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LOI CAM DOAN

T6i xin cam doan Luan 4n Tién si ndy, v6i tiéu d& “Nghién civu phdt trién mot sé kj
thuat trich rut dac trung va 16i ru mé hinh Random Forest trong phat hién sy kién
ngd ciia con nguoi bang dién thoai théng minh” 1 cong trinh nghién ctru khoa hoc
cua toi dudi sy hudng dan cia PGS. TS Nguyén Ha Nam. Noi dung cua luan an khong
co su sao chép hay sur dung dé bao vé cho mot hoc vi nao khac. T4t ca cac sd licu, két
qua va tai liéu tham khao trong luan 4n déu c6 ngudn gdc 1d rang va da duogc trich

dan day du theo quy dinh.

Céc két qua nghién clru cua to1 viet chung voi cac tac gia khac da dugce sy nhat tri cua
dong tac gia khi dua vao luan an. Toi chiu trach nhiém hoan toan vé sy trung thuc va

tinh chinh x&c ctia nhirng ndi dung dugc trinh bay trong luan an.

Luén an ndy dugc hoan thanh trong thoi gian t6i lam Nghién ctru sinh tai Vién Cong

ngh¢ Thong tin, Pai hoc Qubc gia Ha Noi.

NGUOI CAM DOAN

Nghién ciru sinh

Lé Hong Lam



LOI CAM ON

Qua trinh hoc tap, nghién ciru va hoan thanh lun an tién si ndy dem lai cho toi cac
trai nghiém thu vi va nhiéu thach thirc trong cudc sdng. Trong sudt qua trinh nay toi
da nhan dugc su quan tam, gitp d& va dong vién cuia rat nhiéu tap thé va c4 nhan. Téi
xin giri 101 cam on chan thanh va sau sic dén tat ca nhirng ngudi da dong hanh cing

t6i trong sudt hanh trinh nay.

Ngudi dau tién tdi mudn bay to 1ong biét on v6 han 12 thay gido - PGS. TS. Nguyén
Ha Nam, nguoi da ludn theo sat, tan tinh chi bao va dinh hudng cho t6i thuc hién
cong trinh nghién ctru nay. Thay 1a ngudi di truyén dat cho t6i niém dam mé, sy
nghiém tac, chinh x4c va sang tao trong khoa hoc. Thay ciing 1a ngudi di khuyén
khich va gitip d& t6i ca vé vat chat 1an tinh than dé vuot qua nhitng kho khan va thir

thach trong qua trinh nghién ctru.

T6i mudn giri 101 cam on chan thanh dén cac thay gido — TS. Nguyén Pic Nhan va
cac thay, ¢ gido, cac anh, chi, em NCS va c4c em hoc vién cao hoc trong nhoém cia
thay gi4o Nguyén Ha Nam. Ho di déng gop kién thirc, kinh nghiém va hd trg nhiéu

diéu b6 ich dé t6i ngay cang hoan thién.

Tiép theo, toi xin chan thanh cam on Ban linh dao, Phong Khoa hoc Cong nghé va
Pao tao, thdy gido PGS. TS. Lé Hoang Son va cong su trong LAB Al 4.0 va céc
phong chtrc ning, chuyén mén ctia Vién Cong nghé Thong tin, Pai hoc Qudc gia Ha
Noi d3 tao diéu kién thuan loi dé t6i hoc tip va hoan thanh luan an. Téi ciing xin giri
101 tri an dén cac thay co gido di giang day va hudng dan toi trong cac hoc phan cua

chuong trinh tién si.

T6i xin t6 long biét on va kinh trong ddi v6i cac hoi ddng danh gia luan an ciing cac
thay c6 giao tham gia qué trinh phan bién da danh thoi gian, cong stc dé doc va nhan
xét luan an. CAc ¥ kién, nhan xét, danh gia ctia quy thay c6 di giup t6i hoan thién

ludn 4n va nang cao chat lugng cong trinh nghién ctru.



Ngoai ra, t6i xin cam on cac co quan, to chirc va ¢4 nhan da cung cép dit liéu, thong
tin va thiét bi cho cong trinh nghién ctru ndy. Ti xin ghi nhan su gitp d& ctia c4c nha

khoa hoc, tac gia cac cong trinh nghién ctru tham khao, trich dan trong luan 4n nay.

T6i s& khong thé hoan thanh luan 4n ndy ma khong nhan duogc su gitp do cia co quan
chu quan. Téi biét on tap thé Lanh dao truong Pai hoc Su pham K§ thuat Vinh, 1anh
dao va cac déng nghiép tai Khoa Pién tir d3 h tro, tao diéu kién thuan loi dé t6i hoc

tap, nghién ctru va hoan thanh luan an nay.

Dbac biét, to1 xin bay to6 long biét on sau sic dén cha, me dé, me vo, hai con nho va
ngudi vo yéu quy cua toi 1a Nguyén Thi Anh Quynh - ngudi da khong quan moi gian
lao, vat va, ludn bén canh, chia s¢ va hy sinh vi t6i. Em 1a nguon dong luc 16n nhét
cho t6i vurot qua moi kho khin va thach thirc trong sudt qua trinh hoc tap, nghién ctiru

va hoan thanh luan 4n. Em 14 ngudi ban dong hanh, ngudi ban tri ky cua toi.

Cubi cung, t6i xin két thic dong tm sy bang 10i cam on sau sic nhat dén dai gia dinh,
anh, chi, em ndi ngoai va ban bé cua t6i. Ho da ludn ung ho, khuyén khich va gitp
do toi trong sudt qua trinh hoc tap, nghién ctru va hoan thanh luan an. Thanh tuyu nay

s€ khong thé dat duoc néu khong c6 ho.

Ha Noi, ngay ...... thang ...... nam 2024

NGHIEN CU'U SINH

Lé Hong Lam
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MO DAU

Ly do chon d¢é tai

Gia hoa dan s va cac bénh 1y lién quan dén tudi tic nhu tim mach, cao huyét ap dang
1a van dé toan cau. Nhitng bénh 1y nay c6 thé ddn dén dot quy hodc ngd, dic biét &
ngudi cao tudi. Ngi 1a nguyén nhan hang dau gy chan thuong va tir vong & nhoém

nay, anh hudng nghiém trong dén stc khoe va chét luong cudce sdng cia ho.

Theo T6 chie Y té Thé giéi (WHO), nguy co ngé va chan thuong nghiém trong do
nga gia tang theo do tudi [1]. Mdi nam, ctr 3 nguoi trén 65 tudi thi ¢6 1 ngudi va cir
2 nguoi trén 80 tudi thi c6 1 ngudi bi ngi it nhat mot lan [2]. Gan 40% trong sb nay
bi nga tai phat [3]. Pang lo ngai hon, gan 50% ngudi bi ngd khong thé ty dung day
[4], dAn dén céc bién ching nhu ha than nhiét, mat nudc, loét ti dé va viém phoi, lam

tang nguy co nhap vién [5].

Trén thé gidi, ude tinh mdi nam cd 684.000 ngudi tr vong do nga, chu yéu & cac
nudc thu nhap thap va trung binh, tap trung tai khu vuc Tay Thai Binh Duong va
Pong Nam A. Nga ciing 12 nguyén nhan din dén hon 38 triéu DALY (s6 nim song
duoc diéu chinh theo muc d6 tan tat) bi méat mdi nim, cao hon so véi téng s6 nim

song chung véi cac di ching do tai nan giao thong, chét dudi, bong va ngd doc [6].

Tai Viét Nam, tinh trang ngd ¢ ngudi cao tudi 1a mot van dé dang bao dong, can duoc
quan tim va c6 bién phap phong ngira hiéu qua dé giam thiéu nhiting hau qua nghiém

trong vé strc khoe va chat lugng cudc song..

Hau quéa do nga gay ra co thé dugc giam dang ké néu duoc phat hién sém. Nhan thic
dugc tam quan trong cia viéc nay, nghién ciru sinh (NCS) d4 Iya chon dé tai “Nghién
civu phat trién mét so ky thudt trich rit déc trung va téi wu mé hinh Random Forest
trong phat hién sw kién nQ& ciia con nguwoi bang dién thoai théng minh” nham gop
strc cting cong dong trong cong tac phong chéng va giam thiéu hau qua cta ngi, dic

biét 1a d61 véi nhdom ngudi yéu the va ngudi cao tudi.



Dién thoai thong minh (SP) ngdy nay dong vai tro thiét yéu trong cudc séng hang
ngay. Ching dugc sir dung dé quan 1y thoi gian, cong viée, theo ddi sirc khoe va két
ndi moi ngudi. Theo théng ké, SP 1a vat dung dau tién chiing ta cdm khi thire ddy vao
budi sang va 1a thir cudi ciing duoc st dung trude khi di nga [7]. Nho dugce trang bi
cam bién quan tinh, di¢n thoai thong minh c6 kha nang nhan biét cac hoat dong
thudng ngay cua ngudi dung. Day 13 co s& dé phat trién cac ung dung hd tro chim
soc suc khoe, theo doi hoat dong thé chit, phat hién nguy co ngé va dua ra canh bao

kip thoi.

Hé thdng nhan dang hoat dong cia con nguoi thudng dugc xdy dung dua trén phuong
phap hoc sau va hoc may, mdi phuong phap cé wu - nhuoc diém riéng. Cac mo hinh
hoc sau c6 kha nang tu dong trich xuét va hoc céc dic trung phuec tap tur dir li¢u dau
vao, tu hoc va diéu chinh tham sé theo dit liéu, gitup cai thién kha nang phat hién va
phan loai cac su kién nga. Tuy nhién, m6 hinh hoc sau doi hoi lugng dir li¢u 16n dé
huén luyén, tiéu ton nhiéu tai nguyén tinh toan, cong suit va thoi gian huin luyén.
Diéu nay 1a mot thach thie 16n khi dir liéu nga thuc té rat kho thu thap. Cac thuat toan
hoc sau thudng khong phu hop dé phat trién mé hinh phat hién ng trén cac thiét bi

c6 tai nguyén tinh toan va ngudn dién han ché nhu dién thoai thong minh [8-11].

Nguoc lai, ca&c md hinh hoc may thuong cé hiéu suit phan loai tot trén cac bo dir liu
nho, dé tich hop va trién khai trén céac thiét bi c6 san véi tai nguyén han ché nhu dién
thoai thong minh. Tuy nhién, hiéu suat phan loai va kha nang nhan biét su kién nga
ctia c&c Mo hinh hoc may phu thudc nhiéu vao thiét ké dic trung thu cong, doi hoi sy

hiéu biét sau sac vé dir liéu [12-15].

Luan an nay tap trung vao viéc phat trién mot mo hinh phat hién sy kién nga dua trén
dién thoai thong minh. DAy 1a mot bai toan phirc tap, doi hoi giai quyét nhiéu van dé
nhu t6i vu nang lugng, dir li¢u khan hiém, tai nguyén han ché va nhiéu cau hoi nghién

ctru khac can tim 10i giai.



Cau héi nghién ciru
Céu héi nghién ctru thir nhat: Lam thé nao dé cai tién va phat trién cac k¥ thuat
trich rt ddc trung trung manh mé& va hiéu qua tir dir liéu tho thu thap bang cam bién

quan tinh cua dién thoai thong minh dé cai thién kha nang phan loai cac sy kién nga?

Cau héi nghién ciru thir mgt: Nhirng y€u t6 nao anh huong dén do chinh xac va
hiéu suat cua mo hinh Random Forest trong viéc phat hi¢n su ki¢n nga, va lam thé

nao dé to1 uu hoa cac yéu t6 nay nham nang cao hi¢u qua cua h¢ thong?

Ciu héi nghién ctru thir hai: Lam cach nio dé phat trién mot mo hinh phat hién su
kién ngd c6 kha nang thich (mg véi cac diéu kién thuc té, dic biét khi dir liéu vé sy

kién ngd kho thu thap va gan nhan trong thé giéi thuc?

Muc tiéu ciia dé tai

Luan 4n nay hudng dén viéc xay dung mot hé thong phat hién nga thuc tién va dé st
dung, tin dung cic cong nghé c6 san trén dién thoai thong minh va giai quyét cac
thach thuc lién quan dén dit liéu thuc té. Dé dat duoc muc dich nay, luan an tap trung

vao ba muc tiéu cu thé nhu sau:

Muc tiéu thi nhét: Phat trién va cai tién cac ky thuét trich rat dac trung manh mé
va hiéu qua tir dit liéu cam bién quan tinh trén dién thoai thong minh dé cai thién kha

nang phan loai cac su kién nga.

Muc tiéu thir hai: Xéc dinh cac yéu t6 anh hudng dén dd chinh xéc va hi€u suat cua
mo hinh Random Forest trong viéc phat hién su kién nga, va toi uu héa cac yéu tod

nay dé nang cao hi¢u qua ctua hé thong.

Muc tiéu thir ba: Phat trién mot mo hinh phat hién sy kién nga c6 kha nang thich
tmg v6i diéu kién thuc té, dic biét khi dir liéu vé sy kién ngd kho thu thap va gan

nhin trong thé gidi thuc.



Péi twong va pham vi nghién ciru

Déi tuong chinh ctia nghién ctru 1a cac sy kién ngd cta con ngudi, dugc phat hién
thong qua dit liéu thu thap tir cic cam bién trén dién thoai thong minh, nhu gia téc ké
va con quay hoi chuyén. Nghién ciru tap trung vao viéc danh gia va phat trién cac
phuong phap trich xuit thong tin hitu ich tir dir liéu tho thu thap tir cic cam bién nay
nham lam ndi bat cac diu hiéu nhan biét sy kién nga. Bén canh do, nghién ctru cling
tap trung vao phén tich va tdi vu hoa moé hinh may hoc Random Forest dé ning cao
d6 chinh x4c va hiéu suat cua hé théng phat hién nga dya trén cac dac trung da duoc
trich xut. Ngoai ra, pham vi nghién ctru giGi han trong viéc st dung dién thoai thong
minh 1am thiét bi thu thap dir liéu, tan dung cac cam bién c6 sén va kha nang két ndi,

cai dat phan mém trén thiét bi dé thyc hién qua trinh phat hién va bao hiéu nga.

Y nghia khoa hoc va thuec tién ciia dé tai

Pé tai tap trung vao viéc phat trién va cai tién cac k¥ thuat trich rat dic trung manh
mé tir dit liéu cam bién quan tinh trén dién thoai thong minh. Diéu ndy déng gop phan
1am phong phii thém tai liéu nghién ctru, mé rong kién thirc va phuong phap tiép can
trong linh vuc xtr 1y tin hi¢u va hoc may, dac biét la trong bai toan phan loai su kién

phuc tap nhu phat hién nga.

Nghién ciru phan tich va danh gia cac yéu té anh hudng dén hiéu suit cia mo hinh
Random Forest trong bdi canh phat hién ngi s& cung cap hiéu biét siu sic vé cach ap
dung va diéu chinh mé hinh nay cho cac bai toan phan loai tuong tw. Piéu nay khong
chi c6 gia tri cho nghién ctru hién tai ma con co thé ap dung cho céc linh vuc khac

trong hoc may.

Viéc phat trién mé hinh c6 kha ning thich tng voi dit liéu ngd kho thu thap va gan
nhin trong thé gidi thuc dong gop vao nghién ciru vé hoc may trong diéu kién dir lidu
han ché. Diéu ndy mé ra huéng di méi trong viée xir 1y dit liéu khong can bang va

thi€u nhan.



Viéc str dung dién thoai thong minh lam thiét bj thu thap dir li¢u va phat hién nga
gitip hé thong tré nén dé tiép can va tiét kiém chi phi, dong thoi tan dung cac cong
nghé c6 sin ma ngudi dung da so hitu, tir d6 khuyén khich viée ap dung rong rii trong

cong dong.

San pham ctia dé tai c6 thé phat trién thanh phadn mém mién phi cai dit trén dién thoai
hozc dong ho thong minh, gitup ngudi dung tu theo ddi hoat dong va phong ngira cic
rti ro ngd. Hé thong phat hién nga khong chi hd tro c4 nhan ma con co thé tich hop
vao cac dich vu y té cong dong, gop phan nang cao chat lugng chiam soc sirc khoe va

an toan cho xa hoi.

Pong gop cua luan an

Pong gop thir nhat: Dé xuit mot phuong phap trich xuit dic trung méi tir dix lidu
gia téc 3 truc bang cach két hop cac dic trung tir mién thoi gian, mién tan sd, cing
véi cac tham sé dinh huéng va tham sé Hjorth. Viéc két hop da dang cac loai dic
trung nay giup tang cuong kha nang phan tich va nhan dang céac sy kién ngd mot cach
hiéu qua. Két qua tir dong gop nay da duoc cong bd trong cac cong trinh [CT1],
[CT2], [CT3].

Pong gop thir hai: Pé xuat thuat toan GA4RF bang cach str dung giai thuat di truyén
dé tim bo siéu tham sé ti wu cho Random Forest. GA4RF thé hién kha nang tim kiém
bo siéu tham s6 t6i wu nho cau trdc nhiém sic thé, khéng gian tim kiém va ham thich
nghi duoc thiét ké theo huéng mai phit hop véi dac thi cua céc bo dir lidu nga. Bén
canh do, luan an con phat trién mo hinh phat hién sy kién ngd (FEDM) dya trén dix
lieu cac hoat dong binh thuong hang ngay. FEDM két hop wu diém cuaa thuat toan
GA4RF di tdi wu, cung voi ky thuat so khép dir lidu linh hoat va ky thuat
ngudng. Piéu nay cho phép FEDM phan biét hiéu qua giita cac hoat dong binh
thuong (dit liéu huan luyén) va céc su kién nga (dit liéu mai), mang lai kha ning phat
hién nga chinh xéac ngay ca khi dix liéu vé su kién nga khan hiém. Két qua tir cac dong
g6p nay da duoc cong bé trong cac cong trinh [CT2], [CT3], [CT4], va [CT5].



Phwong phap tiép can

Nghién ctru sinh tiép can deé tai nay theo mot quy trinh c6 hé théng, bat dau tr viée
tong hop va phan tich cac nghién ctru hién c6 vé nhan dang hoat dong va phat hién
nga. Qu4 trinh nay giup danh gia duoc vu nhuoc diém cia cac phwong phap hién tai,

tor d6 xay dung nén tang cho viéc dé xuat giai phap moi.

Dua trén nhitng danh gia nay, NCS s& tap trung kham phé va cai tién cac k¥ thuit tién
xu ly dit li€u, trich rat va lya chon dic trung, nham chuén bj dit liéu chat luong cao

cho qua trinh huan luyén mé hinh.

Vié¢e Iya chon moé hinh phan loai phu hop ciling dong vai tro quan trong. NCS s& thur
nghiém voi nhiéu mé hinh khac nhau nhu Random Forest, J48, SVM, kNN va ANN
dé so sanh va chon ra mo hinh hiéu qua nhat cho bai toan phat hién nga. Sau khi da
xéac dinh dugc mé hinh phu hop, ludn an sé tap trung vao viéc tim kiém giai phap tdi

uu hoa dé nang cao hi¢u suat ctia mo hinh nay.

Cudi cung, dé dam bao tinh thuc tién cta hé théng, nghién curu s€ tap trung vao viéc
phat trién mo hinh c6 kha ning hoat dong tot trén dir lidu thuc té, bao gdm ca cac

truong hop nga kho thu thap.

Phwong phap nghién ciru

Nghién ctru s& két hop gitta phuong phap 1y thuyét va thuc nghiém. Vé mit 1y thuyét,
nghién ctru sinh s& tién hanh nghién ciru chuyén siu vé cac khai niém va nguyén 1y
lién quan dén xu 1y tin hi¢u, khai pha dit liéu, hoc may va tri tué nhan tao, dac biét la
cac phuong phéap trich xuét va Iya chon dic trung, téi vu cac mo hinh phan loai va
phat trién mo hinh phat hién sy kién ngi. Qua trinh nay doi hoi viéc tham khao va
danh gia k¥ ludng cac nghién ctru trong va ngodi nudc, nham tim ra giai phap phu

hop nhét cho bai toan phat hién ngi bang dién thoai thong minh.

Vé mit thue nghi¢m, nghién clru s¢€ bat dau tir viéc sir dung dir li€u tho thu thap tur

cam bién gia toc cua dién thoai thong minh va céc thiét bi deo. Dir li€u nay s€ dugc



tién hanh phan doan va trich xuat dic trung theo cac huéng dé xuit trong phan 1y
thuyét. Sau d6, NCS s& tién hanh huan luyén céac thuat toan phan loai va cac mé hinh
dé xudt trén bo dir lidu da duoc xir Iy. Cudi ciing cta qua trinh nghién ctru sé tap trung
vao viéc danh gia va so sanh hi¢u suét phan loai hoat dong va phat hién nga cua cac
giai phap dé xuit. Viéc so sanh nay s& duogc thuc hién véi cac nghién ciru lién quan
trén cting mot bo dit liéu, dam béo tinh céng bang va khach quan trong danh gia. Két
qua tir qua trinh nay s€ gitip xac dinh hi¢u qua cua cac k¥ thuat trich rat dac trung,

phuong phap toi vu va hiéu qua ciia mé hinh di dé xuat.

B0 cuc cua luan an

Ngoai phan MO PAU trinh bay vé Ly do chon dé tai, Cau hoi nghién ciru, Muc tiéu
cta dé tai, P4i twong va pham vi nghién ctru, Y nghia khoa hoc va thyc tién cta dé
tai, Pong gop cua luan an, Phuong phép tiép can va Phuong phap nghién ciru. Noi

dung chinh cta luan an dugc phén thanh ba chuong nhu mo ta trong Hinh MD. 1.

Chuong 1 giéi thiéu cac khai niém co ban vé hanh vi binh thudng va bat thudng cia
con ngudi trong cudc sdng hang ngay, xac dinh rd cac loai hanh vi dugc xem 1a binh
thudong va bat thudng dé 1am co sé cho cac chuong tiép theo. Chuong nay ciing tong
hop cac nghién ciru lién quan trong va ngoai nudc dé cung cap cai nhin tong quan vé
linh vuc nghién ciru. Ngoai ra, chuong 1 con trinh bay tong quan vé kién trac chung
ctia mot hé théng nhan dang hoat dong. Muc tiéu chinh 1 1am r3 1y do cho viéc (i) s
dung dién thoai thong minh (SP) dé phat hién su kién nga, (ii) chi st dung cam bién
gia tdc trén SP dé thu thap dit li€u va trich xuat dic trung, va (iii) lya chon cdc mo

hinh hoc may (ML) phi hop cho hé thong nhan dang su kién nga.

Chuwong 2 tap trung vao cac phuong phap tién xir Iy, phan doan dir liéu chudi thoi
gian va Quy trinh trich rat dac trung. Chuong nay cung cép giai phap dé tra 16i Cau
hoi nghién ctru thir nhat v6i myc tiéu tim ra: (i) tap dic trung pht hop dé nhan dang
cac sy kién nga, (ii) kich thudc cira so dir lidu (DWS) vai su kién nga, (iii) ty 16 xép

chdng dit liéu (DOR) phu hop, va (iv) thuat toan phéan loai hiéu qua nhat cho phuong



phap dé xuét. Cac phuong phap va két qua trinh bay trong chwong nay lién quan dén
cac cong trinh [CT1], [CT2], [CT3].

Chuwong 3 gidi thiéu giai phap t6i vu hdéa mé hinh Random Forest nhdm nang cao
kha nang phan loai cac sy kién nga va phat trién mo hinh phat hién nga phu hop véi
dir 1i€u kho thu thap nhu dir liéu nga. Muc ti€u ctia chuong nay 1a tra 161 cho Cau hoi
nghién ctru thr hai va Cau hoi nghién ctru thir ba, cung cip cac giai phap nham cai
thién d6 chinh xac ctia hé thong phat hién ngi. Cac ndi dung va két qua nghién ctru

lién quan dén cac cong trinh [CT2], [CT3], [CT4], va [CT5].

Cuoi cung, phan Két luan va kién nghi tom tat nhirng két qua dat dugc cua luan an,
d6ng thoi phan tich nhitng han ché va cac van dé chua hoan thién. Tir 6, dé xuat céac

hudng nghién ctru va giai phap bd sung dé hoan thién nghién ciru trong twong lai.

[ MG PAU ]

[ Chuang 1. TONG QUAN ]
Chuang 2. Chuong 3.
TRICH CHON BAC TRUNG XAY DUNG MO HINH PHAT HIEN SU KIEN NGA
[CT1,CT2, CT3] [CT2, CT3, CT4, CT5]
[ KET LUAN VA KIEN NGHI ]

Hinh MD. 1. Bé cuc cuia ludn dn



Chwong 1. TONG QUAN

Chuong nay gi6i thiéu cac khai niém co ban vé hanh vi binh thuong va bat thuong
clia con ngudi trong cude sdng hang ngay, ddng thdi thdng nhat cac khai niém dé 1am
co s& cho cac chuong tiép theo ctia luan an. Chuong ciing trinh bay céu triic chung
ctia hé thdng nhan dang hoat dong cia con ngudi (HAR) va cac nghién ctru lién quan
dén phat hién nga. Trong tim ctia chuong 12 trinh bay 1y do str dung dién thoai thong
minh va cam bién gia téc ké dé phat trién hé thong phat hién nga, ciing véi viéc lua
chon cac md hinh hoc may (ML) phu hop. Ngoai ra, chwong nay con gidi thi€u céac
phuong phép danh gia hiéu ning ctia mé hinh, thao luan vé tinh hinh nghién ctru hién

tai, tr d6 dan dat dén van dé can nghién ctru va cac dong gdp chinh cua luén an.

1.1. Mot s6 khai niém co ban

Pénh gia mot hanh dong 13 binh thudng hay bat thuong khong don gian vi né phu
thudc vao quan diém cta tung nguoi ddi véi su kién hodc hanh dong d6. Vi vay, dé
phan biét rd hon giita hanh vi binh thuong va bat thudng, mot s6 khai niém sau day

can dugc théng nhat.

(i)  Hanh vi la nhitng phan tng, cach cu xir, biéu hién ra ngoai caa mot ngudi trong

mat hoan canh cu thé [16];

(ii)  Binh thuong la nhitng su viéc, hanh dong khong khac thuong, khdng co gi dac
biét [16];

(iii) Bat thwong la nhitng sy viéc, hanh dong khong theo 1é thuong, khdng gidng
binh thuong [16];

(iv) Hanh vi binh thong 1a cac hoat dong thudng ngay cia con ngudi nhu ngoi,

nam, dung, di bd, chay, nhay, di 1én cau thang, di xudng cau thang, v.v.

(v) Hanh vi bdt thirong 1a cac hoat dong khong binh thudng so voi cac hoat dong

binh thuong da liét ké, chang han nhu nga.



(vi) Nga duoc dinh nghia 13 co thé cia con ngudi dot ngot di chuyén tir vi tri cao

1.2.

xudng vi tri thap ma khéng cé chir y hozc do vé tinh [6, 17]. Nga 14 tinh trang
khéng mong muédn va tiém an nhiéu nguy co gy chin thuong cho ngudi gia va
ngudi bénh. Nga c6 thé gay ra nhitng hau qua nghiém trong, anh huong dén stc

khoe thé chit, tham chi de doa tinh mang.

Céu truc chung cia hé théng nhan dang hoat dong

Hé thdng phat hién ngd (FDS) 1a mot phan trong hé thdng nhan dang hoat dong cua

con nguoi (HAR). Phan nay s& gisi thidu tong quan vé HAR va cac thanh phan cau

thanh cia n6. HAR thuong bao gdm ba phan chinh, duoc minh hoa trong Hinh 1.1:

1)

(@)

©)

Thu thap dit liéu: Hé thong nay c6 nhiém vu ghi nhan céc tin hiéu md ta hoat
dong cua con ngudi thdng qua cac cam bién. Dir liéu nay s& hd trg cho qua

trinh phat hién hoat dong va cac su kién nga.

M6 hinh nhan dang hoat dong: Phan nay thuong st dung céc thuat toan hoc
may (Machine Learning - ML) va hoc sau (Deep Learning - DL) dé phan tich
dir liéu da thu thap. Muc dich 1a xac dinh trang thai hoat dong ctia nguoi dung,

bao gom viéc danh gia nguy co nga.

Hé thdng truyén thdng tin canh bao: Pam bao rang khi phat hién nguy co,
thong diép canh béo s& duoc guri ngay 1ap tire dén ngudi sir dung hoic nhiing
nguoi lién quan. Piéu ndy cho phép ho co thé cung cap su tro gidp kip thoi

trong trudng hop Xay ra su ¢o.

Bing céach két hop ba thanh phan nay, hé théng HAR c6 thé theo ddi, phan tich va

phan tng hiéu qua doi véi cac hoat dong cua con ngudi, dac biét 1a trong viéc phét

hién va ngan ngua cac su kién nga.

10



THUTHAPDU LIEU

NHAN DANG HOATDONG

Trichxuittinh ning

= =
~ I_¢_| =
0 oo
=

[ i

Machinelearning

Phanloaihanhddng

20
£
c
i
S
SECHS
o
D
1
= D <
=

TRUYEN TIN CANHBAO

iie
g eﬁg
AR

\C‘a//

w
L)
—N

Hinh 1.1. Cdu triic chung ciia hé thong HAR [18-21].

1.2.1.

Thu dir thap liéu cho HAR.

Hiéu suét caia HAR phu thudc nhiéu vao phuong thue stir dung cam bién dé thu thap

dir liéu. Céc hé thong HAR thudng duoc phan thanh cac nhom dua trén vi tri gdn cam

bién thu dir li¢u, dién hinh la: (a) dua trén cac loai cam bién mai truong xung quanh,

(b) dya trén cac loai cam bién trén thiét bi deo duoc, va (c) cong ngh¢ cam bién lai

[22, 23]. Cac loai cam bién thong dung ctia mdi nhém duge thong ké nhu Hinh 1.2,

Cam bién ﬁ CAC LOAI CAM BIEN DUNG TRONG HAR
moi truéng xung quanh

| fmorrng g anenm T T \
{____ MHimhanh Cam bién thiét bi deo Két hgp
E’ """"" A &1 t-har-1h """"" (IMU, Smartphone, Smartwatch) nhiéu loai cam bién
T — L | Cacloaicambien
T Conquay iy {{_1 g s et
::::::::::::::::::::::::::::: """"""""" "": """"""" (CTTTTTTTTT T \
i  Sieudm H I Tuke ] {  Céc loai cam bién
| Chuyén dong o fpke ] {  cuathiétbideo |

Hinh 1.2. Cdc logi cam bién thwong ding trong HAR.
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1.2.1.1. Cidc loai cim bién méi trwong xung quanh

H¢ théng phat hién nga str dung nhiéu loai cam bién méi truong nhu cam bién hinh
anh (camera), 4m thanh, 4p suit san, chuyén dong PIR, radar, siéu 4m dé theo di
hoat dong va phat hién trudng hop ngé cia con ngudi [24]. Hé théng nay thuong phu
hop dé theo ddi cac hoat dong trong khong gian nhé nhu vién dudng 1o, cac cin
phong chim soc bénh nhan va nha riéng. Huéng tiép cin ndy c6 mot sd han ché nhu
chi phi lap dat va bao tri cao, khong gian gidm sat bi gii han va chiu nhiéu anh hudéng
tir nhidu moi truong [24]. Ngoai ra, hé thong nghe, nhin thudng gay cho ddi tuong

dugc chiam soc cam thdy quyén riéng tu bi xAm pham [23, 24].

Camera doi hdi bing thong va chi phi xir Iy 16n, dé bi anh huéng bdi 4nh sang, bong
t6i va cac vat can che khuat tim nhin, khién viéc phat hién trudng hop ngd mot cach
chinh xac gap kho khian. Cam bién am thanh dé chiu tac dong boi tiéng 6n bén ngoai
va c6 thé kho phan biét tiéng ngd véi cac 4m thanh khac, dé bo lot trudng hop nga
khong giy ra tiéng dong manh. Cam bién ap suét san chi c6 thé phat hién khi nga xay
ra trén san va dé bi kich hoat boi cac hoat dong khac nhu di lai. Cam bién PIR lai
nhay cam véi chuyén dong cua vat nudi hoac dd vat xung quanh, dé bo lot truong
hop ngd cham. Radar tiéu tén nang lugng 16n, gia thanh cao, lap dit phirc tap va co

nguy co phat xa dién tur. Cam bién siéu 4m d& bi anh huong bdi vat can, gdc nhin hep.

1.2.1.2. Cdc loai cdm bién trén thiét bj deo

Trong nhitng ndm gan day, nhiéu nghién ciru tap trung vao thir nghiém céc giai phap
dé xay dung FDS tir tin hiéu quan tinh. Didu nay chu yéu do hai yéu t4: (i) chi phi
phan ctmg ngay cang thap va (ii) sy pho bién rong rii cua cac thiét bi di dong dugc
trang bi cam bién quan tinh [7]. Véi FDS dua trén thiét bi c6 thé deo duoc (bao gdm
SP, SW va cam bién trén Pon vi do luong quan tinh (IMU)), dit liéu vé ADL (bao
gdm sy kién ngd) cua ddi twong giam sat duoc thu thap thong qua cam bién gia téc,
cam bién con quay hdi chuyén va cam bién dinh huéng. Pham vi gidm sat khong gidi
han, tinh co dong cao, it chiu 4nh huéng ctia nhiéu tir moi trudng va chi phi ré 1a vu

diém 16n nhat cia hé théng nay.
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Chat luong cua dit liéu thu thap tir thiét bi deo (WD) chuyén dung nhu IMU 1a rét tot.
Tuy nhién, WD chuyén dung thuong khong hoat dong doc 1ap, no phai két hop véi
cac hé thdéng internet van vat (IoT), va/hodc SP dé xay dung FDS va truyén ban tin
canh bao. Bén canh do, kién tric phan ctig cta cac hé thong IoT cé thé tich va trong
lwong 16n s& gy nén su kho chiu va bat tién cho ngudi sir dung [25]. Ngudn cp cho
hé théng nay ciing 1a mot trong nhitng thach thirc ma cac nha nghién ctru gip khoé
khan. Do cac cam bién deo thudong di dong khi duoc sir dung trong maéi truong gia
dinh, nén viéc sir dung dién nang 1a mot moi quan tim ddi voi cac thiét bi nay. Trong
cac thiét bi deo, viéc trang bi pin 16n cho mdt thiét bi nho c¢6 thé khién thiét bi tré' nén
cong kénh hon. Nguoc lai, dé giam kich thudc thiét bi s& can phai sir dung pin nho

hon, ltc d6 yéu cau nguoi dung phai sac lai thuong xuyén [26].

1.2.1.3. Dir liéu thu bing cam bién gia toc

Gia tdc ké 1a mot loai cam bién dung dé ghi lai sy thay dbi van toc cuia mot vat thé
trong mot khoang thoi gian. Loai cam bién nay dugc dung phd bién trong HAR, Vi
n6 do chuyén dong c6 hudng cia trang thai chuyén dong ctia dbi tuong theo thoi gian
[27, 28]. Cam bién gia toc tich hop trong dién thoai thong minh do ludng gia tdc cta
thiét bi theo ba truc (X, y, z). Nhitng thanh phan niy cung cip thong tin chi tiét su
thay doi vé tdc do theo timg hudng, gitip theo dbi chinh xac chuyén dong cua thiét
bi. Gia tri gia toc thuong dugc do bang mét trén gidy binh phuong (m/s?), thé hién
Iuc tac dong 1én thiét bi tir chuyén dong hoic tac dong tir moi trudng xung quanh.
Ngoai ra, cam bién gia tdc ciing cung cap thong tin vé hudng va goc nghiéng cia thiét

bi, bao gdm cac goc xoay (¢-roll), gc nghiéng (0-pitch) va goc dao (y-yaw).

Do phan giai va dai dong ctia cam bién quyét dinh chit luong thu dit liéu. Dai dong
1a khoang gia toc ma cam bién c6 thé phat hién dugc, anh huong dén kha nang theo
ddi chuyén dong. D6 phan giai biéu thi d6 nhay cta cam bién dbi véi thay d6i nho vé

gia tdc, dong vai trd quan trong trong viéc nhan biét chi tiét nho trong chuyén dong.
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Mot yéu t6 khac cling anh hudng dén chit luong dit liéu 1a tin s6 14y mau. Tan sb lay
mau cao cung cip thong tin chi tiét hon, nhung ciing tiéu tén nhiéu nang luong hon.
Tan sb 1dy miu 20Hz du dé ghi lai cac hoat dong don gian nhu di bd, ding va ngdi.
Tuy nhién, dé c6 duoc dit lidu chi tiét vé cac chuyén dong nhanh va thay d6i dot ngot,
tan sb 1ay mau thudng phai tir 100Hz tré 1én. Mot mau dit liéu stir dung gia toc ké ba

tryc dién hinh cua dién thoai théng minh dugc biéu dién nhu Hinh 1.3.

20
15
10

Trucx (m/s”2)
-10 Trucy (m/s"2)

o Truc z (m/s"2)
-20

Hinh 1.3. Mdu dir liéu nga thu bang cdm bién gia téc cia dién thoai théng minh.
1.2.2. Mdt s6 md hinh phan loai thong dung trong HAR

MOdi loai dir lieu c6 mot dic diém riéng va dugc ma hda thanh céc nhan. Hé théng
nhan dang dua vao cac miu va nhan caa dir liéu dé xac dinh d6 1a loai dit liéu binh
thuong hay nga. Dit liéu thu thap tot, gan nhan chinh xéc thi kha nang “hoc” va phat
hién hoat dong ciia md hinh s& chinh xac. Nhan lyc va chi phi phuc vu dé thu thap,
gan nhan 14 rat I6n vi qua trinh nay thuong duoc thuc hién thu cong boi cac chuyén
gia trong cung linh vyc. Thyc té, dé thu thap va gan nhan céc dir liéu ngd cua nguoi
gia va ngudi bénh 1a rat kho. Dua vao diéu kién thuc té va sy phd bién cua dir liéu,
cac phuong phéap phat hién nga cd thé roi vao mét trong 3 truong hop [29]: Phan loai

cd giam sat, phan loai ban giam sat va phan loai khdng giam sat.

va cong su [7] da c6 nhling khao sat va danh gia mirc d§ pho bién cua cac thuat toan

ML va DL truyén thong duoc st dung dé HAR duoc théng ké nhu Hinh 1.4.
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Hinh 1.4. Phdn phéi cdc mé hinh ML va DL dwoc sir dung trong 305 nghién civu vé
FDS (tir 2015 d@én 2020)[7]

Gan déy, phuong phap siéu kinh nghiém (MH) dd mé ra mot hudng di méi day hira

hen cho FDS. MH gitip cai thién hiéu qua kha nang phat hién nga bang cach tdi wu

hoa vi¢e trich xuat, lya chon déc trung tir dir 1i€u va di€u chinh tham s6 mo hinh.

1.2.2.1. Cdc mé hinh hoc sdu (DL)

Hoc sau (DL) da dat dugc nhiing tién bod vuot bac trong nhitng nam gﬁn day, mang
lai hi€u qua cao trong nhiéu linh vyc nhu nhan dang doi tuong truc quan, xu Iy ngén

nglr ty nhién va suy luan logic [30].

