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LOI CAM DOAN

T61 xin cam doan ludn an: “Nghién ciu trién khai hoc may trén vi diéu khién hiéu
niing thap cho h¢ thong nhan dang hoat dong sir dung cam bién gia tdc” 1a cong trinh
nghién ctru cua chinh minh duéi sy huéng din khoa hoc cia tép thé huéng din. Luan
an str dung thong tin trich dan tir nhiéu ngudn tham khao khac nhau va cac thong tin
trich dan dugc ghi rd ngudn gde. Céac két qua nghién ciru cia tdi duge céng bd chung
véi cac tac gia khac da dugc su nhét tri ciia ddng tac gia khi dua vao ludn an. Céc sb
lidu, két qua duogc trinh bay trong ludn 4n 1a hoan toan trung thuc va chua tung duoc
cong bd trong bt ky mdt cong trinh nao khac ngoai cac cong trinh cong bd cua tac gia.
Ludn 4n dugc hoan thanh trong thoi gian tdi lam nghién clru sinh tai Hoc vién Khoa hoc

va Cong ngh¢, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Ha Noi, ngay 723 thang Jonam 2026

Téac gia ludn én
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Vii Thi Thuong




LOI CAM ON

Qua trinh hoc tap, nghién ctru va hoan thanh luin 4n tién si nay dem lai cho tac gia
céc trai nghiém thu vi va nhiéu thach thirc trong cudc séng. Trong sudt qua trinh nay tac
gia da nhan duoc sy quan tam, giup d& va dong vién cua rat nhiéu tp thé va ca nhén.
Tac gia xin giri 101 cam on chan thanh va siu sic dén tit ca nhitng ngudi da dong hanh
cling tac gia trong sudt hanh trinh nay.

Luén an tién si duoc thuc hién tai Hoc vién Khoa hoc va Cong ngh¢, Vién Han 1am
Khoa hoc va Cong nghé Viét Nam (Vién HLKH&CN Viét Nam), dudi sy huéng dan
khoa hoc tan tinh ctia GS. TS. Tran Pirc Tan va TS. Nguyén Nhu Son. Tac gia xin bay
t 1ong biét on chan thanh va su kinh trong sau sac ddi véi cac thay trong Tap thé hudng
dan khoa hoc, nhitng ngudi khong chi truyén dat nhiéu kién thire quy bau, kinh nghiém
nghién ctru khoa hoc ma con khuyén khich, dong vién tac gia vugt qua nhimg khé khan
trong chuyén mén va cudc séng. Su chuyén nghiép, nghiém tic trong nghién ciru va
nhitng dinh huéng dung dan cia cac thiy 1a tién dé quan trong gitp tac gia co duoc
nhing két qua trinh bay trong luan 4n nay.

Tac gia cling xin gui 101 cam on dén tap thé thﬁy cd, can b cua Vién Cong nghé
Thong tin, Ban Lanh dao, Phong Pao tao cung cac don vi chirc nang cia Hoc vién Khoa
hoc va Cong nghé da tao diéu kién hoc tap, nghién ctru thudn lgi va moi trudng hoc thuat
coi ma, giup tac gia co thém co hoi dé phat trién va hoan thanh dé tai.

Tiép theo, tic gia xin chan thanh cam on thay gido GS. TS. Tran Purc Tan va cong sy
trong SSA Lab Khoa Di¢n- Pi¢n tir, Pai hoc Phenikaa da tao diéu kién thuén loi cho tac
gia trong qua trinh hoc tap va hoan thanh luan an. Téc gia ciing xin giri 16i tri an dén cac
thy c6 gido d giang day va hudng din tac gia trong cac hoc phan ctia chuwong trinh tién

~

s1.

Tac gia xin to long biét on va kinh trong ddi véi hoi dong dénh gia luan an cliing cac
thdy c6 gido tham gia qua trinh phan bién da danh thoi gian va cong sirc dé doc va nhan
xét ludn an. Céc y kién, nhan xét va danh gia cta quy thay co da giup tac gia hoan thién

luan an va nang cao chat lugng cong trinh nghién ctru.



Tac gia s& khong thé hoan thanh luan 4n nay ma khéng nhan dugc sy giup dd cia co
quan chul quan. Tac gia biét on tap thé Lanh dao truong Pai hoc Phuong Pong, 1anh dao
va cac dong nghiép tai Khoa Cong nghé thong tin va Truyén thong, tao diéu kién thuan

loi dé tac gia hoc tap, nghién ctru va hoan thanh luan an nay.

Dac biét tac gia xin dugc bay to long biét on sau sac tdi Bo, Me va cac thanh vién
trong gia dinh, nhitng nguoi da ludn dong vién va truyén cam himg cho tac gia trong

sudt qué trinh nghién ctu.
Ha Noi, ngay @théng Jonam 2026

Téc gia Iyan an

Vil Thi Thuwong
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MO DAU

Sy phat trién manh mé cta cong nghé ciing nhu ciu chim soc stirc khoe ngay cang
cao khién viéc theo doi va phan tich hoat dong thé chat tré thanh mot bai toan cép thiét.
Linh vyc ndy dong vai tro trong tim trong nhiéu khia canh doi séng nhu y té, thé thao,
an ninh va hd tro ngudi cao tudi. TAm quan trong cta van dé cang duoc khang dinh qua
khuyén céo ctia To chire Y té Thé gigi (WHO), khi viéc duy tri hoat dong thé chat thudng
xuyén dugc ching minh 13 giai phap hiru hiéu nham giam thiéu nguy co mac bénh tim

mach, dai thao dudng, ung thu va suy giam strc khoe tinh than [1].

Hé théng nhan dang hoat dong nguoi (Human Activity Recognition - HAR) dong vai
tro then chét trong viéc tw dong giam sat va phan loai cac hoat dong thudong nhat, tir d6
mang lai nhitng gia tri thiét thyc cho buic tranh toan canh vé chiam soc strc khoe cong
ddng. Cac (mg dung tiéu biéu cuia HAR trai rong trén nhiéu khia canh: tir giam sat mirc
d6 van dong ctia bénh nhan hau phiu [2], [3], danh gia tién trinh phuc hdi chirc ning,
phat hién va canh bao sém rui ro té ngd ¢ ngudi cao tudi [4], [5], cho dén viéc theo ddi
va t6i wu hoa hiéu suat tap luyén [6]. Trong linh vuc cong nghiép, HAR dugc Gmg dung
dé theo ddi thao tac ctia cong nhan trén ddy chuyén san xuét [7] va nhan dang hanh dong

ctia con ngudi nham hd tro twong tac ngudi-robot an toan trong day chuyén san xuat [8].

C6 ba phuong phap chinh dé xay dung hé thong HAR: dua trén thi gidc mdy tinh
(vision-based), dua trén cam bién méi truong (environment sensor-based) va dua trén
cam bién deo (wearable sensor-based) [9], [10]. Phuong phap sir dung camera va thi
gidc may tinh, vi du nhu phwong phap trich xuat dic trung Local Binary Pattern (LBP)
ctia Goodarzi va cong su [11], ¢6 wu diém 1a khong xam nhap nhung gap kho khin vé
quyén riéng tu, chi phi trién khai cao, yéu cau diéu kién anh sang tot va bi han ché bai
goc nhin cua camera [12], [13]. Phuong phap sir dung cam bién méi truong nhu cam
bién hong ngoai, cam bién 4p suat gan trén san nha c6 wu diém 1a khong can thiét bi deo
nhung chi hoat dong trong méi trudng duge trang bi cam bién, chi phi lap dat cao va
kho mé rong quy mo [6], [14]. Trong d6, phuong phap st dung cam bién mang trén
ngudi va chudng nhét do tinh tién loi, chi phi thap, khong xam pham quyén riéng tu va

c6 thé hoat dong trong moi méi trudng [15], [16].
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Cam bién gia toc (accelerometer) 13 loai cam bién phd bién nhat duoc sir dung trong
cac thiét bi deo do kha ning thu thap dir liéu chuyén dong theo ba truc khong gian véi
d6 chinh xé4c cao, kich thudc nhé gon, tiéu thu ning lugng thap va chi phi thap [17]-
[19]. Tuy nhién, cac nghién ctru hién tai van con nhiéu han ché: Hau hét cac hé théng
st dung smartphone hoac thiét bi c6 hiéu ning cao [17], [20], dan dén chi phi cao va
tiéu thu nang luong 16n; nhiéu nghién ctru sir dung sd luong dic trung 16n (50-100 dic
trung) [ 18], gy khé khin trong trién khai thoi gian thyc trén thiét bi nhung; thiéu nghién
ctru vé trién khai thuc té trén vi diéu khién hiéu ning thap véi tai nguyén han ché [21],
[22]. O Viét Nam, mic du d3 c6 mot sd nghién ctiru vé HAR nhu cong trinh ctia Tran
Vin Lang (2014) vé nhan dang hanh vi [23], Pham Van Cuong (2017) vé thiét bi iShoes
[24], nhung céc giai phap ndy van con han ché vé chi phi, kha ning hoat dong thoi gian
thuc va tinh thuc tién trong trién khai rong rai. Do dod, viéc nghién clru va phat trién mot
hé théng HAR hoan chinh véi chi phi thdp (<20 USD), do chinh xé4c cao (>95%), c¢6 kha
ning hoat dong thoi gian thyc trén vi diéu khién 8-bit 1a mot nhu cau thyuc sy va co ¥

nghia khoa hoc cling nhu thyc tién cao.

Tom lai, tinh cép thiét cua luan an xuét phat tir ba khoang tréng cu thé néu trén: (1)
cac hé théng HAR hién c¢6 phﬁn 16m phuy thudc vao thiét bi hiéu nang cao (dién thoai
thong minh, vi diéu khién 32-bit) nén khé ap dung cho céc thiét bi deo gia ré; (ii) viéc
sir dung bo dic trung 16n (50-100 dic trung) khong phi hop véi tai nguyén han ché cia
vi diéu khién 8-bit; (iii) con thiéu cac nghién ciru, dic biét 1a cac nghién ctru trong nudc,
trién khai va danh gia HAR thoi gian thuc truc tiép trén phan cing chi phi thap. Do do,
viéc nghién ctru trién khai hoc mdy trén vi diéu khién hiéu ning thap cho hé théng nhan
dang hoat dong stir dung cam bién gia tdc, vira bao dam do chinh x4c, vira phu hop voi
tai nguyén phan cting han ché, 1a mot yéu cau cap thiét, co y nghia khoa hoc va thuc tién
r0 rang.

Xuat phat tir nhitng nhu cau thuc tién do, ludn an tap trung giai quyét mot rao can 16n
trong linh vyc nhan dang hoat dong nguoi (HAR): sy danh ddi gitta d6 chinh xac ctia hé
thong va gi6i han tai nguyén phan cimg. Trong khi nhiéu nghién ciru tiéu biéu nhu
Kwapisz va cong su [17] (b0 dir licu WISDM) hay Vavoulas va cong su [20] (b0 dir licu
MobiAct) di dat d6 chinh xac rat cao (97% - 99,79%), cac hé thong nay lai phu thudc

vao nang lyc xur ly cua dién thoai thong minh hodc may tinh c4 nhan cung cac bd dac



trung phuc tap (tir 50 dén 64 dic trung). Hudng tiép can nay kho ap dung rdng rii cho
cac thiét bi deo nho gon, chi phi thap. Nhim vuot qua rao can nay, luan an dé xuit mot
hé thong HAR thoi gian thyc phii hop véi tai nguyén phan cimg han ché, chi sir dung
dir liéu tir mot cam bién gia toc 3 truc (ADXL345) xur 1y truc tiép trén vi diéu khién 8-
bit (PIC18F4520 c6 RAM 1,5 KB).

Muc tiéu cta ludn an

Muc tiéu chung ciia ludn dn: Nghién ctru trién khai hoc may trén vi diéu
khién hiéu niang thap cho hé théng nhan dang hoat dong sir dung cam bién gia tdc
bao dam kha nang phan loai chinh xac céc hoat dong co ban trong thoi gian thuc.
Trong lun an, hai cach goi "vi diéu khién hiéu nang thap" va "vi diéu khién c6 tai

nguyén bo nhé han ché" dugc dung dé chi cing mot nhém d6i twong nghién ciru: cac vi
diéu khién 8-bit co toc do xir 1y, dung lugng RAM va Flash thap (nhu PIC18F4520: 40
MHz, RAM 1,5 KB, Flash 32 KB), khong du kha nang chay cac mo hinh hoc sau tiéu
chuan. Tir ddy, luan an thong nhét str dung thuét ngir "vi diéu khién hiéu ning thip"

xuyén suot dé tranh nham lan.

