rong tmg dung
trén dong ho thong minh va tich hop hoc ting cudong dé thich nghi véi timg
nguoi dung.
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