CAu trac co ban cua DL bao gém cac té bao than kinh nhan tao (ANN) duogc két ndi
thanh mang ludi nhiéu 16p. Mbi té bao than kinh thyc hién tinh toan duya trén dau vao
va truyén két qua dén cac té bao than kinh khac. Cac trong s ciia mang ludi duogc
diéu chinh dong thoi dé t6i uwu hoa két qua cho dir liéu dau vao, tao nén kha ning hoc
ho1 va du doan cua mo hinh. Mot hé théng nhan dang hoat dong va phat hién nga ap

dung k¥ thuat hoc sau dién hinh dugc md ta nhu Hinh 1.5.
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Hinh 1.5. Hé thong nhdn dang hoat dong dp dung ky thudt hoc sdu [22].

Mic du DL cho thdy tiém ning to 16n trong viéc nhan dang cac hoat dong phuc tap
ctia con ngudi, nhung ciing ton tai nhuoc diém dang cha y. Pau tién, dé dat hiéu suat
tdt, cac md hinh hoc siu thuong yéu cau luong 16n dir li€u da duogc gén nhéin dé huin
luyén mo hinh mot cach hi€u qua. Viéc thu thap va gan nhan dir liéu nga rat thé phtrc
tap, ton kém va mat nhiéu thoi gian. Thir hai, qua trinh huan luyén va trién khai cac
mo hinh hoc sau doi hoi phan cirng manh va tén nhiéu nang luong, 1am tang chi phi
van hanh. Diéu nay khong phu hop véi cac hé thong ¢ tai nguyén tinh toan va ngudn

dién han ché nhu thiét bi di dong hodc thiét bi nhung/IoT.

Ngoai ra, cac md hinh hoc sau thuong khé hiéu dugc 1y do ding sau du doan cua
chung, kho x4c dinh chinh xac chung dang hoc cac dic trung gi dé ra quyét dinh.
Diéu nay co thé gay khé khan trong viéc xac dinh 16i va cai thién hi¢u suat cia mo
hinh. Bén canh do, ching dé bi anh huong boi nhiéu trong dir li¢u huin luyén, dan

dén giam d6 chinh xéc trong phat hién.

Bén canh d6, cac mo hinh hoc siu gidng nhu "hop den" 1am cho con ngudi kho hiéu

1y do sau cac dy dodn ctuia chung va khé xac dinh chinh x4ac chung dang hoc cac dac
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trung gi dé dwa ra quyét dinh. Diéu ndy c6 thé tao ra kho khin trong viée xac dinh 16
va cai thién hiéu suat ciia mo hinh. Ngoai ra, chiing dé bi anh huong béi nhiéu trong

dir liéu huén luyén, dan dén giam d6 chinh xac trong phat hién nga.

1.2.2.2. Cdac mo hinh hoc may (ML)

Dtr liéu HAR dugc thu thap tu nhiéu loai cam bién khac nhau, mdi loai c6 dic diém
va thong sb k¥ thuat riéng. Diéu nay thé hién mdi lién két phirc tap phi tuyén twong
g v6i timg hoat dong kho c6 thé biéu dién thong qua cac quy tic chung. Do d6, cac
k¥ thuat ML duoc tng dung dé giai quyét van dé nay. Hinh 1.6 mé ta mot FDS dién
hinh str dung ky thuat ML.

ML 1a mdt k¥ thuat hoc ¢6 giam sat, cac thuat toan phan loai co ban dugc ing dung
dé hoc tir cac dit liéu da duoc ge“'ln nhan va sau do thuc hién cac du doan, cac quyét
dinh tir cac thong tin da hoc. M6 hinh dugc dao tao boi cac thuat toan hoc tap phu
hop hoat dong thong qua quy trinh t6i wu héa duoc xac dinh trudc dé giam thiéu sai

sot va nang cao hi¢u qua va do chinh xac ctia hé thong tong the.

( (
Dit lidu dugc thu thap Trich chon Huan luyén Phan loai
bang smartphone dac trung mo hinh hoat ddng
Lo . = Nga vé phia trudc
ettt | s || dopvimer
thiéu, trung binh, ... Machine = Ngasang tral.
= C4c dactrung trong | | ™ K-Nearest " Nga sang phai.
mién thoi gian nhu Neighbors = Dling
O phuong sai, dg léch = [ecision Trees = Dibd
chuan, ... A = Chay bd
& . Cac dégtrl{pgtrong = Random forest ] B? Iénﬂcéu Ehang
mién tan so nhu _ = fixudng cau thang
entropy, ... " Naive Bayes = flng Ién
@ = Cac dac trung tham | | ® Artificial Neural = Ngoi trén ghé
s6 Hjorth nhu tinh Network = Ngoi xudng
hanh dong, ... = K-Means = Nam nghi
_ J \§ J . J \. J

Hinh 1.6. H¢ thong nhdn dang hoat dong dp dung ky thudt hoc may [22].
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Nam thudt toan ML phd bién nhit 4p dung cho FDS theo thdng ké trong Hinh 1.4,
gém: SVM, kNN, RF, ANN va J48 dugc lya chon dé danh gia phuong phap dé xuat.

May vecto hé tro (SVM) 1a mot thuat toan ML duoc gidm sat va n6 dugc st dung
nhiéu nhét trong cac nghién ctru vé HAR [7]. SVM 1a mot b phén loai manh mé dé
tim ra siéu phing phu hop véi viée tach cac vecto dic trung cua cac loai hanh dong
khac nhau. Do d6, SVM xac dinh ham phan loai tuyén tinh t6t nhit c6 thé dé phan
biét hiéu qua giita cac phan tir riéng biét cua hai 16p dit liéu c6 thé phan tach tuyén
tinh trong tap huan luyén. SVM duoc sir dung chii yéu trong phan loai nhi phan, vi
n6 chi cho phép mot siéu mit phang duy nhit trong mdi bd vin dé. Dé phan loai nhiéu
hoat dong, ngudi ta sé thuc hién phuwong phap ma hoa 16i. Khi sir dung ma hoa one-
vs-one, mdi 16p dugc phén loai twong ddi voi mot 16p khac dan dén mot két qua véi
mot phiéu tin nhiém nhat dinh. Két qua vdi tong sé phiéu bau 16n nhat duoc coi 1a
16p du doan. Néi chung, khi muén phan loai nhiéu 16p bang SVM can phai sir dung
mot tap cac SVM.

K ling giéng gan nhdt (kNN) 13 mot trong nhitng thuét toan hoc c6 giam sat don
gian nhat trong ML va duoc st dung nhiéu trong cac nghién ctru vé HAR. Tap dir
liéu huan luyén dugc xéac dinh béi n thudc tinh dugc Iuu trit trong mot khong gian
mau cta n chiéu. Tap dir ligu kiém thir da cho (khong xac dinh) dugc so sanh véi tap
huan luyén duya trén su gidng nhau ctia nd, véi k mau gan nhat lam co so phan loai.
Khi huan luyén mé hinh, kNN khdng hoc tir dit liéu huan luyén, moi tinh toan dugc
thuc hién khi n6 can du doan két qua cua dir li¢u mdi. Thuat toan kNN tim kiém cac
phién ban huan luyén k bén trong khong gian mau c6 sy twong dong va gan nhat voi
mot phién ban thir nghiém bat ky. Khoang cach Euclidean 13 s6 liéu thudng dugc st
dung dé xac dinh k hang x6m gan nhat. KNN c¢6 thé hién thi d6 chinh xac 1én dén
98% va it 16i thong ké hon trong viéc phan loai ADL.

Rirng ngdu nhién (RF) 1a mot phién ban mé rong ciia DT (cai tién clia phuong phap
tong hop bootstrap (bagging)) c6 thé du doan cac trudng hop trong tuwong lai véi

nhiéu bo phan loai thay vi mot b phéan loai duy nhat dé dat dugc do chinh xéc tot
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nhat. RF 1a mét thuat toan hoc c¢6 giam sat [31] nham xdy dung mot sb lugng 16n cac
DT khong twong quan nhu mét tap hop tai thoi diém huan luyén véi dau ra 1a phan
loai cac cay riéng 1é [32]. Thuat toan nay duoc phat trién béi Leo Breiman, 6ng ciing
chinh 1a dong tac gia ctia phwong phap CART [33] nbi tiéng. RF sir dung 2 budc ngiu
nhién, mot 1a ngau nhién theo mau (sample) dung phuong phap bootstrap c6 hoan lai
(with replacement), hai 1a 1y ngiu nhién mét luong thudc tinh tir Tap dic trung ban
dau. Cac tap dir liéu con (sub-dataset) dugc tao ra tir 2 lan ngﬁu nhién nay co6 tinh da
dang cao, it lién quan dén nhau, gitip giam 16i phuong sai (variance). Cc cay phan
loai va hoi quy (CART) duoc xay dung tir tp cac tap dif liéu con nay tao thanh rimg.
MBJi cay riéng biét co mot du doan ciia 16p va 16p c6 nhicu phiéu bau nhét sé tré thianh
du doan ctia md hinh. Khéng giéng nhu cac bd phan loai DT khac, mdi cdy trong RF
chi ¢6 thé chon mot tip hop con ngau nhién cia cac dic trung dé c6 thé ting sy thay
d6i giita cac cay trong mo hinh. Do d6, viéc phan loai s& mang lai d6 chinh xac cao
hon khi xét dén sy twong quan thap giita cac cdy. Viée két hop cac mo hinh CART
nay dé cho két qua cudi ciing nén RF dugc goi 1a phwong phéap hoc tap thé. Mdi DT
trong RF khéng str dung tit ca dir liéu hudn luyén, ciing nhu khong sir dung tit ca cac
thudc tinh cua dir liéu dé xay dung cay. Vi vy mdi cdy co thé s& du doan khong tt.
Nhung, két qua cudi cing cia mé hinh RF lai tong hop tir nhiéu DT bing phuong
phap bo phiéu (voting) cho bai toan phén loai va lay gia tri trung binh (average) cho
bai toan hdi quy. Thong tin tir cic cdy s& bo sung cho nhau, din dén mé hinh ¢ low

bias va low variance, hay mé hinh c6 két qua du doan tot.

Mang no-ron nhéin tao (ANN - Artificial Neural Network) duoc liy cam hing tir
cac chirc ning cua bd ndo con ngudi va duoc sir dung cho ca phan loai va hdi quy
trong ML. Chiing sao chép cac chién luoc hoat dong cila cac té bao than kinh sinh
hoc trong nao, truyén tin hiéu kich hoat dudi dang céc chirc nang va ma hoa kién thire
bén trong cac lién két mang. Kukreja va cong su [34] dé xuat cac mo hinh ANN bao
gém mot s6 nit phi tuyén cho muc dich tinh toan, song song, va duoc sap xép dudi
dang nhiéu 16p (dau vao, 4n va dau ra). Cac nut trong ANN duoc két ndi théng qua

cac trong s6 ngau nhién va dugc cap nhat thong qua viéc lan truyén nguoc. ANN du
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manh dé phan biét phi tuyén cho cac van dé phan loai. Cac don vi 4n thuc hién anh
xa phi tuyén thong qua mot ham co so phi tuyén, cac dau vao va dau ra ciia ANN la
mot su két hop tuyén tinh. C6 thé c6 nhiéu hon mot 16p 4n véi trong sé twong Gmg

ctia chiing va mdi 16p ¢ thé tinh ham phi tuyén dé xir 1y phtic tap hon tir 16p du vao.

J48 1a mot thuat toan phan loai dya trén cay quyét dinh (DT - decision tree) dugc st
dung phé bién trong ML. DT 1a mdt trinh phan loai dya trén mo ta cAu triic cua mot
cai cdy, d6 1a gbc, than ciy, canh cay va 1. Mdi nit bén trong cua cay dai dién cho
mot thude tinh va méi nut 14 dai dién cho mét nhan 16p. Du doan duge thuc hién
thong qua cac thuat toan suy luan quy nap. DT c6 kha ning phan loai d& hiéu nhu
cach trich xuét tir cac miu dya trén dac diém [35, 36] . Ngoai ra, DT khong chi dugc
ching minh 1 hiéu qué trong nhiéu linh vic, ma con cé it tham sé hon [37]. C6 hai
quy tac chinh dugce xem xét trong qua trinh xay dung DT. Mot 14 tiéu chi dirng dé xac
dinh thoi diém ngiing sinh trudng cua cay va phat sinh cac nat 14 [38]. Hai la cach
gan nhan 16p trong cac nat 14 [39]. Quy tic dau tién c6 nghia 13 su phat trién cta cay
phai dugc két thuc néu tat ca cac mau thudc cing mot 16p [40]. Quy tac thir hai nhan
manh tAm quan trong cta viéc dit ra mot ngudng [41]. DT c6 mét sb bién thé, chang

han nhu ID3 [38], C4.5 [42] va CART [33].

1.2.2.3. Cac phwong phap danh gia hiéu nang cua mo hinh

Céc d6 do nhu ma tran nham 14n, d6 chinh xac (Accuracy), do chinh xac duong tinh
(Precision), 6 nhay (Recall), d6 ddc hiéu (Specificity) va diém trung binh diéu hoa
F1 (F1-score) thudong duoc st dung dé phan anh hiéu ning cia mé hinh. Pic diém

cua céc thudce do nay trong bai tan phan loai dugc khai quat nhu sau:

a. Ma tran nhdam ldn (confusion matrix)

Ma tran nham 14n 1 mot bang chira cac thong tin vé két qua phan 16p thuc té va két
qua phan 16p theo du doan cta thudt toan phan 16p ddi v6i cac mau dit liéu. Ma trin
nham 1an dugc xay dung nhu Bang 1.1. ddi véi phan loai nhi phan (phan loai hai

16p), va phan loai da l6p nhu Bang 1.2. .
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Ma tran nham 1an duge xay dyung tir cdc thanh phan nhu sau:

— TP (True Positive) — Mau dir liéu cua sy kién ngd, mé hinh du doan diing (True)

1a su kién ngd (Positive) (dy doan dung).

— TN (True Negative) — MAu dit liéu cua hoat dong binh thuong, mé hinh du doan

dang (True) 1a hoat dong binh thuong (Negative) (du doan ding).

— FP (False Positive) —

Mau dit liéu cua hoat dong binh thuong, md hinh du doan

sai (False) thanh su kién nga (Positive) (Loi loai | — Duong tinh gia).

— FN (False Negative) — Mau dit liéu cua su kién ngd, mo hinh dy doan sai (False)

thanh hoat dong binh thuong (Negative) (L3i loai Il — Am tinh gia).

Bdng 1.1. Ma trgn nham lan trong phén 16p nhi phdn

Thye té

Bang 1.2.

Thye té

Du doan
P (+) N (-)

FN
P(+) TP o1
(Loi loai II)

N O FP
(Lbi loai I)

TN

Ma trdn nham lan trong phan loai da I6p
Du doan

Lépl Lép2 .. Lépn

w1 [

Lép 2
ey
o |

True (T) cho biét thuat toan da phan loai DUNG. False (F) cho biét thuit toan di phan

loai SAI Positive (P) cho biét thuat toan da phan loai ddi tugng vao 16p P. Negative
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(N) cho biét thuét toan dd phan loai d6i twong vao 16p N. Su phan loai nay dugc biéu
dién dudi dang ma tran 2x2 nhu trinh bay & Bang 1.1 goi 1a ma tran nham l4n

(confusion matrix).

b. D¢ chinh xdc (Accuracy)

Do chinh x4c (ACC - Accuracy) 1a thuée do phd bién dé danh gia hiéu sudt cuia mo

hinh phén loai. N6 dugc tinh bang ti 1& sé mau dugc phan loai dung (TP va TN) trén

tong s6 mau trong bo dit liéu. Thudce do nay dugc xac dinh theo Cong thic (1.1) [68]:
TP+TN

_ 1.1
Aceuracy = FPAFN @

Ddi v6i cac bo dir liéu khong can bang, nhu trong truong hop cac sy kién nga chiém
s6 luong mau it nhung quan trong, chi s6 ACC c6 thé cao mic du viéc phat hién hoat
dong nga khong chinh xac. Do d6, ACC chi phil hgp véi bai toan phan loai can bang.
P6i v6i bo dir lidu khong can bang, cac chi sé nhu do chinh xac duong tinh
(precision), do phu/dd nhay (recall), d6 dic hiéu (specificity) va diém trung binh diéu
hoa (F1-score) thudong duge wu tién sir dung dé danh gia hiéu suat mo hinh phat hién

nga mot cach chinh xac hon.
C. D¢ chinh xac dwong tinh (precision)

Do chinh xac duong tinh (precision) Ia ti 18 giita s6 lugng cac du doan dung Positive
(TP) trén tong sb luong cac du doan (bao gdbm TP va FP). Trong FDS, precision do
luong kha nang cua moé hinh phan loai xac dinh chinh xac cac su kién ngd ma khéng
gdy ra cac du doan sai (vi du: du doan sai mét su kién nga la hoat dong binh thuong).
Precision dugc xac dinh theo Cong thuce (1.2) [43]:

TP
TP+FP

Precision = (1.2)
d. Do nhay (recall)

Do phu/do nhay (Sensitivity, recall, true positive rate) 1a ti 18 giita s6 luong cac du

doan dung positive (TP) trén tong sd luong cac trudng hop positive thyc té trong bo
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dir liéu (bao gébm TP va FN). Trong FDS, recall do luong kha ning cia mé hinh phan
loai tim ra tat ca cac hoat dong cu thé cu thé (vi du: tim ra tat ca cac trang thai nga)
ma khong bo sot. Recall dugc xac dinh theo Cong thire (1.3) [43]:

TP

Recall =
A T IPAEN

(1.3)

e. Po dac hi¢u (specificity)

Trong bai toan phat hién nga hay khdng nga. Po nhay dugc ap dung cho mé hinh dé
tu dong phat hién nguodi bi nga. B9 nhay dat 100% c6 nghia 1a toan bd nhitng ngudi
nga déu duogc phat hién. Tuy nhién, chi mot minh d¢ nhay khong thé cho biét toan bo
két qua nhan dang. Can c6 thém d6 dic hiéu, d6 1a ti 1é nhirng truong hop thuc su
khong bi nga va co két qua phan loai khong nga trong toan bd cac trudng hop bi ngi.
Do dac hiéu (Specificity, true negative rate) duoc tinh theo Cong thic (1.4) [43]:

TN

1.4
TN+FP 14

Specificity=

f. Diém trung binh diéu hoa (FI1-score)

F1-score 1a mot phép do két hop giita Precision va Recall. N6 tinh trung binh diéu
hoa giita hai chi s6 nay va 1a mot cach dé danh gia hiéu suét tong thé ctia mé hinh
phéan loai. F1-score dugc xac dinh theo Cong thirc (1.5) [43]:

(Precision . Recall) 2.TP
"(Precision + Recall)  2.TP + FP + FN

F,-score =2 (1.5)

F1-score cé gia tri ndm trong khoang tir 0 dén 1, va gia tri cang cao thi mo hinh phan
loai cang t6t. Nhiéu nghién ctru str dung thude do F1-score dé danh gia hiéu suat cia
cac mo hinh ML, ca trong phan 16p nhi phan va da 16p [44-47]. Tuy nhién, d6 tin cay
vé hiéu suat ctia mé hinh st dung thudc do Fl-score giam dang ké trong cac bo dir
liéu khong can bang. Thuc té, F1-score c6 thé cung cip thong tin khong chinh xac
khi mot du doan c6 nhiéu TP, it TN hodc nguoc lai. Lac nay, cac nha nghién ctu
huéng dén sir dung MCC [43] dé dénh gia hiéu suét ctia cac mo hinh phén 16p dit liéu
khong can bang. MCC dem dén mét giai phap hiru hiéu dé khic phuc van dé khong
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can bang dir liéu [48]. Ngay céa khi du doan c6 nhiéu TP, it TN hodc nguogc lai, cac
mo hinh phén loai dit liéu khong can bang st dung thuée do MCC luén cho ra két

qua dy doan mot cach tong thé khach quan va coéng bang hon [43].

9. Hé so twong quan Matthew (MCC)

Hé s6 tuong quan Matthew (MCC) [43] 1a mét thude do thong ké duoc st dung dé
danh gia hi¢u suit ctia mé hinh phan loai, dac biét 1a trong bai toan phan loai nhi
phan. MCC thudng dugc ap dung khi sé lwong mau cia cac 16p trong dit liéu khong
can bﬁng. MCC duogc tinh toan béng cach st dung ma tran nham 1an, dugc xac dinh

theo Biéu thire (1.6) [43]

TP.TN-FP.FN

MCC =
\/ (TP+FP) (TP+FN) (TN+FP) (TN+FN)

(1.6)

MCC c6 gia tri tir -1 dén 1. Gia tri 1 thé hién mot mo hinh hoan hao, 0 c6 nghia 1a mo
hinh khong khéc biét so véi viée du doan ngau nhién, va -1 chi ra mot sy ddo nguoc
hoan toan gitta cac dy doan va thuc té. MCC 1a mot thude do théng ké manh mé, htru
ich, dang tin cdy va trung thuc. N6 c6 thé phan anh chinh xéac bat ky thiéu sot du doan
nao trong bat ky bo dir liéu nao [43]. MCC xem xét ti 1é can bang ctia bdn loai ma
tran nham 1an (TP, TN, FP, FN), trong khi phép do diém F1 bo qua sé lwong 4m tinh
thuc su (TN), do d6 ¢o cai nhin sdu sic trong viéc danh gia van dé. Chi s6 MCC s&

chi cao néu mo hinh hoat dong tot trén ca hai yéu to tich cuc va tiéu cuc.

1.2.3.  Truyén tin canh bao

M6-dun truyén tin canh bao 1a mot thanh phan quan trong trong hé thong HAR. Tuy
n6 khong thudce ddi tugng nghién ctru trong luan an nay nhung NCS ciing gi6i thi¢u

khai quat nham mo ta cdu tric chung cua hé théng HAR mét cach tong quat.

Trong trudng hop phat hién ddi tuong bi ngé, cac h¢ théng truyén tin duoc kich hoat
dé giri cac ban tin canh bao dén nguoi chim soc, nguoi giam sat thong qua cac két

nbi khong day. Ky thuat giri thong bao 1a mot phan quan trong trong HAR. N6 dam
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bao ngudi chim soc hodc nhan vién y té co thé biét duge khi ¢6 nguy co nga xay ra
va c6 thé dua ra phan tng kip thoi. Duéi day 1a mot s phuong tién thong bao phd

bién ma HAR c6 thé st dung:

(1) bién thoai di dong (Mobile Phones): Hé thong cd thé guri canh bao théng qua
cudc goi dién thoai hoic tin nhin dén dién thoai di dong cua nguoi chim séc
hodc ngudi dung. Canh bao qua dién thoai di dong c6 thé cung cap théng tin chi
tiét vé tinh trang nga va can thiét dé nguoi cham séc hodc nhan vién y té co thé

dua ra phan tng nhanh chdng.

(2) Email: Hé thong c6 thé giri canh bao qua email dén ngudi cham soéc hodc nhan
vién y té. Email c6 thé chira thong tin chi tiét vé su kién nga va huéng dan can

thiét dé xi ly tinh huéng.

(3) Tin nhan vin ban (SMS): Canh bao qua tin nhan van ban 14 mot phuong tién
hiéu qua dé thong bao nguy co ngi. Tin nhan van ban co thé chta thong tin co

ban vé sy kién va hudng dan can thiét.

(4) Théng bao tryc tiép dén tram kiém soat: Trong mot moi trudng cong nghiép
hodc thuong mai, HAR c6 thé duoc lién két truc tiép voi mot tram kiém soét.
Khi c6 nguy co nga, hé thong c6 thé guri thdng bao truc tiép dén tram kiém soét,
tir do kich hoat quy trinh phan tng nhanh chong.

1.3. Tinh hinh nghién ciru trong va ngoai nwéc

1.3.1. Mot so6 nghién ciru trén thé gioi

bé danh gia hi¢u qua cua cac phuong phéap dé xuét, NCS d3 khao sat va tim ra hai bo

dr liéu cong khai dugc nhiéu nhom nghién ctru da st dung la MobiAct v2.0 va UP-

Fall detection. Hai bd dir liéu nay duoc thu thap mot cach khoa hoc, da dang va phu

hop voi thuc té. BO dir liéu MobiAct v2.0 dugc thu thap tir cac cam bién quan tinh

trén dién thoai thong minh. By UP-Fall dugc thu thap tu thiét bi do IMU. Hai b6 dit

liéu nay phu hop voi muc tiéu va ddi twong nghién ctru trong luan an nay. NCS sir
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dung hai bg dir liéu véi phuong phap thu thap khac nhau voi muc dich ddm bao tinh
khach quan cta két qua; giam thién vi khi danh gi4 hiéu suat hé thong. Chi tiét vé hai

bo dir liéu nay duoc trinh bay trong Muc 2.3.

So sanh hiéu sut ctia cac hé thong phat hién ngd (FDS) 13 mot van dé khé khin do
mdi nghién ctru sir dung mét bo dit liéu khac nhau [49, 50]. Nhiéu tac gia cho biét ho
khong thé so sanh truc tiép v6i cac nghién ctru trude dé do su khac biét trong phuong
phap thu thap dir liéu, nhom ddi twong muc tiéu va moi trudng nghién ciru [50, 51].
Pannurat va cong su [51] chi ra rang, yéu t6 anh huong dén hiéu suét 1a s6 lugng mau
dugc st dung dé huin luyén mo hinh. Két qua dat dugc tur cac nghién ctru dya trén
dir liéu gia toc ké cling khé so sanh néu khong sir dung chung mét bo dit liéu. Chinh
vi 1€ d6, NCS da tap trung khdo sat cac nghién ctru lién quan c6 sir dung mot trong

hai b¢ dir li¢u nay nhu trinh bay ¢ Bang 1.3.

Bang 1.3. Céc nghién ciru gan day vé phdt hién nga sir dung bé div liéu MobiAct va

UP-Fall.
Nhom odir 0 cam  séaic U™ pws/ Mohinh  Phan o
nghién iR (ADL ", : dac ; P . Hiéu suat
. ¢ ~ bién trung DOR  totnhat  loai
ciru /Nga) trung

Nhom nghién ctru dua trén b dir li€u MobiAct

Chatzaki, MobiAct 1s Pa
H 1 _ o
o3 veo 124 AG 39 TF g KNN O 968%(FY)
Dit liéu thd
Shi, 2020 cho CNN, 1, CNN+  Nhj
[l - [l 1 0
(57  MoPiACt 44 AG S cwmg | 50%  CAM  phan o0 (ACC)
cho CAM
Mahfuz . Nhi
’ . 0,
2018 [1g) MObIACt 94 A 58 T 105 ANN L 9875%(ACC)
MobiAct Hybrid deep .
2';;‘;5?2”1'] V20 124 A 58 T 10  CNN- I\;}; 97% (F1)
Lstm P
Xu, 2019 _ CNN-  Nhj
1 ~ A " - . 0
g MobiAct 61 A Dilicutho ST phan 9898%(ACO)
Wu, 2019 Pa  98,83% (ACC)

MobiAct 9/4 A,G Dirliéu tho

3,45s LSTM

[53] 16p  90,33% (F1)
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Nhoém So : Mién I A
n B0 dir Cam  So dic B DWS/ Mbd hinh  Phén
nghién iR (ADL dac P ; .
, liéu ~. bién trung DOR  tot nhat loai
ciru /Nga) trung

Hiéu suat

Nhom nghién ctru dwa trén bd dir liéu UP-Fall detection

A, L
Lé, 2021 ' k-NN+  Nhi  99,3% (ACC)
’ UP-Fall 6/5 Av, 14 TF - N
[54] Bs APGWO  phan  84,79% (F1)
Santoyo SVM *

) i i 9,59% (Sen
Ramon, UP-Fall 6/5 A 12 TF - \')g‘;‘r?r T; o 410;(3 )
2021 [55] g P A41% (Spe)

ensemble
i i 100% (Sen
Nahian, = o ol 65 A 39 TF - LR Nbi b (Sen)
2021 [56] phan 99% (Spe)
L.
Martinez-  UP-Fall 1s, Pba  95,73% (ACC)
Villasefior, (IMU) 65 AG 756 T.F 50% ANN lop 71,79% (F1)
2019 [12]
Nhi phan:
Nhi  97.75% (ACC)
Lai, 2021 Res-TCN  an 98.68% (F1)
’ UP-Fall 65 A Dilicutho - - (Adam P ’
[9] va da Da 16p:
CNN) )
16p  94,40% (ACC)
86,73% (F1)
Kraft, 2020 o en A CNNdung Nhi 0
[10] UP-Fall 6/5 A Ditliéu thd ReLU  phan 99% (F1)

Ghi chli: DWS — kich thiede cia sé dit liéu, DOR — ti 16 xép chong dit liéu, A — cam bién gia toc, G —
con quay hoi chuyén, M — cam bién tir, L — cam bién do sang, ACC — Accuracy, CAM —
Class activation mapping, ResNet — Residual Network, Bs — Brain Sensor, Av —Angular
Velocity, APGWO — Adaptive Particle Swarm-Grey Wolf Optimization, SMV — Signal
Magnitude Vecto, Sen — Sensitivity, Spe — Specificity, T — mién thoi gian, F — mién tan so.

Nhiéu nghién ctru vé FDS dua trén bd dir liéu MobiAct chi st dung thudc do Bo
chinh xac (Accuracy - ACC) dé danh gia hiéu suat ciia moé hinh [8, 14, 52]. Mic du
ACC 1a mét chi s6 pho bién dé dénh gia hiéu suat ciia cac md hinh phan loai. Tuy
nhién, v6i cac bo dit liéu khong cin bang, thuée do ACC khong con phu hop dé danh
gia hiéu suat ctia mo hinh [9]. Trong cac bo dir liéu MobiAct va UP-Fall, s6 luong
mAu cta cac hoat dong thuong ngay chiém hon 90%. Trong khi d6, s lvong mau cta

cac hanh vi nga can dugc phat hién chinh xéc lai it hon 10%. Cac hoat dong thuong
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ngay (ADLs) thudng d& phén loai hon so v6i cac hanh vi ngi [12, 57]. Do d6, két qua
téng thé theo thudc do ACC thudng rit cao, nhung két qua phat hién cac truong hop
ngi lai thip [9, 12, 53, 57]. C6 thé thiy, chi s6 ACC khong phu hop dé danh gia hiéu
suat ctia md hinh phat hién nga khi st dung bo dir liéu khong cén bang. Trong truong
hop nay, st dung cac do0 do nhu B§ chinh xac duong tinh (Precision), Do nhay
(Sensitivity), D6 dic hiéu (Specificity) va Piém trung binh diéu hoa (F1-score) 1a
thich hon [58].

Le va cong sy [54] dé xuat tap dic trung moi nham giam sb thudc tinh dau vao dua
trén mo6 hinh APGWO. Ho sir dung ba loai dit 1iéu c6 trong bd UP-Fall dé huan luyén
mo hinh. Cac bo phan loai Hoi quy Logistic (LR), K lang giéng gan nhat (KNN), May
vecto hd tro (SVM), Cay quyét dinh (DT), Naive Bayes (NB), Rung ngau nhién (RF),
Multilayer Perceptron (MLP) va md hinh dé xuat (APGWO) duoc sir dung dé danh
gia hiéu qua cua tap dac trung dé xuét. Hiéu suét tot nhat theo cac s liéu Do chinh
xac (Accuracy) va Diém F1 (Fl-score) lan luot 12 99% va 96%. Mic du Le va cong
su dé xuat mot mo hinh nhan dang dua trén phan loai nhi phan, nhung chi s6 F1-score
khong an twong. Hon nita, nghién ctru nay ciing st dung két hop nhiéu loai dir liéu

cam bién khac nhau nén viéc ap dung trong thuc té trd nén khé khan.

Diponkor Bala va GM Waliullah [59] da trich xuat cac dic trung mién thoi gian va
mién tan sb ctia bdn hoat dong 13 dimg (STD), di bd (WAL), chay bo (JOG) va nhay
(JUM) tir bo dir liéu MobiAct v2.0. Sau d6, ho tién hanh giam kich thuéc dir liéu
bang phuong phap PCA va Fisher’s LDA. Hiéu suit dat duogc 12 99,305% (ACC) khi
st dung mo6 hinh phan loai kKNN. Sb luong mau cta hai hoat dong STD va WAL 16n
hon nhiéu so véi JOG va JUM, do d6 c6 thé coi 1a khong can bang. Vi vay, chi sb
ACC khong phan anh chinh xac hi€u qua ctua bd thudc dac trung dé xuat. Voi dir liéu
khong can bang, can xem xét thém cac chi s6 khac nhu Precision, Recall, F1-Score
dé co két qua khach quan nhét. Hon nira, bon hoat dong ma Diponkor Bala va G.M
Waliullah [59] lwa chon dé xay dung mé hinh nhan dang c6 tinh chu ky, it phirc tap

nén d& phan loai hon. Néu 4p dung mé hinh nay cho cac hoat dong dé gay nham lan
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nhu di 1én cau thang, di xudng cau thang, ding 1én, ngdi xudng hoidc cac hoat dong

c6 sy thay doi dot ngot nhu ngé c6 thé hiéu qua sé khong cao.

Panhwar va cong su [60] dd dé xuit mot phuong phap phat hién nga sir dung cam
bién quan tinh cia dién thoai thong minh, bao gdm gia toc ké, con quay hdi chuyén
va cam bién dinh huéng. Ho sir dung ca SVM va mang no-ron nhan tao (ANN) dé
kiém thtr. M6 hinh dya trén mang no-ron nhan tao cho két qua phan loai tong thé tbt
nhét 13 96,07% trén thude do ACC. Nhom nghién ctru nay chi lya chon mgt tdp con
ctia bo dir liéu MobiAct bao gom hai hoat dong ngd (FOL, BSC) va ba hoat dong sinh
hoat hang ngay (STD, WAL va SIT) dé xay dyng mé hinh. Dit liéu cho ba hoat dong
thudng ngay nay cé trong s 16n hon nhiéu so véi hai hoat dong nga. Do d6, két qua

thu dugc chua phan anh chinh xac kha nang phat hién ngé ctua phuong phap dé xuat.

Shi va cong su [52] da xay dung mdt mang no-ron tich chap (CNN) véi anh xa kich
hoat 16p (CAM). Ho str dung dir li¢u ngé va cac hoat dong sinh hoat hang ngay (ADL),
bao gom dimg (STD), di bo (WAL), nhay (JUM) va chay b (JOG) tir bo dir lidu
MobiAct dé huan luyén mé hinh. M6 hinh cua ho dat hiéu suét 1 95,55% ¢ thudc do
ACC. Tuy nhién, phuong phap ma ho dé xuat khong mang lai két qua tot khi phan
loai ngé [8-10, 14, 55, 56].

Martinez-Villasefior va cong su [12] gidi thiéu bo dir liéu phat hién ngd UP-Fall dugc
thu thap bang nhiéu loai cam bién khac nhau nhu IMU, EEG, CAM, v.v. B6 phan
loai MLP dat hiéu suét tot nhat ¢ thudc do ACC 1a 95,0%. Tuy nhién, trén céac chi sb
Precision, Sensitivity, va Fl-score dat két qua 1an luot 1a 77,7%, 69,9%, va 72,8%,
thép hon nhiéu so v&i d6 do ACC. Hiéu suat phéan loai cac su kién ngé theo phuong
phap ctia ho turong dbi thap. Diéu d6 chirng minh bd dic trung va mé hinh ma ho dé

xuat khong phtt hop cho phén loai da 16p dua trén cac bo dir liéu khong can bang.

Nhom tac gia J.T Perry va cong su [61] cho rang hé thdng phat hién ngd (FDS) dua
trén gia toc ké két hop vai con quay hodi chuyén c6 thé ting kha nang phat hién cac

ct ngd. Tuy nhién, ho khong trinh bay 1y do tai sao khi sir dung thém con quay hoi
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chuyén thi hiéu suét ctia FDS lai ting 1én. Nhom tac gia A. Chelli va cong su [62] chi
ra rang hiéu suit cua cac hé théng ML tang 1én khi trich xuat dic trung tir dit liéu thu
thap bang gia toc ké va con quay hdi chuyén. Sb luong dic trung dau vao ma ho da
st dung 14 rat nhiéu (328 dic trung). S6 lwong dic trung can trich xuét cang 16n va
cang phirc tap thi thoi gian tinh toan cang 1au, khong phu hop véi tiéu chi tiét kiém
ning luong, tai nguyén tinh toan han ché va dap ung nhanh cia FDS. Vi viy, trong
luan 4n ndy s& tim cac giai phap dé chi sir dung dir liéu thu tir gia toc ké nham giam

chi phi tinh toan, chi phi nang luong cho dién thoai thong minh.

C6 thé nhan thay cac nghién ciru gan day thuong tip trung vao giai bai toan phan loai
hoat dong nga va khéng nga bang phuong phap phan loai nhi phan. Rét it nghién ciru
dé cap dén bai toan phan loai da 16p trong vi¢c phat hién tirng loai hoat dong, bao
g6m cac kiéu nga [9, 12, 53, 57]. Trong thyc té, cac md hinh phan loai da 16p thuong

¢6 hiéu suat thip hon cac mo hinh phan loai nhi phan.

Viéc trich xuét va lya chon bd dic trung anh hudéng dang ké dén hiéu nang cua hé
thong phat hién nga [15, 63, 64]. Tir thong ké & Bang 1.3 cho thay can trich xuat mot
s6 luong 16n cac dic trung trong bai toan da 16p méi dat do chinh xac du dodn trén
94% ca cho tap dir liéu MobiAct va UP-Fall. Hiéu suit du doan cao véi sb lugng dic
trung dudi 40 chi co thé dat dugc trong cac bai toan phéan loai nhi phan. Chatzaki va
cong su [13] st dung 39 dic trung trong mién thoi gian va tan sb dé dat do chinh xac
du doan trung binh 13 96,8%, tuy nhién do chinh xac cao nhat ctia phéat hién nga khong
vuot qua 84%. Do d6, luan an ndy huéng toi phat trién mot giai phap trich rat dic
trung hiéu qua voi tai nguyén tinh toan thap phu hop cho viéc phat hién nga trong bbi

canh phan loai da 16p phtc tap trén thiét bi di dong.

Xu hudng hién nay trong cac bai todn phan loai, cac tac vu quan trong nhu lya chon
dac trung, trich xuat dic trung, tinh chinh cac siéu tham s6 duoc tién hanh bﬁng cach
sir dung MH. K§ thuat MH cung c4p giai phap tot nhat ctia van dé phuc tap bang cach

thuc hién c&c 1an lap lai dva trén kinh nghiém. Do d6, MH duoc xem la giai phap tot
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dé tim kiém b siéu tham sb t6i wu cuia HAR. Cach tiép cap ctia MH 1a don gian, linh

hoat, khong dao ham va it xay ra trudng hop téi wu cuc bd [65].

De Leonardis va cong su [66] cho thiy viéc sir dung GA dé trich xut 69 dic trung
tor 300 dac trung lam cho qua trinh phan loai cac hoat dong nhanh hon khi str dung
bd phan loai KNN. Két qua thuc nghiém cho thdy kNN c6 thé phan loai chinh xac
khoang 97% hoat dong khi sir dung cac vecto dic trung da t6i vu. Nhom tac gia Putra
va Vesilo [67] cho thiy chi phi tinh toan giam dang ké va ti 1é phat hién su kién nga
(diém F1) thuc sy khach quan khi str dung k¥ thuat lya chon dua trén GA.