Muc tiéu cu thé: Dé xuit mot sé phuong phap nhim cai thién hiéu qua hé
thong nhan dang hoat dong nhu sau:

- Tht nhét, Nghién ctru dac diém dir liéu thu duoc tir cam bién gia tdc 3 truc,
tr d6 lya chon bo dac trung cé kha nang phan biét tdt gitra cac hoat dong
nhung van ¢ d6 phuc tap tinh toan thip, phu hop véi trién khai trén vi diéu
khién hiéu niang thap.

- Thtr hai, So sanh va danh gia hiéu qua ctia mdt s6 thuat toan hoc may co
giam sat pho bién, gom Random Forest, SVM, KNN va GBDT, trong cc
bai toan nhén dang hoat dong tir don gian dén mo rong, nham lya chon thuat
toan phu hop voi ting kich ban ting dung.

- Thur ba, Xay dung h¢ théng nhan dang hoat dong thoi gian thyc su dung
cam bién gia toc ADXL345 va vi diéu khién PIC18F4520, 1am co so kiém
chung tinh kha thi cia m6 hinh trong diéu kién tai nguyén han ché.

- Thir tu, Panh gia toan dién hé théng d¢ xuat trén dir liéu cong khai va dir
lidu ty thu thap, dong thoi phan tich kha nang ing dung cta hé théng trong
theo ddi strc khoe, hd tro ngudi cao tudi va giam sat hoat dong trong moi
truong thyc té.



Doi twgng nghién ciru cia luin an:

Luén &n tap trung nghién ctru va tim hiéu mét so doi tugng lién quan dén viéc

nhan dang hoat dong ctia nguodi nhu:

Phan tich hoat dong ctia nguodi, tir d6 nhan dang hanh vi dung, ngéi, di bo,

chay b, 1én va xudng cau thang dé giam sat hoat dong.
Thuét toan hoc dé nhan dang hanh vi nguoi.
Thiét bi cam bién va vi diéu khién.

Nhan dang hanh vi ngudi tryc tiép trén thiét bi theo thoi gian thyc.

Pham vi nghién ciru ciia ludn an

Nghién ciru tap trung vao cac hoat dong co ban hang ngay (dimg, ngdi, di
bo, chay bg, 1én xuéng ciu thang).

St dung cam bién gia toc 3 truc ADXL345.
Ap dung céc thuat toan hoc c6 gidm sat.
Trién khai trén vi diéu khién PIC18F4520.

Thu thap dir liéu tir 14 sinh vién (18-22 tudi) va 2 ngudi cao tudi (65-72

tudi).

Phwong phap nghién ciru

Luan 4n str dung két hop cac phuong phap:

Nghién ctru Iy thuyét nham tong hop, phan tich va lya chon cac cong trinh
lién quan dén HAR, cam bién gia tdc, trich xuét dic trung va cac thuat toan
hoc may phu hgp véi hé thong nhing.

Nghién ctru thuc nghiém nham thiét ké, ché tao thiét bi, xay dung quy trinh
thu thap dir liéu va trién khai thur nghiém hé théng trong diéu kién thuc té.
Phan tich va xu ly dr li¢u nham thyc hién phan doan tin hi€u, trich xudt dic
trung va danh gia kha ning phan biét ca ting dic trung dbi véi cac hoat
dong khac nhau.

Mo hinh hoa va danh gia nham huén luyén, kiém thir, so sanh cac mé hinh
hoc mdy trén nhiéu bo dir liéu va nhiéu thudc do hi¢u ning, dong thoi phan
tich kha nang trién khai cia mé hinh trén vi diéu khién chi phi thap.

So sanh va danh gia nham do ludng hiéu ning cua hé théng dé xuat (do

chinh xac, thoi gian suy luan, bo nhg, nang lugng) va so sanh véi cac nghién



ctru lién quan trong va ngoai nudc.

Céac dong gop ciaa luan an
Nhirng diém méi ciia luan an:

- Chirng minh bang thuc nghiém kha ning trién khai hoc may (Random Forest, KNN)
tryc tiép trén vi diéu khién 8-bit PIC18F4520 (RAM 1,5 KB) dé nhan dang hoat dong
nguoi theo thoi gian thyc, dat d6 chinh xac tong thé da 16p trén 95% (tap WISDM) va
trén 98% (tap tu thu thap) ddi véi RF4-HAR va RF5-HAR, chi dung 4-5 dic trung thong
ké mién thoi gian trén mdi truc

- Pé xuat va mo rong hé théng nhan dang sang dia hinh c6 thay doi d6 cao (1én/xubng
cau thang), v6i thuat toan KNN cho phép phan biét rd hai chiéu di chuyén ma céc nghién

ctru trudce trén vi diéu khién hi¢u nang thap chua thyc hién duogc.

Véi myc tiéu giai quyét thach thirc vé nhan dang hoat dong con ngudi (HAR)
theo thoi gian thuc st dung cam bién gia toc ké trén cac vi diéu khién chi phi thap,
hiéu niang thap. Nghién ciru ndy phan biét véi cac nghién ciru khac bang cach tap
trung vao vi¢c trién khai hiéu qua cac thuat toan don gian vé mit tinh toan cho phan
loai hoat dong theo thoi gian thuc. Hé théng duoc dé xuat nham hd trg chim soc stic
khoe ctia bénh nhén trong thoi gian phuc hdi, cho ngudi cao tudi hodc giam sat trong

an ninh, lao dong. Cac dong gop chinh cua luén an nay dugc néu nhu sau:

- Poéng gop 1: Nghién ctru nay dé xuat va trién khai thanh cong hé théng HAR
thoi gian thuc trén vi diéu khién 8-bit PIC18F4520 (RAM 1,5 KB, 2 USD), mét rang
budc tai nguyén rat gidi han ma cic nghién ciru tiéu biéu nhu Kwapisz va cong su
[17] (smartphone), Vavoulas va cong su [20] (64 dic trung) hay Catal va cong sy
[25] (43 dic trung) déu chua dit ra. Pong gop khoa hoc c¢dt 16i 1a chirng minh ring
chi can 5 dic trung théng ké don gian (tinh trén mdi truc X, Y, Z, tuong duong 15
chiéu dau vao) két hop véi thuat toan phit hop cho MCU 8-bit ¢o thé dat d6 chinh xéc
tong thé trén 95% trén tap WISDM va trén 98% trén tap ty thu thap (RF4-HAR, RF5-
HAR), twong duong cac nghién ctru str dung nhiéu dic trung hon trén nén tang phan
crng manh hon. Thuat toan (RF, KNN), duoc nhiing truc tiép vao vi diéu khién, cho
phép phan loai hoat dong theo thoi gian thuec.

- Dong gép 2: Lua chon hoat dong va by dic trung phu hgp véi rang budc
phﬁn cirng. Cac hoat dong chinh Ping, Ngéi, Chay bo, Di bd va bi Ién, xuéng cu

thang dugc Iya chon can than dya trén muc d6 lién quan va tan suat trong cudc song



hang ngay. B dac trung dugc lya chon la céu hinh can béng tdt nhat gitra kha nang
phan biét va do phic tap tinh toan trong cic cau hinh da khao sat (Bang 2.13), phu
hop MCU 8-bit.

Pé 1am rd tinh mai, luan an phan dinh nhu sau. Cac ndi dung ké thira gdm: thuat
toan Random Forest [26] va KNN; c4c dic trung thong ké mién thoi gian (Mean, SD,
RMS, Range, AAD, Var, Skew...) von di duoc sir dung trong cac nghién ctu HAR
[17], [18], [25]; k¥ thudt phan doan bang cira sb truot o chong lap. Cac ndi dung do
tac gia dé xudt va thyc hién gém: (i) quy trinh lua chon bo dic trung tdi gian theo
rang budc phan cting, két hop phan tich tryc quan phan b dir liéu, thyc nghiém loai
b6/bd sung dic trung (Bang 2.13) va chi sb feature importance; (ii) quy trinh lira chon
thudt todn theo cac rang budc dinh lugng vé Flash, RAM va thoi gian suy luén (Muc
1.3.4) va quy trinh chuyén mé hinh di huan luyén thanh ma C dang mang tinh dé
nhang vao PIC18F4520 (Muc 2.2.2); (iii) thiét ké thiét bi, xay dung bo dit liéu 16 tinh
nguyén vién va ba hé thong RF4-HAR, RF5-HAR, KNN6-HAR c6 quan hé ké thira.
Ba hé théng khéac nhau khong chi ¢ sb hoat dong va dia hinh ma con ¢ bd dac trung
(Mean/SD/Median/Range/RMS; AAD/STD/IQR/Range/RMS;
Var/SAV/Skew/P2P), thuat toan (RF cho bai toan it 16p, KNN cho bai toan can phan
biét hai 16p cu thang gan nhau), kich thudc ctra s6 va mo-dun truyén thong
(SIM808/GSM ¢ Chuong 2, ESP8266/WiFi & Chuong 3).

Luin 4n c6 hai nhom ket quéa chinh nhu sau:

- Nhom thi nhat, dé xuat mot phuong phap phan loai hoat dong ngudi trén moi
truong béng phéng cho phép phan loai hoat dong Dung, Ngéi, Chay bd, Di bo.
Phuong phép nay di dugc cong b tai cong trinh [CT1], [CT2], [CT5].

- Nhém thtr hai, dé xuat mot phwong phap phan loai hoat dong nguoi trén moi
truong phai thay doi dia hinh (1én, xudng cau thang ¢ tda nha cao tang) cho phép phan
loai hoat dong Pung, Ngdi, Chay bd, Pi bo, Lén cau thang, Xudng cau thang. Phuong
phap nay da dugc cong bo tai cong trinh [CT3], [CT4].

- Bén canh do, phén két luan cua luan an cling thao luan vé cac cong vi¢c nghién
ctru tiép trong tuong lai. Trong d6 dé cap dén cac huéng tmg dung cac phuong phap
nhan dang hoat dong da nghién ciru vao thuc tién. Huéng g dung nay ciing da dugc
cong bo tai cong trinh [CT6].

B0 cuc cia luin an
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Hinh 0.1 Lo trinh nghién cuu cua lugn dn

Luan an dugc thiét ké bao gdm phan m¢d dau va ba chuong nodi dung. Thém
vao do la phén két luan, danh muc cac cong trinh cua tac gia va danh muc céc tai li€u
tham khao. Cu thé, ndi dung cua céc phén dugc tom tit nhu sau:

Chuong 1 Trinh bay tong quan vé tinh hinh nghién ciru HAR trén thé gi6i va
trong nudc, cac phuong phap nhan dang hoat dong, cac thuat toan hoc may, co sé ly
thuyét vé xir Iy tin hiéu cam bién. Chi ra cac khoang tréng nghién ctru va dinh huéng
giai quyét cua luan an.

Chuong 2 va Chuong 3 trinh bay cic dong goép chinh cta luan an. Mdi chuong
dugc thiét ké 1a mot nhém phuong phap dé xuat: Chuong 2 cho madi trudng bang phang,
Chuong 3 cho méi trudng c6 thay doi do cao (toa nha c6 cau thang). Cu thé, Chuong 2
khao sat sir dung thudt toan c6 do phuc tap thudt toan thap trén mot bo vi diéu khién
hiéu nang thap. Két qua cho thay, thuat toan ring ngiu nhién RF (Random Forest) 1a
mét lua chon tdt do viée trién khai nhan dang cac hoat dong don gian trong thoi gian
thuc véi chi phi tinh toan thép. Tac gia thiét ké mot hé théng nhan dang hoat dong chi
phi thap v6i kha nang phan hoi theo thoi gian thyc. Hé thong két hop cac mach dién tir,
xt 1y tin hiéu va mé hinh hoc may. Tt ca cac budc bao gdm: Thu thap dit lidu, Tién xir
ly, Trich xuét dic trung, Phan loai truc tiép trén vi diéu khién va Truyén khong diy dén

may chu. Hé thong rat nhé gon nhung hiéu qua. [CT1], [CT2], [CT5].



Chuong 3 trinh bay chi tiét phwong phéap cho viéc nhan dang hoat dong ¢ méi
truong c¢6 dia hinh thay doi. Phuong phap dé xuit bao gdm hai thuét toan RF véi
truong hop khong phan biét hoat dong 1én, xudng cau thang [CT3], thuat toan KNN
cho phép phan biét chinh x4c hoat dong 1én hay xudng cau thang [CT4]. Sy khéac biét

nay dé 1am rd tinh hiéu qua cta hé thong trong mdi truong hop cu thé.

Cuoi cung, phan két luan néu cac dong gop chinh cua tac gia trong ludn an va

nhirng hudng phat trién nghién ciru.