Nhom tac gia El-Maaty va Wassal [68] di dé xuat mot mo hinh lai ¢ tén goi 1a GA-
PCA dé rut gon tap dac trung. Ban dau ho lwa chon mét tap 16n cac dic trung tir chudi
thoi gian, sau d6 stir dung cac phép bién doi tric giao dua trén PCA dé giam bt cac
dic trung yéu tir tdp da chon. Cudi cung ho dung phuong phap xac nhan chéo dua
trén GA dé tiép tuc loai bo cac dac trung hiéu sudt thép. Két qua thuc nghiém cho
thiy do chinh x4c ting 1én 5% khi str dung phuong phap MH. Do chinh xac, thoi gian
thuc thi va muc tiéu thy bd nhd 1a mot trong nhitng thach thirc 16n khi phat trién thuat

todn nhan dang dya trén dién thoai thong minh.

Nguyen va cong su [69] di giai quyét bai toan d6 bang cach ap dung Giai thuat di
truyén dé t6i wu hoa vecto dic trung. Vi phuong phap di dé xuat, sb luong vecto
dic trung da giam 49% so voi ban dau ma két qua phan loai cia SVM van khong c6
nhiéu thay d6i. P chinh xac ctia mé hinh Markov an lién tuc 2 giai doan ting 1én
1.8% khi str dung bo vecto dic trung tdi wu. Zhang va cong su [70] cho rang c6 thé
tim ra bo siéu tham s6 t6i vu mot cach tu dong, nhanh chong va dg chinh xé4c cao hon

dé nhan biét hoat dong cua canh tay trong thoi gian thuc khi 4p dung GA.

Batool va cong su [71] da thiét ké mot hé thong c6 tén 1a MFCC dé trich xuat dic
trung moi tao thanh cac vecto dac trung. B vecto dédc trung dugc phan loai boi SVM
két hop voi PSO thong qua viéce tao hat. Ho da sir dung PSO va cach tiép can MH dé

giam thoi gian, do phirc tap va tang do chinh xac cho hé thong. Két qua thuc nghiém
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cho thay d6 chinh xac hon 87% khi danh gia bo dit liéu cam bién chuyén dong. Nhém
tac gia Ning va cong su [72] da lua chon céac dac trung va tham sb t6i vu dua trén tri
thong minh bﬁy hat nhi phan roi rac dé huan luyén cac by phan loai nhu SVM. Bo
phan loai SVM duoc téi vu héa theo phuong phap ctia ho ¢6 d6 chinh xac dang ké so
v6i SVM khong dugce toi wu héa. Cac hé théng phat hién ng gip nhiéu thach thirc
v61 bo dir liéu khong can bﬁng duoc thu thap tir cac thiét bi deo duogc néu ap dung cac

thuat toan truyén thng.

Tir viée khao sat cac nghién ctru lién quan, cé thé thay phan 16n cac nghién ciru sir
dung k¥ thuat MH dé tim kiém va trich xuét cac dac trung cho hé théng HAR dua
trén ML va DL. NCS gip rat nhiéu khé khan khi tim cac bai viét lién quan dén bai
toan t6i uu hoa siéu tham sd ctia mo hinh RF bang cac ky thuat MH. Vi vy, trong
luan 4n nay, NCS da tim cach giai bai toan toi wu mé hinh RF bang cach ap dung k¥

thuat MH — cu thé 13 sir dung GA dé tim b siéu tham s6 t6i vu cho mé hinh RF.

1.3.2. Mt s6 nghién ciru & Viét Nam

O Viét Nam, mot trong nhitng nhém nghién ciru manh vé giai phap nhan dang hoat
dong con nguoi va phat hién nga phai ké dén PGS.TS Pham Vin Cudng va cac dong
nghiép tai Hoc vién Cong nghé Buu chinh Vién thong. Trong cac cong trinh nghién
clru ciia minh, nhom da dé xuét nhiéu giai phap xay dung hé thong nhan dang hoat

dong va phat hién ngé.

Cu thé, trong nghién ciru [73], ho di dé xuat mot phuong phap tiép can dua trén cam
bién deo dé theo ddi nga trong thoi gian thuc va nhan dang chi tiét cac hoat dong.
Bang céach sir dung thiét bi cam bién Wii Remotes deo trén co tay va hong, ho thu
thap dir liéu va trich xuét 58 dic trung tu tin hi€u gia tdc ké. Sau do, ho st dung mé
hinh Markov an (HMM) dé anh xa cac dic trung ndy thanh céc trang thai an, twong

g v6i 13 hoat dong khac nhau va dé phat hién nga.

Trong nghién ctru [74], nhém tac gia dé xuat md hinh CNN két hop voi mang bo nhé
dai ngan han (LSTM) d¢ giai quyét bai toan phat hién cac van dong bat thuong tir dir
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li¢u cam bién khong thuan nhat, bao gom cam bién gia toc, cam bi€n con quay hoi
chuyén va cam bién tur tinh. M6 hinh CNN hoc va bi€u dién dac trung tir dit liéu cam

bién theo khong gian, con LSTM dung dic trung theo thoi gian dé suy dién hanh vi.

Trong cong bd [75], tac gia dé xuat mot hé thong sir dung dit lidu cam bién gia toc tir
SP Samsung Galaxy Note II. Phuong phap nhan dang hoat dong cta ho bao gdm bdn
bude: xtr 1y di liéu, phan doan, trich xuit dic trung va phan loai. Tir tin hiéu gia tdc
ké, hé théng trich xuat mot loat dic trung (khong néu rd $6 lugng) dugce st dung cho

cac HMM va thuat toan DT C4.5.

Gan day nhom tac gia Pham Van Cuong dé xut mot mé hinh DL, ting cuong dit lidu
va lay mAu lai dit lidu dé giai quyét van dé dir liéu nga kho thu thap trong thé gidi
thue va sy mat can bang nghiém trong gitta dit liéu cac hoat dong binh thudng va cac
hanh vi nga [76]. Phuong phap hoc tap da tac vu niy nham muc dich thu hep khoang
cach vé hiéu sut phat hién nga giita dit liéu mo6 phong va dir liéu trong thé gidi thyc.
Nhom tac gia chia tap dit liéu thanh nhiéu tdp huin luyén cho timg tic vy, va ching
minh céch tiép can nay cho két qua t6t hon so voi mé hinh don tac vu huan luyén trén
tat ca cac tap dir liéu. Sau khi trich xuét dic trung bang CNN thoi gian (TCN) va M6-
dun chi y thoi gian (TAM) dé trich xuat ddc trung va phat hién cac sy kién nga tir

nhiéu bo dir liéu khac nhau.

Trong cong trinh [77], nhom tac gia dé xuat mot khung phuong thirc da cam bién dé
nhan dang hoat dong chi tiét ctia con ngudi va phat hién hanh vi bat thuong bﬁng cach
két hop dir liéu khung xuong va cam bién gia toc & cp do dic trung (goi 1a hop nhat
& cap dic trung). Ho str dung cac CNN thoi gian (TCN) bao gdm cac thanh phan tich
chap gy gidn nd c6 tinh nhan qua dé hoc dic trung va xtr 1y cac dic tinh theo thoi
gian. Ban d0 dic trung duoc hoc va biéu dién bang cac 16p tich chap trong TCN s&

duoc cho vao hai 16p két n6i hoan toan dé du doan.

Ngoai ra, nhém nghién ctru Pao Vi Truong Son va cong su [42] & Truong Pai hoc

Québc té, Pai hoc Quéc gia Thanh ph6 Ho Chi Minh dé xuét st dung cac thuat toan
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GWO va APGWO dé chon ra nhirng dic trung quan trong cho FDS. Hé théng dung
cac phuong phap ML khéac nhau nhu hdi quy logistic (LR), kNN, SVM, DT, NB, RF,
va MLP dé phan loai hanh vi nga va khong nga. Ho c¢6 36 dic trung, sau d6 ho chon
dugc 17 dic trung bang GWO va 14 dic trung bang APGWO dé huan luyén cac mo
hinh ML. 14 hai mé hinh c6 hiéu suét tot nhat. Ho khuyén nghi nén st dung hai mé
hinh nay cho nghién ctru vé FDS. Do chinh xéc phan loai va diém F1 tbt nhat ho dat

1an luot 14 99% va 96% trén bo dit liéu UP-Fall.

Tai Pai hoc Khoa hoc Tu nhién, Pai hoc Québc gia Thanh phé H6 Chi Minh, nhém
tac gia T.V Ha va ddng nghiép [78] di thuc hién qua trinh tiéu chuan hoa cho tap dir
liéu cam bién béng cach diéu chinh gia tri trung binh cta thudc tinh dé dat duoc gia
tri 0 va do 1éch chudn twong tmg véi 1 (mot). Qua trinh nay gitip tao ra cac dic trung
cO y nghia tur dit liéu cam bién. Ho d3 chon 28 thudc tinh cu thé tir dit liéu cam bién
va sir dung CNN dé trich xuét cac dic trung tir dit liéu may anh. Nhom tac gia da ap
dung hai thuat toan 1a XGBoost va CatBoost dé phan loai cac hoat dong dua trén div
liéu cam bién. Dé phan loai cac hoat dong tir dir liéu cam bién va hai camera, nhém

tac gia da su dung mang no-ron sau.

Nhom nghién ctiru Tran Ngoc Pitc va Phan Pinh Duy ¢ Pai hoc Cong nghé Thong
tin, Pai hoc Qudc gia TP. Ho Chi Minh di gidi thiéu mot mé hinh xac dinh sau ADL
bang thuit toan SVM dua trén phan tich dit liéu tir cic cam bién chuyén dong trong
SP [79]. M6 hinh cua ho xac dinh cac hoat dong nhu di bd, ding, ngéi, nam, di bo
lén cau thang, xudng cau thang. Tuy nhién, ho chua xem xét cac hanh vi bat thuong

nhu nguoi nga trong ADL.

Nguyen cong su [69] di giai quyét bai toan d6 bang cach ap dung GA dé ti uu hoa
vecto dic trung. V6i phuong phap dé xuét, sé luong vecto dic trung giam 49% so
v6i ban ddu ma két qua phan loai cia SVM van khong thay d6i nhiéu. D6 chinh xac

cua HMM lién tuc 2 giai doan tang 1&én 1.8% khi sur dung bd vecto dac trung tdi wu.
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Nhom nghién ctru Tran Thi Thanh Hai tai Pai hoc Bach khoa Ha Nbi da nghién ctru
vé phat hién ngudi nga tir dit liéu hinh anh [80]. Ho d3 st dung camera 3D (cam bién
Kinect) dé thu thap dir liu va xur ly anh dé nhan biét cac hoat dong va hanh vi cua
con nguoi. Ho da phat hién dugc cac truong hop nguoi nga tir dit liéu hinh anh. Tuy
nhién, hé théng nay co chi phi cao va kho ap dung trong thuc té vi c6 thé nhiéu ddi
tuong hoat dong trong vung camera gidm sat.

1.4. Giai phap nghién ciu

Xu hudéng gan day trong nghién ciru vé hé thong phat hién nga (FDS) 1a str dung dién
thoai théng minh (SP) do sy pho bién cua chung va sy da dang cia cac cam bién
nhing bén trong [81-84]. SP khong chi 1a vat dung thiét yéu hang ngay ma con duoc
ngudi dung 16n tudi chap nhan rong rai, do d6 it xam pham quyén riéng tu hon so véi

cac thiét bi theo ddi chuyén dung.

bién thoai thong minh dugc trang bi nhiéu loai cam bién c6 d6 chinh xac cao va co
thé két nbi voi cac hé thdng cam bién doc 1ap khac thong qua mang khong day ning
lugng thap (chang han nhu Bluetooth Low Energy - BLE) [23]. Kha nang luu trit 16n,
bd vi xtr 1y téc do cao, dé dang cai dat tng dung va kha ning két ndi (wifi, 4G, 5G,

SMS, BLE, NFC) dé truyén tin canh bao 1a nhimng loi thé 16n cua SP [85, 86].

Nhiéu nghién ctru vé hé théng phat hién ngd (FDS) dwa trén SP cho rang viéc str dung
két hop gia toc ké va con quay hoi chuyén co thé giup ting kha niang phat hién cac sy
kién nga [9, 55, 56, 62]. Tuy nhién, viéc st dung dong thdi nhiéu cam bién nhu gia
tdc ké va con quay hoi chuyén trong FDS, mic du c6 thé ting kha ning phat hién nga,
lai dAn dén viéc tang luong dit liéu dau vao va sd luong dic trung can trich xuét. [12,
62, 85]. Khi dir liéu tang 1én, viéc ap dung cac thuat toan hoc sau tré nén can thiét dé
nang cao hiéu suat cua hé théng. Thém vao d6, cam bién con quay hdi chuyén tiéu
hao nhiéu ning luong hon so véi gia téc ké [87, 88]. Vi vdy, viéc st dung nhiéu cam
bién cung Iac va xir 1y dit liéu bang thuat toan hoc sdu yéu cau phan clirng manh mé,

dan dén viéc tiéu thu nhidu nang lugng, ting chi phi tinh toan va chi phi van hanh.
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Diéu nay khong thich hop véi cac hé thdng c6 han ché vé tai nguyén tinh toan va

ngudn dién, nhu thiét bi di dong hodc thiét bi nhiing/IoT.

Vi nhitng 1y do da néu, c6 thé thiy cac thuét toan hoc sau khong phu hop voi ngudn
dir liéu khan hiém nhu céc hanh vi ngé, va cac hé thong c6 tai nguyén tinh toan, nguon

dién han ché nhu dién thoai di dong.

Do d6, luan 4n nay dé xuat str dung thuét toan ML va chi st dung cam bién gia toc
dé phat trién mo hinh phat hién nga trén dién thoai thong minh. Khung kién tric cua
mo hinh nay dua trén SP va k¥ thuat ML dugc mé ta nhu Hinh 1.7, bao gdm 2 giai

doan: (1) giai doan huin luyén mé hinh va (2) giai doan giam sat.
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= R l,
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Hinh 1.7. Khung kién triic ciia mé hinh phat hién nga ciia nguoi ding diea trén SP
va ky thudt ML.
Trong giai doan hudn luyén, dit liéu thu thap tir cam bién gia téc duge xir Iy va phan
tich dé trich xuét cac dic trung va huan luyén mo hinh ML. Trong giai doan giam sét,
dir li¢u mo1 dugce thu thap va xur Iy tuong tu, sau do dugce dua vao mo hinh da huin
luyén dé dy doan xem c6 xay ra sy kién nga hay khong. Néu phat hién ng4, hé thong

s€ kich hoat canh bao dén cac so6 dién thoai da duoc cai dat trudc.
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Phuong phap ndy giup giam thiéu chi phi tinh toan va ning luong, dong thoi tin dung
tinh pho bién va tién loi cla dién thoai thong minh dé cung cap mot giai phap phat

hién ng4 hiéu qua va thiét thyc.

1.5. Két luian chwong

Chuong nay d trinh bay tong quan vé cac khai niém co ban lién quan dén nhan dang
hoat dong va hanh vi bat thudng cuia con ngudi, dic biét 1a hanh vi nga. Ciu tric tong
quan va cac thanh phan ctia mot hé thong nhan dang hoat dong ctia con ngudi (HAR)
cling da duoc gidi thiéu. Chuong ciing di thao luan vé cac loai cam bién, mo hinh
hoc may (ML) thuong dugc sir dung trong HAR, cung vi cac phuong phap danh gia

hi¢u nang cua mo6 hinh.

Bang cach xem xét cac phuong phap, mé hinh va ki thuat tiéu biéu, dong thoi danh
gia uu diém va nhugc diém cua cac nghién ctru trong va ngoai nude lién quan dén bai
toan nhan dang hoat dong, ludn an da xac dinh duoc hudéng tiép can phu hop cho viéc
phat trién mot hé théng phat hién ngé hiéu qua va dang tin cay dua trén cam bién gia

toc ciia dién thoai thong minh.

Chuong tiép theo s& trinh bay chi tiét vé phwong phap trich rat dic trung tir dit liéu
tho thu thap bang cam bién gia toc cta dién thoai thong minh, dit nén tang cho viéc

xay dung hé thdng nhan dang hoat dong va phat hién su kién nga.
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Chuong 2. TRICH CHQON PAC TRUNG

Céc hé théng phat hién ngd dya trén cam bién quan tinh cta dién thoai théng minh
c¢6 nhiéu vu diém nhu tiét kiém chi phi, d& dang cai dit, hoat dong lién tuc va kha
nang tich hgp vdi cac ing dung khac nhu goi dién, gui tin nhén, dinh vi GPS. Tuy
nhién, chung ciing d4i mit v6i nhiéu thach thirc nhu dit liéu phirc tap, chira nhiéu
nhiéu va khong 6n dinh. Piéu nay lam cho viéc trich xuat cac dic trung c6 thé phan
biét tbt cac su kién nga va cac hoat dong khac tré nén kho khan. Ngoai ra, viéc tiét
kiém nang luong dé tang tudi tho pin cua dién thoai thong minh ciing 13 gip nhiéu

thur thach.

Chuong nay tap trung tim céc giai phap dé giai quyét cac khd khian da néu bang cach
dé xuét quy trinh trich rat dic trung tir dit liéu cam bién gia tdc, bao gdm tién xir 1y
dir liéu, trich xuat dic trung, lya chon dac trung va lya chon mé hinh hoc may phu
hop. Nghién ciru str dung hai bo dit liéu cong khai 1a MobiAct v2.0 va UP-Fall dé
danh gia hiéu qua ciia cac giai phap dé xuat. CAc giai phap nay ciing da duoc cong bd

trong cac cong trinh nghién ciu [CT1], [CT2], va [CT3].

2.1. Giéi thiéu

bac trung la mot khai niém quan trong trong khai pha dir liéu, chung phan anh thudc
tinh cua d6i twong va gitp phan biét giita cac ddi twong twong dong. Vi du, mau sic,
hinh dang, kich thudc va mui huong 13 cac dic trung phan anh dic diém cia loai hoa.
Str dung tap hop cac dac trung thay vi dir li¢u tho s€ cai thi¢n do chinh xac cia qua
trinh phan loai [89]. M6t dic trung c¢6 thé bao gdm nhiéu dic trung khac hoic 1a sy
tong hop ctia nhiéu thudc tinh dit liéu, giup giam chiéu cua dir liéu gc. Bang cach st
dung cac dic trung quan trong, hé thdng s& vu tién cac dic trung co trong sb cao hon

trong qua trinh du doan.

Trich xuét dic trung 13 phuong phap chuyén doi khong gian dic trung ban dau sang

mot khong gian méi. Noi cach khac, day 1a phuong phép tao ra dac trung méi tir cac
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dic trung ban dau. Trong cac FDS, dit liéu cam bién dugc chuyén thanh dir liéu trong
khong gian dac trung méi thong qua mot bo dac trung da chon. Gia sit mot phan doan

dir liéu c6 dang nhu Biéu thirc (2.1) [7].

s={s1,8,...,s,} ER" (2.1)

mot dic trung duogc trich xuét trén phan doan d6 c6 dang:

y = 1(s) (yl,yz, ...,sm) voii=1+m (2.2)
trong d6 f 12 mot ham anh xa (hay con goi 1a ham dic trung) bién d6i dir liéu s tir
khong gian n chiéu sang khong gian m chiéu (m thudng nhé hon n). Kich thude khong
gian dic trung m < n, nghia 13 viéc trich xuét cac dic trung s& 1am giam kich thudc

khong gian dir 1iéu tho.

Trich xuat ddc trung dong vai tro quan trong trong cac FDS dya trén ML vi nd gitp
xac dinh bo dac trung tinh gon tir dir 1i€u cam bién, giam 15i phan loai va do phirc tap
tinh toan. P& nhan dang chinh xac, mot vecto g, dugc chon sao cho dir li¢u géc anh

xa to1 cac vung khac nhau cua khong gian déc trung.

Céc ham dic trung can duoc Iya chon dé khong gian méi thé hién thong tin hoat dong
va thudc tinh dac biét cta tung ddi tuong. H¢ théng st dung thong tin tir cac dic trung
nay dé phan tich, nhan dang va xac dinh cac hoat dong. Lua chon dac trung phu hop
s& dam bao tinh toan ven va sin co ciia dit liéu 12 vu tién hang dau. Trong cac k¥ thuat
xu ly tin hi¢u cam bién, cac dic tinh dit liéu duoc chon theo tinh chat thoi gian, tan

s6 va roi rac va da duoc sir dung trong nhiéu nghién ciru [90, 91].

2.2. Quy trinh trich rit diic trung tir dir liéu cam bién gia toc

Qua trinh trich rat dac trung tir dir liéu cam bién gia téc cho hé théng phat hién su

kién nga cua con ngudi dugc thuc hién theo quy trinh nhu minh hoa ¢ Hinh 2.1.
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Hinh 2.1. Quy trinh trich rut dac trung.

Nguén dir liéu gia téc: St dung cam bién gia toc ba truc tir cac thiét bi nhu
dién thoai thong minh, dong hd théng minh, hoic Pon vi do luong quan tinh

(IMU) dé thu thap dix liéu vé chuyén dong cia ngudi ding.

Tién xir ly dir liéu: Budc nay bao gom viéc loc nhidu dé loai bo cac tin hiéu
khong mong muén va chia dit liéu chudi thoi gian thanh cac doan nho dé dé

dang xu ly.

Trich rat dic trung: Mdi phan doan dit lidu ¢ budc tién xu ly duoc st dung
dé trich rat dic trung theo mién thoi gian, mién tan sb, tham sé dinh huéng va

tham s6 Hjorth.

Lwa chon dic trung: Sau khi trich rat, dya trén cac thuc nghiém dé tién hanh
lva chon nhiing dac trung phu hop voi phan loai ngéd. Loai bo cac dac trung

khong mang nhiéu thdng tin hodc c6 do twong quan cao.

Lwa chon mo hinh phil hep véi tap dic trung: Ap dung nim mo hinh hoc
may pho bién (SVM, kNN, RF, ANN va J48) dé danh gia mtc do anh huong

cua cc tap dic trung dé xuat.
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2.3. Cac b dir liéu sir dung trong nghién ctiru

Trong ludn 4n ndy va trong c4c nghién ctru vé chii dé phat hién cac su kién ngd, NCS
da str dung hai bo dir liéu cong khai la MobiAct v2.0 [92] va UP-Fall detection [12]
dé thuc nghiém - dénh gia cac giai phap dé xuat. Ca hai bo dir liéu nay di duoc rong
rai st dung trong nghién ctru lién quan dén nhan dang hoat dong va phat hién ngé,
nho vao kich thudc 16n va miac do phé bién cua chung. Diém nbi bat cua hai bo dit
lidu 1a sy da dang vé sd luong hoat dong, s luong tinh nguyén vién tham gia va
phuong phép thu thap dir liéu. B dit 1iéu MobiAct v2.0 dugc thu thap tir cac cam
bién cua dién thoai thong minh, trong khi b dit liécu UP-Fall dugc thu thap tir cac
cam bién cua thiét bi Pon vi do ludng quan tinh (IMU). Chu sé hitu va tac gia cia
cac bd dir liéu nay da cho phép NCS str dung chling trong cac nghién ctru. Cac bo dir
lidu nay da dugc xem xét va phé duyét boi cac chuyén gia vé dao dirc nghién ciru ciia

con ngudi. Thong tin vé hai bo dit liéu dugc trinh bay trong Bang 2.1.

Bang 2.1. Cac b¢ dir liéu cong khai duoc sie dung trong ADL va phat hién nga.

o dii 3 b oi Giéi tinh
Bodir  Nam ADL Ngi SO nguoi

z. Chiéu cao Cén ning
A A J Tuoi :
licu cong bo

thu thip Nam Nir (cm) (ka)
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

Ti 18 phan bd mAu dit liéu cua cac hoat dong trong hai bo dir liéu MobiAct va UP-
Fall duoc thé hién ¢ Hinh 2.2.

Déi v6i bo dir liéu MobiAct, s6 lugng mau cua bon hanh vi ngé chi chiém 8% tong
s& mau. Trong khi d6, bén hoat dong co ban hang ngay nhu i b (WAL), Pimg
(STD), Chay bd (JOG), Nhay (JUM) chiém 72% mau. Dbi voi bo dit liéu UP-Fall, s6
lwong miu cua nam sy kién ngd chi chiém 9% téng s6 mau. Sau hoat dong co ban
hang ngay nhu Pi bo (W), Pimg (ST), Ngdi (SI), Nhay (J), Nam (L), chiém 90%
mau. Co thé nhan th?iy, MobiAct va Up-Fall déu la nhiing bg dir li¢u c6 su khong can

bang 16n giita cAc mau hoat dong binh thuong va cac su kién ngi.

41



-

(a) B3 di¥ lidu MobiAct (b) B& dit liéu UP-Fall

Hinh 2.2. Phdn phéi dit liéu trén hai bé dit liéu: (a) Mobidct v2.0; (b) UP-Fal [12,
92]

2.3.1. B0 dir liéu MobiAct v2.0

MobiAct v2.0 [92] 1a mot bo dir liéu cong khai dugc thu thap tir dién thoai thong
minh khi nguoi tham gia thuc hién cac loai hoat dong khac nhau va céac tinh huéng
ngd. Bo dit liéu nay dya trén phién ban MobiAct di duogc cong bd trude d6 (Vavoulas
va cong su, 2016). Bo dir liéu MobiAct v2.0 dugc thu thap tir cam bién gia tbc, con
quay hoi chuyén va cam bién dinh hudng cta dién thoai Samsung Galaxy S3. Théng
s6 k¥ thuat ctia cam bién gia toc va cam bién con quay hdi chuyén trén dién thoai
thdng minh Samsung Galaxy S3 duoc tom tit nhu trong Bang 2.2.

Bdng 2.2. Théng sé cam bién gia toc va con quay hoi chuyén trén dién thoai théng

minh Samsung Galaxy S3

Loai cam bién

Thong sb . X A Z
Gia toc Con quay hoi chuyén
Nha san xuét STMicroelectronics InvenSense
Dai do +29, +4g, +8g, +16g +250°/s, #500°/s, £1000°/s, £2000°/s
Do nhay 1024 LSB/g 16,4 LSB/°/s
Do phan giai 12 bit 16 bit
Tbc dd lay madu  1Hz dén 1 kHz 1én dén 8 kHz
Cong suét tiéu thy 0,75 mA (c’hé' d6 do lién tuc) 3 mA (ché do do lién tyc)
0,5 pA (ché do cho) 0,5 nA (ché d6 cho)
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Phién ban MobiAct v2.0 bao gdm 4 loai ngd khac nhau, 12 hoat dong sinh hoat hang

ngay (ADL) khac nhau va mot kich ban cudc séng hang ngdy tir tong cong 66 d6i

tugng voi hon 3200 1an thir nghiém (3200 mau), tit ca déu dugc ghi lai bang dién

thoai thong minh.

Céc nhan hoat dong dugc thu thap trong bo dir li¢u nay dugc tom tat nhu Bang 2.3.

Céc hoat dong sinh hoat hang ngay dugc chon dya trén cac tiéu chi:

1)

(@)

©)

Ul tién cac hoat dong c6 dic diém twong tu nhu ngd. Nhitng hoat dong nay
bao gém céac chudi dong tac ma tinh nguyén vién thuong giit yén dong tac, &

cac tu thé khac nhau, chang han nhu ngdi xuéng ghé hoic budc vao xe hoi.
Cac hoat dong thay doi trang thai dot ngot hoic nhanh chong va twong tu nhu
ngd, chang han nhu nhay va chay bo.

Céc hoat dong pho bién nhat trong cudc séng hang ngay nhu di bo, ding, 1én

va xudng cau thang.

Bang 2.3. Hoat déng thuong ngay va nga trong bo dir liéu MobiAct [92].

Nhéan

BSC
FKL

FOL
SDL
CHU

CSlI
CSO
JOG
JUM

LYI

SCH

Thoi  S6 méu
gian [
10 gidy 6308 Ngi ngira trong khi dang ngdi trén ghé

Mo ta Loai hoat dong

10gidy 6342 Njga ve pl’ila t'r}r(yc khi dang dung, dau goi
tiép xuc dau tién.

~ A 1, , X , . Céc su kién nga
Nga ve phia trudc khi dang ding, st dung

10giy 6324 tay dé chong.

10 gidy = 6315 Nga sang mot bén khi dang ding, gap chan
Ch}lyén tiép tir ngdi sang dimg (dung 1én tir
ghe)

6 giay 6382 Budc vao trong xe

6 giay 1800

6 gidy 6444 Budc ra khoi xe hoi Hoat dong binh
30 gidy 24652 Chay bd Oathlfélfg n
30 gidy 24163 Nhay lién tuc (hang ngay)

10gidy 3106 Hoat C}Qng CIu:ch~ thyc hién ¢ khoang thoi
gian nam sau nga
Chuyén tiép tir dimg sang ngdi (ngdi trén

6 giay 5799 ghé)
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Nhén ';Il;(: So[lj;au Mo ta Loai hoat dong
SIT  1phat 3787 Ngbi trén ghé véi nhimng cir dong nhe nhang

STD 5phat 65562 BDung vdi ma cir dong nhe nhang

STN 10gidy 13311 i xudng cau thang (10 bac)

STU 10gidy 13462 BDilén ciu thang (10 bac)

WAL 5phat 86178 Di bo binh thuong
[*1: Pady la s6 mdu dit liéu sik dung trong ludn dn, né dwoc thu thip bang cam bién
gia toc ciia dién thoai thong minh. NCS khéng thong ké s6 mau cia dit liéu thu bang

cam bién con quay hoi chuyén va cam bién dinh huong.

B dir lidu MobiAct v2.0 [92] duogc thu thap tir gia tde ké, con quay hdi chuyén va
cam bién dinh hudng ciia SP Samsung Galaxy S3 véi tan s6 1ay mau khoang 85Hz
cho moi hoat dong. Vi¢c léy mau céc su kién nga dugc thuc hi¢n ba 1an cho mdi kiéu
hoat dong, mdi mau kéo dai 10 gidy. Cac hoat dong dtng va di b chi dugc ldy miu
mot 1an trong 5 phat. Cac ADL khéc c6 thoi gian 14y mau tir sau gidy dén 30 gidy,
tuy thudc vao ting loai hoat dong. Ti 1é mau cua cac sy kién ngi chi chiém khoang

8% téng sb dit liéu duoc thu thap.

Lu4n an ndy chi st dung dit liéu thd thu tir cam bién gia toc dé trich rat dic trung. Tan

s6 ldy mau cho tat ca cac hoat dong dugc gilt nguyén 85Hz.

2.3.2. B9 dir liéu UP-Fall

B dir liéu UP-Fall [12] bao gom 11 hoat dong - sau hoat dong thudng ngay ciing nhu
nam sy kién ngd khac nhau cua con nguoi dugc thu thap boi 17 thanh nién khoe
manh. Ho &p dung phuong phap thu thap da phuong thic bang cach sir dung cam
bién deo dugc, cam bién moi truong va cam bién thi giac. Thong tin vé cic nhin hoat

dong trong b dir liéu nay dugc tom tat & Bang 2.4.

Pé thu thap dit liéu cho bo UP-Fall, Martinez-Villasefior va cong su [12] di sir dung
nim cam bién deo trén nguodi Mbientlab MetaSensor dé thu thap dir liéu thé tir gia

tbc ké va con quay hoi chuyén. Ho ciing s dung tai nghe dién nio d6 (EEG)
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NeuroSky MindWave dé do tin hiéu séng ndo & tran. Ngoai ra, ho lip dit sdu cam
bién hong ngoai dudi dang ludi 400mm trén san phong thi nghiém dé do luong nhing
thay débi trong hoat dong va dat hai camera Microsoft LifeCam Cinema dugc dat ¢ do
cao 1820 mm so véi mit san dé thu thap hinh anh cta dbi twong theo géc nhin ngang
va gbc nhin chinh dién. TAt cé cac loai cam bién hoat dong déng thoi dé thu thap dir

liéu cho ting loai hoat dong. Tan sd lfiy mau tiéu chuén cho tt ca cdc miu 1a 100Hz.

Bdng 2.4. Hoat dong thuong ngay va nga trong bo dir liéu UP-Fall [12].

Nhan T_hm’ SO0 mau Mb ta Loz.li hoat
gian [*] dong
A0l FH 10 152  Ngi vé phia trudc dung tay dé chong
A02 FF 10 159  Ngi vé phia trudc st dung dau gbi
~ A 1 Cac su kién
AO03 FB 10 149  Nga vé phia sau nga
A04 FS 10 146 Nga sang mot bén
A05 FE 10 144 Ngi ngdi (ngdi vao ghé trong)
A06 W 60 1954  Dibd
A07 ST 60 1922  Pung A
A08 SI 60 1915  Ngbi Hoat dong
T binh thuong
A09 P 10 130 th;lt dd vat (hang ngay)
A10 J 30 826  Nhay
All L 60 1872  Niam

[*]: Péy la s6 mdu dir liéu sir dung trong ludn dn, né dwoc thu thdp bang cam bién
gia téc ciia thiét bi deo dé bén trong tii qudn bén phdi. NCS khéng thong ké sé mau

ciia dit liéu thu bang cdc logi cam bién Khac.

Lu4n &n nay chi st dung dit liéu tir gia toc ké 3 truc cua thiét bi IMU dat trong tai
quan bén phai ctia cac tinh nguyén vién véi tan s 1ay mau giit nguyén 100Hz.

2.4. Tién xir Iy dir liéu

2.4.1. Ky thuat loc nhiéu

Tin hi¢u cam bién cua dién thoai thong minh thudng gip nhiéu yéu t6 gy nhiéu, doi
hoi str dung cac ki thuét loc phi hop dé lam sach va 1am min. Tin hiéu tir cam bién

gia tdc mo ta hoat ddng con ngudi bao gdm chuyén dong, trong luc va nhidu [93]. Dé
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xay dung mo hinh nhan dang hoat dong va phat hién ngd hi¢u qua thi phai tach duoc

cac thanh phén nay [94]. Mot k¥ thuat thuong dugc st dung 1a loc dir lidu dé loai bo

nhidu. Tuy nhién, néu ap dung k¥ thuat loc khong phu hop cé thé lam mét théng tin

htru ich cua dir licu.

Céc bd loc dugc dat tén theo pham vi tan sb cua cac tin hiéu ma chuang cho phép di

qua, dong thoi chan hoac lam suy gidm céc tin hiéu con lai. Ba loai bd loc phd bién

1 (i) bo loc thong thap (low-pass filter), (i) bo loc thong cao (high-pass filter) va (iii)

bd loc thong dai (band-pass filter).

(i)

(i)

(iii)

B6 loc théng thap: Chi cho phép tin hiéu cd tan sé nho hon tan sé cit (f,) di qua
va chin moi tin hiéu c6 tan sé cao hon f.. Hau hét nang luong cua tin hiéu gia
téc do chuyén dong cia con nguoi tao ra nam trong dai tan s dudi 15Hz [80,
81]. Vi vay, cac nghién cttu vé nhan dang hoat dong caa con ngudi sir dung bo
loc théng thap thuong chon tan sb cat tir 15Hz dén 20Hz [96-98].

B loc thong cao: Chi cho phép tin hiéu c6 tan sb 16n hon tan sé cat (f.) di qua,
dong thoi chan moi tin hiéu ¢d tan sé thap hon f.. Bo loc thong cao thuong duoc
dung dé tach tin hiéu gia téc bi 1an vai thanh phan lyc trong truong va nhidu tan
s6 thap do chuyén dong ciia co hodc nhip tim ¢d tan sé cat nam trong khoang tir
0.1 dén 0.5Hz [94, 98-100].

B loc thong dai: Cho phép céc tin hiéu nam trong mot bang tan nhat dinh nam
gitta hai diém tan sb cit di qua, dong thoi chan cac tin hiéu c6 tan sb nam ngoai
dai tin d6. Phan Ion céc nghién ciu vé nhan dang hoat dong va phat hién su
kién nga str dung bo loc thdng thip dé 1am sach dix liéu thu tir cam bién gia téc.
Trong luan an nay, NCS sir dung bo loc théng dai dé loc bo nhidu tan sé cao va
tan s6 thap nhu trinh bay & trén. Bo loc thong dai la su két hop caa bo loc thong
thap va bo loc thong cao. Bang thong cua bo loc thong dai duoc gidi han bai tan
s6 cat fy = 0.25Hz va f, = 15Hz. Trong 4o, fy; 1a tAn s6 cat cua bo loc thong

cao va f;, 1a tan sé cat cia bo loc thdng thap.
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Céc bo loc s6 duogce st dung ¢6 cau triac mo ta bdi ham truyén tong quat nhu sau:

Y(z) bg+byz ' +byz7? .. +byz"
X(z) 14+a;z7'+a,z72..+a,z™

H(z) = (2.3)

trong d6, n 13 bac bd loc, ai va bi 1a cac hé sb xac dinh dic tinh cua bo loc, z*! dic

trung cho d6 tré don vi ctia miu dit liéu [101] twong tmg voi chu ky 1ay mau dir liéu.

Ham truyén cua bd loc thong thap bac mot phd bién duge biéu dién bang:

H(z) = % =1+oaz?! (2.4)

trong do, hé s6 o dung dé xé4c dinh tan s cit caa bd loc. Bo loc bac cao hon thuong
dugc su dung dé nang cao kha nang loc nhiéu va luc trong truong. Tuy nhién, do
phtc tap tinh toan s€ tang 1én theo bac cua bd loc. pé giam badt do phire tap, NCS su
dung b loc bac hai dé lam sach di liéu, n6 ¢6 ham truyén [101] nhu Biéu thirc (2.5).

Y(z) bo+byz™' +byz7?
X(z) 1+a;z7!+a,z 2

H(z) = (2.5)

Qua trinh loc duogc biéu dién theo biéu thuc sau:

y[i] =bex[i] + bix[i—1] + byx[i—2] —a;y [i— 1] —ayy [i — 2] (2.6)
trong d6: X[i] 1a gi4 tri mau trudc khi loc tai thoi diém i; y[i] 1a gia tri mAu sau khi loc
tai thoi diém i va céc gia tri mau nay co thé duoc thu thap tir cac cam bién khac nhau
nhu gia toc ké, tir ké hay con quay hdi chuyén. Luan an nay str dung bo loc thong dai
dua trén ciu trac ctia bo loc bac hai dé chon mét dai tan nhu trén, diéu nay gidp cho

viéc nang cao hiéu qué ciia cac tham sd Hjorth va cac ddc trung mang tinh dinh huéng.
2.4.2. Phan doan dir li¢u
2.4.2.1. Cira so dit ligu

C6 hai phuong phap chinh dé thiét 1ap cira sd dit liéu: (i) phan chia theo kich thudc
¢d dinh va (ii) phan chia theo kich thudc dong. Phuong phap phan chia theo kich

thudc dong bao gdom ctra s6 xac dinh hoat dong va cura s6 xac dinh sy kién. Kich
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thudc cira s6 ¢b dinh chia thanh hai loai: ctra s6 truot khong chong chéo (nOSW) va

ctra s6 trugt c6 chong chéo (OSW) [102, 103] nhu mé ta ¢ Hinh 2.3 va Hinh 2.4,

25 Phan doan dir liéu khong xép chong

Gia toc (m/s"2)
o

-10
-15
20 -
-25

Hinh 2.4. Phdn doan dit liéu bang ky thudt civa sé xép chong dit liéu (OSW)

Gia toc (m/s"2)
o

Cira s6 xac dinh hoat dong bét dau va két thic dua trén mau thay doi hoat dong, trong
khi ctra s6 xac dinh sy kién tao ra quanh mdt sy kién cu thé. Dit liéu duoc phan thanh
céc doan co kich thude nhat dinh goi la cua s6 dir liéu hodc ctra sb truot, cac cira sd
c6 thé chdng 1én nhau nhu Hinh 2.4. Trong HAR, ctra s6 truot 1 phwong phap phan
doan dit liéu phd bién, dic biét 1a cho cac hoat dong c6 chu ky va tinh [102].

2.4.2.2. Kich thwéc civa sé dii liéu (DWS)

Dit liéu hoat dong ctia ngudi ding duoc ghi lai bing cam bién gia tdc theo cac truc x,
y, z va lién tuc theo thdi gian. Pé nhan dang hoat dong chinh xac, ching ta can phan
tich dic diém cua dit liéu trong khoang thoi gian dién ra hoat dong. Dit liéu tir cam

bién duogc chia thanh nhiéu doan nhé bang k¥ thuat cira s6, mdi kich thude cira s6
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(DWS) ¢6 do dai ¢d dinh. Pac trung ctia moi hoat dong duoc trich Xuat tir tirng cura
s6 dit liéu. DWS anh huéng dén do phtc tap tinh toan va hiéu suat nhan dang. DWS
qua ngan s& thiéu thong tin vé cac hoat dong, nguoc lai DWS qua 16n s& chira nhiéu
hoat dong trong cting mot cira s6 [22]. Nghién ciru ctia Saha va cong su [22] cho thay
DWS khoang 1-2 gidy thudng mang lai hiéu sudt phan loai t6t nhat. Ferrari va cong
su da khao sat mic do phd bién cia DWS trong nghién ctru vé HAR va két qua cho

thay hon 50% cong trinh nghién ctru st dung DWS < 3 giay (Hinh 2.5).

khdc, 10% .

>10s, 4% 4

Hinh 2.5. Cac DWS phé bién trong HAR [7]
2.4.2.3. Cira so trwot va xép chéong dir ligu

Tuy thudc vao cach thu thap va loai dit liéu ma cac nghién ctru lya chon gitta ctra )
cb dinh hay khong ¢ dinh dé thiét ké hé thong. Luan an nay chon phurong phap phan
doan dit liéu thanh c4c ctra s6 c6 kich thude cb dinh, n6 thuong chia thanh hai loai:
khong chdng chéo dir liéu (nOSW) va c6 chdng chéo dit liéu (OSW) nhu mo ta trong
Hinh 2.3 va Hinh 2.4 [102-104].

Hiéu suat ctia FDS dya trén phuong phap nOSW thudng t6t hon khi thoi gian dién ra
cac hoat dong co su tuwong df”mg. Nguoc lai, néu d6 dai va tinh chét cua céc hoat dong
khong ddng déu va khong rd rang, thi phuong phap OSW s& hiéu qua hon nOSW
[90]. Péi v6i su kién nhu ngd, ching xay ra nhanh, bat ngd va khé du doan. Thoi
gian dién ra ctia mdi sy kién nga c6 thé khac nhau tuy thudc vao mdi ngudi. Do do,

phuong phap OSW dé phan doan dit liéu s& hiéu qua hon phuong phap nOSW.
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2.5. Trich xuét dic trung

Trich xuat dic trung 14 qué trinh bién doi khong gian dic trung ban dau sang mot
khong gian khac, noéi cach khac, day 1a qua trinh xay dung mot tap dac trung mai tur
tap dac trung ban dau. Muc dich cua viée trich xuat dic trung 1a x4c dinh cac bg dac
trung tinh gon hon tir dit liéu cam bién ddu vao, nhim giam thiéu 18i phan loai, giam

do phuc tap tinh toan va cai thién hiéu suit cua hé théng nhan dang.

Gia sir mot phan doan dir liéu cam bién dugc biéu dién dudi dang s = {s, sy, ..., S,}
[7]. Mot didc trung dugce trich xuat tir phan doan nay c6 thé dugc biéu dién dudi dang
y =1(8) {y1, V2, ., Y }. Trong d6, f 1a mot ham anh xa (ham dic trung) bién doi dir
lidu s tir khong gian n chiéu sang khong gian m chiéu (m thuong nho hon n). Piéu

nay mo ta viéc trich xuét dic trung gitp giam kich thude cua khong gian dir liéu tho.

Pé qua trinh nhan dang hoat dong dat hiéu qua, ham dic trung £(S) can dugc lya chon
sao cho dir lidu gdc dugc anh xa vao cac ving riéng biét trong khong gian dic trung
moi1. Noi cach khac, cac dac trung dugce trich Xuét phai mang tinh dai di¢n cao, thé

hién 4 rang céac dac diém, tinh chét dic trung cua tung loai hoat dong.

Viéc lua chon mét tap dac trung phu hop la rat quan trong, dam bao dir liéu moi vira
toan ven vira c¢6 kha ning phan biét tot giita cac hoat dong khac nhau. Trong cac
phuong phéap va k¥ thuat xtr 1y tin hiéu cam bién hién nay, cac dic trung thuong dugc

lwa chon duya trén cac tinh chit thoi gian, tAn sé va roi rac hoa cua dir liéu [90, 91].

2.5.1. Trong mién thoi gian

Trong mién thoi gian, c6 nhiéu dic trung dugc sir dung dé phan loai hoat dong nguoi
dung tir dit liéu cam bién gia téc. Bang 2.5 tom tit va thong ké nhitng dic trung duoc
céc chuyén gia danh gia 1a quan trong va c6 anh huéng 16n dén kha nang phan loai

hoat dong [18].
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Tén dac
trung

Téi da
Téi thiéu

Pham vi

Do 1éch mau

Trung binh

bo 1&ch tuyét
doi trung
binh

Phuong sai

Do léch
chuan

Do hiéu
dung

Ti 1€ dinh
trén trung
binh

H¢ s6 tuong
quan mau

Tuong quan
chéo

Do tuong
quan

Piém cit
khéng

Bdng 2.5. Céc dic trung co bdn trong mién thoi gian.

Mo ta

Gia tri t6i da cia mot phan
doan dir lidu trén mdi truc
Gia tri tbi thiéu ciia mot phan
doan dir liéu trén mdi truc
Pham vi cia mdt phan
doan dir liéu trén mdi truc
gia tri 46 l1éch gitta cac mau
cuc dai va cuc tiéu trong mot
phan doan dit liéu trén moi
truc

Gia tri trung binh trén mot
ctra s6 mau dit liéu trén mdi
truc

Gia tri trung binh trén mot
ctra s6 mau dit liéu trén mdi
truc

trung binh d¢ 1éch khoi gia
tri trung binh pha phuong
kha ning thay d6i ciia mot
bd dir liéu va phan bd xac
suit ctia no

Gia tritrung binh pha
phuong gdc ciia mot phan
doan dir liéu trén moi truc
Gia tri cia bién do tin hiéu
16n nhét so voi gia trj trung
binh ctia mdt phan doan dir
lidu trén moi truc

ti 1¢ cua hi€p phuong sai
gitra cac tin hi¢u doc theo 2
truc (vi du truc x va y)

phép do muc d§ tuong tu
gitra hai tin hiéu

tinh theo cac cap truc toa do
(xy), (x,2) hay (y,z) hodc
gitra hai thanh phan gia toc
doc va ngang

diém ma phan nira mot tin
hiéu di qua
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Cong thirc tinh
max;=1, ..., n(sj)
min=1, ..., n(sj)

R=max - min

As =max(s) - min(s)

1 n
= S:
n-1 zi=1 !
1 n _
Ampa= EZ 1|Si' s|
i=
1 n
c2=—z (s- 5)2
n-12ai

1 n
o= jﬁzl(si' 5)>2

1 n
SrMs= —z 5i°
N 4i=

max(s
PAR= _( )
S
cov(x,y)
; OOy

=1 [
n-1
R, y = max E Xi-Yig

i=1

=1 (S;'gx)(siy'sy)

R=
st )’

N
>-3
i=1

sgn(sp [i]) - sgn(sp [i-l])
2

(2.7)
(2.8)

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)



Tén dac

Mo ta Cong thirc tinh Ma
trung

cn R té)ng dién tich dugc bao bai 1[<&
Dign tichdd  4o71 ) ciia méi tin hicu gia SMA=- Z f I8 (0)]dt (2.21)
16n tin hiéu <, t 0

toc O 3 truc k=x

< nang luong cua trang thai N
Nang lugng . S 1 . e e
hoat dong hoat dong theo hai thanh SMA,= 2iZz:usk l-11+Hsy [ID*Ce [t [i-1D) - (2.22)

phan gia téc doc va ngang =

Tong do lon Téng cua cac thanh phan doc N

vecto tin ge phan de SVM=- 2 Ay +Z (2.23)
A theo cac truc x, y va z n 1 i 1

hi¢u i=1

Tong d6 1on Sy khac biét vé tong do 16n

p 3 1/t ,
vecto tin cua cac thanh phan doc theo DSVM=¥ ( f (|Z SVM |) dt) (2.24)
hiéu vi sai cac truc X,y va z 0
Gia tri tich Do tich liy cua céc gia tri

n-1
trong thanh phan goc quay Iy :z I[i] (2.25)
i=1

lay thay ddi theo thoi gian

Ghi chd: n — sé mdu di liéu trong phdn doan cira s6; M — téc dé lay mau

Trong s6 nhitng dic trung duoc tong hop & Bang 2.5, gia tri trung binh (§) duoc st
dung nhu mot dac trung doc 1ap hoac lam co s& dé trich rut cac dic trung khac. Bac
trung nay duoc tinh toan nhanh va yéu cau it bd nhé. Phuong sai (62) va do léch chuan
(o) 1a cac dic trung thé hién su phan tan cua tin hiéu quanh gié tri trung binh. Nhiing
dac trung nay c6 kha nang phat hién cac hoat dong co6 bién do 16n nhu di bg, chay bd
hay nhay, déng thoi ciing cung cap thong tin vé d6 on dinh cta tin hiéu tir cam bién

gia toc, giup phat hién cac sy kién nga trong chuyén dong ctia nguoi dung.

D0 hiéu dung (Sgvs) 14 déc trung thé hién tinh chét ctia mot chudi gia tri, gitp phan
biét gilra cac hoat dong binh thuong véi su kién nga. Ti 1€ dinh trén trung binh (PAR)
1a dic trung thé hién su chénh léch gitra gia tri cao nhat va gia trj trung binh cua tin
hi€u, giap nhan dang cac hoat dong nga cé bién do 16n. B tuong quan (R) la dac
trung thé hién moi quan hé giita hai tin hiéu khac nhau va c6 thé sir dung dé phat hién
cac hoat dong co thay ddi theo huong nhét dinh, nhu di bo, chay, hodc co thay ddi

theo nhiéu huéng nhu 1én, xudéng cau thang.
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Dién tich do 16n tin hiéu (SMA) 1a dic trung thé hién chi phi ning lwong trong cac
hoat dong thuong ngay. Pac trung nay cd kha ndng phan bi¢t gitra trang thai nghi va
hoat dong ctia ngudi dung, déng thoi phan anh ning luong cua trang thai hoat dong
theo hai thanh phan gia téc doc va ngang. Hai thanh phan ning luong nay co thé st
dung dé phan bié¢t cac hoat dong c6 su khac biét gitra ching, nhu hoat dong nhay so

v6i1 cac hoat dong khac.

2.5.2. Trong mién tin s6

Vi tin hi¢u gia tdc, viéc trich rut dic trung trong mién tan sd thuong duogc thuc hién
thong qua phép bién d6i Fourier. Phép bién doi nay cho phép xac dinh cach tin hiéu

thay d6i theo thoi gian dudi dang mot chudi cac thanh phan tan sd.

K¥ thuat trich xuat dic trung trong mién tan s6 duoc sir dung dé xac dinh ban chat
1ap lai theo chu ky cua tin hiéu, ch:flng han nhu khi di bd, chay, nhay. Cac dac trung

quan trong khi trich xuét trong mién tan s6 dugc tom tat va thong ké trong Bang 2.6.

Bang 2.6. Cdc ddc trung co bdn trong mién tan so.

Tén dac

Mo ta Cong thire tinh Ma
trung
Entropy Entropy thong tin_ chuan hoa -
thong tin cua cac thanh phan FFT roi H= -z p(s,) log, p(s,) (2.26)
rac i=1
Khai trién L2 D R ol
Fourier I§ha1 me:n F(Zur.lf reotractren . [k]:Z x [m].w [m]. exp(-j2n/n).km)  (2.27)
tap N mau dir liéu a
nhanh m=0
Nine lwon Tépg binh phuong céc hé sO M
L8 MO8 pho duge chudn hda theo E, :Zp{ k]2 (2.28)
p chiéu dai ctra s6 mau. =1
Niine luon Pugc tinh bang cach lay
hé ft%run. € trung binh cong ctia tht ca cac _ 2 Zﬁi §| X [k] | (2.29)
P! & gia tri nang lugng trong pho E= '
binh > S n
tin hiéu.
M
Trung binh  Gia trj trung binh ctia phan 1
phé phéi FFT. Me=1 kzl: FFT; (2.30)
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Phép bién doi Fourier 1a cong cu chinh duoc str dung trong viée trich xuat dic trung
tir mién tan s. Phép bién d6i nay khong chi gitip biéu dién cac dic tinh cbt 16i cta
phd tin hiéu (nhu thanh phan trung binh hay cac thanh phan tin sé quan trong) ma
con cho phép phan tich cu thé cac chu ky hodc cac phan lap lai trong tin hiéu. Diéu
nay dugc thuc hién bing cach sir dung k¥ thuét khai trién Fourier roi rac thong qua
cac giai thuat nhu khai trién Fourier nhanh (FFT) va khai trién tin s6 thoi gian nhanh

(STFT), ap dung cho cic phan doan tin hi¢u trong mot khoang thoi gian nhat dinh.

Céc thanh phéan tan s6 quan trong 13 cac gia tri khac 0 trong mién tan sd, biéu thi cac
chu ky co ban hoic cac khoang 13p lai cia tin hiéu. Céac gia tri nay cho biét tan sb va
bién d6 cua cac chu ky lap lai, tic la s6 lan va muc do 1ap lai trong mét don vi thoi
gian. Vi dy, néu tin hiéu gia tbc ké co mot thanh phan tan sé quan trong & mirc 2Hz
va bién d6 0.5 m/s?, c6 nghia 1a tin hiéu 1ip lai 2 lan trong mogt giay va dao dong

0.5 m/s? quanh gi4 tri trung binh, c6 thé do nguoi dung dang di bo.

Ngoai ra, c6 nhitng dai luong khac dugc st dung dé mé ta phé cua tin hiéu, bao gém
nang luong phd, Entropy thong tin, va cac dai luong lién quan dén d6 16n va pha cia
cac hé sb pho. Ning lugng phd do ludng ning luong cta tin hiéu trong mién tan sd,
trong khi Entropy thong tin gitip phan biét cac tin hiéu c¢6 cung nang lugng nhung
thudc cac hoat dong khac nhau. Do 16n va pha ctia cac hé sb Fourier ciing ¢6 thé dugc
su dung dé mo ta cac dic diém cua tin hiéu nhu do 16n vecto tin hiéu (SVM) va do

16n vecto sai s6 tin hiéu (DSVM).

bai lugng Entropy duoc tinh béng cach st dung do 16n cua cac h¢ s6 Fourier 101 rac
sau khi loai bé thanh phan DC va st dung dinh nghia vé Entropy thong tin chuén hoa.
Entropy gitp phan biét cac tin hiéu c6 cing mirc nang lwong nhung thé hién cic mau
hoat dong khac nhau, du chung c6 cung gia tri nang lugng. Pai lugng nay hd tro phan

biét cac tin hiéu theo ban chat hoat dong ma chung thé hién.
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2.5.3. Tham sb dinh huéng

Gia toc ké trén dién thoai thong minh (SP) phat hién gia téc cta ngudi dung theo 3
tryc x, y, z. C4c hoat dong cua nguoi dung nhu lic lu, ding 1én, ngdi xudng, di bo,
chay bo, ngéi xuéng dot ngdt hoac ngd s€ lam thay ddi cac gia tri gia tdc theo céc truc
nay. Khi ngudi dung ldc lu sang trai hodc sang phai cac gia tri gia toc theo truc x s&
thay d6i. Cac dong tac ngdi xudng hodc ding 1én cia ngudi dung 1am anh huong dén
cac gia tri do duogc trén truc y. Cac hoat dong nhu di bo, chay b, sau do dot ngot ngéi
xuéng hodc nga tao bién doi cho cac dai luong trén truc z. Céc thay ddi vé dinh huong
dugc mo ta thong qua cac goc xoay (roll), goc nghiéng (pitch), va goc ddo (yaw),

tuong rng voi cac truc X, y va z cua dién thoai nhu thé hién ¢ Hinh 2.6.

Nghiéng E, y

Pitch 6

Hinh 2.6. H¢ truc toa do biéu dién cdc truc quay ciia SP trong khéng gian

Su quay nay thudng dugc do bai cam bién con quay hdi chuyén. Tuy nhién, viéc kich
hoat thém cam bién con quay hoi chuyén dé thu thap dir liéu lam ting nhu cau tiéu
thu nang luong cua thiét bi. Goc dinh hudng ctua SP cé thé dugc ude tinh gén ding
dua trén dir liéu gia téc ké 3 truc. Do d6, NCS sir dung phuong phéap nay dé tinh cac

g6c dinh hudng cua dién thoai va trich rat cac dac trung can thiét. Cu thé, tir cac két
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hop ctia ma trin xoay va cdc gia tri cam bién gia toc do duoc trén ba truc x, y va z.
G6c xoay (X-9) va goc nghiéng (y-0) co thé tinh theo ham arctan nhu biéu dién &
Cong thtrc (2.31) hoac (2.32).

o s} e[S
o[i]=tan’! (W) va 0 [i]=tan! (S_lz> (2.31)
T £ W -5y \
hoic ¢ [i]=tan! (s_1> va 0 [i]=tan! | —— (2.32)
Z Oy,

Trong d6, gi tri do dugc ciia cam bién gia tdc trén truc z van c6 luc trong luc g. Tuy
nhién, trong thuc té ngudi ding c6 thé dit dién thoai ¢ bat ky huéng nao. Do dé, c6

thé tinh toan thém goc dao bang cong thirc duoc moé ta trong Phuong trinh (2.33).

1

@, [i] = ¢ [i] - @' = tan” (2.33)

g

. N2
\/ (sD? + (s}) /
Sau khi d tinh toan cac thanh phan goc xoay, goc nghiéng va goc dao, cac dic trung
s€ dugc xac dinh tuong ty nhu viée xtr 1y dir li¢u tir cadm bién gia tdc nhu Phuong sai

(s?), gié tri trung binh (3), tich phan (Ig) va cac tham sé Hjorth [CT1].

Pay 1a co so dé NCS chon Iya giai phap chi sir dung cam bién gia toc thay vi st dung

dong thoi cam bién gia toc va con quay hoi chuyén nhu cac nghién ctru khéc.

2.5.4. Tham s6 Hjorth

Tham sb Hjorth [106] 1a mot phuong phap mé ta dic diém thong ké cua tin hiéu trong
mién thoi gian, thuong dugc ap dung trong viée phan tich cac tin hiéu y sinh. Phuwong
phap nay bao gom ba thanh phan chinh Ia tinh hoat dong (a), tinh di dong (M), va do
phtc hop (C) nhu tom tét va thong ké trong Bang 2.7.

Tinh hoat dong do luong phuong sai cua tin hi¢u theo thoi gian, thuong dugce stir dung

dé danh gid bé mat pho cong suat trong mién thoi gian. No bi€u thi mirc do ctia cac
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thanh phan tdn sb cao trong tin hiéu, tirc 1a chu ky lip lai nhanh cua né. Vi dy, néu
tinh hoat dong cao, co thé do tin hiéu gia tbc ké c6 nhiéu thanh phén tan s cao,

thudng xuyén xuét hién khi ngudi dung chay hodc nhay.

Tinh di dong lién quan dén d6 1éch chuan cua phé cong suét, chi ra muc d6 bién dong
cta tan sd. Tinh di dong biéu thi sy tudn hoan hodc khong cua tin hi¢u theo thoi gian.
Vi du, néu tin hiéu gia tdc ké c6 tinh di dong cao, c6 nghia la tin hi¢u c6 nhiéu sy
thay ddi, c6 thé do ngudi dung dang thay doi hoat dong. Tinh di dong cang cao, tin

hiéu cang c6 nhiéu bién thién dot ngdt.

Do phirc hop cho biét tin hiéu thu duoc ¢ giéng véi dang song hinh sin hay khong.
Vi dy, néu d6 phuc tap gan bang 1, tin hiéu c6 dang gan gidng song hinh sin, c6 thé
xuat hién khi nguoi dung di bo. Mic du ¢6 thé tinh toan trong mién thoi gian, tham

s0 Hjorth c6 thé phan anh dugc dac trung cda tin hi¢u trén mién tan so.

Bang 2.7. Céc déc trung co bdn trong mién tham sé Hjorth.

Tén dac Mo ta Coéng thire tinh M4
trung
Thamsd  Phuong sai cua ham thoi gian, chi bé mat 1 g (2.34)
hoat dong  pho cong suat trong mién thoi gian. A= n-1 '

Thamsé6  Can bac hai ti I¢ ctia phuong sai dao ham

han . . ; I (o35
di dong bac mdt tin hiéu va phuong sai cia tin hi¢u.

A (n-2)

Y245 (n-3)

Thamsd MO ta sy twong dong vé hinh dang ctia mot

phtc hop  tin hiéu tuwong tu véi song hinh sin. (2.36)

2.6. Lua chon dac trung

Kich thudc 16n cua tap dac trung 1a moét thach thic 1on dbi voi cac nha nghién ctru,
vi n6 khong chi 1am tang thoi gian hun luyén mo hinh ma con d& din dén hién tugng
qua khép. Trong bdi canh d6, giam s6 chiéu trd thanh budc tién xir 1y quan trong, dic
biét trong cac bai toan phuc tap nhu phan loai hoat dong con nguoi, gitip gidm kich

thude dir liéu. Hai phuong phap chinh dwgc ap dung dé giam sb chiéu 1a trich xut va
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Iira chon dic trung, ca hai déu gop phan ning cao hiéu suit cua hé théng phan loai
hoat dong con ngudi (HAR) bang cach loai bo cac dic trung khong lién quan hoic

thtra, ttr @6 tdng do chinh xac ctia m6 hinh may hoc.

Trong nd luc nang cao kha ning phat hién cac su kién ngd, NCS da thuc hién viéc
trich rat mot luong 16n dic trung bao gdm 43 dic trung trong mién thoi gian, 15 dic
trung trong mién tan s, 10 dic trung tir tham sé dinh hudng va 18 dic trung tir tham
sb Hjorth. Qua qua trinh thtr nghi¢m va danh gia lién tuc, NCS da chon ra 28 dac
trung trong mién thoi gian, 7 dic trung trong mién tan sd, 6 dic trung tir tham sé dinh
huéng va 3 dic trung tir tham sé Hjorth. Cac dic trung ndy duoc chimg minh 13 c6
hi€u qua trong phan loai hoat dong va sy kién nga, phu hop véi cac mo hinh hoc may

co ban. Chi tiét vé cac dic trung dugc lya chon da dugc téng hop trong Bang 2.8.

Bang 2.8. Tap cac dac trung dwoc lya chon dé trich chon thong tin tw dir lieu cam
bién gia toc cho hé thong phat hién sw kién nga (FDS)

Mién hli<ég:1 Tén/dinh nghi Ct:l?:g Kiéu dic trung ??lglﬁgc

As Do léch mau (2.10) Sx» Sy» Sy 3

s Gia tri trung binh (2.11) Sxs Sy Sz, Srms» 4

o>  Phuong sai (2.13) Sx» Sy Sz5 3

c Do léch chuan (2.14) Sxs Sy» S; 3

Thoi gian PAR  Ti I¢ dinh trén trung binh ~ (2.16) Sxs Sy» S 3

(28dac R pg twong quan 219) (s08y): (050, (Spsy) 3
trung) o

D  Diém cat khong (2.20) Sxs Sy» S; 3

SMA Dién tich d6 16n tin hicu  (2.21) Sx» Sy» S Srms 4

SVM D¢ 16n vecto tin hi¢u (2.23) Srms 1

DSVM 3(;) 16n vecto tin hiéu vi (2.24) S 1

Tan s6 H  Entropy théng tin (2.26) Sx> Sy» Sz 3

(7) Es Nang luong phd (2.28) Sx> Sy Sz Srms 4
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X Ky A s . Céng e S6 dic
Mién hiu Tén/dinh nghi thite Kiéu dic trung trung
Tham s6 dinh huong theo o 0]
_ am s0 dinh hudng theo
D gi4 trj trung binh (2.32) 9 2
(2.11)
Dinh ‘. ) (2.31)
hudng o2 Tham s6 d}nh huong theo (2.32) ©,0 2
phuong sai
(6) (2.13)
(2.31)
I Tich phan tich liy (2.32) ©,0 2
(2.25)
Tham sé A Hoat dong (2.34) Srms 1
Hjorth M  Didong (2.35) Srns 1
(3) C  Phitc hop (2.36) Somne 1
Ghichu:  -s,, s, s, —dac trung duwoc trich xudt trén truc x, y, z tuwong ieng.

- S, - ddc trung dige trich xudt theo gid tri hiéu dung.

- @, 0- ddc trung dwoc trich xudt theo géc xoay va goc nghiéng
2.7. Thue nghiém va danh gia
2.7.1. Mo ta thuc nghiém

Thyc nghiém 2.1: Panh gia hiéu sudt cua cde tdp ddac trung

CAc dic trung trén mién thoi gian anh hudng nhiéu dén phan loai cac hoat dong, hoat
dong cua con ngudi. Sau khi danh gia két qua phan 16p cua ting tap dic trung riéng
1¢ trén timg mién, NCS két hop cac dic trung trong mién thoi gian voi cac mién/tham

s6 khac dé danh gia sy tic dong cua chiing.

Bang 2.9 mo ta sb luong dic trung va su két hop dic trung giita cac mién dé tao ra
bd dac trung madi. Dt liéu thd cua bd MobiAct v2.0 va bd UP-Fall dugc phan doan
thanh cac cira s6 ¢6 kich thude 256 mau va ti 1¢ chong chéo 80%. Tir dit li¢u tho trich
xuét thanh 10 bo dic trung dé kiém tra xem bo dic trung nao mang lai hi¢u sudt phan
loai tot nhat. Bo dac trung c6 hi€u nang tdt nhat s& duoc st dung dé danh gia muc do

anh hudng cua DWS va muic do anh hudng ctia DOR.

59



Bang 2.9. Cac b ddac trung duwoc s dung trong Thuc nghiém 2.1

Thue B) dic S6 dic N <

nghiém frung trung Mién trich xuat
(1) TD 28 Thoi gian
(2) FD 7 Tan s6
3) DD 6 Dinh hudng
4) HD 3 Hjorth
(5) TFD 35 Thoi gian + Tan sb
(6) TDD 34 Thoi gian + Dinh huéng
(7) THD 31 Thoi gian + Hjorth
(8) TFDD 41 Thoi gian + Tan s6 + Pinh hudng
(9) TFHD 38 Thoi gian + Tan s6 + Hjorth
(10) TEDHD 4 Thoi gian + Tan s6 + Dinh hudéng +

Hjorth

Thiee nghiém 2.2 Pdanh gia anh hwéng cia kich thude cira s6 dit liéu (DWS)

B dac trung tdt nhat thu duoc tir Thuc nghi¢m 2.1 dugc st dung cho thyc nghiém
nay. Ti 1& xép chong dir liéu duoc thiét 1ap & mirc 80%. Sau DWS (tir 32 mau (2°)
dén 1024 mau (21°)) duoc sir dung dé kiém tra xem DWS nao 14 tot nhat trén hai bo

dir liéu MobiAct v2.0 va UP-Fall.

Thire nghiém 2.3: Pdnh gid mirc d6 anh hwéng ciia ti 16 xép chong dir liéu (DOR)
Tuong ty nhu Thyc nghi¢m 2.2, thuc nghi€ém nay cling str dung bd dac trung tot nhat
thu duoc tir Thuc nghiém 2.1. Ctra s6 truot dugc thiét 1ap o kich thudc 128 miu
(twong duong 1,5 gidy cho tap dir liéu MobiAct va 1,28 gidy cho tap dir liéu UP-Fall).
Chin ti 1& chdng chéo (tir 10% dén 90%) s& duoc thiét 1ap dé kiém tra xem DOR bang
bao nhiéu 14 tot nhét trén hai by dit liu MobiAct v2.0 va UP-Fall.

Nam thuat toan phan loai dugc sir dung phé bién trong HAR 12 SVM, kNN, RF, ANN

va J48, nhu nhu gidi thiéu trong Muc 1.2.2 dugc str dung dé thuc hién céc thir nghi¢m.
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Trong mdi thtr nghiém, cac tham s6 mic dinh cta thuat toan phan loai dugc 4p dung

dua trén cau hinh mic dinh ctia bd cong cu Weka, va gia trj cia ching dugc trinh bay

trong Bang 2.10. Quy trinh x4c thuc chéo 10 lan cung véi thuée do F1-score dugc

st dung dé danh gia hiéu suat.

2.7.2.

Thuat

toan

RF

J48

KNN

ANN

SVM

Bdng 2.10. BY tham s6 mdc dinh ciia cdc mé hinh phan I6p.

Tham sé

S6 lugng cay trong rirng 1a 100; xac nhan chéo 10 lan; d6 sau ti da cua cay
khong gigi han; sé lugng dic trung tdi da dugc dit bang 0 (ddng nghia voi
viéc cac nat dugc ma rong cho dén khi tat ca cac 14 dat sy thuan khiét hodc
c4c 14 ¢4 s6 miu nhé hon min_samples_split); s6 lugng mau téi thiéu ma
mat nGt can giit lai sau khi tach 13 1; sé lwong mau ti thiéu can thiét dé tach
thanh cac nuat con la le-3.

Ngudng tin cay dé cat tia cay C = 0.25; s6 lwong ban sao tdi thiéu M = 2
S6 luwong lang giéng gan nhatk = 1; W = 0;

(Mac dinh: weka.core.neighboursearch.LinearNNSearch)

Learningrate L = 0.3; Momentum M = 0.2; S6 16p an: 1; Sé note an: 40

Do phuc tap (C = 1.0); Dung sai (L = 0,001); Epsilon cho 16i lam tron (P =
1.0E-12). Kernel: weka.classifiers.functions.supportVecto.PolyKernel -
E1.0 C 250007,

Ket qua va ban luan

2.7.2.1. Anh hwéng cia tip dic trung

a. Pdnh gid trén cdc hoat déng (bao gom Cac su kién nga va hoat déng binh thuwong)

Dit liéu thd trong hai bd MobiAct v2.0 va UP-Fall duogc trich xuét thanh 10 bo dic

trung nhur di trinh bay trong Bang 2.9. Dit liéu thé duoc phan doan & DWS 128 mau
va DOR 80%. Cac két qua thir nghiém dugc trinh bay trong Hinh 2.7 va Hinh 2.8.
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Két qua thuc nghiém trén hai by dit li€éu MobiAct v2.0 va UP-Fall cho théy su anh
hudng tuong déng cua 10 b dac trung dén hiéu sut ctia nim bo phan loai dugc ap
dung. Trong s6 d6, bo dic trung trich xuat tir mién thoi gian (TD) dem lai hiéu suat
cao hon so v&i dic trung tir mién tan sé (FD) va mién tham sé Hjorth (HD), trong khi
dic trung dya trén tham sb dinh huéng (DD) cho két qua kém nhat. Diéu nay 1 c6
thé giai thich bai vi s6 lwong dic trung & mién nay chiém da s6. Khi két hop dic trung
TD v6i FD (TFD), TD véi DD (TDD), va TD véi HD (THD), hiéu suat phén loai ctia
cac thuat toan duoc cai thién dang ké. Trong sb cac két hop nay, TED c6 hiéu ning

t6t hon mét it so véi THD va TDD nhung khong dang ké.

Su két hop cua tat ca cac dic trung tu bon mién, tirc 1a TFDHD, dat hiéu suat tot nhat
trong tat ca céac thuat toan phan loai dugc thir nghiém. RO rang, viéc bd sung thém
cac dic trung tir tham sb dinh huéng va tham sé Hjorth da dong gop vao viéc nang

cao dang ke kha nang phan loai cta céac thuat toan.

b. Danh gia trén cdac hoat dong binh thuong

Két qua thyc nghiém cho thay hiéu sut cia cac md hinh ML khi str dung 10 bo dic
trung dé phan loai hoat dong binh thuong, duoc trinh bay trong Hinh 2.9 va Hinh
2.10 c6 sy tuong dong voi hiéu sut khi danh gia trén tat ca cac hoat dong, bao gdm
ca su kién nga va hoat dong binh thudng (Hinh 2.7 va Hinh 2.8). Diéu nay phan 4nh
dang dac diém khong can bﬁng cua cac bo dir liéu duogc str dung, trong do dir licu vé
hoat dong binh thuong chiém uu thé so véi dit liéu vé su kién nga. Hiéu suét cua cac

mo hinh phén loai thuong nghiéng vé phia cac 16p ¢6 s lugng mau 16n hon.
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C. Pdanh gia trén cac sy kién nga

Két qua thyc nghiém trinh bay trong Hinh 2.11 va Hinh 2.12 cho thay su khéc biét

dang ké trong hiéu suit cta cic mo hinh hoc may (ML) khi str dung 10 b dic trung

dé phan loai cac su kién nga so v6i khi déanh gid trén tat ca cac hoat dong, bao gdm

ca sy kién ngd va hoat dong binh thuong (Hinh 2.7 va Hinh 2.8).
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Hinh 2.11. Hiéu sudt cdc mé hinh phan loai khi sir dung 10 bg déc tring dé phan
logi cac sy kién nga trong bo dir ligu MobiAct (DWS 128 mau va DOR 80%).

C6 thé nhan théy hiéu suét ciia cac mo hinh st dung cac bo dac trung trich xuét tir bd

dir 1iéu MobiAct dugc phan thanh hai nhom: nhom cé hiéu suét cao hon bao g@)m
kNN, J48, va RF; va nhom c6 hiéu suét thip hon gdm ANN va SVM. Pang chu ¥, su
chénh 1éch hiéu suét giita RF va SVM la rat 16n, v6i RF vuot trdi hon 70% & bo dic
trung DD va hon 78% & bd dac trung FD khi thir nghi€ém trén MobiAct v2.0 va UP-
Fall tuong ung. Khi st dung bo dac trung TFDHD, hi¢u suét ciia SVM duoc cai thién

dang ké so voi RF. Tuy nhién, mtrc d§ chénh Iéch hi€u nang cta hai thuat toan nay

van rat 16n, voi trén 33% & ca hai bo dit 1iéu MobiAct v2.0 va UP-Fall.
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T cac két qua trén, co thé nhan théy bo dac trung TFDHD ludén cho hiéu sut tot

nhat trong tat ca cac bo dugce thir nghiém. Ngoai ra, thuat toan phan loai RF cling thé

hién sy phu hop vdi cac bo dit liéu dugc s dung. Trong moi truong hop, RF luon

cho hiéu nang tdt nhit so v&i bdn thuat toan phan loai con lai.
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Hinh 2.12. Hiéu sudt céc mé hinh phan loai khi sw dung 10 bo dac trung déphdn
logi cac sy kién nga trong bo dir lieu UP-Fall (DWS 128 mau va DOR 80%).

Béang 2.11 cung cap thong tin vé& hiéu suat phan loai cia nam mé hinh hoc may khac

nhau khi st dung bo dac trung TFDHD trich Xuét tir bo dir liéu MobiAct v2.0. Két

qua duogc danh gia dya trén F1-Score cho tirng loai hoat dong riéng 1¢ va téng hop

hiéu suét trung binh cho cadc nhom hoat dong khéac nhau: céc sy kién nga, hoat dong

binh thudng (ADL), va téng hop cac hoat dong hdn hop. Dir lidu gia tc tho van duoc
phan doan & DWS =128 mau, DOR = 80%.

Nhin chung, cic hoat dong mang tinh tudn hoan nhu di bd, nhay va cac hoat dong

tinh nhu ding, ngdi duoc nhan dang chinh xac hon so véi cac hoat dong co su thay

doi trang thai dot ngdt nhu ngd, dimg 1én tir ghé hodc ngdi xudng ghé.
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Bang 2.11. Hiéu sudtphdn logi tung hoat dong cua nam mo hinh ML khi su dung
bo dac trung TFDHD trich rut tur cdac bo dir liéu MobiAct v2.0

y _ Hiéu suit nhan dang (F1-Score %)
Nhan Mo ta Nhom

ANN J48 KNN RF SVM

Ngi ngira trong khi dang ngdi trén

BSC )
ghé

58.50 86.23 91.90 94.92 52.60

Ngi vé phia trudc khi dang ding,

FKL o o . 54.77 85.64 89.55 9558 49.66
dau goi tiép xuc dau tién.
Ned vé phia trude khi dang ding, CoC ¥

FoL 5% Ve phia Huoe Kl dang Qe 1ien  53.80 85.00 89.25 95.28 45.80
su dung tay dé chong. nga

spL Vg4 sang mot bén khi dang dimng, 68.20 86.83 92.83 95.14 66.87

gap chan
I'I‘lt;ll suat pl:an loai nga tinh theo trung 5881 8592 9088 9523 53.73
binh trong so

Chuyén tiép tir ngdi sang dimg

CHU o e s ) 6531 87.39 90.51 95.18 52.67
CSI Budc vao trong xe 63.29 78.35 8750 94.75 56.97
CSO  Budc ra khéi xe hoi 8596 04.44 96.01 98.33 84.26
JOG  Chay bé 96.70 9650 98.20 99.49 95.39
JUM  Nhay lién tuc 9850 98.20 99.38 99.91 97.51
LYl Nam Hoat 81.06 96.71 98.32 98.84 64.76
SCH (Cllzli)}:e‘[?e;l;fle;u dimg sang ngoi i(l’:f 69.14 89.76 92.08 96.61 65.50

Ngdi trén ghé voi nhiing cir dong thuong

SIT nhe nhing (ADL) 0820 86.83 9283 99.84 66.87
STD Dung vé6i cir dong nhe nhang 87.19 97.56 98.92 99.96 74.80
STN  Pi xudng cau thang (10 bac) 99.12 99.59 99.51 95.02 98.73
STU Di Ién ciu thang (10 béc) 76.94 82.57 86.74 95.50 70.36
WAL Bi b6 binh thudng 75.95 83.10 87.42 99.62 63.46

Hiéu suit phan loai cic hoat dong binh

. A4 94 971 11 90.
thuwong tinh theo trung binh trong so 9343195941 97.16 | 99 90.66

Hiéu suit phan loai cac hoat ddng hdn hop (ngi

va khong nga) tinh theo trung binh trong s6 90.28 | 95.02196.59 | 98.79 | 87.30

Céc sy kién ngd nhu nga ngira trong khi dang ngdi trén ghé (BSC) va ngi vé phia
trude khi dang dimg, dau gbi tiép xac dau tién (FKL) c6 hiéu suit nhan dang thap

hon, dic biét 1a véi thuat toan ANN va SVM. SVM la thuat toan cé hiéu suét thap
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kém hon véi cac thuat toan khac, voi hiéu suét phan loai cac hoat dong hon hop (ngi
va khong ngd) tinh theo trung binh trong s6 1a 87.30%. M6 hinh RF luén cho két qua
phan loai tot nhat, phan loai cac hoat dong hdn hop (ngd va khong ngd) tinh theo

trung binh trong s 1én dén 97.78%, cao nhét trong tat ca cac bo phan loai.