CHUONG 1: TONG QUAN VE HE THONG NHAN DANG HOAT PONG
SU DUNG CAM BIEN

Noi dung trong Chuong 1 ndy gidi thiéu vé bai toan nhan dang hoat dong nguoi sir
dung cam bién. Cac nghién ciru lién quan s& dugc phan vao nhém nhimg phuong phap
tiép can. Nhin chung, trong bai toan HAR, ¢6 ba cach tiép can phd bién: cach tiép can
dua trén thi giac may tinh, cach tiép can dya trén cam bién twong tdc moi truong va cach
tiép can dya trén cam bién thiét bi deo. Mdi cach tiép can phi hop véi cac tinh hudng
va cac moi truong khac nhau. Cac thach thic ciia cac phuong phap nhan dang hoat dong
ngudi st dung cam bién ciing dugc phan tich chi tiét lam tién dé cho viéc dé xuat cac
thudt toan ¢ cac chuong tiép theo. Bén canh d6, mét s kién thic nén tang can thiét dé
thuén tién cho viéc hiéu thuét toan dé xuit va mot sb chi sé danh gia phé bién cho nhan

dang hoat dong nguoi cling dugc trinh bay trong chuong nay.

1.1.  Gié6i thiéu vé nhan dang hoat dong nguoi

Ngay nay, HAR d trg thanh mét linh vuc nghién ctru s6i dong trén toan thé gidi, véi
su phat trién manh mé cta cong ngh¢ cam bién va hoc may [27]. Co nhiéu van dé thuc
té can giai phap dua trén nhan dang hoat dong nhu cham soc stc khoe [2], [3], phét hién
té nga cho nguoi gia [4], [5], cong nghi¢p [7], bao mat [28], v.v. Cong nghé nhan dang
hoat dong thu thap thong tin hanh vi ctia ngudi dung, cung cap nhiéu cach tuong tac
khac nhau, tir 6 cho phép hé théng hd tro tich cuc cho ngudi ding trong cong viéc cta

ho [29].

Trong bai toan HAR, ¢6 hai cach ti€p can pho bién: cach ti€p can dua trén thi gidc
may tinh, cach ti€p can dya trén cam bién (bao gom: céach ti€p can dya trén cam bién

tuong tic moi trudng va cach tiép can dua trén cam bién thiét bi deo) [9], [10], Hinh 1.1.

May anh hodc video duoc sir dung cho phuong phép tiép can dya trén tam nhin dé
quan sat hanh vi cia ngudi ding va nhitng thay ddi ctia méi trudng xung quanh [12],
[13]. Tuy nhién, viéc st dung camera giam sat con nhiéu han ché nhu gia thanh cao,
kém hiéu qua trong diéu kién anh sang yéu va van dé riéng tu ctia nguoi dung [30]. Véi
cach tiép can dya trén cam bién tuong tac véi moi truong, cam bién dugce nhung vao dbi

tugng hodc chu thé ciu thanh méi truong xung quanh dé giam sat hoat dong cua nguoi
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dung [6], [14]. Gidng nhu cach tiép can dua trén thi gidc mdy tinh [30], hé théng nay

can duoc trién khai va cai dat san [6], [14].

Nhan dang Hoat dong Con nguoi

Nhan dang Hoat dong Con ngudi| -
Dua trén Thi giac O

Nh&n dang Hoat déng Con ngudif;,
Dua trén Cam bién ")

Hinh 1.1 Phan loai phwong phap nhan dang hoat dong nguoi

Khac véi cach tiép can trén, cach tiép can dya trén cam bién mang trén nguoi st dung
cam bién trén co thé dd mé ra nhiéu ing dung tiém ning trong HAR [15], [16]. Véi su
phat trién cta céng nghé, cac cam bién ngay cang da dang hon dé nang cao ty 1é nhan
dang va thich tng véi cac tinh hudéng khac nhau. Chang phtt hop véi toan bo moi truong
ma khong can lap dat, du trong nha hay ngoai troi [31]. Theo phuong phap ndy, cam
bién c6 thé dugc deo ¢ nhiéu vi tri khac nhau trén co thé con nguoi, chang han nhu canh
tay, ¢ tay [32], dui [33], thi trude [17] hay mét ca chan [34]. Luan an tip trung khai
thac kha nang nhan dang trang thai ca con ngudi bang cach st dung cic cam bién mang

trén co thé.

HAR duya trén video 1a mét linh vuc nghién ctu tich cuc véi nhiéu cong trinh dﬁy
trién vong [35] [36]. Nhitng thay d6i ngau nhién vé quan 4o, phong nén, anh sang... ciia
con ngudi 14 nhitng thach thirc trong HAR dua trén video [35]. Nhiéu phuong phap méi
cho HAR d3 duoc trinh bay v6i két qua diy hira hen dwa trén cac k§ thuat nay [35] [36].
Tuy nhién, nguoi ding (d6i tugng) duge theo ddi trong HAR dua trén video kha khac
so voi HAR dua trén cam bién. Piém chinh 1a sy riéng tu ctia nguoi dung. Vi vy, tng
dung cua cac phuong phap nay la khac nhau. Nhitng phuong phap nay anh huong su
riéng tu, doi hoi vé thiét bi, thoi gian xir 1y cling nhu khong gian bd nhé. Sy so sanh cac

phuong phap nhan dang duoc thé hién trong Bang 1.1.
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Bang 1.1 So sanh cdc phwong phdp nhdn dang hoat dong

, . i} Do chinh
Phwong phiap | Cambién | Uu diém Nhuge diém ]
xac
Chi phi cao, van dé
Thi giac [12], Khong xam o
Camera riéng tu, giéi han goc 85-90%
[13] nhap
nhin
Cam bién moi , Chi phi lap dit cao,
IR, 4p suat | Khong deo . 80-85%
truwong [6], [14] khong di dong
Cam bién deo | Giatoc, | Didong, chi ‘ '
. Can deo lién tuc 95-99%
[15], [16] gyro phi thap

Tinh hinh nghién ciru trong nwéc. O Viét Nam, hudng nghién ciru vé HAR va cic

giai phap nhan dang hoat dong tir xa da dugc thuc hién voi mot sb cong trinh tidu biéu:

Tran Vian Ling (2014) thyc hién dé tai “Phat trién cac module phan mém dé xac thuc
d6i twong va nhan dang hanh vi ciia d6i twong két hop gitra ki thuat xir 1y anh véi dién
tu” [23]. Nghién clru nay tap trung vao nhan dang hanh vi st dung camera va ky thuat
xu ly anh, két hop véi thé thong minh RFID dé xac thuc dbi tuong. HE théng dat do
chinh xac 82% cho 5 hoat dong co ban trong méi trudng kiém soat. Nhuge diém cua
nghién ctru 14 chi phi cao do sir dung nhiéu camera, van dé vé quyén riéng tu va khong

hoat dong tot trong diéu kién anh sang kém.

Pham Van Cuong (2017) nghién ctru ché tao thiét bi deo thong minh iShoes nhén dang
hoat dong ctia ngudi [24]. Thiét bi nay tich hop cam bién ap suit va gia toc vao dé gidy, cho
phép nhan dang cac hoat dong nhu di bg, chay, dung, ngéi. Nghién ctru st dung HMM
(Hidden Markov Model) dé phan loai va dat d6 chinh xac 88%. Nhuoc diém 1a chi phi cao
(mdi doi giay khoang 2 triéu dong), can cap gidy riéng va kho bao tri.

Tran Db Pat (2013) [37] nghién ctru tmg dung cong nghé thong tin trong xay dung
hé théng giam sat hd trg cham s6c bénh nhan tai phong diéu tri thong minh. Nghién ciru
nay tap trung vao viéc xdy dung ha tang phong bénh thong minh véi cac cam bién moi

truong (nhiét d6, 4nh sang, chuyén dong) dé theo ddi bénh nhan.
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Nhan xét chung vé cac nghién ctru trong nudc:

- Hau hét cac nghién ciru van & giai doan nguyén miu, chua dugc trién khai
thuce té rong rai do chi phi cao va khé béo tri.

- Do chinh xac nhan dang con han ché (80-88%), thap hon so véi cac nghién
ctru quoc té (95-99%).

- Chua c6 nghién ctru nao tap trung vao tdi wu hoa thuat toan dé trién khai
trén vi diéu khién hiéu ning thap.

- Thiéu céc bo dir liéu cong khai cho cong dong nghién ctru Viét Nam.

1.2. Tong quan vé h¢ thong nhin dang hoat dong sir dung cam bién

1.2.1. Hé thong nhan dang hoat dong sir dung cam bién

Nhan dang hoat dong ngudi (HAR) nham muc dich nhén ra hoat dong da, dang xay ra
cua nguoi tr mot loat cac quan sat vé hoat dong ctia nguoi va diéu kién méi trudng xung
quanh. Phan loai hoat dong str dung cam bién mang trén ngudi dang 14 hudng tiép can
thu hut duoc sy quan tdm. Nguyén nhan 1a do su tién bd manh mé cua cong ngh¢, dac
biét & day 1a cac tién bo cia cac cam bién. Chiing ngay cang c6 kich thuéc nho, trong
lugng nhe nhung kha nang lam viéc, thu thap dir liéu kha manh mé cho phép hoat dong
lién tuc khong han ché. Hoat dong cta con ngudi ¢ nhiéu dang va phic tap, tuy nhién
vé co ban c6 thé chia hoat dong cua nguoi thanh hai loai: hoat dong mirc thap va hoat
dong muc cao. Cac hoat dong murc thép duoc thyc hién bdi mdt ca nhan va kéo dai trong
thoi gian ngan, vi du: mo cira, ngdi xudng, ding 1én, gap canh tay,... Cac hoat dong
muc cao 1a mdt tap cac hoat dong mirc théip xen k€, chéng chéo voi nhau va xay ra trong
thoi gian dai co thé 1én dén vai g10. Phan loai hoat dong dya vao dir li¢u cam bién mang
trén ngudi dang 12 huéng tiép can chinh, dong thoi dugc nghién ciru va ing dung trong
nhiéu linh vuc: Cong nghié¢p, an ninh, thé thao, giai tri,... va dac biét 1a trong linh vuc
y té. Trong linh vyc y té cham soc sirc khoe, phan loai hoat dong str dung cam bién mang
trén nguoi dugc tmg dung nhiéu nhat. Nhitng hé thong phan loai hoat dong nay duwa vao
dir liéu tir cam bién (mang trén ngudi), tir 6 phan tich cac hoat dong trong mot khoang
thoi gian, dua ra cac khuyén c4o, diéu chinh dé c6 ché d6 hoat dong tdt nhét cho co thé,

canh bao cac nguy co vé suc khde.
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1.2.2. Céc nghién cuu dién hinh nhan dang hoat dong dua trén cam bién mang trén
nguoi

Cam bién mang trén nguoi c6 thé duoc nhing vao co thé con ngudi va phan bd tir dau
dén chan. Cam bién mang trén ngudi c6 thé hoat dong trong mot khu vuc rong vira phai
trong khi nguoi deo dang thuc hién cac hoat dong nhu di bg va chay. Cam bién mang trén
ngudi nhu gia tc ké va con quay hdi chuyén thudng duge nhing trong dién thoai théng
minh, dong ho théng minh, vong deo tay thdng minh, quan 4o, that lung, kinh, mii bao hiém
hoac giay.

Cam bién phat hién, cdm nhan nhiing trang thai, qua trinh vat Iy hay héa hoc & méi truong
va bién d6i thanh tin hiéu dé thu thap thong tin vé trang thai hay qua trinh d6. Cam bién
mang trén nguoi 13 cam bién duge gin truc tiép hodc gian tiép trén co thé nguoi: quan 4o,
déng hd, thit lung, thiét bi di dong hoac dat truc tiép trong co thé nguoi. Khi nguoi dung
thuc hién cac hoat dong khac nhau, cam bién thu thap thong tin nhu: vi tri va chuyén dong
ctia co thé, mach dap va nhiét d6 co thé, sau do chuyén thanh tin hiéu truyén vé hé théng,
dua vao cac dir liéu do6 hé théng 6 thé phan loai trang thai hoat dong dang thuc hién ctia con
nguoi. Do d6, thong qua hé théng c6 thé theo ddi cac dic diém mo ta vé trang thai hodc
chuyén dong sinh 1y ctia nguoi. Cac nha nghién ctru da phat hién ra ring cac loai thong tin
cam bién khéc nhau ¢6 hiéu qua dé phan loai cac hoat dong khac nhau. Cac cam bién mang
trén nguoi tiy vao muc dich sir dung ching trong phuong phap nhan dang hoat dong ngudi

ma co6 thé Iya chon chung loai, chirc nang va d6 chinh xac khac nhau.