Bang 2.12 trinh bay hiéu suit phan loai ctia nim thuat toan hoc méy khac nhau khi
st dung bd dic trung TEDHD trich xuét tir dir liéu UP-Fall. Dit liéu gia toc tho van
dugc phan doan 6 DWS =128 mau, DOR = 80%. Két qua dugc biéu thi qua thudc do
F1-Score cho ting loai hoat dong va duoc tong hop theo cac nhom sy kién ngi, cac

hoat dong binh thudng (ADL), va hoat dong téng hop gom ca ngd va khdng nga.

Bdng 2.12. Hiéu sudt phdn logi tirng hoat déng ciia nam mé hinh ML khi sit dung
bé dac trung TFDHD trich rut tue cac bé dir lieu UP-Fall.

Hiéu suit nhin dang (F1-Score %)

Nhéan Mo ta Nhom
ANN J48 kNN RF SVM
FH Ngi vé phia trudc dung tay chong 7876 100 88.24 99.67 67.43
FF  Ngi vé phia trudc str dung dau gbi 80.47 98.73 8421 99.68 40.00
FB  Ngi vé phia sau Chcsy 8239 89.47 8400 96.60 79.49
FS  Ngi sang mot bén kién 7718 86.51 76.66 91.15 48.06
FE  Nga ngdi (ngdi vao ghé tréng) 93 g377 8811 7942 9458 8231
Hiéu suit phan loai nga tinh theo trung
binh trong s6 80.40 92.73 8259 96.43 63.10
W  Dibd 97.57 99.69 98.47 99.95 88.22
ST Pimg 96.95 99.38 99.17 99.95 89.37
SI  Ngoi Hoat 9705 9932 99.32 99.82 95.08
P Nhitdd vat i?r?ﬁ 68.18 00.84 88.10 97.66 22.93
J  Nhay thuomg 9542 99.70 9656 99.88 76.57
L  Nim (ADL) 9952 9957 99.81 99.87 98.04

Hiéu suit phan loai cac hoat dgng binh
i , ’ e & 97.09 99.38 98.77 99.86 90.03
thuong tinh theo trung binh trong so6

Hiéu suét phan loai cac hoat ddng hdn hop (ngi
o a L, . X 95.76 98.85 97.47 99.59 87.87
va khong ngi) tinh theo trung binh trong so
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Trong phan loai cac su kién nga, mo6 hinh RF dat hi¢u suét cao nhat véi F1-Score
trung binh 14 96,43%. Nguoc lai, SVM c¢6 hiéu suat thip nhat véi diém F1-Score 1a
63,10%. Thuét toan J48 dat diém hoan hao (100%) trong viéc nhan dang su kién nga
vé phia trudc dung tay chéng (FH), trong khi SVM chi dat 67,43% cho sy kién nay.

Hoat dong nhat dd vat (P) c6 dac diém tuong déng v6i sy kién ngd, dan dén viéc céc
mo hinh phan loai thudong nham day la su kién nga. Hiéu suit phan loai hoat dong

nay la thép nhét trong tat ca cc hoat dong, bao gém ca sy kién nga.

Doi v6i phan loai cac hoat dong binh thuong (ADL), RF ciing dat hiéu suat cao, 1én
dén 99,86%. Trong khi d6, SVM c¢6 hiéu suat thap nhat trong viéc nhan dang ADL
véi diém F1-Score 1a 90,03%. Co thé nhan théy RF 1a thuat toan manh mé nhat véi
hiéu suit phén loai tong hop (ca nga va khong ngd) cao nhét 12 99,59%, cho thay kha
nang phan loai tot trong ca hai truong hop. Nguoc lai, ANN va SVM c¢6 hiéu suét
thap hon nhiéu so véi cac thuat toan khac. Picu ndy cung cap thong tin quan trong

cho viéc lyra chon mé hinh phan loai pht hop trong cac nghién ciru tiép theo.

Trong cac thuc nghiém tiép theo, bo dac trung TFDHD s€ duoc st dung dé danh gia
muc d§ anh huéng cua DWS va DOR dén hiéu sut nhan dang hoat dong cua ndm

thuat toan phan loai da néu.

2.7.2.2. Anh hwéng cia kich thuwéc civa sé div liéu (DWS)

Trong phan nay, bd dic trung TFDHD duoc st dung trong cac thuc nghiém. Dé danh
gia anh hudng cta kich thudc cira s6 dit liu (DWS) dén hiéu suat phan loai hoat dong
ctia cac md hinh RF, ti 1& xép chong dit liéu (DOR) duoc ¢b dinh ¢ mic 80%. Sau
kich thudc ctra s6 khac nhau, tir 32 mau (2%) dén 1024 miu (21°), da dugc thu
nghiém dé xac dinh kich thudc cira s6 ndo mang lai hi¢u suit phéan loai tdt nhat trén
hai bd dit liéu MobiAct v2.0 va UP-Fall. Két qua tur cac thyc nghiém nay dugc téng
hop va trinh bay trong ¢ Bang 2.13 va Bang 2.14.
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Bang 2.13. Anh hwong ciia DWS dén hiéu sudt nhdn dang c&c hoat déng trong bg
dir lieu MobiAct v2.0

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

Nhan cira s6 khac nhau (s6 mau)
32 miu 64 mau 128 miu 256 miu 512 mAu 1024 miu
BSC 89.30 94.04 94,92 93.60 85.08 84.13
FKL 89.08 93.31 95.58 93.93 79.79 82.56
FOL 88.47 93.71 95.28 93.23 77.04 75.00
SDL 89.19 92.87 95.14 93.94 84.23 78.42
Nga 89.01 93.48 95.23 93.67 81.53 80.04
CHU 86.47 96.87 95.18 93.66 95.45 95.50
CsSl 83.22 88.21 94.75 93.36 96.42 98.18
CSO 96.30 98.79 98.33 98.26 98.43 98.21
JOG 97.37 96.51 99.49 99.39 99.82 99.92
JUM 99.01 98.11 99.91 99.90 99.98 100
LYI 97.91 99.15 98.84 98.69 91.27 97.89
SCH 91.43 94.06 96.61 95.49 97.12 97.96
SIT 89.19 92.87 99.84 93.94 84.23 78.42
STD 98.84 99.72 99.96 99.83 98.92 99.52
STN 99.21 99.03 95.02 99.94 99.99 100
STU 84.34 88.86 95.50 94.03 95.85 94.04
WAL 84.30 88.90 99.62 94.38 96.55 93.60
ADL 96.31 96.93 99.11 98.89 99.46 99.58
Tong hop 95.61 96.60 98.79 98.45 98.31 98.88

Két qua trong Bang 2.13 cho thiy DWS anh huong dang ké hiéu suat ctia mo hinh
phan loai. Ctra s6 can du 16n dé bao gom it nhat mot chu ky hoat dong va phéan biét
duogc cac hoat dong khac nhau. Néu DWS qué nho, ) lugng dac trung dugc trich
xuat khong du dé phan 4anh ban chét cua hoat dong. Tuy nhién, néu DWS qua 16n c6
thé ton tai nhiéu hoat dong trong cting mot cira s6 1am cho hiéu suat phan loai ctia cac

thuat toan s€ giam manh, dac biét 1a doéi voi cac su kién nga.

M hinh RF dat hiéu suét tt nhadt & DWS = 128 mau cho céc su kién nga, hi¢u suét
giam dang ké khi DWS tang 1én 1024 mau. Két qua nay phan anh chinh x4c ban chat
clia cac hoat dong nhu ngé, thudng xay ra trong khoang thoi gian ngan. Sir dung kich
thude cia s6 dai co thé din dén viéc 13n cac hoat dong khac. Cac hoat dong c6 su
thay doi trang thai nhanh nhu chuyén tir ngdi sang ding (CHU) hoic budc ra khoi xe

hoi (CSO) thich hop vdi cac kich thudc cira s6 ngan nhu 64 mau hodc 128 mau. Céc
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hoat dong thuong ngay thudng cé tinh chu ky va it thay d6i vé trang thai nhu chay
(JOG), nhay (JUM), di xudng cau thang (STN), di 1én cau thang (STU), di bd (WAL)

thudng phi hop véi cac kich thude cira s6 dai nhu 512 mau hodc 1024 mau.

Déi véi bo dit liéu MobiAct v2.0, c6 thé thiy kich thudc ctra s6 128 mau 1a Iy tudong
cho mo6 hinh RF trong viéc nhan dang cac su kién nga. Hiéu suit phan loai nga giam

dan khi kich thuéc ctra s6 tang 1én.

Bang 2.14 trinh bay két qua phan loai cac hoat dong bang mo hinh RF (F1-scores)
v6i DOR = 80% va cac kich thudc cira so khac nhau. Trong bang nay, so liéu dugc
t6 mau do dam biéu thi hiéu suét cao nhét cho tung nhan hoat dong & cac kich thude
clra s6 twong tng. Tir bang, ta c6 thé nhan thay rang hiéu suat nhan dang phu thudc
vao kich thude cira s6. M6 hinh RF dat hiéu sudt phan loai tot nhit khi kich thudc
cira s6 DWS = 64 mau ddi voi hau hét cac hoat dong trong bd dir li¢u UP-Fall. Hiéu

suat phan loai c6 xu hudng giam khi kich thudc ctra s6 dit liéu ting.

Bang 2.14. Anh hwong ciia DWS dén hiéu sudt nhdn dang cac hoat déng trong b

dir lieu UP-Fall
Hiéu suit ciia RF (F1-scores %) voi DOR =~80% va cac kich thwée
Nhan ctra s0 khac nhau (s0 mau)
32miu 64 miu 128 miu 256 miu  S512miu 1024 miu
FH 99.71 100 99.78 96.15 100 96.97
FF 99.51 99.80 99.79 96.00 100 98.08
FB 08.88 99.70 98.94 90.91 91.84 89.80
FS 99.22 99.32 96.23 81.90 80.39 80.00
FE 98.81 99.29 97.52 89.80 88.46 86.54
Nga 99.23 99.62 98.46 90.95 92.14 90.28
W 99.95 99.96 99.97 100 100 100
ST 99.98 100 99.99 99.94 100.00 97.65
Sl 99.95 99.99 99.97 99.82 99.71 97.62
P 99.60 99.68 99.21 99.03 98.04 96.08
J 99.94 100 99.94 99.69 98.67 100.00
L 99.96 99.95 100 99.82 99.70 98.72
ADL 99.95 99.97 99.97 99.87 99.73 98.40
Toéng hop 99.85 99.93 99.88 99.30 98.61 95.41

71



2.7.2.3. Anh hwéng ciia ti Ié xép chong dir ligu (DOR)

Trong céac thi nghiém & phé“m nay, dir li¢u tho tr bd MobiAct v2.0 dugc phan doan
thanh cac ctra s6 kich thuéc DWS = 128 mau, con bd UP-Fall duoc phan thanh céc
ctra b kich thuéc DWS = 64 miu. Cac DWS nay duoc lya chon dua trén hi¢u suat

tdt nhat trong viéc phan loai sy kién nga tir cac thuc nghiém trude do.

Chin ti 1& xép chong dir liéu (tir 10% dén 90%) dugc sir dung dé tién hanh cac thuc
nghiém dénh gia sy anh hudng cua ti 18 xép chong dir liéu (DOR). Cac két qua thyc

nghiém duoc tong hop va trinh bay ¢ Hinh 2.13 va Hinh 2.14.
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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 88.61 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
- ®~-=SVM 82.30 82.78 83.55 84.36 84.99 85.69 86.45 87.30 88.31

Hinh 2.13. Anh hwong cua DOR dén hiéu sudt phdn loai cac hoat dong trong bo dir
lieu MobiAct v2.0.

Co thé thfiy rﬁng hiéu suét phan loai dugc cai thién dang ké khi ti 18 chéng chéo tang.

Ti 16 chdng chéo cao hon dan dén viéc doc dit liéu méi trong cira so tiép theo ngan

hon, gitip phét hién hiéu qua cc hoat dong nhanh nhu nga. Nhin chung, hiéu suit cta

mo hinh ti 1¢ thuan véi DOR.
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Trong b dir liéu UP-Fall, su khac biét vé hiéu suit gilta cac thuat toan rat ro rang khi
DOR nho. Piéu nay la do s6 mau ctia mdi hoat dong trong by UP-Fall it hon nhiéu
so v&i MobiAct, khién cac thuét toan khong thé hoc dugc nhiéu tir dit liéu khi ti 18
chdng chéo thap. Khi ting DOR, do chénh 1éch giam dan. Vi DOR 90%, chénh 1éch

v€ hi€u nang gitra cac thuat toan phan loai khong con quaé 16n.
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10% 20% 30% 40% 50% 60% 70% 80% 90%
«++®---ANN  88.67 88.06 91.24 92.77 92.96 94.57 95.55 96.92 97.72
- @ -J48 96.02 96.38 96.14 97.77 97.79 98.43 98.98 99.38 99.72
—® —=kNN 91.21 91.85 92.67 94.45 95.30 96.13 96.92 97.92 98.83
e RF 97.88 98.40 98.43 99.24 99.21 99.66 99.76 99.93 99.99
- ®-=SVM 75.03 73.76 77.13 80.54 82.45 85.43 86.93 89.45 92.13

Hinh 2.14. Anh hwong cua DOR dén hiéu sudt nhan dang cua mo hinh.
Quan sat két qua & Hinh 2.14, c6 thé thy su vu thé vuot troi cia mo hinh RF so voi
ANN va SVM trong moi ti 1¢ DOR, dac biét khi b dir li¢u huén luyén nhd. RF luén
cho théy hiéu sut tot nhét trong moi DOR. Nguoc lai, thuat toan SVM duong nhu
khong phi hgp véi cac diéu kién trong luan 4n nay va né c6 hiéu suat kém nhat trong

moi gia dinh dugc dat ra.
2.7.3.  So sanh két qua v6i cac nghién ciru lién quan
2.7.3.1. Nghién cwru dwa trén bo dir lieu MobiAct

Trong phan nay, NCS sé& so sanh phuong phap dé xuit véi cac nghién ciru gan day
trén bd dir liéu MobiAct v2.0 [107]. Thong qua khao sat cac nghién ctru stt dung bd

dir liéu MobiAct v2.0 tir scholar.google.com, NCS nhan thdy nhiéu cong trinh st
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dung phuong phép hoc may dé xay dung mé hinh phan loai nhi phén, d6 1a nga hay
khong nga. Vi vay, NCS chon nghién ctru ctia Chatzaki [13] dé so sanh vi ca hai ¢6
su twong dong trong bai toan phan loai da 16p. Trong so sanh ndy, NCS da thiét lap
céc thong s6 mo hinh nhu kich thudc cira s6 trugt 1 128 mau (tvong dwong véi 1,5
gidy) véi ti 1& chong chéo 80%, trong ty nhu trong nghién ciru cua Chatzaki va cong
sir [13]. Két qua thu dugc tir bo dic trung TFDHD dé xut va phuong phap ciia nhom
tac gia Chatzaki [13] duoc thé hién ¢ Hinh 2.15.
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= J48 [TFHD] | 84.60 85.60 85.10 88.20|87.30 83.50 95.20 98.50 99.20 95.70 89.60 98.10 99.90 87.70 87.80 99.00 96.50
= = < kNN [8] 88.04 86.55 86.24 88.12|89.90 81.44 9577 96.76 98.22 97.68 90.88 98.13 99.72 83.98 83.98 98.51 95.53
e KNN [TFHD] \91.20 90.80 90.60 9447_0) 90.90 91.70 97.00 99.70 99.90 95.70 92.60 99.30 99.90 93.80 93.60 99.60 98.20

Hinh 2.15. Hiéu sudt chi tiét ciia Chatzaki va c¢éng sw [13] va mé hinh dé xudt ciia
NCS trong viéc phat hién ADL va nga.
Nhin chung, hiéu suét nhan dang cac hoat dong mang tinh 6n dinh hodc tuan hoan
nhu chay bo (JOG), nhay lién tuc (JUM), nam (LYT), ngdi (SIT), ding (STD) hay di
bd (WAL) c6 su tuong dong gitra cac nghién ctiru. Hiéu suat tong thé theo trung binh
trong s6 trong phuong phap ciia NCS c6 tot hon cua Chatzaki nhung chénh 1éch
khong qua lon. Tuy nhién, ddi véi cac hoat dong thay ddi trang thai nhanh va dot ngot
nhu cac sy kién nga, bd dac trung TFDHD thé hién sy vuot trdi so vai phuong phéap

cua Chatzaki va cong sy [13].
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D41 v6i bd phan loai J48, bo dic trung TFDHD c6 thé dat do chinh x4c 18n dén
88.20% trong vi¢c phat hién su kién nga, trong khi dé xuét ctia Chatzaki c6 do chinh
xéc cao nhit 1a 69.40%. Diéu twong tu ciing xay ra khi st dung bé dic trung TFDHD
va bd dac trung cua Chatzaki dé huan luyén mo6 hinh kNN, hi¢u suét trong viéc phat
hién su kié€n ngé trong dé xuét ciia NCS c6 thé dat dén 94.70%, trong khi cia Chatzaki
va cong su [13] chi dat ti da 88.12%.

Khong chi gidi han trong viéc phat hién cac su kién ngé, bo dac trung TFDHD con
thé hién kha nang nhan dang cac hoat dong kho phan biét, thay doi trang thai nhanh
nhu ngdi chuyén sang ding (CHU), ding chuyén sang ngdi (SCH) tot hon so véi
cong trinh cia Chatzaki va cong sy [13]. Két qua trén Hinh 2.15 cho thay bo dic
trung TFDHD dé xuét trong luan an nay phu hop véi cac hoat dong dién ra nhanh va
thay ddi dot ngot nhu cac su kién ngé. Do 1a muc tiéu chinh ma NCS muén huong

dén khi nghién ctru va dé xuét bo dic trung TFDHD.

Ngoai ra, két qua nhan dang ctua 16 hoat dong trong b dir licu MobiAct v2.0 cling

dugc trinh bay duéi dang ma tran nham 13n ¢ trong Hinh 2.16.
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(a) Chatzaki et al. (b) Our method

Hinh 2.16. Ma trdn nhdm lan ciia 16 hoat dong trong bé MobiAct v2.0. (a) Chatzaki
va cong sur [13], (b) Phuwong phdp NCS dé xudt..

Khi xem xét két qua & Hinh 2.16.a va Hinh 2.16.b, c6 thé thiy hoat dong chuyén tir
tu thé ngéi sang dung (CHU) 1a hoat dong kho phat hién nhéat. Trong Hinh 2.16.a, két
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qua nghién ctru cua [13] d3 phan loai nham hoat dong nay sang hoat dong chuyén doi
tir dimg sang ngdi (SCH), v6i ti 1& 11 1én dén 22,8%. Trong khi d6, kha ning phat
hién hoat dong CHU cua b dac trung TFDHD té ra vuot tri hon, ti 1€ du doan nham
sang hoat dong khac (CSO - budc ra khoi xe hoi) chi 1a 7,02%.

Chatzaki va cong su [13] thira nhan réng viéc phat hién chinh xac cac su kién nga rat
kho khan. Do chinh xac téng thé ¢6 trong s6 ctia ho ddi voi tit ca cac hoat dong (bao
g@)m ca ngd) co thé dat t&i 96,8%. Tuy nhién, hi¢u suat phat hién ngd ctua ho tuong

d6i thap, chi dat 69.10% d6i véi FOL va t6i da 1a 83,16% dbi véi BSC.

Trong khi d6, két qua thu duogc tir phuong phap ma NCS dé xuét cho thdy su cai thién
dang ké vé do chinh xac trong viéc phat hién nga va c6 sy can bang hiéu ning trong
viéc phat hién tat ca cac hoat dong (bao gém ca ngé va khong nga). Hiéu suat phan
loai cia moi hoat dong déu dat trén 90%. Diéu nay chung té tam quan trong cua viéc

lam sach, chuan hoa, trich xuét va lya chon dic trung khi st dung dit li¢u tho.

Két qua duoc str dung dé so sanh v&i nghién ciru ciia Chatzaki va cong sy khong phai
1a tot nhat. Trong luan an nay, phuong phap ma NCS dé xuat c6 két qua tot nhat 1én
dén 98,79% & thudc do Fl-score khi sir dung bo dit liéu MobiAct v2.0. Két qua nay
dat dugc khi sir dung bo dac trung TFDHD véi kich thudc cira s6 dit liéu 128 mau, ti

1€ xép chéng dit liéu 80%, va duoc huin luyén béng mo hinh phéan loai RF.

2.7.3.2. Nghién ciru dwa trén bé dir lieu UP-Fall

Tuong tu voi phuong phap so sanh cac Nghién ctru dua trén bo dit liéu MobiAct,
phan nay NCS so sanh phuong phap ctia minh v6i cac cong trinh gan day trén bo dir
liéu UP-Fall. Céac diéu kién thir nghiém déu duogc thiét 1ap twong dong giita cac nghién
ctru. Hinh 2.17 thé hién két qua nghién ctru di cong b ctia Lai va cong su [9] va két

qua thuc nghi¢m dya trén bo dac trung TFDHD dé xuét.

Két qua thuc nghiém bd dac trung TFDHD c6 do chinh xéac cao, ddm bao muc tiéu

pht hop v6i FDS. Cac chi s6 D6 chinh xac duong tinh (precision), P9 nhay (recall),
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Do dic hiéu (specificity), Diém trung binh diéu hoa (F1-score) déu cho két qua gan
tuong dong, thap nhat 14 93,63% va cao nhat 1 99,52%. Piéu d6 chimg to ti 1& “am
tinh gia” va “duong tinh gia” ctia bo dic trung TFDHD la twong ddi thap.
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Hinh 2.17. Hiéu sudt chi tiét cia Lai va cong sy [9] va bo dac trung TFDHD de
xuat trong viéc phat hién ADL va cac su kién nga.
Trong nghién ctru ctia Lai va cong sy [9], hiéu sudt nhan dang sy kién nga va khong
nga co su khac biét 16n. Kha nang phat hién nga va cc hoat dong dé gy nham lan
chua thuc sy tdt, chi dat tir 62,2% dén 85,8%. Nguoc lai, b dac trung TFDHD dat
hiéu suat t6i thicu 13 90,49%, bao gdm ca hoat dong dé giy nham 14n nhu cti xudng
nhit do vat (P). Hiéu suit bd dic trung TEDHD nay tot hon dang ké so v6i nghién
ctru cua Villasefior [12] va ca nghién ctru trudc do6 cua Lai [9], dac biét 1a trong viée

nhan dang céc su ki¢n nga.

Két qua nhan dang cac hoat dong dugc trinh bay dudi dang ma tran nham 1an trong
b dit liéu UP-Fall duoc trinh bay ¢ Hinh 2.18. Cé4c phan tir trén dudng chéo clia ma
tran biéu thi ti 1& gitra hiéu suat du doan va thyc té, trong khi cac phan tr khong nam
trén duong chéo dai dién cho cac 16i phan loai. Ti 1¢ phan trim cac phan tir nam trén
duong chéo cang cao md hinh dy doan cang chinh xac, diéu ndy 1a mot chi bao tot vé

hi€u suat nhan dang.
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(a) Lai et al. (b) Our method

Hinh 2.18. Ma trdn nhdm lan ciia 11 hoat dong trong bé dir liéu UP-Fall. Hang 1a
cac lop dy doan; cot la cac 16p thuc té. Ma trancon 5 x5 (FH, FF, FB, FSva FE)
la cac I6p nga. (a) Két qud ciia Lai va céng sw [9] sir dung mé hinh Res-TCN. (b)
M® hinh RF dy dodn dia trén bé ddic trung TFDHD dé xudt.

Trong cong bd cua Lai va cong sy [9], dit liéu ma tran nham 1an cho thay duong nhu
c6 su phan chia thanh hai cum: cac sy kién ngd va khong nga. M6 hinh cua ho da thé
hién kha ndng phan loai cac hoat dong binh thuong g?m nhu hoan hdo. Tuy nhién, bd
dic trung TFDHD van cho hiéu suit phan loai nhinh hon trong nhém hoat dong nay.
Véi bg dac trung TFDHD, kha nang phan loai moi hoat dong (bao gém cac su kién
nga) déu dat trén 90%. Dic biét, kha nang phat hién cac hoat dong nhu di, dung, ngéi,

nhay, nam dat hiéu nang xuét sac, tir 99,8% trd 1én.

2.8. Két luan chwong

Nbi dung Chuong 2 di trinh bay mot phurong phép trich rit dic trung méi bang cach
két hop thong tin tir mién thoi gian, mién tan s, tham sd dinh huéng va tham s6
Hjorth ctia dir liéu gia toc. Bo 44 dic trung TFDHD duoc dé xuét cho thiy hiéu suat
tot hon trong viéc phat hién ngé so vdi cac nghién ctru khac, dat do chinh xac lan luot
1a 95,23%, 99,11% va 98,79% trén bd dir liéu MobiAct v2.0 va 96,16%, 99,90% va
99,60% trén b dir liéu Up-Fall.
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Két qua thuc nghiém dat duoc khi st dung kich thudc ctra s6 128 mau dit liéu (twong
duong 1.5 gidy véi MobiAct v2.0 va 1.28 gidy voi UP-Fall), ti 18 xép chong dir lidu
80%, va mo hinh Random Forest (RF) dé phan loai. M6 hinh RF ludn cho hiéu suét

phan loai tdt nhat trong moi diéu kién thir nghiém.

Chuong tiép theo sé trinh bay chi tiét vé phwong phép tdi wu mé hinh Random Forest
dé cai thién kha ning phan loai cac su kién ngi, cling nhu phat trién mé hinh phat

hién sy kién nga phu hop véi dir liéu khé thu thap nhu dir liéu vé nga.
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Chwong 3. XAY DUNG MO HINH PHAT HIEN SU KIEN NGA

Hiéu suit cia m6 hinh Random Forest (RF) phu thudc nhiéu vao viéc lya chon va
diéu chinh céc siéu tham s6 [108-112]. Vi khong gian tim kiém rong do pham vi
gia tri clia cac siéu tham sb rat 1on [108, 109, 113], viéc tim kiém gia tri ti vu tro
nén phirc tap va c6 thé doi hoi hang tram triéu 1an thir nghiém dé dat dugc két qua tot
nhat. Néu céc siéu tham s6 khong duoc tdi wu, qua trinh hudn luyén RF c6 thé kéo
dai va kho hdi tu. Do d6, t6i wu hiéu suit cua RF 1a mét bai toan phuc tap can dugc

nghién ctru nhiéu hon.

Ngoai ra, khi nghién ctru hé thdng phat hién ngi (FDS), mot thach thirc 16m 14 thiéu
dit liéu thuc té. Dit liéu vé cac su kién nga thuc su rat khan hiém, kho thu thap va gan
nhén, dan dén viéc nhiéu nghién ctru phai st dung cac bd dir liéu mo phong su kién
nga thu thap trong phong thi nghiém. Piéu ndy c6 thé 1am giam hiéu suat ciia mé hinh
khi ap dung vao thuc té. Nguoc lai, dit liéu vé cac hoat dong binh thudng hang ngay
lai d& thu thap va phong phu, nén viéc khai thac hiéu qua nguén dit liéu nay 14 rat

quan trong.
Dé giai quyét cac thach thire trén, trong chuwong nay, nghién ctru sinh dé xuét:

+ Thuat toan tim kiém cac siéu tham s t6i wu cho mo hinh RF trong viéc phan
loai cac su kién ngd (GA4RF). Két qua nghién ciru ny di dugc cong bé trong
cac cong trinh [CT2], [CT3], va [CT4].

+ M@ hinh phat hién su kién nga (FEDM) dua trén dir liéu cac hoat dong thuong

ngay. Két qua nghién ctru nay di duoc céng bd trong cdng trinh [CT5].
3.1. Giéi thiéu bai toan

Bai toan toi uvu héa mé hinh phan loai RF va xay dung mo hinh phat hién su kién nga

(FEDM) duogc thyc hién theo hai giai doan:
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Giai doan thi nhét tip trung vao viéc tdi wvu hoa mé hinh RF thong qua viéc dé xuét
thuat toan GA4RF. Muyc ti€u cua giai doan nay la tim kiém bo siéu tham s tdi wu cho
RF nham nang cao kha ning phat hién cac sy kién ngi, dic biét trong truong hop di
liéu khong can bi'lng. Viéc tim kiém gia tri tdi wu cua céac siéu tham sb RF duoc thuc
hién thong qua giai thuat di truyén (GA) voi cdu triic nhiém sic thé, khong gian tim
kiém va ham thich nghi duogc thiét ké theo huéng méi phu hop véi dic thu cua cac

bo dir liéu nga khong can bang.

Giai doan thir hai tién hanh x4y dung mé hinh phat hién sy kién nga (FEDM) dya
trén dit liéu cac hoat dong binh thuong hang ngay cia con nguoi. M6 hinh FEDM két
hop thuat todan GA4RF véi ki thuat so khop dit liéu linh hoat va k¥ thuat ngudng dé
nhan dang cac su ki¢n nga. Qua trinh nhan dang dugc thyc hién thong qua viéc so
khép cac miu dit lidu chua biét v6i cac miu dit lidu da biét tir bo dit liéu huan luyén,

giai quyét kho khin trong viéc thu thap dir liéu nga thuc té.

Ca hai giai doan nay déu nham cai thién hiéu sudt va do tin cdy cta hé théng phat
hién nga, dap tng t6t hon cac thach thirc trong viéc phat hién va xir Iy cac su kién

nga tur dit li€u thuc té.

3.2. T6i wu mé hinh mé hinh phat hién nga
3.2.1. Giéi thiéu tong quan

Khong gian tim kiém ciia cic siéu tham so trong mo hinh Random Forest (RF) 1a rat
rong, voi khoang gia tri rat 1on [108, 109, 113], din dén viéc can thuc hién hang trim
triéu 1an thir nghiém dé tim dugc bo siéu tham sb téi wu. Didu nay 1a khong kha thi
néu str dung cac phuong phap tha cong. Dé giai quyét van dé nay, viéc ap dung cac
thuat toan toi wu hoa siéu tham sb giup tu dong hoa va nang cao hiéu suit, ciing nhu

kha ning tong quét héa ciia mo hinh.

Hai phuong phap phé bién cho viéc t6i vu hoa siéu tham sé 1a tim kiém theo lué6i

(Grid Search - GS) va tim kiém ngau nhién (Random Search - RS). GS thyc hién khao
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sat toan bo céac két hop gia tri si€u tham s6 da xac dinh trudc, tinh toan va danh gia
hiéu suat mé hinh véi mdi két hop. Trong khi d6, RS chon ngau nhién céc gia tri siéu

tham sb tir pham vi cho phép dé danh gia m6 hinh, tiét kiém thoi gian hon so voi GS.

Mic du GS 1a mot phuong phap don gian va dé hiéu, no khong phu hop cho céac bai
toan dir liéu 16n, c6 nhiéu chiéu va yéu cau tdi wu hoa nhiu bién cung lac [114].
James Bergstra va Yoshua Bengio [115] di ching minh rang RS c6 thé tim kiém
hiéu qua hon GS trong khong gian rong, nhd vao viée khao sat dugc nhiéu diém trong
khong gian tim kiém hon trong ciing thoi gian. Tuy nhién, két qua ctia RS chua chic
d3 t6t hon GS [116]. Ca GS va RS chi thich hop khi khong gian tim kiém hep, va gip
han ché khi xur Iy khong gian tim kiém rong hodc nhiéu bién dau vao, dan dén chi phi

tinh toan cao va mo hinh phuec tap.

Dé giai quyét cac thach thic trong viéc tim kiém siéu tham s6 t6i vu cho RF khi xur
1y cac bo dir liéu 16n, luan an nay st dung phuong phap t6i wu hoa siéu kinh nghiém
(Metaheuristics - MH). Cac phuong phap MH hién dang duoc st dung nhiéu trong
cac tac vu quan trong nhu trich xuat dic trung, Iuva chon dac trung, va tinh chinh siéu
tham s6 trong cac md hinh hoc may. MH 1a cic phuong phép t6i wu hoa tién tién,
gitip khic phuc han ché cuia GS va RS bang cach mé phong qua trinh tién hoa tu nhién
va tim kiém thong qua cac phép bién ddi nhu lai ghép, dot bién va chon loc dé tranh
t6i wu cuc bo. MH duoc danh gia cao nho tinh don gian, linh hoat, khong yéu cau tinh

toan dao ham va it bi anh hudéng bai toi wu cuc bd [65].

Mot s thuat toan MH pho bién dé t6i wu hoa siéu tham sb cho RF bao gdm Thuét
toan dong vat sin moi bién (Marine Predators Algorithm - MPA), Thuat toan by ong
nhan tao (Artificial Bee Colony - ABC), Thuat toan s61 xdm (Grey Wolf Optimizer -
GWO), Thuat toan tdi uu bay dan (Particle Swarm Optimization - PSO), va Giai thuat
di truyén (Genetic Algorithm - GA) [118]. Mdi thuit toan c6 nhitng wu, nhugc diém
riéng. Trong ludn 4n nay, véi cac dic diém cua dit liéu va cac phuong phép trich xuét
dic trung da st dung, nghién ctru sinh da chon giai thuat di truyén (GA) dé dé xuat

giai phap t6i wu cho mé hinh RF.
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3.2.2. Giai thuit di truyén (GA)

Giai thuat di truyén (GA) 1a mot phuong phép t6i wu hoa manh mé dua trén siéu kinh
nghiém, 1ay cam hung tir thuyét tién hoa sinh hoc ctia Darwin [22, 117]. GA tan dung
dir liéu lich str dé huéng dén nhitng ving tim kiém tiém niang nhét trong khong gian
gidi phap. Thuat toan nay c6 kha nang hoat dong hi€u qua trong ca khong gian tim
kiém lién tuc va roi rac, dic biét thich hop cho cac bai toan c6 khong gian tim kiém
rong va da chiéu. Mot vu diém 16n ciia GA 13 khong phu thudc vao thong tin dao ham
ctia ham muc tiéu, diéu nay cho phép GA tranh roi vao cac diém tbi wu cuc bd va tim

ra cac giai phap toan cyc tot hon nhd vao tinh ngiu nhién va qua trinh tién hoa [65].

Qua trinh tim kiém giai phap toi wu ciia GA tuan theo nguyén 1y “kha ning song sot

ctia nhitng ca thé thich nghi nhat” [118].

GA bat dau bang vi¢c tao ra mdt quan thé cac giai phap tiém nang trong khong gian
tim kiém. Mdi ca thé dugc biéu dién bang mot nhiém sic thé, chira cac gen tuong img
Vo1 céac siéu tham sO can to1 vu hoda. Qua trinh tién hoa cuia quan thé dién ra qua céc

thé he, trong d6 cac ca thé trai qua cac qua trinh chon loc, lai ghép va dot bién.

— Chon lgc: Cac cé thé c6 do thich nghi tét hon (dugc danh gia thong qua ham

thich nghi) ¢ nhiéu co hoi duoc chon dé sinh san cho thé hé tiép theo hon.

— Lai ghép: Céc ca thé dugc chon sé& lai ghép véi nhau dé tao ra cac ca thé con
méi, két hop cac dic diém cua bé me. Piu ndy tao ra su da dang trong quan
thé va cho phép kham phé cac viing mai trong khong gian siéu tham so.

— Dot bién: Mot s6 gen cua ca thé con cd thé bj dot bién ngau nhién, tao ra sy da
dang trong quan thé va ngan chin sy hoi tu sém ¢ cac diém tbi wu cuc bo, gilp

kham pha cac viing mai trong khong gian tim kiém.

Qua trinh nay 1ap di lap lai cho dén khi dat duoc mot giai phap t8i wu hodc thoa man
céc tidu chi dimg. Nho tinh ngiu nhién va qua trinh tién héa, GA c6 kha niang tranh

ro1 vao to1 uu cuc b, gitp tim ra cac giai phap toan cuc tot hon.
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3.2.3. D& xuit thuit todn GA4RF
3.2.3.1. Téng quan vé thudt todn GA4RF

Thuét toan GA4RF dugc dé xuat dua trén thuat toan di truyén dé t6i wu hoa cac siéu
tham s ctia md hinh Random Forest trong hé thong phat hién nga (FDS). Cac budc

chinh trong thuat toan GA4RF dugc minh hoa trong Hinh 3.1.

Khéi tao quan thé
(Chrgy = {Mg, Ny, M})

!

RandomForest | 5| Fyop =min[Eval (Chry))] [« Quan thé mdi

f

D4t bién

Frini= I:pop Frin™ Fpop >0 1‘
Sai Lai ghép
Théa man diéu Chon loc

kién dung

Bo siéu tham sd tdi uu

Hinh 3.1. Thudt toan GA4RF

Thuat toan bat dau voi viée dinh nghia khong gian siéu tham sé cho mé hinh Random
Forest. Khong gian ndy bao gdm céc siéu tham s chinh can duoc t6i wu hoa [CT4].
Sau khi xac dinh khéng gian dugce, mot quan thé cac bo siéu tham sé dugc khoi tao

va s€ tién hoa qua cac thé hé.
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Budc tiép theo 1a dinh nghia ham thich nghi dé danh gia hiéu suét cia mé hinh véi
mot bo siéu tham s cho truwde. Trong thuat toan nay, ham thich nghi duoc phat trién
dura trén hé s twong quan Matthews (MCC). Thuét toan s& sir dung ham nay dé chon
céc bo siéu tham s ¢ hidu suat tot nhat cho qua trinh sinh san. Trong qua trinh chon
loc, cac bd siéu tham sd duge chon dua trén diém thich nghi cua chung. Nhiing bo co
d6 thich nghi cao hon co nhiéu kha nang duogc chon dé thuc hién qua trinh sinh san,
lai ghép va dot bién cho céc thé heé ké tiép.
Thuat toan lap lai quy trinh trén qua nhiéu thé hé, voi hy vong sau mdi thé hé s& tim
ra cac bo siéu tham sé c6 d6 thich nghi t6t hon. Thuat toan ding lai khi dat duoc tiéu
chi dinh trudc, c6 thé 1a sb thé hé tdi da hodc mirc d6 thich nghi thoéa man.
Mot sb ky hi¢u st dung trong thuat toan:

— Chrg): Ca thé thir i trong quan the.

— Eval: Banh gia.

— F;: Gia tri ham thich nghi cua cé thé tha i trong quan thé hién tai.

— F,p: Gid tri ham thich nghi nho nhat trong quan thé hién tai.

— F,.;,: Gi tri ham thich nghi nho nhat trong toan cuc.

— M: S6 ca thé (s6 bo siéu tham s) trong quan thé (POP).

— P.: X4&c suat dé cac cap lai ghép ca thé trong quan thé lai ghép véi nhau.

— Pp: X4c suit lya chon diém lai ghép.

— Py XA&c suét dot bién.
G: S6 thé hé tién hoa.

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

MGdi c4 thé trong quan thé dai dién cho mot giai phap tiém ning trong bai toan tdi wu
hoa. Thuat toan chi c6 thé hoat dong hiéu qua khi cu trac nhiém sic thé duoc thiét
ké phu hop, diéu ndy anh hudng dang ké dén khong gian tim kiém. Do d6, anh huéng

dén hiéu qua va két qua ctia qua trinh to1 wu.
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Viéc hiéu 16 va tim duoc gia tri téi wu héa cia cac siéu tham sé khong chi gitp cai
thién d6 chinh cia mo6 hinh Random Forest xac ma con ting kha ning tong quat hoa
cua mo hinh trén dit li€éu mdéi. Do do, qua trinh diéu chinh siéu tham sd 1a mot bude
quan trong va khong thé boé qua trong viéc xay dung va trién khai cac mé hinh hoc

may trong thuc té.

Trong dé tai nay, NCS da thuc hién danh gia mtc d6 anh hudng ctia nim siéu tham
s6 d6i voi hiéu suat md hinh RF dua trén hai bo dit liéu 12 MobiAct v2.0 va UP-Fall.
CAc siéu tham s duoc sir dung dé danh gia 1a max_features (M), max_depth (Mp),

min_samples_leaf (m;), min_samples_split (mg), num_tree (N1) (Phu luc 1).

Qua trinh thyc nghiém cho thdy viéc didu chinh cung lac hai siéu tham sb
min_samples_leaf va min_samples_split 1am cho hiéu suat ciia RF giam manh so véi
gia tri mac dinh. Ngoai ra, khi két hop diéu chinh min samples leaf hoic
min_samples_split vdi max_depth (Mp), hodac/va num_tree (Nyp) hoac/va
max_features (M) thi hiéu suit cua RF ciing khong tot. Nguoc lai, hiéu suét cia RF
t6t nhat khi két hop diéu chinh ddng thoi num_tree va max_features hodc két hop

max_depth vai num_tree va max_features [CT4].

Viéc xéc dinh t6 hop tdi vu cta cac siéu tham sb voi khong gian tim kiém cia tat ca
cac siéu tham sb nay 12 mot thach thire 16n. Dua vao két qua dd khao sat [CT4], NCS
da thu hep khong gian tim kiém véi cdu triic nhiém sic thé gom ba siéu tham 14 sb

lugng cay N, do sau toi da Mp va sb luong dic trung Mg dudi dang:

Chr(i) = {MFa NTa MD} (31)

Trong d6, Ny ¢6 thé cai thién d6 chinh x4c bang cach nim bit cac mau phirc tap hon
trong dit liéu hoat dong, Mp, anh huong dén mbi quan hé phirc tap giita cac dic trung
va hoat dong cu thé, va Mg gidi han céc dac trung dugc xem xét trong qua trinh chia
ciy dé can bang gitra do chinh xac va qua khop, dic biét khi xir 1y dir liéu cam bién

nhu gia toc ké va con quay hoi chuyén.
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Trudc khi thuc hién cac budce chon loc, lai ghép va dot bién, gia tri cua cac siéu tham
s6 & dang thap phan s& duoc chuyén sang ma nhi phan dé phuc vu cho qu4 trinh tién
hoa. Mdi siéu tham s6 duoc mé héa thanh sb bit dua trén pham vi gia tri cho phép
ctia n6. Tong chidu dai ctia nhidm sac thé dwoc ma hoa 1a 22 bit nhu minh hoa trong
Hinh 3.2. Sau khi hoan thanh qua trinh tién hoa, cac gia tri ma nhi phan duoc chuyén

nguoc lai thanh dang thap phan va duoc st dung dé cAu hinh cho mé hinh RF.

b. Hudn luyén mé hinh Random Forest

Budc nay st dung cac “ca thé” (tirc 1a cac bd siéu tham sb) da tao ra & budc trude dé
tién hanh phan loai cac hoat dong. MJdi bd siéu tham sb s& tuong trng vo1 mat lan
huan luyén mé hinh. Két qua s& thu duoc M gia tri MCC tuong tng voi M b siéu
tham s6 da sir dung, sau d6 tién hanh chuan hoa céac gia tri MCC nay nhu Biéu thirc
3.2 dé dam bao chiing nam trong ciing mdt thang do (tir 0 dén 1), gitp thuén tién cho

cac bude tinh toan tiép theo.

MCC(i) + 1
Nmcca) = — (3.2)

c. Pdnh gid dj thich nghi ciia méi cd thé

Do thich nghi cua timg b siéu tham s (ca thé) trong quan thé duoc danh gia theo
Biéu thirc 3.3. Gia tri F; cang nho, ca thé c6 d6 thich nghi cang tét. Chi tiét vé phuong
phép xay dung ham thich nghi dugc trinh bay tai Muc 3.2.3.3.

Fi =1+ k.log,(1 — Nyccay) (3.3)
Trong do,
- F;: Gi4 tri thich nghi ctia c4 thé thir i trong mot quan thé.
- k: Hé s6 hiéu chinh.

- Nmccqy: HE s6 twong quan chuan hoa cia ca thé tht i trong mot quan thé.
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d. Kiém tra diéu kién dirng
(1) SosanhgiatriF,o, va Fpp:

+ Néu Foop < Fpin, thicapnhat F;, = F,,, saudo kiém tra cac diéu kién dung.

pop
+ Nguoc lai, F,o, > Fpp, thi Kiém tra cac diéu kién dung.
(2) Cac diéu kién dirng:
+ Piéukién dieng 1: F,,, = 0
— Néu F,,;,, = 0, da tim thay bo siéu tham s6 téi wu, thuat toan két thac.
— Nguoc lai, F,;, # 0, kiém tra diéu kién ding 2

+ Diéu kién dung 2: F,,;, — F,,, < &

— NEuFpyy — Fpop < 8 (V6i 8 1a Mot ngudng nho xéc dinh trudc), bo siéu tham

s6 tuong ung vai F,,;, 12 toi wu, thuat toan két thic.

— Nguoc lai, F,;, — F,,, = 8, kiém tra diéu kién ding 3.

pop
+ Piéu kién dirng 3: G = s6 thé hé da tién hoa
— Néu da tién hoa du s6 thé hé theo yéu cau, bo siéu tham sé twong Gng Voi
F..i, 12 toi vy, thuat toan két thic.
— Nguoc lai, G nho hon sb thé hé di tién hoa, thuc hién cac buéc chon loc, lai
ghép va dot bién dé tao thé hé tiép theo sau d6 quay lai vong lap tién hoa.
e. Chon loc ca thé
+ Trong budc ndy c6 nhiéu phuong phap dugc sir dung dé lya chon céc ca thé (bd
diéu tham sd) tir quan thé hién tai dé tao ra thé hé tiép theo. Muc tiéu cua viéc
chon loc 12 giit lai nhitng cé& thé cé chét luong tdt (46 thich nghi cao) va loai bo
nhitng ca thé kém chat lugng. Luan an nay sir dung phuong phap “banh xe
roulette” dé lra chon cac bo siéu tham s, quy trinh lya chon dugc thuc hién

nhu sau:
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(1) Tinh nghich dao cua F; (Gia tri thich nghi cua tirng bo siéu tham sé & Budc
c. Muc dich 1a dé bo siéu tham s c6 gié tri fitness cang nho thi xac suat

duoc lua chon cang cao).

F’i = (34)

1

F;
O day, khi F, = 0 thi thuat toan GA4RF thoa man diéu kién dimg nén
khong x4y ra truong hop biéu thire ¢ phép chia cho 0.

(2) Tinh tong gia tri F'; cac bo siéu tham s cua quan thé:

S = iF (3.5)

1

Trong d6, - M 1a s6 c4 thé (s6 bo siéu tham s6) trong quan thé (POP)
- F', 14 gi4 tri nghich ddo F; cta ting b siéu tham sd.
(3) Tinh xéc suat lua chon (P(i)) cho mdi cé thé (ca thé cd gia tri fitness nho thi

fitness nghich dao sé& I6n, do d6 co xac suat dugc chon cao hon):

'.

F
P() = — (3.6)
S
(4) Phan chia va quay banh xe roulette dé chon ca thé theo nguyén tac:

— MaAi doan banh xe dai dién cho mot bo siéu tham sb. Do 16n caa mdi
doan twong g Véi xac suat chon (P(i)) cua ca thé d6. Nhing bo siéu
tham s ¢ fitness nho hon sé& chiém doan Ién hon va do d6 ¢6 kha ning

duoc chon cao hon.

— MAi bo siéu tham sé c6 thé duoc chon nhiéu hon mot 1an. Bo siéu tham

sb tot co nhiéu co hoi tao ra cac ban sao & thé hé sau hon.

— Mot con tré ngau nhién s& dugc quay trén banh xe. Vi tri ma con tro

ding lai s& quyét dinh bo siéu tham sé nao duoc chon.
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f. Laighép

(1) Lua chon xac suat lai ghép Pc (ti & phan trim cac c4 thé c6 co hoi thuc hién

lai ghép v&i nhau, thuong chon 60% dén 90%)
(2) Chon ngau nhién 2 ca thé trong quan thé da chon & Budc e.

(3) Chon ngau nhién hai vi tri trong chudi ma hda cua cac ca thé cha me, duoc goi

1a diém cit.

(4) Poan gen nam giira hai diém cit cua ca thé cha/me thir nhat duoc trao ddi Voi

doan gen tuong tng cia ca thé cha/me thir hai dé tao ra hai ca thé con méi.

Vi du: C6 hai ca thé cha me véi chuoi gen nhu sau:

Chon ngau nhién 2 diém cat, vi du:

|

Cha/im¢l1 0 0 0 1 1 1{0 00O 11 100O0f01000
Chaim¢l 0 0 01 0 141 0 0 01 01 010010110
Trao doi doan gen gitra hai diém cét, ta duoc hai c4 thé con:

Conl 0001111000101010010001

v 1

Con2 0001010000111 000010110
Hinh 3.2. Qué trinh lai ghép trong GA.
g. Dot bién
(1) Chon ngiu nhién khoang 1% dén 5% sb lugng ca thé trong quan thé da thuc
hién & Budc f dé tao dot bién.
(2) Chon hai vi tri ngau nhién trong chudi ma hoa cua cé thé. Cac vi tri nay khdng
nhat thiét phai lién tiép va c6 thé nam bat ky dau trong chudi.

(3) Thuc hién phép lat bit tai cac vi tri duoc chon, cu thé bit 0 duoc doi thanh 1
va bit 1 dugc doi thanh 0.
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Trubeddt 4 o 9111 0000111000010001
bién
Sauddt v 5901011000201 02120110110
bién

h. Cdp nhdt quan thé méi, danh gid va két thiic vong Idp

Céc c4 thé con dugc tao ra sau qua trinh lai ghép va cac ca thé da trai qua dot bién s&
hinh thanh nén quan thé méi. Quy trinh s& quay lai Budc b dé dénh gia quan thé méi
nay, va tiép tuc 1ap lai cho dén khi mét trong ba diéu kién ding (nhu da trinh bay ¢
Budc d) duoc thoa mén, khi d6 thuat toan s& két thic. Két qua cudi cung 1a tim dugc

b siéu tham so ¢6 gia tri ham thich nghi nhé nhat.
3.2.3.3. Ham thich nghi

Mot thach thirc 16n trong viée tim siéu tham s t6i wu 13 phat trién ham thich nghi phu
hop véi thuat toan tim kiém. Mot lya chon phé bién cho ham thich nghi la dua trén
cac chi sd hiéu suit nhu F1-Score, 6 chinh x4c (Accuracy) hodc d6 chinh xac duong
tinh (Precision). Tuy nhién, cac chi s6 ndy c6 thé khong hiéu qua dé dinh nghia ham

thich nghi cho bai toan t6i wu hoa nay do gip van dé véi cac bo dit liéu mat cin bang.

Trong bai toan phat hién ng, dir liéu vé cac su kién ngi (dwong tinh) thudng khan
hiém so véi dit lidu ciia cac hoat dong binh thuong (dm tinh), din dén sy mat can
bang dit liéu nghiém trong. Dé mé hinh du doan khong thién vi cac 16p da sb va ting
kha nang phan loai cac su kién nga, luan an da dat ra hai muc tiéu chinh dé xay dung

ham thich nghi.

Thit nhit, cAn bing hi¢u suat du do4n giira cac 16p dwong tinh va Am tinh: Ham
thich nghi khuyén khich mé hinh dy doan chinh xac ca cac su kién nga va cac hoat
dong binh thudng, bang cach sir dung tt ca cac yéu tb trong ma trdn nham lan (TP,
TN, FP, FN). Cach tiép can nay giap md hinh tranh thién vi dbi voi 16p c6 lwong dir
liéu 16n hon (thudng 1a cac hoat dong binh thuong), dong thoi danh gia hiéu suit caa

mo hinh mot cach chinh xac va toan dién hon.
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Thit hai, cii thién kha niing phén biét giira cac gia tri dw doan gan nhau: Khi md

hinh dat hi¢u suat cao, kha nang phan biét gitra cac gia tr1 du doan gan nhau tr¢ nén

quan trong hon. Dé cai thién kha ning nay, ham thich nghi dwoc thiét ké dé phan biét

tot hon gifra cac gia tri du doan gan nhau, dac biét 1a khi cac gia tri hi¢u suat dat muc

cao. Cu thé, ham thich nghi duoc xay dung dya trén hai yéu td chinh:

1)

(@)

Sur dung MCC dé xar Iy diz liéu mat can bang: Trong cac bai toan phan loai véi
dit liéu khdng can bang, cac thudce do truyén théng nhu Accuracy hay F1-score
khong phan anh dung hiéu suat caa mod hinh. Accuracy khdng phan biét duoc
gitra cac loai 16i nhu False Positives (FP) va False Negatives (FN), do do
khdng cung cap cai nhin toan dién vé hiéu suat mé hinh trén céc 16p khéac nhau.
F1-score, mac du tap trung vao 16p duong tinh qua viéc can bang Precision va
Recall, nhung lai khong xem xét dén True Negatives (TN), nén ciing khong
danh gia duoc toan bo hiéu suat caa mé hinh. Hé s6 twong quan Matthews
(MCC) duoc sir dung lam thude do chinh trong ham thich nghi vi n6 cung cap
mot danh gia toan dién, can nhac tat ca cac yéu to trong ma tran nham 1an va
khong bi anh huéng béi su mat can bang dix liéu. MCC gitip danh gia hiéu suat
caa mo6 hinh mot cach khach quan va chinh xac hon, dac biét trong cac bai

toan phan loai dit liéu mét can bang.

Sir dung logarit dé ting kha nédng phdn biét giira cac gia tri fitness gan
nhau: Mac du MCC la moét thude do manh mé, nhung khi dat gié tri cao, MCC
cd thé chua du nhay dé phan biét giira cac gia tri gan nhau. Dé khic phuc diém
yéu nay, ham thich nghi duoc b6 sung thanh phan logarit, nham ting kha nang
phan biét gitra c4c gia tri fitness gan nhau, gitp md hinh phan tng nhay hon
V6i cac thay doi nho trong hiéu suét, dic biét khi téi vu hoa trong giai doan

cudi cua qué trinh tién hoa.

a. Chudn héa hé sé twong quan Matthew (MCC)

Trong nghién ctru nay, MCC dugc st dung lam thudc do chinh cho ham thich nghi

trong giai thuat di truyén (GA). Viéc lya chon MCC duya trén cac nghién ctru cia
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Chicco D. va Jurman G., dugc coéng bd trong cong trinh [43]. Dé 1am 16 1y do lya
chon MCC, phan nay NCS tom tit nhitng ndi dung lién quan tir nghién ctru [43] ma

luan an da 4p dung.

Ma tran nham lan 1 cong cu quan trong trong viéc danh gia chat lugng cta cac mo
hinh phan loai, vi n6 cung cap cai nhin chi tiét vé cac du doan dang va sai cia mo
hinh cho tung 16p. Do do, viéc st dung mdt thude do thong nhat, c6 kha nang phan

anh chinh xac chat luong du doan 1a diéu can thiét.

Hai thudc do pho bién thudng dugc str dung trong danh gia mé hinh phan loai 1a Do
chinh xac (Accuracy) va Piém trung binh diéu hoa (F1-score). Tuy nhién, ca hai
thude do nay c6 thé dan dén két qua danh gia sai 1éch khi ap dung trén cac tap dit lidu
khong can bang, do chiing khong xem xét ddy du ty 1& giita cac mau thudc 16p duong
tinh va am tinh. Accuracy va Fl-score chi dang tin cay khi ap dung cho cac tap dir

lidu can bang, trong d6 cac 16p ¢ sd lwong mau tuong duong.

Nguoc lai, MCC khéng bi anh hudng boi sy mét can bang giira cac 16p trong dit liéu,
chang han nhu khi s6 lugng mau ngi (dwong tinh) it hon rat nhiéu so v&i cac mau
khong ngd (4m tinh). MCC cung cap mdt thude do toan dién va cong biang, yéu ciu
mo hinh phan loai phai du doan chinh xac c4 hai nhém - mau 4m tinh va miu duong
tinh - dé dat dugc diém sb cao, bat ké ty 1& mau gilta cac nhém trong toan bo tap dir
li¢u. Pay la vu diém quan trong khién MCC dugc lua chon khi 1am viéc véi cac tap

dir liéu khong can bang nhu MobiAct v2.0 va UP-Fall.

Trong bai toan phan loai nhi phan, tap dit liéu mo ta bai todn gdm s* mau dit licu
thudc 16p 1, goi 1a duong tinh, va s~ mau dit liéu thudc 16p 2, got 1a &m tinh. Vi du,
trong bai toan phat hién nga, cac hoat dong thudng ngay binh thudong dugc gan nhan

am tinh, trong khi nhan duong tinh s€ dugc gan cho cac sy kién nga.

Mo hinh phan loai du doan 16p ctia mdi mau dit lidu, gan nhan du doan (duong tinh

hozc 4m tinh) cho tirng mau. Khi két thuc qué trinh phan 16p, mdi mau s& thuéc mot
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trong bon trudng hop TP, FP, TN, FN nhu di trinh bay & Muc 1.2.2.3.a. Su phén chia
nay c6 thé dugc biéu dién dudi dang bang 2x2 goi 1 ma tran nham 1an (Bang 1.1)

u= (TP N

e ) rongdo st = TP+ FN, s~ = FP + TN [43]

Muc tiéu phén loai nhi phan bang mé hinh hoc may 1a phan biét gitta cac miu duong
tinh that (TP) va 4m tinh that (TN) cang chinh x4c cang t6t, dong thoi giam thiéu cac
truong hop am tinh gia (FN) va duong tinh gia (FP). M6 hinh phan loai dugc coi 1a

hoan hao khi M = (SO+ SO_).

Gia tri cia MCC nam trong khoang [-1, +1], véi:

+ MCC = +1: Phan loai hoan hao (tit ca cac mau duoc du doan chinh xac).

+ MCC = -1: Phan loai sai hoan toan (tit ca cac mau duogc dy don sai).

+ MCC = 0: Thé hién hiéu suat du doan ctia b phan loai mang tinh ngau nhién.
Trong trudng hop ma tran M ¢6 mot phan tir khac khong, nghia 13 tit ca cic mau
trong tap dir liéu thudc vé mot 16p, va chung duoc phan loai ding (dbi voi TP # 0

hodac TN # 0, lac nay MCC = 1) hodc phan loai sai (déi vGi FP # 0 hodc FN # 0, lic
nay MCC = -1).

MCC khong xac dinh (g) khi cac phén tr trén cung mot hang hoac mojt cdt ciia ma

A R RE R ~ ~ £ _ (4a 0 _ 0 a
tran M ¢6 gia tri bang 0, (M thugc mot trong bon dang M = (b 0),M = (0 b)’

_ (4 b _ 0 O % . 2 1 A \
M = (O 0),M = (a b) voia, b > 1:n trong ca bon truong hop).

Néu thay gia tri cia cac phan tir bang 0 trong cac ma tran trén bang gia tri & (epsilon)

rat nho, chung ta thu duoc MCC nhu trinh bay ¢ Biéu thie (3.7) [43]:

C a.e-b.¢ _ & a-b
J@b)(ate)(bte)(ere) Ve 2(atb)(ate)(bre) 37)
Vi L Okhie -0

J2ab(a—Db)
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Véi € rat nho, gia tri MCC thu duoc cho bon trudng hop dic biét nay xap xi bang 0.
Diéu nay phu hop véi truc quan, vi ca bon truong hop déu dai dién cho cac mé hinh
phan loai kém, du doan tat ca cac mau thudc mot 16p hodc khong du doan duoc bét

ky mau nao.

Trong bai toan phan loai da l6p, MCC ciling gitr vai tro quan trong nho kha nang
cung cAp mot danh gia toan dién vé hiéu suit cia mo hinh, twong ty nhu trong phan
loai nhi phan. Tuy nhién, dé ap dung MCC cho phén loai da 16p, ching ta can mo
rong cach tinh MCC dé phu hop véi nhiéu 16p. Vi bai toan phan loai nhi phan, ma
tran nham 14n c6 4 hang myc (TP, TN, FP, FN). MCC st dung tat ca cac hang myc
nay dé tinh toan diém s6, dam bao rang mo hinh duoc danh gia dua trén kha ning dy
doan chinh xac ca 16p duong tinh va l6p am tinh. Trong bai todn phén loai da 16p, ma
tran nham 1an s& c¢6 kich thudc 16n hon (C x C, v6i C 1a s6 16p). MCC da 16p ciing s&
xem Xét tit ca cdc hang myc trong ma tran nay, dam bao déanh gia hiéu suat trén tat

ca cac 16p, khong chi tap trung vao mét 16p cu thé.
Pé dam bao ciing mdt thang do tir 0 dén 1 nhu F1-score hay Accuracy, khoang gia tri

[-1, +1] ctia MCC duoc 4nh xa tuyén tinh vao khoang gia tri [0, 1], nhu Biéu thirc:

MCC+1
Nypcc = — (3.8)

— Npmce = 1, md hinh phan loai hoan hao (cAc mau duoc du doan chinh xac).
Nypcce = 0, md hinh phan loai sai hoan toan (tat ca cac mau duoc du doan sai).
— Nyce = % thé hién hiéu suat du doan ctia bo phan loai mang tinh ngau nhién.
b. Xdy dung ham thich nghi

Ham fitness (ham danh gid d¢ thich nghi) dong vai trd quan trong trong gidi thuat di
truyén (GA), giup danh gia hiéu suat cta timg ca thé (twong tng véi mot bo siéu tham
s6) va hudng dan qua trinh tim kiém giai phap t6i vu. C6 hai cach tiép can chinh dé

xdy dyng ham thich nghi: tim gia tri cuc tiéu (gia tri fitness cang thap, hiéu suat mo
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hinh cang cao) hodc tim gia tri cuc dai (gié tri fitness cang cao, hiéu sudt mé hinh
cang cao). Trong luan an nay, NCS chon phuong phap tim gia tri cuc tiéu dé xay
dung ham fitness. C6 nhiéu cach dé xay dung ham thich nghi cho thuat toan di truyén,

mot cach don gian chlng ta c6 thé tinh nhu sau:

Fi=1- NMCC(i) (3-9)

Trong d6, Ny 12 két qua duoc tinh theo hé sb twong quan MCC chuan ho4 cia bo
siéu tham so thir i trong mot quan thé. Ham nay c6 mdi quan hé tuyén tinh truc tiép
vo1 gid trl Nycee(py- Gid tri thich nghi F; giam déu tir 1 vé 0 ma khong c6 su bién dong
16n, gitp tranh duoc nhimg dao dong khong mong mudn trong qua trinh tdi uu hoa.
Tuy nhién, ham ndy c6 mot sé han ché nhu khong c6 diém t6i vu rd rang va khong
thé hién rd su phan biét giita cac gid tri Numccqy Khac nhau.

Pé khac phuc nhitng han ché nay, luan 4n phat trién mot ham thich nghi méi dua trén
MCC vé6i muc tiéu ti thiéu héa gia tri ctia nd va c6 d6 phan giai cao tai cac gid tri
Nycc 16n (gan bang 1). Diéu nay c6 nghia 1a ham F; s&: (1) tra vé gid tri thap hon cho
cac giai phap tot hon va (2) ting cudng kha ning phan biét gitta cac gia tri Nycc vOi
bién thién nhé nhét. Do d6, NCS dé xuat ham thich nghi cho thuat toan GA4RF dua
trén MCC nhu sau:

Fi =1+k. lng(l - NMCC(i)) (310)
Trong d6, k 1a hé s6 hiéu chinh va Numccy 1a hé sO twong quan chuan hoa cho mét bo

siéu tham s6 thi i trong quan thé twong tng. V&i mdi quan thé s& tim ra mot gia tri

thich nghi nhé nhat 13 F,p:

Fpop = min[F;] (3.11)
Vi du: Bé F; tién vé 0 khi Nyce = 0.9999 (tranh truong hop Nyce = 1 < log,(0)):
Fi =1+ k. lng(l — NMCC(i)) =0

Thay Nycegy = 0.9999 vao phuong trinh:
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1+ k.log,(1 —0.9999) =0

1

log,(0.0001) ~ 0.07526

Giai phuong trinh trén, ta dugc: k = —

Trong Biéu thirc 3.10, dai luong log, (1 — Nmcc (i)) dong vai tro quan trong trong
viéc dinh hinh ham thich nghi, gitip khuéch dai sy khac biét giira cac gia tri Nmcc -
Viéc nay 1am cho mé hinh nhay cam hon vé&i nhiing thay doi nho trong gia tri MCC,
dac biét khi MCC dat gia tri cao, tur do t8i wu hoa hiéu suit mo hinh phat hién nga

mot cach toan dién va chinh xac hon.

Hinh 3.3 minh hoa méi quan hé gitta ham thich nghi va gia trif MCC chuan hoa (Nycc)
trudc va sau khi 4p dung ham logarit. Biéu d6 cho thay cach ham logarit dugc st
dung dé khuéch dai su khac biét giita cac gia tri fitness, dic biét khi gia tri Nycc tién

gan dén 1 (mo hinh dat hiéu suét phan loai cao).

Khi Nycc cang tién gan dén 1, gid tri F; s& dan tién vé 0. Piéu nay c6 nghia 1a ham
fitness s& giam dan khi Nycc ting, nhung su thay doi nay khong don gian 14 tuyén
tinh ma duoc khuéch dai hodc giam bt tity theo gia tri Nycc. Su thay doi phi tuyén
nay gitp nhan manh sy khac biét gitra cac gia tri thich nghi F; khi Nycc cao, 1am cho

qué trinh t61 vu héa nhay cdm hon véi nhiing cai tién nho vé hiu suat.

Viéc ap dung ham logarit vao ham thich nghi gitp lam r6 su khac biét gitra cac gia
tri F; gan nhau. Khi Nycc rat gan voi 1, mé hinh c6 thé dat hiéu suat rat cao, nhung
su khac bi¢t gitra cac mo hinh co thé tré nén nho va kho phan biét néu chi dua trén
gia tri Nycce gdc. Ham logarit gitip khéch dai su khac biét ndy, lam cho qué trinh tdi
uu hoa trong GA tréd nén nhay cdm hon véi céc cai thién nho, gitip thudt todn phan

biét rd0 hon gitta cac md hinh c6 hi€u suat twong do61 gan nhau.

Khi Nycc d3 dat muc cao, cac mé hinh c6 thé trong khong khéac biét nhiéu néu chi
dua trén céac gid tri Nycc truc tiép, din dén hién tuong bao hoa, noi thuat toan co thé

dirng t6i wu. Viéc s dung ham logarit gitip tranh hién tugng nay bang cach duy tri
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kha ning phan biét giira cac gia tri fitness va thuc ddy qua trinh tdi wu héa tiép tuc,

ngay ca khi da dat duogc cac gia tri gén tdi wu.

Viéc két hop Nycc va ham logarit trong ham thich nghi 1a mot cai tién quan trong,
gitip thuat toan GA4RF tim kiém hiéu qua hon cac siéu tham sb t6i vu cho mé hinh
RF, dic biét trong bdi canh dit liéu khong can bang va yéu cau phan biét rd rang giira

cac mo hinh c6 hiéu suat cao.

10 <«

0.9 ~

0.8 S

0.7 >
0.6 S

0.5 ~

0.4 >

0.3 ~
0.2 - 1 - NMCC' ~

0.1 1+ k.log,(1—Npycc)- -

0.0 ‘
00 01 02 03 04 05 06 07 08 09 10

Nmccg,

FPOP{IE

Hinh 3.3. Anh hwéng ciia ham logarit trong viéc tang cwong kha ning phdn biét cdc
gid tri fitness gan nhau (véi k = 0.1).

3.2.4. Thuwe nghiém va danh gia
3.2.4.1. Mo td thuwe nghiém
Quy trinh t6 chire cac thuc nghiém danh gia tinh hidu qua cta cc thuat toan GA4RF

duoc thuc hién nhu sau:

(1) Bé thiét 1ap khong gian tim kiém cho GA4RF trudc tién can xac dinh cac siéu
tham s6 va giéi han caa chung. Sau khi danh gia anh huong cua tirng siéu tham
sd dén hiéu suit cia mé hinh RF trén hai b dit liéu MobiAct v2.0 va UP-Fall,

NCS nhan thay cac siéu tham sé va khoang gié tri ciia chiing phu hop cho tirng
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siéu tham s6 lan lwot 14 Mg € [0,50], Ny € [50,800] va My € [0,50].
Nhitng khoang gia tri nay s& duoc st dung dé thiét 1ap khéng gian tim kiém
cho GA4RF, gilp thuat toan tim kiém cac giai phap téi wu trong pham vi da

xac dinh.

(2) Tu khong gian da thiét 1ap, khai tao ngau nhién mot quan thé gom 100 cé thé.

MJi cé thé twong (rng véi mot bo gom ba siéu tham sé Chr = {Mg, Ny, Mp1.

(3) Tung bo siéu tham s do GA tim dugc s& cap nhat dé huan luyén mé hinh RF.
Do thich nghi cua tirng ¢4 thé duoc kiém tra bang ham F; & Biéu thic (3.10).
Thuat toan s tinh toan dé tim ra gia tri thich nghi tét nhét ctia quan thé (Fpp)

theo Biéu thirc (3.11)

(4) Sau khi danh gia dugc 100 cé thé ciia quan thé ban dau, phuong phép banh xe
roulette s& duoc ap dung dé chon ra 60% bo siéu tham sé (Chr) tot nhat (xét

theo thudc do MCC) cho qua trinh sinh san tao quan thé méi.

(5) Qué trinh sinh san gém co giai doan lai ghép va giai doan dot bién véi ti I¢ lai
ghép 12 0.8 va ti Ié dot bién 12 0.1.

(6) Qua trinh tim kiém b siéu tham s6 ti uu s& ding lai khi dap tng mét trong

cac tiéu chi: (1) F,,, = 0 hodc (2) F,,,, dat dén mot ngudng muc tiéu hoic (3)

trai qua 10.000 thé hé tién hoa.

Céc tham s6 chinh ciia GA sir dung trong thuc nghiém duoc tom tit & Bang 3.1.
Bang 3.1. Gia tri cac tham s6 cdi dat cho GA

Tén tham sé  Gia tri
Nhiém sic thé (Chr)  {Mg, Ny, Mp}
Kich thuéc quan thé 100
S6 lan lap lai tbida 10000
Tilélaighép 0.8
Tilé dotbién 0.1
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3.2.4.2. Két qud va ban luin
a. Pdadnh gia kha nang hoi tu cua thudt toan GA4RF

Kha nang hdi tu cta thuat toAn GA4RF dong vai tro quan trong, phan anh hiéu qua
trong viéc toi uu hoa siéu tham sé cia mo hinh Random Forest. Chung t6i da tién
hanh céc thi nghiém dé danh gia hiéu suét cua thuét toan GA4RF trén hai bo dir liéu
la MobiAct v2.0 va UP-Fall. Két qua thuc nghiém trinh bay trong Hinh 3.4 va Hinh
3.5 cho thdy GA4RF c6 kha ning hoi tu tét trén ca hai bo dit liéu nay.

Hinh 3.4 biéu dién su thay doi cua gia tri ham thich nghi theo Nycc trong 50 thé hé
cudi cung trude khi thoa man diéu kién dimg tai s6 1an lip t6i da (10000 thé hé) khi
thyc nghiém trén bd dir licu MobiAct v2.0. Trong cac thé hé nay, bd phan loai RF dat
dugc d6 chinh x4c trong dbi cao, thé hién qua gia tri Nycc 10n, tién gan dén 1. Biéu
d6 nay cho thay Fpop gidm dan va tién gan vé 0, chirng minh kha nang t6i wu hoa hiéu
qua ciia GA4RF. Pong thoi, Nycc tang dan va tién gan dén 1, phan anh hiéu suat mo

hinh ngay cang t6t hon.

Thuc nghiém trén bo dir liéu MobiAct v2.0
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Hinh 3.4. Gid tri ham thich nghi theo Ny trong 50 thé hé cudi cing truéc khi théa
mén diéu kién dung tai 6 lan lap 16i da trén bé dir liéu MobiAct v2.0.
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Trong bdi canh bo dir liéu c6 sy mat can béng 16m, viéc phan loai chinh xéac céc hoat
dong nga riéng biét trong sd tat ca cac hoat dong khong chi doi hoi tdi da hoa gia tri
Npmcc ma con dam bao bd phan loai hoat dong tdt khi su khac biét gilta cac gia tri
Npcc ¢ hai thé hé lién tiép 1a tdi thiéu. Do d6, viéc danh gia higu suat ciia bo phan

loai trong vung ma Nycc ti€n dén gia tri toi vu la rat quan trong.

Bang 3.2 trinh bay két qua thuc nghiém trén bo dit liéu MobiAct v2.0 ciia 50 thé hé
cudi cung trude khi thuat toan GA4RF dat diéu kién dung tht 3 (sé thé hé da tién
hoa). Cac chi s6 nhu MCC, F1-score, Precision va Recall déu thé hién sy hoi tu 6n

dinh cua thuat toan.

Bang 3.2. Tong hop két qua thiee nghiém trén bé dit liéu Mobidct v2.0 ciia 50 thé
hé cudi cung truoc khi thudt toan GA4RF dat diéu kién dung.

TT Théhé MCC Fl-score Precision Recall — Nycc Fpop Fmin  Fmin = Fpop (M(:‘,h;’litj;T)
1 9951 0.98824 0.98896 @ 0.98896 0.98898 0.99412 0.03065 0.03071 0.000066 16, 23, 81
2 9952 0.98825 0.98898 @ 0.98898 0.98899 0.99413 0.03037 0.03065 0.000278 17, 24,132
3 9953 0.98827 0.98902 @ 0.98904 0.98905 0.99414 0.03008 0.03037 0.000293 4,31, 75
4 9954 0.98829 0.98901 @ 0.98902 0.98903 0.99414 0.02985 0.03008 0.000230 19, 38, 427
5 9955 0.98830 0.98903 @ 0.98906 0.98907 0.99415 0.02966 0.02985 0.000184 4,31, 83
6 9956 0.98833 0.98903 @ 0.98903 0.98905 0.99416 0.02919 0.02966 0.000475 20, 25, 387
7 9957 0.98839 0.98912 @ 0.98913 0.98914 0.99420 0.02814 0.02919 0.001046 22,27, 287
8 9958 0.98841 0.98912 @ 0.98912 0.98914 0.99420 0.02792 0.02814 0.000219 19, 38, 388
9 9959 0.98841 0.98918 @ 0.98919 0.98921 0.99421 0.02777 0.02792 0.000153 4,23,91
10 9960 0.98842 0.98914  0.98914 0.98915 0.99421 0.02767 0.02777 0.000104 22,22, 340
11 9961 0.98849 0.98921 « 0.98924 10.98924 0.99424 0.02661 0.02767 0.001057 4,31,90
12 9962 0.98856 0.98926 = 0.98927 0.98928 0.99428 0.02545 0.02661 0.001157 18, 24, 391
13 9963 0.98857 0.98931 @ 0.98932 0.98933 0.99429 0.02522 0.02545 0.000233 5, 17,425
14 9964 0.98860 0.98931 @ 0.98932 0.98933 0.99430 0.02479 0.02522 0.000433 17, 25, 430
15 9965 0.98864 0.98935 @ 0.98936 '0.98937 0.99432 0.02399 0.02479 0.000797 18, 27, 445
16 9966 0.98866 0.98937 @ 0.98937 0.98939 0.99433 0.02382 0.02399 0.000173 16, 37, 387
17 9967 0.98869 0.98939 @ 0.98942 0.98942 0.99435 0.02323 0.02382 0.000590 4,28,91
18 9968 0.98870 0.98941  0.98944 0.98944 0.99435 0.02305 0.02323 0.000174 4, 30,91
19 9969 0.98872 0.98941  0.98943 10.98944 0.99436 0.02268 0.02305 0.000373 0, 29, 67
20 9970 0.98874 0.98944 @ 0.98945 0.98946 0.99437 0.02239 0.02268 0.000291 18, 37, 500
21 9971 0.98881 0.98952 @ 0.98954 0.98955 0.99440 0.02125 0.02239 0.001143 4,31,95
22 9972 0.98885 0.98954 @ 0.98956 0.98956 0.99443 0.02052 0.02125 0.000726 6, 31,70
23 9973 0.98885 0.98955 @ 0.98955 0.98956 0.99443 0.02046 0.02052 0.000059 17, 31, 557
24 9974 0.98887 0.98960 = 0.98960 0.98962 0.99443 0.02027 0.02046 0.000196 12, 30, 83
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Ghi cha
(Mg, Mp, N,)
25 9975 10.98888 0.98962 0.98962 0.98964 0.99444 0.02005 0.02027  0.000215 12,30, 82
26 9976 0.98901 0.98970 @ 0.98971 0.98972 0.99450 0.01782  0.02005  0.002226 7,31,115
27 | 9977 0.98903 0.98971  0.98971 0.98972 0.99452 0.01746 0.01782  0.000368 15, 23,294
28 | 9978 0.98908 0.98976 @ 0.98977 0.98978 0.99454 0.01668 0.01746  0.000773 12, 24,384
29 | 9979 0.98909 0.98977 @ 0.98979 0.98980 0.99455  0.01637  0.01668  0.000314 0,31,91
30 | 9980 0.98920 0.98988 @ 0.98989 0.98990 0.99460 0.01447 H 0.01637 = 0.001900 0, 29,123
31 9981 10.98924 0.98990 0.98991 0.98992 0.99462 0.01384 0.01447  0.000633 7, 35,189
32 9982 10.98925 0.98994  0.98994 0.98996 0.99462 0.01367 0.01384  0.000165 12, 24,352
33 | 9983 10.98930 0.98997 @ 0.98998 0.98999 0.99465 0.01273  0.01367  0.000945 7, 38,350
34 9984 0.98934 0.99001 & 0.99001 0.99003 0.99467 @ 0.01200 0.01273 = 0.000721 7,38,390
35 9985 0.98935 0.99001 & 0.99002 0.99003 0.99468 0.01188 0.01200 = 0.000129 7,28, 297
36 9986 0.98940 0.99004 = 0.99006 0.99006 0.99470 0.01094 0.01188 @ 0.000931 7,27,188
37 9987 0.98942 0.99008 & 0.99009 0.99010 0.99471 0.01071 0.01094 @ 0.000236 6, 35, 148
38 | 9988 0.98945 0.99010 @ 0.99012 0.99012 0.99473  0.01008  0.01071  0.000630 13, 34,537
39 ' 9989 0.98954 0.99019 @ 0.99019 0.99021 0.99477 0.00855 0.01008  0.001529 11, 25, 320
40 9990 0.98955 0.99019 & 0.99020 0.99021 0.99477 ' 0.00840 0.00855  0.000154 11, 39, 269
41 9991 0.98955 0.99021 & 0.99022 0.99022 0.99478 ' 0.00830 0.00840  0.000099 12, 37,543
42 ' 9992 0.98955| 0.99020  0.99022 0.99022 0.99478 0.00828  0.00830  0.000018 5, 34,384
43 | 9993 0.98957| 0.99023  0.99024 0.99024 0.99479 0.00790  0.00828 = 0.000382 12, 33,510
44 | 9994 0.98961| 0.99026  0.99027 0.99028 0.99481 0.00722 ' 0.00790 = 0.000677 8, 26, 190
45 ' 9995 0.98963 0.99028 & 0.99029 0.99029 0.99482 0.00679 0.00722 = 0.000434 8, 26, 186
46 9996 0.98964 0.99029 = 0.99030 0.99031 0.99482 0.00671 0.00679  0.000081 5, 29, 529
47 9997 0.98965 0.99031 & 0.99032 0.99033 0.99482 0.00654 0.00671  0.000167 5,27,428
48 9998 0.98966 0.99033 = 0.99034 0.99035 0.99483  0.00637 0.00654  0.000168 5, 25,430
49 9999 0.98977 0.99042 = 0.99042 0.99044 0.99488  0.00433 0.00637 = 0.002043 0, 26, 186
50 @ 10000 0.98983 0.99049 = 0.99050 0.99051 0.99492 0.00314 0.00433 = 0.001185 5, 26, 420

TT Théhé MCC | Fl-score Precision  Recall | Nycc Fpop Fuin | Fmin — Fpop

Két qua trinh bay trong Bang 3.2 cho thiy gia tri Nycc ting 1én qua mdi thé hé, tir
0.99412 dén 0.99492, trong khi gid tri ham thich nghi (F,,,) dan gidm vé 0. Diéu nay
chirng t6 thuat toan GA4RF dang lién tuc cai thién b si€éu tham $6 qua mdi thé hé va

tranh dugc viéc mac ket tai cuc tri dia phuong.