Kich thudc nhd, trong lwong nhe, kha ning thu thap dit liéu 16n 1a uu diém dé cam bién
gia tdc dugc ap dung boi cam bién mang trén ngudi néu ¢ kich thudc va trong luong khong
phu hop s& gay ra kho khan cho ngudi st dung. Bén canh d6, nhiing thiét bi hudéng dén hd
tro tim kiém ctru nan, chita chay [18], [34] can duoc thiét ké co do bén cao, trong luong nhd
va khéng gay cam giac khé chiu khi mang nhiing thiét bi nay trén ngudi. Mot dy an ciia Lién
minh Chau Au c6 tén 1a Opportunity duoc dé xuat voi muc dich phat trién mot phuong phap
méi dé ghi nhan hoat dong s€ loai bo cac han ché vé tinh kha dung, vi tri deo va dac diém
clia cam bién [38]. Trong du &4n nay, mot tap dir liéu sur dung gia tdc ké co thé deo duge cung
v6i may quay video di duoc thu thap trong mot bita an sang. Tong cong c6 19 cam bién dat

tai cc vi tri khic nhau trén co thé ctia mdi tinh nguyén vién. 4 tinh nguyén vién da thuc hién
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nhiing kich ban dugc xac dinh trudc vé céc hoat dong nhu md/dong ngan kéo ti hodc tu
lanh, lau ban, di chuyén céc... Mdi tinh nguyén vién sé& thuc hién timg kich ban 6 lan. Tuy
nhién, 19 cam bién khac nhau duoc dit trén co thé ciia d6i twong d khién hé thong tong thé
trd nén kha kho chiu. Nhiéu nghién ctru st dung gia tc ké chi phan loai mot sé hoat dong
dac biét nhu di bo, ngf)i, chay, ding... Nhiing hoat dong nay rat tdt dé xac dinh mirc d6 hoat
dong ctia moi ngudi nhu duoc thé hién trong nhiéu nghién ctru [39], [40], nhung nhu thé 13
khong du dé truyén tai thong tin vé cac hoat dong sinh hoat hang ngay véi do chinh xac cao
vi ching khong thé phan tach viéc an uéng véi viée doc sach. Mit khac, cong nghé deo co
thé cung cp mot loat cac phuong thitc cam bién sinh 1y dé do huyét ap, nhip tim, nhiét do
co thé, 46 dan dién cua da, dién ndo d6 (EEG), dién tim d6 (ECG) va nhip thé. Nhiing thong
tin bd sung nay khi duoc két hop véi cac hoat dong hang ngay s& cung cAp mét cai nhin
phong phti hon vé tinh trang sirc khoe ciia nguoi dung.

Cam bién mang trén than nguodi dua theo cach tiép can dir liéu hoat dong:

- Thong tin chuyén dong ctia co thé: Cam bién gia tc, c6 thé két hop cam bién
con quay hdi chuyén hodc cam bién 4m thanh.

- Lo trinh, vi tri nguoi dung: GPS, cam bién Am thanh, cam bién con quay hoi
chuyén.

- Cam bién tich hop dua trén mdt s6 diéu kién thiét lap trude: BO doc thé RFID,
cam bién phat hién tia hdng ngoai, chuyén mach cong tir, cic cam bién do nhiét do moi
truong.

- Phat hién su séng: Huyét ap, nhip tim, dién nao, dién tim, ho hép, cam bién
nhiét do co thé, cam bién ap sudt, dién trg do ap luc, cam bién do Oxy, cam bién d6 dan
dién cua da, dién tim...

Khi nguoi dung thye hién cac hoat dong khac nhau, cam bién thu thap thong tin nhu:
vi tri va chuyén dong cua co thé, mach va nhiét do, sau do chuyén thanh tin hiéu truyén
vé hé théng, dua vao cac dir liéu d6 hé théng 6 thé phan loai trang thai hoat dong dang
thuyc hién cua con nguodi. Do d6, ho co thé theo ddi cac dic diém mé ta vé trang thai

hoic chuyén dong sinh 1y ctia ngudi. Mot sb cac loai cam bién nhu Hinh 1.2.
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Hinh 1.2 Mét s6 cam bién mang trén nguoi
Céc cam bién mang trén ngudi duoc phan loai nhu sau: nhom cam bién chuyén dong,
nhém cam bién vj tri, nhom cam bién gén vao dbi tuong can theo doi va nhom cam bién
phat hién su song. Cam bién chuyén dong 1a nhom cam bién thuong dugc dung nhiéu
nhat trong nghién ctru phan loai hoat dong nhu cam bién gia téc, cam bién am thanh,

cam bién con quay hoéi chuyén.

Cam bién gia tdc duoc st dung phé bién do kich thudc nho, trong lugng nhe, co6 thé
do duoc ca tan sut va cuong do chuyén dong, d6 tin cay cao. Cac cam bién gia tdc dac
biét hi¢u qua trong viéc giam sat hoat dong co thé 1ap di 1ap lai nhu: di bo, chay bo,
dung, ngdi, leo cau thang.

Cam bién con quay hdi chuyén gitip ting do chinh xac khi phan loai mét s6 hoat dong
va c6 kha nang dinh vi. Nhém cam bién cubi ciing 1a mot cong nghé méi nham muc dich

giam sat hoat dong thong qua cac dAu hiéu sy séng. M&t loat cac cam bién khac nhau da
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dugc nghién ctru dé do ludong nhiéu loai dau hiéu sy song nhu do nhip tim, huyét ap,
dién ndo @6, dién tam dd va thong tin ho hp, ... theo ddi nhiét d co thé cua cac binh si

dé phat hién ha than nhiét.

Trong cac nhom cam bién néu trén, kich thudc nho, trong lugng nhe, kha nang thu
thap di li¢u 16n 1a vu diém dé cam bién gia tdc duoc st dung nhiéu trong cac cong trinh
nghién ctru, phan 16n cac nghién ciru trude ddy sir dung cam bién gia téc dé phan loai
hoat dong [40]. Cac cam bién gia tde mang trén eo, dui, mét c4 chan co thé phan loai
cac hoat dong nam, dang, di bo, chay bo, leo cu thang voi dg chinh xéac dén 95% Trong
mot s6 cong trinh nghién ctru sir dung deo cam bién gia toc hai tryc tai 5 vi tri khac nhau
trén co thé nguoi bao gdm: ¢ tay, bap canh tay, eo, dui va mat ca chan thyuc hién phan
loai cho két qua c6 do chinh xac 84,26% [33]. Piéu d6 cho thay rang mat ca chén, dui,
eo, co tay va canh tay 1 vi tri thich hop dat cam bién gia téc thu thap dit liéu chuyén

dong dé xay duyng mo hinh nhan dang hoat dong nguoi.

Tom lai, viée sir dung cam bién mang trén ngudi trong cac nghién ciru 1a rat da dang,
mdi hé théng c6 thé st dung mot hodc nhiéu cam bién két hop voi nhau. Nhitng thach
thirc chinh dugc tom tat khi diéu tra cac hé théng phan loai hoat dong ctia con ngudi sir dung

cac cam bién c6 thé deo dugc dudi day.

- Thir thach 1: Do cac thuat toan c6 do phuc tap tinh toan cao nén khong thé thiét ké

mot thiét bi phan loai thoi gian thuc v6i d6 chinh xé4c cao.

- Thir thach 2: Néu thiét bi khong thé phan loai truc tiép hoat dong cua con nguoi &
bd vi xtr Iy gia ré. Dir liéu tang tc tho phai dugc giri dén may cha. Do d6, 16i giao tiép
c6 thé xuat hién. Hon nita, vi diéu khién hiéu suét cao din dén mot giai phap chi phi

cao.

Sy bung nd ctia hoc sau trong giai doan 2021-2024 di tao ra ba ludng tiép can chinh
cho bai toan HAR. Ludng thr nhat tap trung vao kién triic Transformer va co ché cha y
nhiam nam bét phy thudc dai han trong tin hiéu cam bién: Suh va cong sy [41] dé xuét
TASKED két hop transformer doi nghich véi chét loc tri thirc ban than, Park va cong sy
[42] & xudt GTSNet dap tng rang budc thoi gian thuc, trong khi Ullah va cong su [43],

Teng va cong su [44], Yang va cong su [45], Wei va Wang [46] va Ezzeldin va cOng su
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[47] khai thic cac bién thé cha y va kién trac lai da phuong thirc két hop mang tich

chap/hdi quy dé cai thién d6 chinh xac trén cung 16p bai toan.

Ludng thir hai huéng dén kha ning khai quat hoa lién tap dit liéu (cross-dataset) va
hoc ty giam sat nham giam phu thude vao dir li¢u gan nhan, van dé thuc tién quan trong
khi trién khai HAR ra ngoai phong thi nghiém. Tiéu biéu 1a CrossHAR ctia Hong va
cong su [48], tién huan luyén tu gidm sat phan cép; Taghanaki va cong su [49] voi biéu
dién twong phan mién thoi gian-tan sb; cung cac cong trinh lién quan ciia Kim va cong

su [50], Nguyen va cong su [51], Duan va cong su [52] va Abdi va cdng su [53].

Ludng thit ba, gan v6i dinh hudng cta luan 4n nay nhét, quan tim dén trién khai HAR
trén thiét bi tai nguyén han ché. Bursa va cong su [54], [55] xdy dung md hinh
TensorFlow Lite Micro ca nhan héa qua hoc chuyén tiép; Gong va cong su [56] dé xuat
MobileHARC; Praba va Suganthi [57] két hop CNN véi hoc chuyén tiép LSTM-SVM
cho thiét bi di dong. Piém chung cia ca ba cong trinh ndy, nén ting muc tiéu van 1 bo
xtr Iy ARM Cortex hodc vi diéu khién 32-bit c6 bo tang toc phan cting cho suy luan
mang no-ron, cho thdy ngay ca huéng “nhe hoa” trong cong ddng deep learning van

chua cham téi rang budc khit khe cta vi diéu khién 8-bit nhu PIC18F4520.

Bén canh ba ludng chinh trén, mot s6 cong trinh khai thac cac hudng chuyén biét hon:
t6 hop da mo hinh, mé hinh dya trén d6 thi [58] va kién trac lai CNN-LSTM/BiGRU
cho d6 chinh x4c cao trén céc tap dit liéu chudn [59]-[71]; tdi uu hoa bang thuat toan
meta-heuristic [72], [73]; xt Iy di liéu cam bién khiém khuyét hodc khong day du [74]-
[76]; va cac ung dung chuyén bié¢t nhu nhan dang hoat dong ciu nguyén [69], bai tap
phuc hoi chtrc nang [70], hodc giam sat an ninh [77], [78]. Nhin chung, cac phan tich
tong hop gan day [79], [80] déu thong nhat nhan dinh rang phan 16n tién bd cia HAR
hién dai dén tur viéc tang do phtrc tap mo6 hinh (Transformer, GAN, dd thi no-ron) trén
nén tang tinh toan ddi dao, trong khi huéng trién khai hoc may, khong nhat thiét 1a hoc
su, trén vi diéu khién 8-bit chi phi cuc thdp van 1a mot khoang tréng chua duoc khai
thac mot cach hé thong.

O trong nudc, hudng nghién ctru trién khai HAR tryc tiép trén vi diéu khién hiéu
nang th?ip con tuong ddi méi nhung da bét dau duoc quan tdm. Bao T6 Hi€u va cOng su

[81] xdy dung hé thong nhan dang hanh dong sir dung cam bién gia toc két hop cac
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phuong phap hoc may trén vi diéu khién hi¢u ning thap, truyén dir liéu qua WiFi dé
giam sat theo thoi gian thuc. Nguyén Quang Huy va cong su [82] dé xuit mot phuong
phap xay dung hé théng nhan dang hanh vi ngudi theo thoi gian thyc dua trén cac thuat
toan hoc may, duoc cong bd tai Tap chi Cong nghé Thong tin va Truyén thong. Mot
nghién ctru khac trinh bay tai Hoi nghi Qudc gia 1an thir 26 vé Dién tir, Truyén thong va
Cong nghé Thong tin (REV-ECIT 2023) [83] sir dung hoc may c6 giam sat dé phan loai
hoat dong co ban cua nguoi dua trén dir liéu cam bién gia tde, hudng toi trién khai trén
b vi diéu khién hiéu niang thap. Bén canh d6, Tran Vin Lang (2014) [23] va Pham Vin
Cudng (2017) [24] 14 nhimg nghién ctru trong nude sdm hon vé nhan dang hanh vi va
thiét bj hd trg di lai. Nhin chung, cac nghién ctru trong nudc da budc dau tiép can bai
toan HAR trén phﬁn cung hi¢u nang thép, song con han ché vé sd lugng hoat dong nhan
dang, chua mé rong sang cac dia hinh phtc tap (nhu 1én/xudng cau thang) va chua co
danh gia hé thong trén tai nguyén phan cing rat han ché nhu MCU 8-bit RAM 1,5 KB.

Pay la khoang trong ma ludn an nay hudng t6i giai quyét.

Tom lai, tir tong quan trong va ngoai nudc cé thé rit ra ba van dé truc tiép dan dén
cac dong gop cua luan an: (1) gi6i han phan ctng - phan 16n hé théng HAR, ké ca céac
mo hinh “nhe héa”, van chay trén dién thoai hoic vi diéu khién 32-bit; 2) sb lugng dac
trung - cac nghién ctru dat do chinh xac cao thuong dung 40-64 dac trung hoac dac trung
mién tan sd, khong phu hop véi RAM 1,5 KB; (3) kha nang trién khai truc tiép trén
MCU 8-bit - cac nghién ctru trong nudc [23], [24], [37], [81]-[83] chu yéu ding & mirc
nguyén mau, chua cong bd day du sb liéu vé bd nhd, thoi gian suy luan va ning luong

khi chay trén thiét bi. Cac muc tiép theo ctia chuong tp trung vao ba van dé nay.