Vi¢e lya chon ngudng & co6 tac dong lon dén qué trinh tim kiém siéu tham s6 toi uvu.
Khi dat ngudng & 16n, thuat toan GA4RF s& két thuc nhanh hon, tiét kiém thoi gian
va tai nguyén tinh toan. Tuy nhién, diéu nay c6 thé dan dén viéc ding qua sém, bo
qua cac bd siéu tham sb tiém nang tdt hon. Vi du, néu dit & = 0.005, thuét toan co thé

durng sau chi 1000 thé hé, trong khi bd siéu tham s6 tOi wu o thé xuit hién & thé hé
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thir 9000. Két qua thi nghiém cho thay néu dit ngudng & = 0.000018 thuit toan s&
dirng tai thé hé thir 9994, ma chua dat dén s 1an lap t6i da. Nguoc lai, khi dit ngudng
& nho, thuat toan GA4RF c6 co hoi kham pha khong gian tim kiém k¥ ludng hon, tim
ra bo siéu tham s6 t6i wu hon. Tuy nhién, diéu nay cling ddng nghia véi viéc thoi gian

tim kiém kéo dai, c6 thé dan dén ton kém v€ mat tai nguyén tinh toan.

Tam quan trong cua viéc lya chon ngudng 6 thé hién & nhiéu khia canh. Pau tién, n6
gitip cAn bang gitra chat luong két qua va thoi gian thuc hién thuat toan. Thir hai, mot
ngudng & phu hop cod thé ngan chan viéc tdi wu hoa quéa muc, tranh hién tugng
overfitting trén tap huan luyén. Cudi cung, ngudng & déng vai trd quan trong trong
viéc xac dinh diém dung phu hop, dam bao thuat toan hoi tu vé mot giai phap tot

trong thoi gian hop 1y.

Sy bién doi cta gia tri ham thich nghi dua trén Ny trong 50 thé hé cudi cing trudc
khi dat dén diéu kién dimg tai sb 1an 1ap t6i da khi thue nghiém véi bo dir liéu UP-

Fall duoc trinh bay trong Hinh 3.5.

Thuc nghiém trén bo dir liéu UP-Fall
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Hinh 3.5. Gid tri ham thich nghi theo Ny trong 50 thé hé cudi cing trudc khi théa
man diéu kién dirng tai sé lan ldp t6i da trén bé dir liéu UP-Fall.
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Két qua trén bd dit 1iéu UP-Fall ¢6 sy nhit quan véi nhitng gi quan sat duge trén bo
dir liéu MobiAct v2.0. Hinh 3.5 minh hoa sy gam dan cua Fpop Vva su ting dan cua
Npcc. Mic du Fpop giam dan va 6n dinh, nhung c6 nhiing bién dong nho & cac thé

hé cudi, chirng té thuat toan khong bi mic ket tai cac diém tdi wu cuc bo.

Tuong tu, Bang 3.3 cung cap két qua thuc nghiém trén b dir liéu UP-Fall, ciing tap
trung vao 50 thé hé cudi cung. Cac chi sé hiéu suat MCC tiép tuc duoc theo doi dé
danh gia sy hoi tu cia thuat toan. Tuon tu két gau thuc nghiém trén bd MobiAct v2.0,
cac chi s6 MCC, Fl-score, Precision va Recall déu thé hién sy hdi tu on dinh cua
thuat toan. Gia tri MCC duy tri ¢ mirc cao, tir 0.9951 dén 0.9961, va Nycc ting tir
0.997543 dén 0.998075, tién sat dén 1, phan anh kha ning phéan loai chinh xac cao
cua mo hinh. Fp,, giam trr 0.041044 xuéng 0.002120, cho thy qua trinh t6i uu hoa

hiéu qua. Fp;, cudi cing dat 0.002120, nhé hon so vi MobiAct v2.0.

Tuong ty, viée lya chon ngudng & phi hop 13 then chdt dé dam bao thuat toan GA4RF
khong dung lai qua som. Néu chon ngudng & = 0.005 thuat ton c6 thé ding sau chi
1000 thé hé, hodc néu & = 0.000005, thuit toan s& dirng sém tai thé hé thir 9.957, ma
khong dat dén s6 1an lap t6i da. Diéu nay c6 thé dan dén viéc bo 15 cac giai phap tiém

nang va bd si€éu tham s khong to1 uu.

Bang 3.3. Téng hop két qua thyc nghiém trén bo dir lieu UP-Fall cua 51 thé hé
cuoi cung truoc khi thudt toan GA4RF dat diéu kién dirng.

Ghi cha

TT Théhé MCC  Fl-score  Precision Recall  Npycc Fpop Fuin  Fmin — Fpop (M. My N.)
Fs D> ‘Np

1 9951 | 0.9951  0.9955 0.9955 | 0.9955 0.997543 0.041044 0.041124 0.000080 10, 48, 147
2 9952 | 0.9951  0.9955 0.9955 | 0.9955 0.997561 0.039848 0.041044 0.001196 8, 11, 450
3 9953 | 0.9951  0.9955 0.9955 | 0.9955 0.997568 0.039386 0.039848 0.000461 8, 22,303
4 9954 | 0.9951  0.9955 0.9955 | 0.9955 0.997569 0.039350 0.039386 0.000036 8, 12,108
5 9955 | 0.9951  0.9955 0.9955 | 0.9955 0.997570 0.039257 0.039350 0.000092 9,11, 365
6 9956 | 0.9951  0.9955 0.9955 | 0.9662 0.997570 0.039252 0.039257 0.000005 9, 20, 243
7 9957 | 0.9951  0.9955 0.9955 | 0.9955 0.997571 0.039204 0.039252 0.000048 8, 20, 602
8 9958 | 0.9952  0.9955 0.9955 | 0.9955 0.997583 0.038379 0.039204 0.000825 8, 30, 270
9 9959 | 0.9952  0.9956 0.9956 | 0.9956 0.997595 0.037631 0.038379 0.000749 14, 27, 615
10 = 9960 0.9952 0.9956 0.9956 | 0.9956 0.997612 0.036501 0.037631 0.001129 9,12, 747
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TT

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Thé hé

9961
9962
9963
9964
9965
9966
9967
9968
9969
9970
9971
9972
9973
9974
9975
9976
9977
9978
9979
9980
9981
9982
9983
9984
9985
9986
9987
9988
9989
9990
9991
9992
9993
9994
9995
9996
9997
9998
9999
10000

MCC

0.9952
0.9952
0.9953
0.9953
0.9953
0.9953
0.9953
0.9953
0.9954
0.9954
0.9954
0.9954
0.9954
0.9954
0.9955
0.9955
0.9955
0.9955
0.9955
0.9955
0.9955
0.9956
0.9956
0.9956
0.9956
0.9956
0.9956
0.9957
0.9957
0.9957
0.9957
0.9957
0.9958
0.9958
0.9958
0.9958
0.9958
0.9959
0.9959
0.9961

F1-score

0.9956
0.9956
0.9956
0.9956
0.9956
0.9957
0.9957
0.9957
0.9957
0.9957
0.9958
0.9958
0.9958
0.9958
0.9958
0.9958
0.9958
0.9958
0.9958
0.9959
0.9959
0.9959
0.9959
0.9959
0.9959
0.9959
0.9959
0.9960
0.9961
0.9960
0.9960
0.9961
0.9961
0.9962
0.9962
0.9961
0.9962
0.9962
0.9962
0.9965

Precision

0.9956
0.9956
0.9956
0.9956
0.9957
0.9957
0.9958
0.9957
0.9958
0.9957
0.9959
0.9959
0.9959
0.9958
0.9959
0.9958
0.9958
0.9958
0.9958
0.9959
0.9960
0.9960
0.9960
0.9959
0.9960
0.9960
0.9959
0.9961
0.9961
0.9960
0.9961
0.9961
0.9961
0.9962
0.9962
0.9962
0.9962
0.9962
0.9962
0.9965

Recall

0.9956
0.9956
0.9956
0.9956
0.9956
0.9957
0.9957
0.9957
0.9957
0.9957
0.9958
0.9958
0.9958
0.9958
0.9958
0.9958
0.9958
0.9675
0.9958
0.9959
0.9959
0.9959
0.9959
0.9959
0.9959
0.9959
0.9959
0.9961
0.9961
0.9961
0.9961
0.9961
0.9962
0.9962
0.9962
0.9962
0.9962
0.9962
0.9963
0.9965

Numcc

0.997612
0.997614
0.997627
0.997633
0.997635
0.997655
0.997671
0.997674
0.997676
0.997688
0.997715
0.997715
0.997720
0.997721
0.997729
0.997729
0.997734
0.997747
0.997751
0.997767
0.997768
0.997776
0.997778
0.997787
0.997789
0.997807
0.997810
0.997829
0.997852
0.997852
0.997860
0.997861
0.997897
0.997907
0.997908
0.997909
0.997915
0.997932
0.997964
0.998075

105

F pop

0.036483
0.036344
0.035497
0.035093
0.034917
0.033613
0.032477
0.032306
0.032116
0.031331
0.029468
0.029419
0.029115
0.029036
0.028451
0.028445
0.028080
0.027220
0.026941
0.025743
0.025732
0.025114
0.024992
0.024340
0.024194
0.022873
0.022677
0.021276
0.019591
0.019589
0.018982
0.018935
0.016168
0.015406
0.015393
0.015304
0.014823
0.013539
0.011045
0.002120

Fmin

0.036501
0.036483
0.036344
0.035497
0.035093
0.034917
0.033613
0.032477
0.032306
0.032116
0.031331
0.029468
0.029419
0.029115
0.029036
0.028451
0.028445
0.028080
0.027220
0.026941
0.025743
0.025732
0.025114
0.024992
0.024340
0.024194
0.022873
0.022677
0.021276
0.019591
0.019589
0.018982
0.018935
0.016168
0.015406
0.015393
0.015304
0.014823
0.013539
0.011045

Fmin_

0.000018
0.000139
0.000847
0.000404
0.000176
0.001304
0.001136
0.000170
0.000190
0.000785
0.001863
0.000049
0.000304
0.000079
0.000585
0.000006
0.000365
0.000860
0.000279
0.001199
0.000011
0.000618
0.000122
0.000653
0.000145
0.001321
0.000197
0.001401
0.001686
0.000001
0.000608
0.000046
0.002767
0.000762
0.000013
0.000089
0.000481
0.001284
0.002494
0.008925

Ghi cha

pop (MF’ MD, NT)

10, 30, 85
8,11, 320
8, 13,516
8, 30, 104
9, 14,221
11, 50, 409
10, 34, 410
10, 14, 90
10, 30, 110
9,15,151
11, 34, 256
10, 34, 189
10, 10, 221
12,11, 478
10, 26, 591
8, 30, 108
9,0, 287
9, 26, 215
8,13,76
11, 34,318
11, 43, 404
10, 40, 394
14,18, 414
8, 30, 107
11, 14,108
8,30, 124
8,14,77
11, 35, 386
11,41, 138
8, 14,108
8,15, 120
11, 30, 90
8,13, 108
11,0, 158
11, 32, 150
9, 32,395
8, 35, 133
0, 30, 108
8, 14,110
11, 30, 84



Tom lai, viéc lya chon ngudng 6 trong GA4RF 1a mot yéu td quan trong, anh hudéng
tryc tiép dén hiéu qua ctia qua trinh t4i wu hoa siéu tham s cho mé hinh Random
Forest. Mot ngudng € qua nho c6 thé kéo dai thoi gian chay nhung tim duoc giai phap
t61 uu hon. Nguoc lai, ngudng & qua 16n c6 thé dan dén viée dimg sém va bo 15 cac
giai phap tiém ning. Bang cach cht trong dén viéc lira chon &, ngudi sir dung c6 thé
t8i wu hoa hiéu qua cua GA4RF, dat dugc bd si€éu tham sb tot nhat trong khodng thot

gian hop 1y, tir d6 nang cao hiéu suét tong thé ciia mé hinh.

Tir két qua c6 thé nhan thay thuat toan GA4RF thich tng t6t voi cac bo dit liéu khac
nhau, thé hién tinh linh hoat cta thuét toan va kha nang t8i uru hoa hiéu qua siéu tham
s6 cho mo hinh Random Forest trong bai toan phat hién ngi trén dir liéu khong can
bang. Thuat toan khong chi hoi tu tét ma con thé hién kha ning tim kiém toan cuc
manh mé, trainh mac ket tai cac t6i wu cuc bd. Hiéu suit cao cia mo hinh duoc thé
hién qua chi s6 MCC cao trén ca hai bo dir liéu, cho thiy tiém ning tng dung rong

rai cia GA4RF trong cac bai toan phan loai phtrc tap.

3.2.4.3. So sdanh két qud véi cdc nghién ciru khdc

Trong phan nay, chiing tdi tién hanh so sanh hiéu suat ctia thuat todan GA4RF v&i mot
s6 nghién ctru khac str dung hai bo dit liéu pho bién trong linh vuc phat hién nga 1a

MobiAct v2.0 va UP-Fall.

a. So sanh vdi cdc nghién ciru sir dung bé dir liéu MobiAct v2.0

Hinh 3.6 so sanh hiéu suét cta thuét toan GA4RF véi cc thuat toan tir cic nhom tac
gia Azmat [20], Chatzaki [13] va Le [CT1] khi thyc hién trén bo dit liéu MobiAct
v2.0. Hinh anh thé hién hiéu suat phan loai (F1-score) cua cac thuit toan dbi voi cac
hoat dong khac nhau, bao gdm ca céac su kién ngd va cac hoat dong thudng ngay
(ADLs). Céc thuat toan dugc so sanh bao gdm SSRDC [20], 1Bk [13], RF véi siéu
tham s6 mic dinh [CT1] va GA4RF. Cac thuat toan duoc danh gia duwa trén thude do
F1-score cho cac hoat dong khéc nhau, bao gém ca cac su kién nga va cac hoat dong

thuong ngay (ADLs). Cac nhéan Falls, ADLs va All 1an luot thé hién hiéu suét trung
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binh tinh theo trong sb ctia cac su kién ngd, hoat dong binh thuong va tong hop (bao

g@)m ca hai loai hoat dong) theo thudc do F1-score.

Hai thuat toan SSRDC [20], 1Bk [13] c6 hiéu suét thap hon dang ké so véi GA4RF
va RF trén hau hét cac hoat dong. PBac biét, chung gap kho khan trong viéc phan loai
cac hoat dong phure tap va cac hanh vi ngd. Nhin téng quan, GA4RF thé hién hiéu
suét tot hon so v&i cac thuat toan con lai trén hau hét cac hoat dong. Fl-score cua
GAA4RF ludn ndm & vi tri cao nhat hodc gan cao nhat trong phan 16n cac loai hoat
dong, cho thay su 6n dinh trong viéc phan loai cic hoat dong, ngay ca ddi voi cac

hoat dong phtic tap hoic d& gay nham lan.

Mic du hiéu suat phan loai téng thé cta thuat toan GA4RF khong qua chénh I¢ch so
vo1 RF (tang tir 98.79% 1én 99.05%), nhung kha nang phat hién cac sy ki¢n nga cua
thuat toan GA4RF lai tot hon déng ké so voi RF (tang tir 95.23% 1én 96.791%). T
Hinh 3.6, c6 thé nhan théy hiéu suat phan loai cac hoat dong cua thuat toan dé xuét
GAA4RF cai thién dang ké so véi mé hinh RF st dung tham s6 mic dinh, dic biét 1a
trong viéc phat hién cac su kién ngi. Piéu ndy ching to hiéu qua cia viéc sir dung
giai thuat di truyén dé t6i uu hoa siéu tham sb, gitp mé hinh RF dat hiéu suit phan

loai tot hon.

Két qua tir Hinh 3.6 cho thiy GA4RF khéong chi nang cao hiéu suét phan loai cia RF
ma con cai thién dang ké kha nang phat hién cac sy kién ngd, mot trong nhiing thach
thirc chinh ctia bai toan. Bang cach thiét ké ham thich nghi phul hop véi cac hoat dong
kho va it dir liu, GA4RF tap trung vao t6i uu hoa cac yéu td quan trong nhat. Mic
di c6 thé c6 mot s6 danh ddi nho trong viéc phat hién cac hoat dong binh thuong
(ADLs), su suy giam nay khong dang ké va dugc bu dip bang su cai thién vuot troi
trong phat hién nga. Két qua nay chirng minh tinh hiéu qua cta viéc két hop giai thuat
di truyén (GA) va Random Forest (RF), cling nhu vai trd quan trong cua viéc tbi vu
hoéa siéu tham s trong viéc nang cao hiéu suat phan loai trong cac ung dung phat
hién ngd. GA4RF cho thay tiém ning 16n trong viéc phét trién cac hé thong phat hién

nga dang tin cay.
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Hinh 3.6. So sdnh hiéu sudt ciia thudt todn GA4RF véi thudt todn ciia nhém tdc gia

Azmat [20], Chatzaki [13] va Le [CT1] thuc hién trén bo dir liéu MobiAct v2.0.

b. So sdanh voi cac nghién ciru sir dung bo dir lieu UP-Fall

Hinh 3.7 so sanh hiéu suit ciia thuat toan GA4RF véi cac thuat toan OP-Tanish [119],
Res-TCN [120], va Random Forest (RF) sir dung siéu tham s6 mic dinh [CT1] khi
thuc hién trén bo dir licu UP-Fall. Biéu do trong hinh nay thé hién gia tri F1-score
ctia cac thudt toan d6i véi cac hoat dong khac nhau, bao gém ca cac su ki¢n nga va

cac hoat dong thuong ngay (ADLS).

Dua vao biéu do trong Hinh 3.7 ¢6 thé nhan théy thuat todn Res-TCN khong thuc su
6n dinh trong viéc phan loai cac hoat dong, dac bi¢t khi phan loai cac su kién nga.
Thuat toan nay cho thay su kho khan khi gip phai cac ct ngd vé phia sau (FB), hiéu
suat chi dat dugc 62.7%. Diéu nay cho thay Res-TCN c6 thé khong phu hop cho cac

ung dung phat hién nga doi hoi do tin cdy cao.
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Cac mo hinh RF (tham s6 mic dinh) [CT1], OP-Tanish [119] va GA4RF c6 sy tuong
dong trong viéc phat hién ADL nhu diémg (ST), ngdi (SI), nhit dd vat (P), nhay (J),
nam (L). Céc thudt toan nay déu co hiéu suit cao hon 97%. Thuat toan OP-Tanish
cho thdy hiéu suit vuot troi khi phat hién cac hoat dong nhay (J) va nam (L) voi F1-
score do chinh xac 100%. Tuy nhién, hi¢u suit cua OP-Tanish khi phan loai céc su
kién nga lai kém hon dang ké so voi GA4RF. Mic du RF véi cac tham sd mic dinh
cling cho thay hiéu suét tot trén hau hét cac hoat dong nhung van kém hon GA4RF,
dac biét 1a trong viéc phat hién nga. Cu thé, GA4RF nang cao F1-score tir 96,16% lén
97,67% cho cac su kién ngd. Két qua nay cho thiy viéc tdi uvu hoa bang giai thuat di
truyén gitip mo hinh khong chi duy tri ma con nang cao hiéu suat phén loai trong céc

bai toan kho khan.
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Hinh 3.7. So sdnh hiéu sudt ciia thudt todin GA4RF véi thudt todn ciia nhém tac gia
OP-Tanish [119], Res-TCN [120] va Le [CT1] thuc hién trén bé dir liéu UP-Fall.
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Xét vé téng thé, GA4RF dat hiéu suét phan loai cac hoat dong on dinh va tot hon céac
thuat toan khac, dac bi¢t trong viéc phat hién cac su kién nga. Trong nhém cac sy
kién ngd, GA4RF dat F1-score tir 94,95% dén 99,34%, thé hién su 6n dinh va hiéu
qua cao. So vdi Res-TCN, cd Fl-score chi tir 62,70% dén 85,80%, GA4RF cho théy
su vuot troi 1o rét. Két qua nay dac biét quan trong vi cac sy kién nga thuong kho

phan loai va 13 trong tdm cta hé thong phat hién ngi.

Maic du GA4RF khong cai thién nhiéu trong cac hoat dong binh thuong (ADLs), su
gia tang hiéu suat trong cac sy kién ngi 1a rat quan trong va c6 ¥ nghia 16n trong boi
canh phat hién nga. So vo1 cac thuat todn khac, su cai thi¢n nay khéng dinh GA4RF
1a mot phwong phap hiéu qua va cé thé ung dung rong rii trong cac hé théng phat

hién nga thuc té.

Két qua tir Hinh 3.7 minh chting cho tinh hiéu qué cta su két hop giira giai thuat di
truyén va Random Forest. GA4RF khong chi cai thién hiéu suat tong thé ma con dic
biét hiéu qua trong viéc phat hién cac su kién ngd, dap Gmg yéu cau va thach thirc dic
thu clia cac hé thong giam sat an toan. Bang cach t6i wu hoa cic siéu tham sb thong
qua giai thuat di truyén va thiét ké ham thich nghi chuyén biét, GA4RF tip trung vao
cac hoat dong it dir li¢u va kho phan loai, khic phuc dugc nhitng han ché ctia mé hinh

RF mic dinh va cac thuat toan khac.

GA4RF da chung to uu thé trong viéc phan loai hoat dong, dac biét 1a kha nang phat
hién nga chinh xac va on dinh, ngay ca khi xtr 1y cac hoat dong phurc tap va dit li€u
khong can bang. Viéc két hop thanh cong gitta GA va RF, cing v6i thiét ké ham thich
nghi pht hop di mang lai nhiing céi tién dang ké so véi cac phuong phap truyén
thé)ng va cac nghién ctru trude d6. Mac du co thé ¢6 su danh d6i nho vé hiéu suét trén
mot s6 hoat dong thudng ngay, nhung su tip trung vao viéc phat hién nga - mot yéu
t6 quan trong trong cac ung dung thuc té - d3 khiang dinh GA4RF 1a mot giai phap

tiém nang cho cac hé thong giam sat va hd trg ngudi ding trong twong lai.
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3.3. XAy dung m6 hinh phat hién sy kién nga (FEDM)

Mot hé thdng phat hién ngd (FDS) thuc su t6t khi duoc huan luyén bang dir liéu thu
thap trong thé gi6i thuc. Tuy nhién, viéc thu thap dir liéu nga trong thuc té rat kho
khan, gan nhu khong thé thu duoc do tinh bat ngd cta cac su kién nga [121]. Pé khic
phuc diéu nay, cac nghién ctiru thudng xay dung cac kich ban mé phoéng lai su kién

ngd va st dung cac tinh nguyén vién tré tudi thuc hién trong cac phong thi nghiém.

Trong qua trinh thu dit liéu bang mé phong, cac tinh nguyén vién biét trude su kién
nga va s& san sang céac tu thé dé giam thiéu ton thuong cho co thé. Hon nita, dé bao
v¢ tinh nguyén vién, cac kich ban thu dit li¢u thuong str dung nhiing tAm ném mém
va day dé tinh nguyén vién ngd vao. Piéu nay hoan toan khac biét so vi céc tinh
huéng xay ra trong thé gidi1 thuc. Vi vay, luon c6 mot khoang cach gitra dir liéu thuc
va mo phong, diéu nay doi hoi cac FDS can phai xem xét va khac phuc [76]. Mot két
qua huan luyén mé hinh t6t trén dir liéu mo phong 1a chua di. FDS dang tin cay phai

dugc danh gia tir dir liéu ngd xay ra trong thuc té.

Ngoai ra, cac loai hoat dong va hanh vi cua con nguoi thudong mang cac dac trung
riéng, dé phan loai chung mdgt cach hi¢u quéa doi hoi sy linh hoat trong viéc thay doi
kich thuéc ctra s6 dir liéu (DWS). Vi du, nhitng hanh dong xay ra trong thoi gian
ngan nhu su kién ngd can c6 kich thudc ctra s6 ngin (sWS) dé trich xuat dic trung
ma khong bi anh huong bai nhidu va hoat dong khac. Tuy nhién, néu chi tap trung
vao sWS, cic hoat dong c6 tinh tuan hoan nhu di bo, chay, nhay lai khong phu hop.
Thong thuong, cac nghién ctru st dung chung moét DWS cho ca hai loai hoat dong,

dan dén su suy giam hi¢u suat cia mé hinh.

Vi vdy, phan nay luan 4n d& xuit mot mo hinh phét hién sy kién ngd (FEDM) nhim
khic phuc cac van dé da néu. Mo hinh dé xuét ¢ su két hop giita k¥ thuat ML, so
khép linh hoat va ngudng t6i uvu dé xac dinh cac hoat dong binh thuong va hanh vi
ngé dua trén chudi hoat dong co ban. FEDM thyc hién so sanh mau hanh vi chua

duoc gan nhin v6i cac mau hanh vi binh thuong da duoc gan nhin. Cu thé, dir liéu
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vé cac hoat dong binh thuong hang ngdy (ADL) di gan nhén duogc st dung dé huin
luyén cac mo-dun nhan dang hoat dong (ARM). Cac ARM da duogc huin luyén co

nhiém vu kiém tra dir liéu méi co6 sy khéc biét so véi dit li¢u da huan luyén hay khong.

Dit liéu thu thap dugc phan doan thanh cac kich thudc cira s6 dai (LWS) theo thoi
gian dé phan tich. FEDM s& kiém tra mau dit 1iéu mdi cira s6 LWS dé dua ra dy doan
13 binh thuong hay nga. Néu hanh vi dugc phat hién 14 binh thuong, phan doan dir
lidu c6 kich thudc LWS sé& duoc chia tiép thanh cac sWS. Két qua du doan trong ting
sWS s& dugc tong hop dé so sanh voi két qua & LWS, tir d6 dua ra két luan hanh vi

doan duogc la binh thuong hay ngé.

3.3.1. Panh gia mirc d6 dnh hwéng cia cira so dir liéu

Cung mot loai hoat dong, mdi ngudi ¢ cach thuc hién riéng, hodc sir dung cac kiéu
dién thoai khac nhau, hodc thoi diém thu dit liéu khac nhau s& cho ra cac chudi dir
liéu c6 dic diém khac nhau. Dé co bo dir liéu nhat quan trudc khi huén luyén mo
hinh, dit liéu tho sau thu thap can phai tién xtr 1y, chang han nhu st dung k¥ thuat
khac nhau nhu phan doan ctra so dit liéu. Mdi cira s6 twong tng voi mot phan doan
dir liéu trong mot khodng thoi gian hodc mot s6 mau nhat dinh nao d6, c6 kich thudc
duoc ky hiéu 1a DWS. Céc dic trung ctia moi hoat dong dugc trich xudt trén tung ctra
s6 dit liéu va duoc st dung dé huan luyén mo6 hinh hoc may. Viéc lga chon DWS rat
quan trong, vi kich thudc nay anh huong dén hiéu suit nhan dang cta hé théng. DWS
qua ngin s& khong cung cp du thong tin cho cac hoat dong riéng 1é, trong khi DWS

quéa dai co thé chira nhidu hoat dong khac nhau trong ciing mot ctra so.

MOi loai hoat dong c6 mdt DWS tdi vu dé lugng thong tin cia ddi tuong can nhén
dang khong bi bo sot va khong bi nhidu. Cin clr vao su thay ddi gia tri cua gia tdc
theo hoat dong ctia ngudi dung, mot sy kién ngi c6 thé phan thanh cac giai doan: (1)
giai doan trudce lac xay ra sy ki¢n nga, (2) giai doan xdy ra nga, va (3) giai doan sau
khi ngd. Tuy thudc vao mirc d6 nghiém trong cua cli ngd, sau khi nga c6 thé xdy ra

hai truong hop, (i) ngd xong nam yén va (ii) nga xong tur dimng day. Phan tich mau dir
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lidu sau khi xay ra su kién ngi co6 thé danh gia dugc mirc do nghiém trong ctia ¢l nga.
Hinh 3.8 trinh bay mau biéu dién mét su kién nga cua nguoi di bo dugc thu thap béng

gia toc ké cua dién thoai thong minh.

Dii liéu thd thu thap bang gia toc ké cla dién thoai théng minh

25

20

Gia toc (m/s"2)
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Hinh 3.8. Biéu dién mét sw kién nga dién hinh cia nguoi di bo dwoc thu thip bang
gia toc ké ba truc ciia SP.
MGdi loai hoat dong cua con nguoi cé dic diém riéng, thoi gian dién ra ciing khac
nhau. Céc hoat dong thuong ngay c6 thoi gian dai, trong khi nga thuong dién ra bat
ngd trong thoi gian ngan. Vi vay can duoc diéu chinh kich thudc cira s6 mot cach
linh dong dé phu hop véi timg nhom hoat dong. Vi cac hoat dong xay ra nhanh nhur
ngd, st dung kich thudc ctra sé ngin (sWS) s& gitp trich xuét dic trung chinh xac
hon. Nguoc lai, kich thudc cira s6 dai (LWS) phu hop véi cac hoat dong tuan hoan
nhu di bd, chay, nhay. Dé giai quyét van dé nay, NCS dé xuat phuong phap so khép
hoat d6ng & nhiéu ctra s6 con vdi cira s dai dé ting cuong kha ning phat hién cac sy
kién nga va céc su kién nga. Y tudng thiét ké mo hinh mé hinh phat hién céc sy kién

nga (FEDM) trong luin an nay duoc mé ta nhu trong Hinh 3.9.
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Dii ligu thé thu thap bang gia téc ke cia dién thoai théng minh
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! ; !
5 i .
- |

Tilé dong nhat (ry,)
Hoat déng doan dugc trong cac clia so sWSy
I, = . .
k Hoat ddng doén dugc trong ciia so LWS),

Hinh 3.9. Y tuéng thiét ké mé hinh phdt hién cdc sie kién ngd (FEDM). Trong hinh
vé, LWS la kich thudc cira s6 dai, sWS 1a kich thuée cira s6 ngcfn.

3.3.2. MO0 hinh phat hién cac sy kién ngd (FEDM).

M0 hinh dé xuat FEDM str dung két qua tir bo 44 dic trung dé xuat & Chuong 2 va
thuat toan GA4RF két hop v6i ki thuat so khép dit liéu linh hoat va k¥ thuat ngudng.
Dit li¢u ADL da gan nhan dugc st dung dé huan luyén cdc md-dun nhan dang hoat
dong (ARM). Cac phuong phap loc nhiéu va trich xuat dic trung tir dit liéu gia tc
ké duoc ké thira tir nghién ctru trude ddy [CT1]. Phuong phap xay dung FEDM duoc
biéu dién ¢ Hinh 3.10. Pé tang kha nang phat hién cac sy kién ngd, mo hinh dé xuat

gdm hai giai doan: (1) giai doan t6i md hinh; (2) giai doan phat hién sy kién nga.
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: I | Phan dogn d Cac mé-dun | !
| . ligu, trich chon nhén dang ADL A . 1 |
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| DULIEY dac trung theo —>{ | theo kich thudc Hoat dng da : .
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1| (Cdchogtdong | s6 dai (LWS) [ARM,, s] I I
* | binh thuong (ADL) | | .
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. | da dugc gdn nhan)| 1 Phan doan dif Cac mé hinh ) . . !
1 : ligu, trich chon nhan dang ADL So khdp cac hoat dong & Tilé dong nhat 1 1
' 11>{ dac trung theo —>{ | theo kich thudc | —>| WS véi hoat dong 6 LWS T, > 0 X
. | kich thudc cia clia s6 ngan (1) Ngudng t6i uu .
5 1| s6ngén (sws) [ARM,, qws] :
[} N 3 1 50 |} PP 1
e 2 [~ 1.
| 1
: | ADL | | Nga I
L - | | s— 7====== "
! Banh gia b tham si I
| Y = f (LWS,sWS,6) 1
Vol PHATOIUU o m e oo m e o et e e e— BN ... y
~ PHAPHATHIEN — =i o oo oo\ ol Lo ==
. - 1
| Phan doan dif Cac mé-dun [
| bout liu, trich chon nhan dang ADL X |
X PR dac trung theo > | theo kich thudc 1.
I PHAT HIEN 1 Kich thutc c 1a 6 dai L.
" (chuo gan iy | 1 ich thuéc ciia clia s6 dai |
: I s6 dai (LWS) [ARM,, 1ws] !

! 1.
! : Phan doan dit Cac mo hinh ‘ , ! |
: 1| | liéu, trich chon nhan dang ADL So khdp cac hoat dong 6 Til¢ dong nhat I
| 111 dgctrung theo [—>{ | theo kich thudc | [—>] WS v6i hoat dang & LWS e > 0 '
: 1| kich thudc ciia cifa s6 ngén (1) ! |
I : s0 ngan (sWS) [ARM,, gws] .
171 L1 I
| / ADL / / Nga / |

Hinh 3.10. M6 hinh téng quan phdt hién céc si kién nga
3.3.2.1. Giai dogn toi wu tham sé

Giai doan nay dugc thuc hién dé tim ra bo tham sb tdt nhat cho FEDM. Bd tham s
can tim 12 t,=(LWS,, sWS,, 0,), trong d6 LWS 1a kich thudc cua cira s dir liéu 16n
(phu hop v6i cac hoat dong binh thuong nhu di b, chay, nhay,...), sWS Ia kich thuéc
clia ctra so dit liéu nho (phu hop véi cac sy kién ngd nhu ngd), va 0 13 ngudng hiéu
suat ciia mo hinh trong viéc phat hién cac sy kién nga va binh thudng. Qua trinh tim

ki€ém bd tham so6 to1 vu duoc thuc hién nhu sau:

1)

Lya chon dir liéu: LAy ngdu nhién 70% dit liéu thd cua cac hoat dong thuong

ngay trong bo dir liéu MobiAct v2.0.
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()

3)

(4)

()

Huan luyén mé-dun nhan dang theo kich thuéc cira s6 dai: Di liéu hoat dong
thudng ngay (ADL) (k) duge phan doan theo kich thudc cira s6 dai (LWS), trich
chon 44 dic trung (TFDHD) va huan luyén md-dun nhan dang hoat dong
(ARM) bang thuat toan GA4RF. Két qua, mdi hoat dong thu duoc mot mo-dun
ARMg (Lws);

Huan luyén mo-dun nhan dang theo kich thuéc ctra s6 ngan: Lam tuong tu nhu
budc thi (2). Tuy nhién, budc nay sé phan doan dit liéu thanh céc ctra s6 ngan
(sWS) thay vi ctra s dai nhu budc (2). Cac mo-dun ARMy (Lws), ARMy (sws) 12
thanh phan chinh dé thiét ké mé hinh FEDM;

Tim bo tham s6 téi vu t,=(LWS,, sWS,, 0,): Phuwong phap thuc nghiém thi sai
nhiéu lan dugc thuc hién dé tim:

Panh gia bo tham s6 ti wu t,=(LWS,, sWS,, 0,): Ly ngau nhién 20% di liéu
thd con lai dé phan doan, trich xuat dic trung theo cac LWS. SWS nhu budc (2)
va budc (3). Bo dir liéu nay duoc dung dé danh gia bo tham s6 (LWS,, sWS,,
0x). Mdi cira s6 LWS), ctia chudi dit liéu dau vao khi qua cdc ARMjws) Néu
két qua tra vé 1a ‘0’ nghia 12 mé hinh khéng phat hién dwoc cac hoat dong binh
thuong (A ws)) trong cira s6 LWSy. Néi cach khac, mo hinh da phat hign ra
cac sy kién nga tai cra 6 LWS,.. Nguoc lai, néu tai cira so6 LWS,, md hinh cho
két qua 1a *1°, nghia 1a hoat dong (A ws)) tai ctra s6 LWS, duoc nhan dang la

binh thuong.

Dé tranh tinh trang ngudi dung bi ngd nhung mé hinh du doan 14 binh thudng (&m

tinh gia), c&c hoat dong dugc du doan la binh thuong tiép tuc duge kiém tra thém

bang cach phan doan dit liéu tai cira s6 LWS, thanh tap (j) stra s6 c6 kich thude ngin

hon (sWSy;) va dugc dua qua cac m6 hinh ARMy;sws) dé nhan dang. Tép cac hoat

dong phat hién dugc trong cac cira s6 sSWS; 1a Asws) = {Ak_i(sws) ;i=1, .. j}.

Céc hoat dong Ay jsws) doan dugce trong ctra s6 sWS,; € LWS, co thé giéng hoan

toan hodc gidng mot phan voi hoat dong trong ctra s6 LWS,, twong tng. Mirc d6 gidng
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cua cac hoat dong trong ctra s6 ngan voi hoat dong ¢ ctira s6 dai dugce goi la ti 1€ dong

nhat. Ti 18 nay dugc thé hién ¢ Biéu thuc (3.12).

Céc hoat dong doan dugc trong cac cira ) sWSy; > Ay isws)

(3.12)

I = -
: Hoat dong doan duogc trong cac ctra s6 LWS, AyLws)

Trong do,
+ Ayws) 12 hoat dong ma mé hinh phét hién dugc trong cira s6 LWS;

+ Ay isws) 1a hoat dong ma m6 hinh phat hién duoc trong ctra s6 sWS; Iy tuong,

cac hoat dong Ay jsws) phai gidng véi Agws)-

Ti 1& ry cang 16n dong nghia vdi mo hinh phat hién hoat dong & cira so6 sSWS,; giéng
v6i hoat dong & cira s6 LWS,.. Néu ti 1& (ry) nay nhoé hon mot ngudng (0) cho trude
thi hoat dong phat hién dugc xem la su kién nga. Dua vao gia tri ngudng 0 cho trudc,
néu ry = 0 thi m6 hinh phat hién d6 l1a hoat dong binh thuong, nguoc lai, néu r, <0
thi két luan d6 12 mot su kién ngd. Bang 3.4 1a vi du vé cach xac dinh ti 16 ddng nhat

(ri) gitra hoat dong & cac ctra s6 ngan sWS véi ctra s6 dai LWS.

Bo tham s6 t6i wu (LWS, sWS, 8) duoc xac dinh boi Biéu thirc (3.13)

yr = f(t) (3.13)
trong do, t = (LWSy, sWS,, 6,) (3.14)
Bo tham s6 nay dugc xem 14 t6i wu khi:
Ym = max(yy) (3.15)
va duoc ky hiéu la:
ty, = (LWS,,,sWS,,,0,,) (3.16)

trong d0, k = 1+ n; n 1a s6 bo tham s6 thu duoc trong giai doan huan luyén va tbi uu.
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Bang 3.4. Ti 1é dong nhdt (r,) khi dw dodn hoat dong & cdc sWS S0 véi LWS; “1”
MmO hinh dodn dung 1a hoat dong binh thuong, “0” mé hinh dodn la sy kién nga.

Cira

Tap céc cira s6 ngin (SWS,; ELWS,)) <8 dai Ti 1é ddng nhét
SWSI SWS2 SWS3 SWS4 SWSs SWS6 SWS7 SWSS LWS Ik
1 1 1 0 0 1 1 1 1 .= 6/8 =0.75
1 1 1 1 0 1 0 0 1 .= 5/8 =0.63
1 0 0 0 0 0 1 1 1 .= 3/8 =0.38

3.3.2.2. Giai doan phat hién

Trong giai doan nay, 10% dir liéu con lai (X0a nhan) bao g@)m dit liéu vé céc su kién
ngd khong dung dé huan luyén mo hinh dugc dua vao dé danh gia, kiém thir mo
hinh. Bo tham s6 tot nhat t,, = (LWS,,, SWS,,,, 8,,) thu dugc ¢ giai doan téi vu duoc
str dung cho giai doan nay. Quy trinh thuc hién nhan dang va phat hién su kién ngé

dugc trinh bay Hinh 3.11.

Dir liéu thu thap bang cam bién gia toc duoc phan doan thanh cac kich thudc cira s6
dai (LWS) theo thoi gian dé trich chon dic trung. Cac mo-dun ARM,, s s€ kiém tra
mau dit liéu mdi cira s6 LWS dé dua ra du doan 13 binh thudng hay ngi. Néu hoat
dong duoc phat hién l1a binh thuong, phan doan dit li¢u c6 kich thuéc LWS s€ dugc
chia thanh cac sWS. Két qua du doan trong tirng sWS duoc tong hop dé so sanh véi
két qua & LWS, tir 46 dua ra két luan hanh vi doan dugc 1a binh thudng hay nga.

Phén doan dir N
DU LIEV liéu clia sB Nhan dang Nga
PHAT HIEN daiLWS [ | hoat déng _’| ADL - Ay (Lws)
(Thu tir cm bién Trich chon béng cac T !
gfu toc cla SP} 4k ﬂéc trung [ARMn.LWS] I“‘I"'L'_L_'l"'_l ______ 4
theo LWS ! So khép - Tinh 1y Nga
e
Phan doan - b ! !
LWS thanh | 1 \han dan F L :
céc ciia sd an cang K2(sWS) ! | . Hoat déng hang ngay
P hoat dong F ! ! o
ngansWS > | . k.3 (LWS) ! !
: bang cac ! !
Trich chon ! !
= . [ARMn,sWS] e ! !
44 dac trung
theo sWS 'IMI

Hinh 3.11. Quy trinh thuc hién nhdn dang va phat hién sy kién nga
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3.3.3. Thuc nghiém va danh gia két qua

3.3.3.1. Dii liéu thir nghiém

Bo dit liéu MobiAct 2.0 [107] st dung dé huin luyén, kiém thir va danh gia cac
phuong phap dé xuét trong phan nay. Chi tiét vé bo dir lidu nay di duoc trinh bay &
Muc 2.3.1. Chin hoat dong binh thuong trong bd dir liéu MobiAct 2.0 dugc st dung

dé huén luyén cac mo-dun ARM. Céc hoat dong ndy duoc mo ta lai trong Bang 3.5.

Bang 3.5. Cac mau hoat dong binh thuong trong bo dir lieu MobiAct v2.0 dwoc sw
dung dé hudn luyén mé hinh.

TT Nhan Thoi Mb ti Loat hogt
() gian (s) dong

1 CHU 6gidy Chuyén tiép tir ngdi sang dimg (dimg 1én tir ghé)

2 JOG 30giay Chaybo

3 JUM 30giay Nhay lién tuc

4 SCH 6giay Chl‘lyen tiép '[}1’ dimg sang ngoi (ngoi trén ghé) Binh thurong
5 SIT  1phat Ngoitrén ghé vai nhitng cir dong nhe nhang

, , e an \ (hang ngay)

6 STD 5phat Dung voi cir dong nhe nhang

7 STN 10gidy Dixudng cu thang (10 bac)

8 STU 10gidy Dilén cau thang (10 bac)

9 WAL 5phat Bibo binh thuong

Dir liéu tong hop cua 4 kiéu sy kién nga khéc nhau «

10 Fall 10 gidy (céc su kién ngd) la BSC, FKL, FOL va SDL. Noa

3.3.3.2. Mo td thwc nghiém

Quy trinh td chirc cac thuc nghi¢m dé tim bo tham sb toi wu, danh gia tinh hi€u qua

ctia md hinh dé xuat FEDS duoc thuc hién nhu sau:

(1) Lua chon di liéu: Lay ngau nhién 70% dit liéu tho cua chin hoat dong thuong
ngay trong bo dir liéu MobiAct v2.0 (Bang 3.5).

(2)  Huan luyén md-dun nhan dang hoat d6ng (ARM): Dir liéu caa hoat dong CHU
dugc phan doan theo cac loai cua sO (64, 128, 256, 512 va 1024 mau). Trich
chon 44 dic trung (TFDHD) va huan luyén ARM bang thuat toan GA4RF theo
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tung lai ctra s6 duge phan doan. Két qud thu dugc cac mo-dun ARMcyy (64,

ARMcyy (128) ---» ARMcpy (1024) Lam tuong tu cho tam hoat dong con lai.
(3) Danh gia mod hinh dya vao dir liéu cac hoat dong binh thuong;
(4) Danh gia mé hinh dya vao dir liéu cac su kién ngd;

(5) Luwa chon bo tham s téi wu t,, = (LWS,,, SWS,,, 6,,,).

3.3.3.3. Két qua va ban lugn
a. Hudn luyén mo-dun nhdan dang hoat déng (ARM)

Pé huan luyén cic md-dun nhan dang hoat dong (ARM), thir nghiém nay thiét lap
DOR ¢ muc 80%. Dir liéu tho cua chin loai hoat dong binh thuong (Bang 3.5) lan
luot duge phan thanh nam DWS khac nhau, d6 1a 64 mau, 128 mau, 256 mau, 512
mau va 1024 mau. Tung hoat dong s& dugc xay dung thanh mot bo dir liéu TFDHD
44 dac trung dé huan luyén cac ARM. Két qua thuc nghi¢m dua trén chin nhan ADL
trong bo dit 1iéu MobiAct 2.0 téng hop trong Bang 3.6.

Bang 3.6. Két qua hudn luyén cac mé hinh & cac WS khéc nhau dwa trén chin nhan
ADL thuwong gap trong bo dir lieu MobiAct 2.0

F1-score (%0)
Hoat dong Nhan ws= WwWS= WS= WS= WS =
64 128 256 512 1024

Chuyen ticp tir ngoi sang dimg CHU 9670 9660 9520 94.80 94.20

(dlmg 1én tir ghé)

Chay bé JOG 9650 9850 9950 99.90  99.90
Nhay lién tuc JUM 9810 9960 99.90 99.90  99.90
Chuyén ticp tir dimg sang ngoi (ngdi g1 9790 9730 97.60 9640  96.10
trén ghe)

Ngoi trén ghe véinhimg cir dong o1+ 9980 9970 9980 9930  99.50

nhe

bing voi cur dong nhe nhang STD 99.10 99.70 100 100 100
Di 1én cau thang (10 bac) STN 88.60 92,60 95.00 96.60 94.20
Di xubng cau thang (10 bac) STU 88.70 93.10 9550 96.90 92.70
Di bd binh thuong WAL 9830 99.30 99.60 99.90 99.90
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Tir két qua duoc tong hop trong Bang 3.6, ¢ thé thiy rang hiéu suit nhan dang cac
hoat dong co su thay ddi trang thai nhanh nhu ngdi chuyén sang ding (CHU) hodc
dung chuyén sang ngdi (SCH) giam khi WS tiang 1én. Khi st dung LWS hon, cac
hoat dong thay d6i trang thai nhanh c6 thé bi nhiéu boi ADL khéc, dan dén giam hi¢u
sudt ciia cac mo hinh phat hién ngd nhu ngd. Tuy nhién, déi véi ADL nhu di bo, dimg,
ngdi ¢o tinh tudn hoan va dién ra trong khoang thoi gian dai, dir liéu duoc ghi lai
nhiéu hon. Lic ndy, LWS c¢6 thé lam ting kha ning nhan dang hoat dong binh thudng
cia md hinh. Vi vay, WS tdi wu 12 mot su két hop du ngan dé tranh nhiéu va da dai

dé mo ta day du cac dac diém cua cac hoat dong.

b. Dadnh gia mé hinh dwa vao dir liéu cac hoat dong binh thuong

Dir liéu kiém thtr ciia chin ADL trong b dit liéu MobiAct 2.0 dugc sir dung dé kiém
tra mo hinh dé xuét. Nhu da phan tich ¢ trén, dit liéu tho dugc phan doan thanh LWS
(LWS) dé du doan hoat dong binh thudng ctia con ngudi. Moi phan doan dir licu
dugc phan loai boi chin ARM; s nhu di trinh bay. Néu ca chin ARM 1w, khong
phat hién ra hoat dong binh thuong trén phan doan dit liéu dugc dua vao thi hé théng
s& cho két qua hoat dong cua ngudi dung 13 ngd. Nguoc lai, mot trong chin
ARMy (Lws) phat hién ra hoat dong binh thudng thi phan doan dit li¢u nay tiép tuc
duoc chia thanh céac ctra s6 dir liéu nho hon (sWS). B6 dir liéu nay dugc nhan dang
bo1 mo-dun ARMy; (sws) dé danh gia xem co sy NgA nao trong hoat ddng binh thudng
nay khong. Két qua thir nghiém trén chin loai hoat dong binh thuong véi cac DWS
khac nhau duoc tong hop ¢ Bang 3.7.

Ti 1& déng nhét r, = 1.0 twong Ung vai du doan trén phan doan sWS giéng voi LWS,
nghia 1a FEDM d3 du doan dung 13 hoat dong binh thudng trong c hai loai ctra s6
LWS va sWS. Néu r, cang giam, su khac biét vé két qua du doan giira phan doan dit
liéu LWS va sWS cang 16n. Nghia 1a, FEDM c6 thé du doan 13 hoat dong binh thuong
véi phan doan dir liéu c6 LWS, nhung lai phat hién ra cac sy kién ngd & phan doan

dir liéu sWS (sWS € LWS).
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Bang 3.7. Két qua thu nghiem FEDM véi bo dir liéu hoat dong binh thuong.

Til¢ LWS=512 LWS=512 LWS=512 LWS=256 LWS=256 LWS=128
(ri)* sSWS=256 sWS=128 sSWS = 64 sSWS =128 sSWS = 64 SWS = 64

0.1 96.12 96.22 95.94 93.77 93.60 89.05
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 89.64 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

1.0 90.82 80.14 54.01 83.98 61.19 69.39

“r cang nho, két qua dw dodn ciia FEDM trén cac LWS va sWS cang khdc biét

Két qua tong hop ¢ Bang 3.7 cho thay, véi LWS =512, sWS =256 var; = 1.0 c6 két
qua phan loai chinh xac cac hoat dong binh thuong dat 90.82%. Khi sWS giam xudng
thi sy khac biét vé két qua dy doan trén LWS va sWS ting 1én, nghia 1 kha ning phat

hién cac su kién nga co thé xay ra trong cac hoat dong binh thuong tang lén.

C. Pdanh gia mo hinh dya vao dir liéu cac su kién nga

Vi cach 1am tuong tu, thay vi st dung bd dit li¢u cac hoat dong binh thuong, dir licu
c4c sy kién ngd dugc ding dé danh gia hiéu suat cia FEDM. Trong truong hop 1y
tudng, trén cac phan doan dit liéu c6 LWS, FEDM phai doan dugc day la cac sy kién
ngd. Néu FEDM doan ra hoat dong binh thudng thi phan doan dit liéu LWS tiép tuc
dugc chia nhé thanh cdc sWS dé FEDM dy doéan. Khi d6, néu FEDM duy doan ra c4c
su kién nga thi ti 16 dong nhit (1) gitra sWS va LWS bang khong. Nghia 1a ry. cang
nho thi FEDM du doan céc sy kién nga trén ctra s6 ngan sWS cang chinh xac. Ti 18
dong nhat ry = 0 twong ng véi du doan trén phan doan sWS khéac hoan toan véi du
doén trén phan doan LWS. Phan doan dir li¢u theo LWS du doadn hoat ra dong binh

thuong 1a sai. Phan doan dir liéu theo sWS duoc du doan cac su kién nga 1a mot du
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doan dung. Két qua thir nghiém FEDM trén cic mau dit liéu cac su kién nga véi cac

DWS khac nhau duoc tong hop ¢ Bang 3.8.

Bang 3.8. Két qua thu nghiém FEDM voi bo dir liéu cac suw kién nga.

Til¢ 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 95.14
0.5 87.88 86.45 85.32 90.33 88.15 92.95
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

“r cang nho, két qua dw dodn ciia FEDM trén cac LWS va sWS cang khdc biét

d. Lwa chon bo tham sé t6i wu

Két qua trinh bay & Bang 3.8 tong hop lai tir két qua & Bang 3.6 va Bang 3.7 dé
phan tich va lya chon bo tham s6 t6i uu t,, = (LWS,,, sWS,,, 0,,,). Trong Bang 3.8,
cac cOt NA 1a két qua thuc nghiém cua thuat toan dé xuat véi bo dir liéu hoat dong
binh thudng. Cac cot AB 13 két qua du doan céac sy kién ngd voi dir liéu ngd khong

dung dé huan luyén mé hinh.

Dua vao két qua ¢ Bang 3.8 c6 thé thly LWS, sWS va ti 1é dong nhat ry tac dong
16n dén hiéu suat cia FEDM. Ti 1¢ ry khi phat hién hoat dong binh thuong va nga la
hoan toan nguoc nhau. Vi vay, dé c6 duoc sy can bﬁng gitra vi¢c phat hi¢n hoat dong
binh thuong va su kién ng, c6 thé chon mirc ngudng 0 = 0.5. C6 thé nhan thiy, néu
chon ngudng O cang thap (= r, cang nho) thi kha nang phat hién cac sy kién nga cia
FEDM cang tét. Tuy nhién, nhu da trinh bay, luc nay FEDM ting kha ning nhan
dang sai cac hoat dong binh thuong. Vi vy, mic ngudng 6 = 0.4, LWS = 256 mau,
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sWS = 128 mau 1a sy lyra chon phu hop dé lam bo tham sb t6i wu cho FEDM. Véi bd
tham sd t,, = (256,128, 0.4), hiéu suit phat hién cac hoat dong cuia con ngudi (bao

gdm ca binh thuong va ngd) déu dat trén 93%.

Bang 3.9. Két qua thuc nghiém hé thong nhdn dang cdc mau chuyén dong binh
thuwong va nga

Neugne LWS=512 LWS=512 LWS=512 LWS=256 LWS=256 LWS=128
BUONE WS =256 sWS=128 sWS=64 sSWS=128 sSWS=64 sWS=64

©® NA AE NA AE NA AE NA AE NA AE NA AE
01 9612 90.28 96.22 89.45 9594 88.93 93.77 96.63 93.60 9536 89.05 97.87
02 96.06 90.13 96.17 88.96 95.70 88.10 93.57 95.64 93.20 9344 88.63 96.93
03 9598 89.90 96.10 88.36 95.34 87.20 93.32 94.26 92.66 92.00 88.16 96.03
VR o5.85 89.34 95.87 87.27 94.73 86.07 ERIGIRCEN 91.72 90.01 87.57 95.14
05 9546 87.88 95.62 86.45 94.09 8532 92.24 90.33 90.78 88.15 86.07 92.95
06 9522 87.09 95.21 85.66 92.74 84.65 91.72 88.42 89.64 8599 84.99 91.88
0.7 9476 86.56 94.28 83.86 91.15 83.07 91.03 86.73 87.27 82.90 8341 90.74
0.8 9406 8559 92.63 80.82 87.76 80.37 90.08 8504 84.20 80.51 81.01 89.69
09 9288 84.12 90.05 76.65 80.98 73.69 88.27 8298 78.18 77.97 77.13 88.61
10 90.82 79.05 80.14 70.31 5401 67.79 83.98 80.31 61.19 75.61 69.39 85.65

Ghi cha: NA - Hoat dong binh thuwong,; AE - C&C su kién nga

3.4. Kétluin chwong

Trong chuong nay, nghién ctru da tap trung vao viéc cai thién hiéu suat cia mo hinh
Random Forest trong phat hién su kién nga va xay dung mo hinh phat hién su kién

nga (FEDM) dya trén dir liéu cac hoat dong thuong ngay.

Thi nhat, luin an d3 dé xuat thudt toan GA4RF, st dung giai thuat di truyén (GA) dé
tim kiém gia tri tdi uu cho cac siéu tham sd ctia mo hinh RF. Thuat toan GA4RF da
thé hién kha nang tim kiém b0 siéu tham sb tdi wu mot cach hiéu qua, gip cai thién
dang ké hiéu suit phat hién ngd, dat 6 chinh xac tir 95.23% 1én 96.91% trén bo dit
liéu MobiAct V2.0 va tir 96.16% lén 97.67% trén bo dir liéu UP-Fall. Kha nang tim

kiém bo siéu tham so6 t6i cia GA4RF wu nho cau tric nhiém sic thé, khong gian tim
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kiém va ham thich nghi duogc thiét ké theo huéng méi phu hop véi dic thu cua cac

bo dir licu nga.

Thtr hai, luan &4n da phat trién mo hinh FEDM nham nhén dién céc su kién nga béng
céch phan tich dir liéu cac hoat dong binh thuong hang ngay. M6 hinh nay két hop
cac k¥ thuat trich xuit ddc trung hiéu qua tir Chuong 2, thuat toan GA4RF ti wu &
Chuong 3, phuong phéap so khép dir liéu linh hoat va k¥ thuat ngudng dé phan biét
hi¢u qua gilra cac hoat dong binh thuong va sy kién nga. Mo hinh dé xuat da dat duoc
hiéu suat phat hién cac hoat dong thuong ngay 13 93.05% va céac sy kién nga 13 93.07%
& muc ngudng 6 = 0.4, LWS = 256 mau, sWS = 128 mau. Két qua cho thiy mo hinh
FEDM c6 kha nang phat hién ngi tot, dic biét 1a khi dit liéu vé nga khan hiém va kho
thu thap. Cac noi dung va két qua nghién ciru ctia chuong nay di duoc cong bd ¢ cac

cong trinh nghién ctru [CT2], [CT3], [CT4] va [CT5].
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KET LUAN VA KIEN NGHI

Luén an da dé xuat mot so giai phap nham tang cudng hiéu qua cua hé thong phéat
hién su kién nga cua con nguoi. Cac giai phap dé xuat duoc thiét ké dé tan dung cac
thiét bi san c6 nhu dién thoai, huéng téi viéc tao ra mot phan mém mién phi va dé

dang tiép can cho nhiéu ngudi. Nhitng dong gop chinh cua luin an bao gém:

+ Dé xuat mot phuong phap trich xuat dac trung mai tir dir liéu gia toc 3 tryc.
Phuong phép nay két hop cac dic trung tir mién thoi gian, mién tan sé, cing
véi cac tham sé dinh hudng va tham sé Hjorth. Viéc két hop da dang céc loai
dac trung nay gitp tang cuong kha nang nhan dang cac su kién ngd mot cach
hiéu qua va da duoc chirng minh c6 hiéu suat tét hon cac nghién ctru trude d6

bang thuc nghiém trén ciing bo dir liéu.

+ Dé xuat thuat todn GA4RF, thé hién kha ning tim kiém b siéu tham s téi wu
cho Random Forest nho cau tric nhiém sic thé, khong gian tim kiém va ham
thich nghi duogc thiét ké theo huéng mai, phii hop véi dic diém cua cac bo dir

liéu nga.

+ D& xuat md hinh phat hién su kién ngd (FEDM) dua trén uu diém cua thuat
toan GA4RF da tdi uu, cung véi ki thuat so khép dit liéu linh hoat va ky thuat
ngudng. FEDM c6 thé phan biét hiéu qua gitra cac hoat dong binh thuong (dix
licu huan luyén) va cac su kién nga (dit liéu méi), mang lai kha ning phat hién

nga chinh xac ngay ca khi dit liéu vé sy kién nga khan hiém.

Mac du céc dé xuat va két qua cua luan an da dat dugc cac muc ti€u dé ra, NCS nhan

thay luan an con mot sd han ché can dugc khic phuc trong twong lai:

+ Chua thu thap duoc b dit liéu vé hoat dong cua nguoi Viét Nam va méi thir

nghiém trén hai bo dir liéu khac nhau.
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+

Chua thir nghiém véi nhiéu phuong phap khac va chwa so sanh véi cac ky
thuat lya chon dic trung tu dong nhu phén tich thanh phan chinh (PCA), phan
tich thanh phan doc lap (ICA), giam sé chiéu phi tuyén (t-SNE), ...

Chua kham pha nhiéu giai phap tdi wu khac ngoai giai thuat di truyén nhu Téi
uu héa Bayesian, Hyperband, Adam, ...

Phan mém phat hién sy kién ngd méi chi & dang nguy@n mau, can duoc phat

trién va thir nghiém thuc té.

bé tiép tuc phat trién va hoan thién hé théng phat hién sy ki¢n nga, dé xuét cac hudng

nghién curu sau:

+

Xay dung bo dir licu vé hoat dong cua nguoi Viét Nam va da dang hoa nguSn

dir liéu dé danh gia toan dién hon hiéu qua cia md hinh.

Thir nghiém céc phuong phép trich xuét dic trung khac nhau, dic biét 1a cac
ky thuat lya chon dac trung tu dong dé tim ra bo dic trung t6i wu cho tung bd

dit lidu cu thé.

Kham pha va ap dung cac k¥ thuat t6i vu mo hinh tién tién hon nhu Bayesian

Optimization, Hyperband, hodc cac bién thé cia giai thuat di truyén.

Xay dyng mé hinh véi dit liéu thoi gian thuc, dong thoi hoan thién phan mém
phat hién su kién nga, tich hgp thém céac tinh nang nhu canh bao khan cép,
theo ddi strc khoe lién tuc va trién khai thir nghiém thuc té trén cac d6i tuong

nguoi dung muc tiéu.

Nghién ctru két hop voi cac loai cam bién khac nhu cam bién nhip tim, cam
bién vi tri ciing nhu tiép can van dé theo hudng hoc chuyén giao dé nang cao

do chinh xac va dg tin cdy ctua hé théng phat hién su kién nga.
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Phu luc: XAY DUNG UNG DUNG DEMO

1. Ung dung thu thap dir li¢u

Ung dung nay duoc cai dit 1én SP qua file apk. Phuong phap cai dat giéng nhu nhiéu
ung dung khac danh cho dién thoai chay hé diéu hanh Android. Giao dién cua ung
dung thu thap dit liéu 1an dau tién khi mé 1én c6 dang nhu Hinh PL 1. Néu lan dau
tién ngudi dung sir dung Gmg dung, can phai khai bao thong tin dé qua trinh gan nhéin
va phan loai dbi twong sau ndy dugc chinh xac hon. Sau day 13 phan hudng dan chi

tiét tuan tu cac bude dé thu thap dit liéu cho ngudi méi sir dung app 1an dau.

1.2. Khai bao théng tin ciia ngwdi thu thap dir liéu,

Trinh tu khai bao théng tin va quy trinh thyc hién dugc tom tit nhu Hinh PL 1.

BB X Sl 68%E 10:55 M 10:56 B Nl 68%E

10:36 i BN Ml 59% 10:55 At

VB Khai bdo théng tin
Sensor Record ngudi dung mai

User & Record da

= NewUser = New User = User Information

Ngu‘ou'su Liung’lan fiau en . OThéng tin ngueri
khai bao day du thong tin & Mame: Hong-Lam L& e
ne_, N . .. Hong-Lam Le ro. thu thap dit liéu
cac trudng trong giao dién 9o )
: Job: Lecturer dugc luu lai sau
a Gender: Male khi hoan thanh
Height: 166 cm khai bao.

Device version: 31

Nar

P StartRecord Job Lecturer

Device name SW-N375F

Né&u mudn khai
Sex Male (O Female Sex Male () Female ELETE INFORMATION bao lai théng
tin thi chon

Sensors

Raw Data
Height: centimeters = Height: 166 ~

CREATE USER CREATE USER

Sau khi khai bao
xong chon "Create
user" dé lwu lai cac
thoéng tin.

Accelerometer

Magnetometer

Gyroscope

I 0 < I o < i 0 < n ] <

Hinh PL 1. Trink ti khai bdo théong tin nguoi ding lan dau sie dung phan mém
® Chon “new” dé truy cap giao dién khai bao thdng tin nguoi dung

® Chon “Name” dé khai tén nguoi dung, chon “Age” dé khai tudi ngudi dung, chon
“Job” dé khai nghé nghiép nguoi ding, chon “Sex” dé khai gidi tinh va chon
“Height” dé khai bao chiéu cao. Cac trudng Age, Job, Sex va Height 1a nhiing
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thong tin quan trong. Viéc khai bao dung sy that s€ giup qua trinh phan tich, phan
loai dit liéu s& c6 nhiéu thuan lgi va chinh xac.

© Sau khi khai bao xong thong tin, ngudi dung chon “ CREATE USER” dé luu lai
cac thong tin.

O Thong tin cia nguoi thu dir liéu da duoc luu lai. Néu nguodi dung mudn khai bao
lai hodc nguoi khac st dung cuing thiét bi thi chon “DELETE INFORMATION”
d¢ thuc hién lai tir buéc @.

1.3. Thu thap dir liéu

Trinh tu khai bao thong tin va quy trinh thyc hién dugc tém tit nhu Hinh PL 2.

10:58 o N S 69%E

10:57 B o R S 69%E

= Recording Data

Becarding Daia
Chon tham s8, loai cam bién
~ 2 va loai hanh dong dé thu

sensorfecord 1L Frequencyrecoras: oy Hz Frequency record: 50 Hz Frequency record: B0 Hz

Chon chitc nang

User & Record data Record time 15 second Record time 15 second Record time 15 second
thu di¥ liéu
@  New Sensor type Accelerometer Sensor type Lt Sensor lype Accelerometer
(O eyroscope O 6yroscope O 6yroscape
> StartRecord
() orientation () orientation O orientation
Sensors Om Ol Ol
Vehicle None{walking) v Vehicle MNone(Walking) - Vehicle None{Walking) -
Raw Data
Accelerometer (O sTD- Standing O sT0-Standing () sTD - standing
O WAL - Walking (O WAL - walking () waL-Walking
Magnetometer O Jos - Jogaing () oG- Jogging ) JOG - Jogging
Gyratcops (O JUM- Jumping O JuM - Jumping O JuM - Jumping o
O sTu- stairs up O sTu-stairs up () sTU- Stairs up Hoan thanh viéc

) SN - Stairs down e O STN-Stairs down o Q sTN-staisdown  thu di¥ liéu

() SCH-Stand tossit(sit on chai) . () SCH- Stand to sit(sit on chair) (O SCH-stand to sitfsit on chair)
Bat dau thu

SIT - Sitting on chair SIT - Sitting on chair Pang thu SIT - Sitting on chair
() GHU- Sitto stand{chair up) dir liéu (O CHU - it to stand(chair up) dit lidu () CHU- 8it to stand(chair
—~ ~ o - - ~__ -
START START ART

Recording in progress. Please wait .

n o < 1] 0 < 1[I} (@] < 11 (@] <

Hinh PL 2. Trinh tu thuc hién thu dir liéu.

©® Chon “Start Record” dé truy cap giao dién cai dat thong s6, loai cam bién va loai

hoat dong can thu thap.
® Cach lya chon céac thong s6 dé thu nhu sau:

Frequency record (Hz): Tan sé ghi déz lidu (sé ban ghi dir liéu méi gidy), tham sé nay
dwoc gioi han trong khoang [1, 100]Hz

Record time (s): Thoi gian cira sé ghi (d¢ dai thoi gian theec hién ghi diz liéu), tham
s6 nay dwoc gidi han trong khoang [1, 300] gidy. Liweu ¥, ngwoi dung khdng thé két
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thic sém thoi gian ghi, chi c6 thé ghi dui trong khodng thoi gian da nhdp tir treée.

Sensor type: Logi cam bién sir dung dé thu di lidu. Mdc dinh, cam bién gia téc duoc
st dung dé thu dir liéu nguroi ding.

Vehicle: Logi hoat déng muaén thu thdp, trirong hep thu thdp cac hoat déng ciia nguoi
di b6 nén chon chize nang “Non (Walking)”. Cdc kiéu hoat dong ciia nguweoi di bo
doc thiét ké san mét danh sach d@é ngwoi dung lira chon. Chang han nhu trong giao
dién @ ¢ Hinh PL 2, hoat déng ngoi trén ghé (SIT) cia nguoi ding dieoc lira chon
dé ghi lai théng tin bang cam bién gia tac.

© Sau khi lya chon xong cic tham s6 ngudi dung 4n nat “START” dé bat dau qua
trinh ghi dir liéu. Ngay sau khi 4n ntt “START”, ngudi dung dit dién thoai vao vi
tri t1 ao hoac tui quén, sau do thuc hién hoat dong tuong ung vai lua chon cho
ti khi hét thoi gian di cai dat. Trong thoi gian ghi, nguoi ding khong thé thao tac
v6i tmg dung, can tranh viéc sira doi thong sb khi dang ghi dit liéu dé khong 1am

sai I¢ch thong tin.
O Giao dién hién thi qua trinh thu thap dir liéu dang dugc thuc hién.
© Giao dién hién thi hoan tit qua trinh thu thap dit liéu.
1.4. Kich ban thu thap dir li¢u
Thiét bj sir dung: Dién thoai di dong android
Céc v tri dat thiét bj: Tai 4o, thi quan, cam tay, trong tai hogc ba 16
Nhom ngwoi thie nghiém (due kién): 15 nam, 10 niz ( P4 tusi 20-30)
O Thu thap cac hoat dong co ban hang ngay cua con nguoi:

Bdng PL 1. M6 ta cdc hoat dong co ban hang ngay ciia con nguwoi dé thu thdp

Hoat dong Nhan M6 ta
bung STD bung vai vai cua dong nhe nhang
bi bo WAL Di b binh thuong
Chay JOG Chay bo
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Hoat dong Nhan M6 ta
Nhay JUM Nhay lién tuc

Lén cau thang STU Di 1én cau thang (10 bac)

Xudng cauthang ~ STN  Di xubng cau thang (10 bac)

Puang sang ngoi SCH Chuyén tiép tir dirng sang ngdi (ngdi trén ghé)
Ngoi trén ghé SIT  Ngdi trén ghé véi nhing cir dong nhe nhang
Ngdi sang dung CHU Chuyén tiép tir ngdi sang dimg (dung In tir ghé)

Nam LYl Nam nghi
® Thu thap cac su kién nga cua con nguoi dé thu thap:

Bdng PL 2. Mo ta cac su kién nga ciia con nguoi dé thu thap

Hoat dong Nhan Mo ta
Nga vé phia tru6c ~ FOL  Nga vé phia trudc khi dang diing, sir dung tay dé chdng.
Ng4 vé phia tru6c ~ FKL  Nga vé phia trudc khi dang dung, dau gdi tiép xuc dau tién.
Nga ngua BSC Nga ngira trong khi dang ngdi trén ghé
Nga sang 1 bén SDL Ngé sang mot bén khi dang drng, gap chan

1.5. Chi tiét kich ban
® Kich ban thu thap dit liéu ADL
Bdng PL 3. Cac quy udc dé thu thap nhitng hoat dong co ban hang ngay

S6 nguoi  Thoilugng SO lan

Cn X1 . . n Mo ta
thuyc hién moi ban ghi thyc hién

Hoat dong

Dung yén tai mot chd, co thé doc sach
bung 25 3 phat 2 hodc thyc hién mot viéc gi d6 bang
tay, chan khong di chuyén

Di bo v6i toe d6 thong thuong theo 16

bibo 25 3 phtt 2 trinh cho trudce
Chay 25 30 gidy 3 Chay cham véi téc d6 déu din
Nhay 25 30 giay 3 Nhay lién tuc trén duong phang
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Hoat dong
Lén cau thang
Xuéng cau thang
Dung sang ngdi
Ngdi trén ghé
Ngdi sang dung

Nam

® Kich ban su kién nga

S6 nguoi  Thoilwong  S6 lan
thuc hién mdi ban ghi thuc hién

25

25

25

25

25

25

15 giay

15 giay

5 giay

1 phat

5 giay

3 phat

3

Mo ta
bi lén cau thang lién tuc voi tde do
binh thuong (khoang 15 bac)
bi lén cau thang lién tuc voi tde do
binh thuong (khoang 15 bac)
Chuyén tiép tir dimg sang ngdi (ngdi
trén ghé)
Ngdi trén ghé voi nhimng ctr dong nhe
nhang, c6 thé doc sach.
Chuyén tiép tir ngdi sang dung (dimg
1én tir ghé)
Nam nghi, c6 thé nim ngira hodc nam
nghiéng nhung khong cir dong nhidu

Bang PL 4. Cac quy udc dé thu thap nhiing sy kién nga

Hoat dong

Ng4 vé phia trugc

Ng4 vé phia trugc

Nga ngura

Nga sang 1 bén

So ngwoi  Thoilwong  S6 lan Mb ti
thuc hién  m&i ban ghi thwe hién
5 nam, 3 nir 05 giay 3 Nga chti dau ra phia trudc
5nam,3nit 05 gidy 3 Ngi khuyu gbi
5 nam, 3 ni 05 giay 3 Nga ng(‘?i ra ~phiaA 'sau hoac
trugt chan nga ngoi
5 nam, 3 nir 05 giay 3 Nga nghiéng nguoi

Nhom nguoi thue hién duoc trang bi thiét bi di dong c6 kha nang thu thap dir li¢u va

thue hién theo nhém cac hoat dong da dugc liét ké 6 Bang PL 3 va PL 4. Pé dam bao

dir li¢u dau ra chat lugng, tat ca cac yéu td bao gdom bén trong va bén ngoai déu phai

duogc tudn tha (cAc yéu t6 ty nhién, thoi gian,...). Tan sé iy miu mic dinh 13 50Hz.

2. Truy cap dir liéu luu trir sau khi thu

Sau khi nguoi dung thyc hién qué trinh thu thap theo kich ban. Mac dinh, dir li¢u

duogc luu trlr ¢ bd nhd trong cua SP nhu mo ta & Hinh PL 3.
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Vi tri cac ban ghi:
O B nhd trong\@ SensorRecord\©record\
O Cac file dir liéu sau khi thu thap duoc dat tén theo quy tac:
<Nh&n hoat déng> <Loai cam bién dugc ding> <Nguoi thu> <lan thu thie>.txt
© Dinh dang chi tiét dit liéu ciia mot ban ghi.

o K Rl 80%@ BB N L 0% Wb NS s 80%e | 1129 XDl TO%8

SIT _accelerometer_3_1.txt
Dit liéu sau khi thu thap duoc lvu & bd nhé trong cla dién thoai

5

Pinh dang dit liéu
thu thap tir gia
téc ké ¢

(@& » Bonhatong » (&) » Bonhstrong b SensorRecord B

B3 STD._accelerometer 3.5 ¢ thoai thong minh

Hinh PL 3. Vi tri luu triv div liéu sau khi dwoc thu thdp.
3. Thir nghi¢ém phin mém giam sat

Céc két qua nhu trinh bay & Muc 3.3.3.3.d dugc sir dung dé xay dung phan mém giam
sat hoat dong ctia ngudi dung. Phan mém giam duoc phat trién & dang nguyén mau
dé danh gia hiéu sudt phat hién cac sy kién nga trong thuc té. Phan mém xay dung

trén h¢ di€u hanh ma ngudén md pho bién nhat hién nay la Android.

Phan mém giam sat dugc xay dung dua vao phuong phéap xir Iy ludng dir liéu va st
dung m6 hinh FEDM nhu d4 trinh bay ¢ Chwong 3. Tir d6 c6 thé phat hién hoat dong
nguy hiém va canh bao bang 4m thanh va véi cac thiét bi dugc két ndi thong qua cac
API ctua ung dung. Dt li¢u dugc thu thap tir cam bién gia tdc 1a dang dir liéu lién tuc

theo thoi gian véi tan sb 14y mau 50Hz. Tuy nhién, viéc thu thap dit lidu dé dua vao
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ham trich xuit dic trung va xu Iy khong dam bao luéng dir li€u duoc lién tyc. Vi vay,

k¥ thuat ludng (thread) dé xir 1y song song qua trinh tinh toan di duoc sir dung.

Ung dung thu thap dir liéu va phat hién hoat dong nguoi dung dwoc phat trién bang
ngodn ngir Java trén nén tang IDE Android Studio. Viéc phat trién ing dung bang ngon
ngit Java mang lai rat nhiéu loi thé bai java duge moi ngudi ngam dinh 13 mot ngdn
ngit 1ap trinh co ban nhit, c6 nhiéu cong cu hd trg va cc cong cu phat trién. Ngoai
ra ngdn ngilt Java con cho phép tan dung va tai tao cac mo-dun cho viéc mo rong va
phat trién tng dung trong tuong lai, viéc sir dung java dé phat trién Gmg dung hién
nay 1a dé dang va hoan toan hop li. Giao dién phan mém nhém dang phat trién duoc

minh hoa & Hinh PL 4.

BAT DAU THU DU LIEU DANG THU DU LIEU THU DU LIEY

Lén cau thang Lén cau thang

DUNG THU U DUNG THU

XEM LICH SUr XEM LICH SU' XEM LICH SU

Dirng thu di liéu trude khi xem! STUSTU STU STD STD
STU

Hinh PL2. 4. Giao dién phd‘n mém phat hién cdc sy kién nga.

Dé tién hanh tién giam st cac hoat dong ctia nguoi dung theo thoi gian thyc bang SP,

nguoi ho trg can khoi dong rng dung va thyc hién nhu sau:

u Nguoi dung/ngudi giam sat bim vao nit “BAT DAU THU DU LIEU” dé dién thoai
tién hanh thu thap, phan tich va dy doan cac hoat dong dang dién ra ctiia ngudi sir

dung.
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v Sau 3s ké tir luc hoat dong cua ngudi dung dién ra, tng dung s& phan tich, du doan
va tra vé két qua dy doan. Cira s6 biéu dién tin hiéu hién thi dang song, cira s6 hién
thi két qua bang chudi ky tr va 4m thanh mé ta hoat dong doan duoc. Néu xay ra
hoat dong c6 nguy co nga, phan mém s& giri ban tin canh bao dén s6 dién thoai clia

nguoi cham soc.

w Néu muon xem lai chuoi cac hoat dong ctia ngudi can theo doi da dién ra trong thoi
gian gidm sat, ngudi ho trg can bam vao nat “DUNG THU”. Néu khong an

“DUNG THU” s& khong xem dugc lich st hoat dong.

O Sau khi bAm vao nat “DUNG THU”, dé xem lai lich st chudi cac hoat dong cua
nguoi ding, nguoi hd tro can bam vao nut “XEM LICH SU™. Tt ca cac hoat dong

d3 dién ra dugc ma hoa thanh cac nhan nhu mo ta & Bang PL 1 va Bang PL 2.
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