1.2.3. Khoang tréng nghién ctru va dinh hudéng cta ludn an

Qua tong quan cac cong trinh trong va ngoai nudc, cd thé nhan thay mdt so

khoang trong nghién ciru quan trong chua duogc giai quyét triét deé:

(1) Khoang tréng vé phan ctng dich: Hau hét cac nghién ctru HAR tiéu biéu nhu
Kwapisz va cong su [17] (smartphone), Vavoulas va cong su [20] (PC v6i 64 dac trung)
hay Catal va cong su [25] (43 dic trung) déu trién khai trén nén tang co tai nguyén doi
dao. Theo khao sat ciia luan an, chua ghi nhan nghién ciru nao cong bd kha nang nhan

dang hoat dong thoi gian thuc véi do chinh xac trén 95% trén vi diéu khién 8-bit c6
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RAM < 1,5 KB va Flash < 32 KB. Pay 1a rang budc phan cimg rat khit khe so v6i phan
16n cac cong trinh cong bd.

(2) Khoang tréng vé t6i uu hoa dic trung cho hé nhiing: Cac nghién ctru hién c6
hodc st dung bo dac trung phuc tap (FFT, wavelet, 50+ dac trung) khong trién khai
duoc trén MCU 8-bit, hodc dung qua it dic trung dan dén do chinh xac thép. Chua co
phuong phap luan 16 rang dé lya chon bo dic trung ti thiéu nhung van dam bao do
chinh x4c cao trong rang budc tai nguyén cuc han.

(3) Khoang trong vé nhan dang hoat dong dia hinh da tang trén MCU 8-bit: Cac
nghién ctru HAR c6 phén biét 1én/xudng cu thang déu dung phan ctng hiéu ning cao.
Theo khao sat cua ludn an, chua ghi nhan cong trinh nao trién khai bai toan 6 hoat dong
(bao gdm phén biét Lén/Xudng cau thang) truc tiép trén vi diéu khién 8-bit chi phi thip
v6i thoi gian suy luan dudi 100 ms cho mdi 1an phan loai.

Tir ba khoang tréng trén, luan an dé xuat hudéng giai quyét: (i) chon PIC18F4520
(RAM 1,5 KB, Flash 32 KB, 2 USD) lam nén tang muc tiéu dé budc thuat toan phai toi
vu t6i da, (ii) d& xuat phuwong phap lua chon dic trung thong ké tdi thiéu (5 dic trung
cho RF4/5-HAR, 4 déac trung cho KNN6-HAR) dua trén phan tich kha nang phan biét
tryc quan két hop thuc nghiém loai bo dic trung, (iii) ching minh tinh kha thi qua hai
hé thong hoan chinh tir phan cting dén phan mém nhiing, dugc kiém ching trén dir liéu
cong khai WISDM va dit liéu tu thu thap.

Phén tich hoat dong str dung cac cam bién gia toc két hop thuat toan hoc may da trd
thanh mot lya chon tét va 13 bai toan cia tac gia dat ra. Hé thong dé xuat c6 chi phi thap

va dé sur dung.

1.3. Hé thong nhin dang hoat dong sir dung cam bién gia toc
1.3.1. Nhan dang hoat dong st dung cam bién gia tdc

Mot s6 nghién ctru ndi bat khi sir dung da cam bién dé nhan biét hoat dong cua con
nguoi. Bao va cong sy [33] di thu thap dit liéu tir nAm may do gia toc hai truc va deo

chung trén nhi€u vi tri khac nhau nhu hong, c6 tay, canh tay, mat ca chan va dui trong

nhom thyc hién nghién ctru. Do chinh xéac tir bd phan loai Cay Quyét dinh cho két
qua 12 84%, v6i 20 hoat dong duoc phan loai. Tuy nhién, han ché 14 s6 luong cam bién
tang 1én, tdc do cao va gia tdc ké duoc dit theo hudéng xac dinh. Wang va cong su [9]

cling so sanh vi¢c su dung ca nhan cac cam bién gia toc ké va con quay hoi chuyén véi
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viée sir dung dong thoi ca hai bo phan loai KNN va Naive Bayes dé phan loai. Két qua
thir nghiém cho thay rang cac may do gia toc cung cp nhiéu théng tin phan biét hon so
v6i con quay hdi chuyén va viéc st dung dong thoi ca hai loai cam bién s& cho hiéu suét
phan loai t6t hon. Naive Bayes cho do chinh xac tong thé 1a 90,1%, cao hon so véi
87,8% ctia KNN. Nhiéu cam bién c6 thé cung cp d6 chinh x4c cao nhung viéc deo cac
cam bién gy anh hudng dén chuyén dong ctia con nguoi va khong thuc té khi deo trong

thoi gian dai. Ngoai ra, chi phi ctia hé thong sé tang 1én theo s6 lugng cam bién.

Gan day, nhiéu nha nghién ciru da tim kiém cac phuong phap ghi nhan hoat dong
bang cach sir dung mot gia toc ké dé thu thap tin hiéu [32]. Vi du, Piyush Gupta va cong
su [18] da kham pha nhimg loi ich cia may do gia toc 3 truc deo dai dé thu thap dit liéu
nham xay dung h¢ théng phan loai hoat dong va lya chon dac trung. Ho da st dung hai
bd phan loai Naive Bayes, KNN va nhan théy réing viéc sir dung lya chon doi tuong voi
cach tiép can dua trén trinh bao boc cho két qua tdt hon dua trén bo loc. Két qua phan
loai cho thdy d¢ chinh x4c cao hon 95% cho tét ca sau hoat dong. Tuy nhién, han ché 1a
sO d6i twong thu thap s liéu chi c6 7 ddi twong, déu 1a thanh nién, do tudi chi tir 22-28
tudi. Khan va cong su [19] da sir dung mot may do gia tde 3 truc duy nhat ga‘in trén nguc
theo mot hudng cu thé dé phan biét cac hoat dong khac nhau trong cudc séng hang ngay.
Két qua chinh x4c tong thé 1én dén 97,9%, v&i phan loai 15 hoat dong. That khong may,
khi thtr nghi¢m duogc thyc hién tai ndm dia diém khac nhau, d6 chinh xac cua hé théng

giam manh, chi con khoang 47%.

Bang 1.2 Tong quan vé HAR dira trén cdm bién mang trén nguoi

S0 cam Vi tri dat
Tai liéu tham khao , , Hoat dong
bién cam bién
, Dung, Nam, Di by, Nhay mua, Chay,
Zheng va cdng sy Eo, Co tay, . ) .
1 | Lén cau thang, Xuong cau thang, Chay
[84] Hong, Thi

bd, Nhay day, Ngoi

. . Mit cé chan N . N
Gjoreski and Gams ) | Ngoi, bi xudng, DBimg 1én, Nam, Ngo1
24 phai, bui trai, ]
[85] trén mat dat, Plang
Nguc
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Jiang va cong su

[86]

Cing tay
phai, Cang
chan phai,

Cang tay tri,
Cing chan

trai

Ding, Di b trén may tap luyén hinh
elip, Ngoi, Chay trén may tap luyén
hinh elip, Nam trén giudong, Dap xe,

Chay bd, Chéo thuyén, Pi bo va tap ta

Kwapisz va cong su

bién thoai

Ngbi, Chay bo, Lén cau thang, Di b,

[17] thong minh Xubng ciu thang, Pung
Tir ding sang ngdi, Ngdi, Tir ndm
Zhu and Sheng [87] Dbui phai sang ngdi, Pung, Nam, Tir ngdi sang
dung, Bi bo, T ngéi sang nam
bién thoai
Siirtola and Roning, . ‘ . ..
thong minh DPap xe, Di bo, Lai xe, Pung, Ngobi
2012 [88] _
dat trong thi
Hemalatha and ) . .
o Nguc Té nga, Di bg, Pting, Nam, Ngoi
Vaidehi [89]
Mannini va cong su Co tay, Mit
26 hoat dong hang ngay
[90] cé chéan
) bung, Tu ding sang ngéi, bi bo,
Nguce, Duéi

Gao va cong su [91]

canh tay trai,

Eo va dui

Ngbi, Tir nam sang ding, Nam, Tir
ngdi sang dimg, Xubng cau thang, Tir

ding sang nam

Trong [20], cac tac gia gidi thi¢u bo dir 1iéu MobiAct, thu thép tir cdm bién gia tde dién
thoai thong minh, bao gém ca cac hoat dong sinh hoat hang ngay (dung, ngéi, di bg, chay,
1én/xudng cau thang...) va cac tinh hudng ngd, phuc vu dong thoi bai toan nhan dang hoat dong
va phat hi¢n té nga. O day, tap dir liéu hoat dong WISDM [17] cling dugc sir dung cho muc

dich xac minh. Bang 1.2 trinh bay tong quan vé HAR duya trén cam bién gia tc.
1.3.2. Mo hinh hé théng nhan dang hoat dong sir dung cam bién gia toc

Cam bién gia toc thu thap dir liéu chuyén dong va giri thong tin dir liéu vé hé thong.

Hé théng nhan dir liéu (Hinh 1.3) tir cam bién dé co thé phan loai cac hoat dong nguoi
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thudng trai qua nhitng budc sau: thu thap dir liéu (thu thap dir liéu tho va tién xir 1y),
chon loc dac trung (phan doan, trich chon déc trung), phan loai hoat dong (huén luyén,

sau d6 c6 thé hoat dong phan loai).

I | .
| o A e St | ‘ Phéan doan

| D liéu tho H Tién xu ly }——b theo thi gian l
| \ ‘

|

oo J
- - - - - - - - - - - - - - - - - - = n v

| \

| HaEh Vi ‘ Huatl Iuygn, ‘ Trlch chon

| ‘ phan loai | dac trung

| ‘ | ‘

[ Phan loai hanh dong [ Chon loc dac trung

U T J

Hinh 1.3 M6 hinh hé thong phdn loai hoat dong ngueoi

Thu thap dit lidu va tién xir Iy: Dir liéu cam bién thu thap duoc 1a dir liéu thd ma cam
bién chuyén d6i nhd vao kha ning cam thu chuyén dong cua nguoi thanh cac tin hiéu
dién ti, dir li¢u thu thap duoc co thé dugc luu vao bd nhé gén trén thiét bj hodc truyén
khong day vé may chu luu trit hodc st dung phan loai truc tiép theo thoi gian thuc [31].
Tuy theo hoat dong can phan loai, dir li¢u cam bién thu thap duogc co thé c6 nhiéu gia
tri, hodc nhidu cam bién cing ldy mau mot lic véi nhau. Dir liéu sau khi thu thap thuong
duogc trai qua qua trinh xir 1y ban dau do trong qu4 trinh 1dy mau dir liéu thu thap c6 thé
bi ngét quang, bi nhidu hodc tan sé bi bién doi, trong cac trudng hop truyén dir lidu vé
may chu, dit liéu co thé bi mat trong qua trinh truyén, dic biét cam bién mang trén nguoi
dé bi rung dong do viéc ¢ dinh cam bién 13 kho khan. Muyc dich cudi cung la trich Xuét

ra dugc cac thong tin quan trong vé hoat dong ngudi.

Chon loc déc trung: Dir li€u sau khi tién xur Iy dugc chia thanh cac phan doan theo
thoi gian. Lya chon d6 dai cta cira s6 thoi gian hop 1y gitip cho hiéu qua phan loai tbt.
Tuy vao doi tuong va phuong phap phan loai, chung ta can lya chon dd dai cta cira s
thoi gian mot cach hop 1y dé dat duwoc hiéu qua phan loai tot nhat. Nguyén nhan 1a néu
ctra sO thoi gian qua ngan sé thiéu, khong du thong tin vé hoat dong, néu ctra s6 qué dai
thi xac sudt mot cira s6 chira nhiéu hon mot hoat dong duoc tang Ién lam d6 tré tang lén

va ti 1& cac hoat dong khong dugc phan loai ting. Bén canh do, chon loc dic tinh noi bat
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cta dit liéu dé tang hiéu qua phén loai va giam kich thudc dir liéu dau vao. Pay 1a qua
trinh rt gon tin hi¢u thanh cac dac trung dé phan biét cac hoat dong, sau d6 lam co s&
dé phan 16p cac nhém hoat dong. Pac trung dugc Iya chon cho hiéu qua phan tach cang
1& rang thi hé thong cang dé nhan dang hoat dong. Trong cac hé thong nhung xir 1y thoi
gian thyc thi bd nhd, kha nang tinh toan va bang thong kha han ché. Vi vay can st dung

sO ddc trung it nhat trong khi van dam bao hiéu nang cho h¢ thong phan loai.

Phan loai hoat dong: Cac dac trung chon loc dugc gan nhan twong Gng voi hoat dong
va chia thanh tap dir li€u huin luyén, tap dir li€u kiém tra. Phuong phap phan loai s
dung trong bai todn phan loai hoat dong nguoi ndy thudong dugc phan thanh 2 loai theo

cach thirc xay dyng mo hinh nhan hoat dong.

- Nhan dang hoat dong dya trén tri thirc chuyén gia: Phuong phap nay dua trén sy suy
dién theo quy luat duoc xay dung trude d6. Cac quy luat nay duoc khai thac cho viée
mo hinh hoa cac hoat dong va dir 1iéu cam bién, sau do6 sir dung suy luan logic dé thuc
hién nhan dang hoat dong. Uu diém ctia cach tiép can nay 1a rd rang vé ngit nghia va c6
tinh logic cao. Cac luat suy dién c6 thé dugc xdy dung nhanh chong va két hop véi cac
giai thuat heuristic dé xay dung cac mo hinh phan loai va tong hop dit liéu. Tuy nhién,
nhugc diém 1a can rat nhiéu thoi gian va kinh nghiém cta chuyén gia dé xay dung duoc
tap luat suy dién tét, viéc cap nhat ty dong cac luat 1a khong kha thi do ngudn dit licu
dau vao thuong khong co cau triic va ludn bién dong, khong c6 kha ning xir 1y thong tin
tam thoi va khong rd rang. Hau hét cac phuong phap déu khong cung cap cach thuc dé
xéac dinh xem modt mo hinh cu thé ndo d6 ¢6 hiéu qua hon cac mé hinh khac hay khong.
Bén canh d6, cac phuong phap dua trén tri thirc va suy luan logic khong c6 kha ning
hoc, suy doan thong minh. Chinh vi vy nhan dang hoat dong dya trén tri thuc c6 xu

hudng it dugce st dung.

- Nhan dang dua trén dit li¢u: voi phuong phap nay, dir liéu sau khi trich chon dac
trung duogc huin luyén véi céac thuat todn hoc may dé nang cao do chinh xac. Do dua
trén dit liéu nén cach tiép can nay dam bao hé thong c6 thé cap nhat cac quy tic nhan
dang hoat dong mot cach ty dong ma khong phu thudc vao tri thirc chuyén gia, c6 kha
nang xir Iy cac thong tin tam thoi va khong rd rang, ké ca cac thong tin khong day du,

d6ng thoi hé thong co kha ning thich nghi cao va tan dung dugc ngudn dir liéu. Tuy
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nhién can dua vao do phuc tap thuét toan va hi¢u nang cia thudt toan dé lya chon thuét
toan huan luyén thich hop. Do d6, luan 4n nay sé& tiép can theo huéng nhan dang hoat

dong dua trén ing dung thuat toan hoc may.

1.3.3. Phuong phap déanh gid m6 hinh

Hiéu suit cia mo hinh phan loai thuong dugc danh gia bang cach sir dung tap dit liéu
thir nghiém. Phuong phap duoc sir dung pho bién nhat dé do hiéu suat 1a ma tran nham
14n, so sanh dau ra thuc té v6i dau ra du doan dé danh gia do chinh xac cua phan loai.
bé nang cao kha nang nhan dang, mdt sb chi sd phé) bién duoc st dung, bao gém do
chinh xéc tong thé, d6 nhay, PPV (Gia tri du doan duwong) va NPV (Gia tri du doan 4m).
Céc cong thirc cho céc sd liéu nay duoc cung cip dudi day:

T PSi + T Ni

acc. = (1.1)
TPsl. + FPSZ. + TNsl. + FNsl.

TPsl.
sen, = —————— (1.2)
TPsl. + FNsl.
TPSZ.
PPV, = ————— (L.3)
TPs. + FPs.
1 l
NPV, = — 1.4
"7 TN, 4+ FN; (1.4)

Trong do:

i dai dién cho mot 16p hoat dong.

TP (True Positive): S lugng hoat dong can phan loai dugc phan loai dung so voi
quan sat.

FN (False Negative): Sd lugng hoat dong can phan loai bi phan loai thanh cac hoat
dong khac.

FP (False Positive): S6 luong hoat dong khac bi phan loai thanh hoat dong can phan

loai.



25

TN (True Negative): S6 luong hoat dong khic duoc phan loai dung so v6i quan sat

thuc té

Céc bd dir lidu & trén thé hién su chénh léch dang chu ¥ vé kich thudc gitta cac 16p
dir liéu, trong d6 dit liéu i bd twong ddi 16n hon so voi Dit liéu ding. Do d6, dé danh
gia viéc phan loai tap dit liéu, hai s6 liéu ph hop s& 13 trung binh vi mé (cho trong s6
bang nhau cho ting mAiu) va trung binh vi mé (cho trong sd bang nhau cho ting danh

muc)

bé théng nhét cach bao céo trong toan luan an, cac chi s6 duoc dinh nghia nhu sau.
Vé6i ma tran nham 1an K 16p trén N mau kiém tra: (a) P chinh xac tong thé da 16p
(overall accuracy) bang tong s6 mau dugc phan loai dung cua tat ca cac 10p chia cho N;
(b) Po chinh xéac theo 16p dugc tinh theo cong thuc (1.1) bang cach xét timg 16p vai
phan con lai (one-vs-rest); (¢) Trung binh vi mé ctia mot chi sb 14 trung binh cong gia
tri cta chi sb do trén K 16p; (d) Trung binh vi mé dugc tinh bé‘mg cach cong don TP, FP,
TN, FN cua tat ca cac 16p trude khi ap dung cac cong thirc (1.1)-(1.4). Vi bai toan da
16p, d6 nhay vi m6 va PPV vi mo luén béng do chinh xac téng thé da 16p, con do chinh
xac theo 16p tinh theo trung binh vi mé bang trung binh vi mé khi cac 16p dugc danh gia
trén cung N mau. Po chinh xac can bang (balanced accuracy) 14 trung binh vi mé cua
d6 nhay; chi s6 F1 ctia mdi 16p bang 2-PPV-sen/(PPV + sen) va macro-F1 1 trung binh

vi mo cua F1 trén céc 16p.
1.3.4. Phan tich lya chon thuét toan cho vi diéu khién 8-bit

Khi trién khai hoc may trén PIC18F4520 (RAM 1,5 KB, Flash 32 KB, xung nhip 40
MHz), lya chon thuat todn phai dya trén ba rang budc cung: (1) Kich thudc mo hinh <
30 KB Flash, (2) Bo nhé suy luan < 1,0 KB RAM, (3) Thoi gian suy ludn < 100 ms. Cac
ngudng nay la yéu cau thiét ké do luan 4n dat ra (khong ké thira nguyén van tir tai liéu),
dugc suy ra tir thong sé PIC18F4520: Flash 32 KB trir phan danh cho ma chuong trinh,
thu vién giao tiép I2C/UART; RAM 1,5 KB trir phan danh cho ngin xép, bién hé théng
va by dém truyén thong; thoi gian suy luén dugc tinh tir khi c6 du dir liéu cua mdt cura
s0 dén khi c6 nhan, phan biét v6i chu ky cap nhat két qua 5-6 gidy cua hé thong. Ngudng
100 ms bao dam phan tinh toan chi chiém phén rat nho (<2%) cta chu ky cap nhat, dé
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vi diéu khién con thoi gian thu mau & 50 Hz va diéu khién mo-dun truyén thong. Bang

1.3 so sanh bon tng vién chinh theo céc rang budc nay.

Bang 1.3 So sdnh thudt todn theo rang budc phan cirng PIC18F4520

Do phu
D¢ phire tap su B0 nhé mé | hgp véi
Thuit toan *P P | °r Ly do chinh
luan hinh MCU 8-
bit
RF (50 cay, | O(T*depth) 250 Cay nhi phan tinh, 0
( Y ( pth) 1,2 KB Flash | Dat Y P
depth=5) ops RAM khi suy luan
O(N-d + N-log k) 1200 mau* 12d *
KNN (k=5, 28,8 KB
~ 14.400 phép Pat (nén) | 2B=28,8 KB <
nén) Flash
nhan-cong Flash 32 KB
Support vectors
SVM (RBF Khong o
O(N_sv*d) >2 KB RAM vuot gioi han RAM
kernel) dat
1,5 KB
Do tré 180 ms vuot
GBDT (100 8 KB Flash + | Khong .
180 ms suy luan yéu cau <100 ms
cay) 2 KB RAM dat

thoi gian thuce

Bang 1.3 13 udc luong ban dau (trudce thue nghiém) dung dé sang loc ung vién; lua
chon cudi cung dya trén két hop do chinh xac (Bang 3.8-3.11) va thoi gian thuc thi do
trén thiét bi (Bang 3.12). Két luan: RF duoc chon cho RF4-HAR va RF5-HAR vi dat d6
chinh x4c cao nhat & hau hét kich thudc cira s6, cdu trac cdy dugc nhung tinh vao Flash
dudi dang C-array (khong duing RAM khi suy luan) va thoi gian thyc thi dap ing rang
bude. KNN dugce chon cho KNN6-HAR vi ranh gi6i phi tuyén gitra Lén/Xubng cau
thang phu hop véi co ché phan loai theo khodng cach cuc bd, tap huin luyén dugc nén
xubng 1.200 miu dé lvu trong Flash. SVM khong dugc chon vi ¢6 thoi gian thyc thi 16n
nhat trong bdn thuat toan (Bang 3.12) va can luu cac support vector; GBDT c6 thoi gian
thuc thi do dugc ngin (Bang 3.12) nhung do chinh xac thip hon RF ¢ moi kich thudc
clra s (Bang 3.8, 3.10), do d6 ciing khong dugc chon. U6c lugng 180 ms cho GBDT
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trong Bang 1.3 1a uéc lugng thd cho cau hinh 1én hon, khong phai cdu hinh da do &

Chuong 3.

1.3.5. TinyML va so sanh véi cac hé thong embedded HAR hién dai

TinyML 14 linh vyc trién khai hoc mdy trén vi diéu khién tai nguyén han ché [21],
[22]. Hai hudong chinh: (1) Framework-based: dung TensorFlow Lite Micro (TFLM),
Edge Impulse hay STM32Cube.Al dé chay mang neural nho trén ARM Cortex-M4+,
(2) Algorithm-based: t6i uu thuat toan c6 dién (RF, KNN) cho MCU 8-bit. Bang 1.4 so

sanh va xac dinh vi tri cta luan an.

Bdng 1.4 So sanh framework-based TinyML va algorithm-based (ludn dn dé xudt)

Framework-based Algorithm-based (Luin an,

(TFLM/Edge Impulse) RF/KNN)

Tiéu chi

. . ARM Cortex-M4+ (>256 PIC18F4520 8-bit (1,5 KB
Nén tang phan cing

KB RAM) RAM)
Loai mé hinh CNN, LSTM, MobileNet RF, KNN, thuat toan co dién
. 5-30 USD (STM32, Arduino
Chi phi phan cing 2 USD (PIC18F4520)
Nano 33)
Tiéu thu dién 12-80 mA 2,51 mA
Po chinh xac HAR 93-99% 86-99,6% (dé xuét)
TFLite Micro, X
Cong cu lap trinh C thuan tiy, MPLAB X

STM32CubeAl, toolchain

L, Linh hoat, d& m& rong, c6 Chi phi/tai nguyén tbi thiéu,
Uu diém noi bat .
framework khong can framework

Xu hudéng nghién ctru HAR hién dai (2021-2024) tap trung manh vao hai hudng
chinh. Huéng thr nhat 13 cac kién triic hoc sau tién tién: ty gidm sat va hoc tuong phan
[49]-[51]; transformer va co ché cha y [41], [43]-[47]; mang tich chap va LSTM két hop
[57], [60]-[66], [68], [70], [77]; mo hinh nhe va trién khai di dong [54]-[56]; sinh dir
liéu va hoc ban giam sat [52], [75], [80]. Hudng thir hai 1a tng dung HAR trong céc ngit

canh chuyén biét: phan tich cross-dataset [48]; két hop dic trung thu céng va hoc siu
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[71]; giam sat stic khoe va phuc hoi [70], [92]; an ninh va gidm sat [78]; nhan dang dya
trén video [64], [79]. Mic du dat do chinh xé4c rat cao (trén 95-99%), hau hét cac cong
trinh trén déu doi hoi nén tang phan cing c6 RAM tir vai tram KB dén hang GB, khong
phu hop véi vi diéu khién 8-bit RAM 1,5 KB. Pay chinh 1a khoang tréng ma luan an
nay hudng dén giai quyét.

Piém khéac biét cot 16i: Gupta va cong su [21] trién khai TinyML trén STM32
(Cortex-M4, 64 KB RAM) dat 93,2%, chi phi 5 USD, ti€u thy 12 mA. Arduino Nano
33 BLE (Cortex-M4, 256 KB RAM) hd trg CNN qua Edge Impulse nhung gia 20-30
USD. Luan an nay chon PIC18F4520 (1,5 KB RAM, 2 USD, 2,51 mA), dung luong
RAM thap hon khoang 43 1an so vdi STM32 trong [21] (64 KB) va khoang 170 1an so
v6i cac nén taing ARM Cortex-M4 ding cho TFLM (>256 KB), cho thay HAR thoi gian
thyc kha thi & mirc phan cing han ché hon dang ké so véi cac cong trinh dugc khao sat.
Pay 1a diém khac biét cta luan an so v&i ca hudng framework-based va algorithm-based

hién co.

1.4. Két luan chuwong 1

Chuong nay da gidi thiéu téng quan vé cac hé théng nhan dang hoat dong tur dit li¢u
cam bién mang trén ngudi. Nhan dang hoat dong st dung cam bién mang trén ngudi di
va dang thu hat nhiéu sy quan tdm cua cong dong nghién ctru va dugc tng dung vao
nhiéu linh vuc khac nhau: tir an ninh, cong nghiép dén thé thao, nghé thuat, dac biét 1a
mg dung trong y té, hd tro cham soc sirc khoe. Trong d6, cam bién gia tc duoc sir dung
nhiéu nhat trong cac cong trinh nghién ctru nhan dang hoat dong cho hiéu suat phan loai
cao. Pong thoi, chuong 1 ciing trinh bay tong quat vé mot hé thong bao gdm 3 budc
chinh, phuong phap danh gia mo hinh va phan tich lya chon céc thuat todn dé nhan dang

hoat dong tir dir li€éu cam bién mang trén nguoi.
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CHUONG 2: NHAN DANG HOAT PONG CO BAN BANG RANDOM FOREST
TREN VI PIEU KHIEN 8-BIT (RF4-HAR)

Trong chuong nay, ludn an trinh bay chi tiét phuong phap dé xuat dé nhan dang bén
hoat dong co ban cua con nguoi (dung, ngéi, di bo, chay bg) st dung dir li¢u tir cam
bién gia tdc 3 truc va cic thuat toan hoc may Random Forest. Noi dung chuong bao
gom: Thiét ké hé thong thoi gian thyc trén vi diéu khién PIC18F4520, thiét ké chi tiét
phan ctmg hé théng IoT véi cac module cam bién, xir 1y, truyén thong va ngudn, md ta
dir liéu str dung, quy trinh xt 1y va phan loai dé xuét, cac tham sb danh gia hiéu suét,
két qua thuc nghi¢m véi bdn thuét toan hoc may khéac nhau va phan tich chi tiét két qua
dat dugc. Co s¢ thuat toan va tap dac trung ban dau (so sanh RF, SVM, GBDT, KNN
trén dir liéu ty thu thap) da duogc cong bo tai cong trinh [CT1]. Viéc mé rong trién khai
trén phan ctng nhung véi dung bdn hoat dong cua hé théng RF4-HAR duoc cong bo tai
cong trinh [CT2]. Phan so sanh ddi chiéu véi tap dir liéu cong khai WISDM trinh bay
trong chuong nay 1a ndi dung bo sung cta ludn an; mot phan két qua lién quan ciing

duogc cong bd tai cong trinh [CT5].

2.1. M6 hinh h¢ thong RF4-HAR

2.1.1. Kién tric mé hinh phan loai hoat dong

Luan 4n str dung hoc c6 giam sat. Cach tiép can tong thé bao gdm ba giai doan trong
van dé HAR nay: thu thap dit liéu tho, phan tich mé hinh va cac hoat dong phan loai
(trién khai va dénh gi4), nhu trong Hinh 2.1 va Hinh 2.3.
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NGUON PIN 3,7 V DIEN THOAI
THONG MINH

A
HTTP

Thiét bi deo (that lung)

WEBSERVER

BO XU LY TRUNG TAM | oo | M8-dun truyén théng
(API nhan/tra dit liéu)

PIC18F4520 SIM808 (GSM/GPRS)
ADXL345 (I*C) (d&c trung + suy luén) hoac ESP8266 (WiFi)

Cam bién gia téc

A

L 4

BO NHO FLASH/RAM (mé hinh RF/KNN nhing dang mang tinh) ’

Hinh 2.1 So do khoi tong thé ciia hé thong phan logi hoat dong

Trong Hinh 2.1, toan bd qua trinh thu thap tin hiéu, trich xuét dic trung va suy luan
dugc thyc hién trén vi diéu khién; mo-dun truyén thong chi giri nhan hoat dong da phan
loai t&i webserver. Webserver 13 thanh phan duy nhét doc/ghi co so dir liéu; dién thoai
thong minh va giao dién web ctia nguoi giam sat truy cap két qua théng qua API cua

webserver, khong két noi truc tiép voi co so dir licu.

O Giai doan 1, dit liéu gia tde 3 truc duoc thu thap. Trong Giai doan 2, cac luéng dir
liéu dugc chia thanh cac phan doan nho. Sau d6, mdi vecto duoc tao tir mdi phan doan
trén s€ chura cac dac trung dugc trich xuét tir dit liéu. Budc tiép theo 1a tién hanh lya
chon dic trung dé st dung cho viéc hudn luyén/lam dau vao (input) cia mé hinh phan
loai. Va ¢ giai doan trién khai va danh gia, cac dac trung dugc chon tir bude trén s€ dugce
huin luyén dé xay dung cac mo hinh phan loai. Dya vao mo hinh da hoc trudc do, cac
bd phan loai thu dugc dé xac dinh céac hoat dong. Chi tiét tung nhiém vy s€ dugc trinh
bay trong cac phan tuong tng tiép theo.

Hé thong dugc dé xuat tich hop cam bién, IMU chi phi thap va b truyén/thu dit liéu
khong day cho thiét bi deo dé hd tro cac hoat dong phan loai. Céau trac hé théng dé xuét
dugc minh hoa trong Hinh 2.2.
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Hinh 2.2 Mé hinh thiét bi hé théng dé xudt (a) va tinh nguyén vién deo thiét bi (b)

Gia toc ké 3 DOF ADXL345 duoc két ndi véi bo vi diéu khién (PIC18F4520) bang
giao dién 12C (mach lién tich hop) dé thu thap di liéu doc theo ba truc. Luu y: Chuong
2 dung SIM808 (GSM/GPRS), Chuong 3 nang cip 1én ESP8266 (WiFi) dé giam chi phi
va tang tdc do truyén dir liéu. Thir nghi€m cua luan an dugc trién khai véi may tinh xach
tay Dell E6540 c6 bo xur 1y 2,7 GHz va RAM 8 GB. PIC18F4520 dugc Iya chon c6 chu
dich dé chirmg minh tinh kha thi trén vi diéu khién 8-bit chi phi thap nhat (2 USD): xung
nhip 40 MHz, RAM 1,5 KB, Flash 32 KB, bi rang budc hon nhiéu so vdi STM32 (32-
bit, 5 USD) hay ESP32 (dual-core WiFi, 3 USD). Muc tiéu ctia luan 4n 1a téi thiéu hoa
tai nguyén phan cung can thiét, khong phai t6i da hoa hiéu niang. Néu st dung
STM32/ESP32, bai toan s& mat di ¥ nghia nghién ctru vé t6i wu hoa thuét toan cho thiét
bi nhiing han ché.

Vai tro cta hai thiét bi duoc phan tach rd rang: toan bo khdi lugng tinh toan hoc may
(thu thap tin hi€u, trich xuét dic trung va suy ludn mo hinh RF/KNN) chi dugc thyc hién
trén PIC18F4520, day 1a d6i tuong chiu rang budc tai nguyén ma luan an tap trung tdi

uu. Mo-dun SIM808/ESP8266 chi dong vai trdo mot kénh truyén thong thy dong, két nbi
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qua UART d¢é guri két qua phén loai (43 dugc tinh toan xong) téi may chil giam sat; cac
mo-dun nay khong tham gia vao bat ky phép tinh hoc may nao va khong thé thay thé
cho vi diéu khién trung tdm. Do d6, viéc sir dung thém mé-dun truyén thong khong mau

thuin v&i muc tiéu t6i thiéu hoa tai nguyén tinh toan ma luan an dit ra.
2.1.2. Tap dir lidu

Luan an nay st dung hai b dir liéu vé hoat dong cua con ngudi, bao gom mot bo di
liéu riéng tap trung vao cac hoat dong co ban cua ngudi va mot bd dir lieu cong khai

chura cac hoat dong tuong tu.
Téap dir li€u thu thap

Tac gia da tién hanh ghi dir li¢u thyc nghiém véi téng cong 16 tinh nguyén vién dugc
chia thanh hai nhém: nhém sinh vién gém 14 nguoi (7 nam va 7 nir), d6 tudi tir 18-22
tudi, chiéu cao 1,56-1,8 m, can nang 43-72 kg, va nhom nguodi cao tudi gém 2 nguoi (1
nam va 1 nir), do tudi 65 va 72 tudi, chiéu cao lan luot 1,4 m va 1,46 m, cin nang lan
luot 42 kg va 46 kg dé 1ay dir liéu hoat dong thuc té hang ngay. Thiét bi duoc dé xuat
dugc tinh nguyén vién giir trén that lung voi tan s6 ldy mau 1a 50 Hz. N6 ghi lai bon
trang thai: Pung trong 40 phut, Ngdi trong 30 phut, Chay trong 10 phut va Di bo trong
22 phit. M&i tinh nguyén vién thyc hién ting hoat dong it nhat 3 lan lién tuc trong diéu
kién binh thuong tai phong thi nghiém. Dé ting d6 da dang cua dir liéu, cac diéu kién
thu thap duogc thiét ké v6i nhiéu bién thé: Di bo & ba téc d6 (cham ~0.8m/s, binh thuong
~1.2m/s, nhanh =1.6m/s), Chay b6 & hai téc 4 (nhe nhang ~2.0m/s va nhanh ~3.5m/s),
Pung va Ngoi trong cac diéu kién khac nhau (dung thang, dimg nghiéng, ngdi ghé cting,
ngdi ghé mém). Toc do di chuyén dugc do bang ddng ho bam gid va thude do khoang
cach. Dir liéu thu thap bao gdm cé trudng hop ngudi mang ti nhe (<2kg) dé phan anh

diéu kién thyc té hang ngay.

Viéc lua chon hai nhom d6i tugng néu trén xuat phét tir myc tiéu tng dung ciia hé
thong: nhom sinh vién (18-22 tudi) dai dién cho ngudi trudng thanh khée manh, c6 kha
nang thuc hién déy dt va on dinh cac hoat dong & nhiéu toc do khac nhau, giap xay
dung bo dir li¢u huin luyén da dang; nhoém nguoi cao tudi (65-72 tuéi) dai dién cho dbi
tuong dich ma hé thong hudng t6i hd tro theo ddi sirc khoe va canh bao té ngd. Can luu

¥ rang dit liéu thu thap trong luan an chi gdm nhiing nguoi khong c6 bénh nén va chua
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ghi nhan nguy co té ngi cao; do 6 d6 chinh xac ctia hé thong trén nhom ngudi ¢ bénh
1y vé& van dong (Parkinson, tai bién, réi loan thiang bang...) hodc nguy co té ngi cao chua
duogc kiém chimg va can dugc déanh gia thém trong cac nghién ciru tiép theo trude khi
trién khai thuc té cho nhom ddi twong nay. Toan bd 16 tinh nguyén vién déu 1a nguoi
khoe manh; nhém ngudi cao tudi chi ¢é 2 ngudi nén két qua ciia luan an chua du co s
dé suy rong cho nhém nguoi cao tudi ndi chung. Cac khoang chiéu cao, can ning (1,40-
1,80 m; 42-72 kg) khong phai 13 tiéu chi sang loc ma 1a dic diém ctia mau tinh nguyén

vién, dugc bdo cdo dé ngudi doc danh gia pham vi ap dung cua két qua.

Mo ta chi tiét va mot sb minh hoa vé cic hoat dong duoc trinh bay trong Bang 2.1

dudi day.
Bdng 2.1 Dién gidi khdi niém cdc hoat déng
Nedi Pau va lung khong cham nén va d6i chan nghi, lung hoi nga
g0i
phia sau
Dung Ngudi thang, doi chan khong di chuyén
i be Nguoi thang va di chuyén chdm dén vi tri khac nhau, c6 it nhat
1b0 .
1 chan cham dat
Nguoi thang va di chuyén nhanh dén vi tri khac nhau, 2 chan
Chay bo , o
khong cham dat vao 1 thoi diém

Sau khi xdy dyng mo hinh nhu Hinh 2.1 va thiét ké hé théng véi cac thiét bi phan
ctng nhu Hinh 2.2, tac gia ap dung thudt toan cho thiét bi nay. Bo vi diéu khién
PIC18F4520 dong vai tro 1a bo xtr Iy trung tam cua thiét bi nhung, thyc hi¢n toan b qua
trinh thu thap dir li€u, trich xuét dic trung va phan loai hoat dong theo thoi gian thuc.
Do @6, khi thuc hién nhan dang theo thoi gian thyc, can c6 yéu cau vé bo nhé va do
phuc tap cua thuat toan. Do do, thuat toan hoc may nhu Random Forest phu hop dé trién
khai HAR trén cac thiét bi deo trong thoi gian thuc. Cay quyét dinh trong thuat toan nay
dua trén dir liéu sau khi huan luyén dé dua ra cac ngudng dic trung dé hinh thanh cay
quyét dinh nhi phan. Nghién ctru nay huéng t6i Tiny Machine Learning (TinyML), mot

linh vyc nghién ctru méi nham thiét ké va phat trién cac ky thuat hoc may nham thyc thi
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trén cac hé thong nhung va cac don vi Internet-of-Things (IoT). Do d6, tac gia tién hanh
1ap trinh cho thiét bi deo dé nhan biét hoat dong theo thdi gian thyc. Hinh 2.3 dudi day
minh hoa so d6 thuat toan rimg ngau nhién dugc dé xuat dé phan loai theo thoi gian

thue.
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Céc budc sau day duoc tién hanh: Pau tién, cac bién ADXL tir thu vién ADXL345
duogc khai bao dé thiét 1ap cac gia tri ngudng cua hoat dong hoic khong hoat dong, phat
hién cham trén cac truc va dat nga‘it cho buéc Thiét 1ap. O bude Vong lap, mo hinh su
dung thuét toan rimng ngiu nhién s& quyét dinh hoat dong nao. Tap hop cac ngudng duoc
liy tir qua trinh huan luyén. Ct sau 6 gidy, thiét bi sé& tinh toan, phan tich va giri lai két
qua hoat dong do thiét bi do duoc dé dam bao phan hoi theo thoi gian thyc va dg phuc
tap & muc toi thiéu.

Tép dir li€u cong khai

Trong nghién ctru nay, ngoai tap dir li¢u dugc thu thap badi cac tinh nguyén vién s

dung hé théng dugc dé xuét, tap dit liéu WISDM [17] chira cac hoat dong twong tur da

duogc sir dung dé so sanh, nham dam bao tinh da dang va khach quan cho nghién ctu.
2.1.3. Quy trinh xtr ly dr li€u

Phan doan dir liéu cho cic hoat dong

Sau khi thu thap dir li€u tir cam bién, dit liéu gia tdc s& dugce sir dung dé phan tich dac
diém cua cac hoat dong. Pau tién, cac luéng dwr liéu dugc chia thanh cac phan doan nho
chura thong tin hoat dong. Moi nguoi thuc hién cac hoat dong mot cach sudn sé va cac
hoat dong dién ra lién tiép s& anh hudng 1an nhau. Ngoai ra, viéc xac dinh ranh giéi

chinh xac ctia hoat dong 1a kha khé khan nén vi¢c phan chia dir 1i€u 1a can thiét.

C6 nhiéu phuong phap phan doan, chang han nhu phan doan bang cira so truot, phan
doan dya trén nang luong, phan doan vi tri nghi, st dung mot phuong thirc cam bién dé
phan doan dir liéu ctia cam bién theo phuong thirc khic va cac ngudn ngit canh bén
ngoai [85]. Luédn &n chon cach tiép can cira so truot dé phan doan dir li¢u vi tinh don
gian va phu hop véi cac ing dung thoi gian thuc. Cach tiép can nay da dugc chirng minh
1a ¢6 hiéu qua trong viéc nhan biét cac hoat dong dinh ky (vi du: di, chay) va cac hoat
dong tinh (vi du: ding, ngdi). Trong truong hop nay, tin hidu cam bién dugc phan chia
thanh céc ctra s6 thoi gian co kich thudc ¢d dinh. Pay c6 thé ¢ hai loai: khong chong
chéo (céc cira sO thoi gian khong giao nhau) va cic cira s6 chong chéo (giao diém cua
cac ctra sO lién ké).

Viéc Iwa chon kich thudc cira s6 anh huong dang ké dén hiéu suat phan loai cua hé

thdng [17]. Nghién ctru chuyén siu ctia Banos va cong su [93] vé anh hudng cia kich
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thudce cira s6 doi voi qué trinh nhan dang hoat dong ciing khéng dinh day 1a mdt siéu
tham sb can duoc khao sat thuc nghiém k¥ ludng thay vi lya chon theo kinh nghiém cta
cac nghién ctru trude. Do d6, can phai thir nghiém véi cac kich thude cira s6 khac nhau
dé chon gié tri phu hop nhat. J.R. Kwapisz va cong sy [17] dd phan doan dit liéu thanh
kich thudc cira s6 10 gidy ma khong chong chéo va ching minh rang kich thudc ctra s6
20s cho két qua kém htra hen hon. Néu lua chon do dai cira sb qua ngén, ctra sb ¢6 thé
khong cung cép da thong tin dé mé ta cac hoat dong. Nguoc lai, néu kich thudc ctra s6
qua 16n, nd ¢co6 thé chura kién thirc vé nhiéu loai hoat dong khac nhau trong mét ctra sb
thoi gian. Pé chon duoc kich thudc cira sé6 phi hop nhét, cac thi nghiém trong luan an
nay duoc tién hanh véi nhiéu kich thudc khac nhau (1s, 22s) v6i cac khoang chong lap
[0%, 95%] va cho két qua t6t cira so c6 do dai c¢b dinh 10s v&i 40% chong lap. Bang
cach chon dd dai ctra s6 nay, cac phép do hidu qua bao gdm toan bd qué trinh ctia moi

hoat dong dé dam bao tinh toan ven cua tung hoat dong.

Pau tién, phan tich dir li¢u cong khai dugc tién hanh tur [17]. BO di li¢u nay dugc thu
thap cic hoat dong hang ngay tir gia toc ké cia mot thiét bi duy nhét (dién thoai thong
minh) véi sy tham gia ctia 36 nguoi. Trong nghién ctru nay, di¢n thoai dugc gilr trong
tai ctia ngudi ding, cc tac gia khang dinh rang ngudi dung khong c6 thém thao tac nao
trong qua trinh thir nghiém cua ho. So lugng quan sat hoat dong st dung kich thudc cura
s0 14 10 gidy (v6i 40% trung lip) duogc trinh bay trong Bang 2.2. Bo dit liéu trich xuat
chtra tong cong 10482 quan sat tir 36 nguoi tham gia.

Badng 2.2 Thanh phdn ciia Quan sat Hoat déong Dit liéu Cong khai

Hoat dong S6 quan sat
Dung 445
Ngbi 548
Chay 3258
bi 6231
Téng 10482
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Trong thir nghiém, c6 16 dbi twong tinh nguyén vién deo thiét bi ¢ that lung (xem vi

du trong Hinh 2.2) trong khi thyc hién mot loat hoat dong cu thé.

Bang 2.3 Thanh phdn cua Quan sat Hoat dong Dir liéu tu thu thap

Hoat dong S6 quan sat
Dung 517
Ngoi 383

Chay bo 60
bi 265
Téng 1283

Bang 2.3 trinh bay sé lugng quan sat hoat dong sir dung kich thudc cira s6 10 gidy
(v6i 40% chong chéo). Tap dir liéu dugc trich xuat chira tong cong 1283 quan sat.

Trich chon dac trung

Viéc lya chon déc trung trong ludn an dugc thuc hién theo hai budce: (1) quan sat truc
quan phan bd dir liéu theo ting hoat dong dé dé xuat tap dic trung tmg vién c6 kha ning
phan biét tét; (2) x4c nhan dinh luong mirc do dong gdp cua timg dic trung bang chi sb
feature importance cia m6 hinh Random Forest. Dé hiéu suit phan loai cao, viéc lya
chon cac dic diém hd tro cho cac hoat dong la rat quan trong. Lya chon déc trung dugc
thuc hién trude khi trich xuat dic trung. Pé lua chon dic trung, mot phén dir liéu cua
tirng hoat dong da duoc phan tich. Mot phan dir liéu (200 mau dau tién) thu dugce tir gia
tde truc X duoc biéu dién dudi dang Hinh 2.4 dé xac dinh pham vi va dac diém tuong
ung voi ting hoat dong.
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Hinh 2.4 Phan phéi dir liéu gia téc theo truc X cia cdc hoat dong
Tir Hinh 2.4, c6 thé thay rang trang thai tinh (DPung, Ngbi) cé cac gia tri trong mot
pham vi nho cu thé. Vi dy, Ptng co gia tri tap trung tai ax =~ 0g (1g=9,8m/s2), ngdi c6
gia tri doc theo truc X c6 tam 1a (0,12g, 0,36g). Do do, co thé chon hai dic trung, trung
binh va trung vi, dé do muc do tap trung cua di li€u nham phan biét trang thai tinh véi
trang thai dong va phan loai trang thai tinh v6i nhau. Ngoai ra, cac trang thai dong nhu
Chay bo, Pi bd c6 dai gia tri rong hon trang thai tinh. Do d6, pham vi da dugc chon dé

xac dinh sy khac biét gitra cac gia tri cao nhat va thap nhat cia cac trang thai nay.

Ngoai ra, tr Hinh 2.4, gitra cac trang thai dong, dir liéu Di bd c6 mat do gia tri quan
trong nhat va thua thét & ca hai bén. Trong khi d6, Chay bd c6 mat d6 gia trj ddng déu
hon Di bd. Do d6, do 1éch chuan (SD) 1a mdt dac trung dé xac dinh murc d6 lan truyén
dir liéu cta hoat dong nay so véi gia trj trung binh dé nim bt sy khac biét tir trang thai
khac. C6 thé thiy Pimg va Di c6 nhiéu gié tri ax~ 0g hon Ngbi va Chay nén c6 thé chon
RMS (cian quan phuong) dé dic trung cho cac hoat dong nay. Tém lai, nim dic trung
thng ké duoc chon bao gdm gia tri trung binh, d6 1éch chuan (SD), trung vi, pham vi
va RMS (cin quan phuong). Dit liéu gia téc duoc tinh toan theo cac dic diém thong ké
nay cua cac hoat dong theo cac chiéu X, Y va Z duoc chi ra trong Bang 2.4 -2.6.

Trong Bang 2.4, dic trung trung binh phan biét Ptng (0,07) v6i Ngdi (0,31) & trang
thai tinh theo truc X. Trong Bang 2.4 va Bang 2.5, SD phan bi¢t Chay bo v6i Bung (0,41
so véi 0,09 theo truc X). Péc trung trung vi theo truc Z phan biét Ng@)i (0,84) véi cac
hoat dong khac (Bang 2.6). Pham vi theo truc Z phan bi¢t Btng (1,16) va Chay bo (4,00)
(Bang 2.6). RMS giup phan bi¢t Chay bd (0,91) véi Bi bd (0,59) theo truc X (Bang 2.4)
hay Bung (0,14) v6i cac hoat dong khac (>0,3) theo truc Z (Bang 2.6). Cong thuc cia
nam dac trung (gia tri trung binh, d6 I¢ch chuan, trung vi, pham vi va RMS) trong Bang
2.7 bén dudi dugc tinh todn trén truc X, cac cong thirc trén truc Y va truc Z 1a tuong tu

nhau.
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Bang 2.4 Gid tri theo truc X (g)

Dic trung Pung | Ngoi | Chay |Di

Mean-Gia tri trung binh 0,07 0,31 | -0,01 | 0,01

SD-D6 léch chuan 0,09 | 0,02 | 041 | 0,26
Median-Trung vi -0,12 | 0,15 0,00 | 0,06
Range-Pham vi 2,47 2,31 4,02 | 4,02
RMS 0,32 | 0,49 | 0,91 | 0,59

Bang 2.5 Gia tri theo truc Y (g)

Dic trung Pung | Ngdi | Chay | Di

Mean-Gia tri trung binh 1,01 0,95 0,85 | 0,81

SD-D9 léch chuan 0,03 | 0,01 | 0,83 | 0,36
Median-Trung vi 0,96 0,25 0,48 | 0,88
Range-Pham vi 2,04 2,82 4,03 | 4,03
RMS 0,93 0,38 | 1,07 | 1,00

Bang 2.6 Gid tri theo truc Z (g)

Dic trung Pung | Ngoi | Chay | Di

Mean-QGia tri trung binh -0,15 | 0,12 | 0,17 0,27

SD-P6 1éch chuin 0,05 | 0,02 | 0,51 | 0,31
Median-Trung vi 0,08 0,84 | -0,01 | -0,01
Range-Pham vi 1,16 2,52 | 4,00 3,96

RMS 0,14 | 0,78 | 0,59 | 0,39
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Bang 2.7 Cac dac trung tinh theo truc X

Pac trung Cong thirc
Mean-Gia tri trung binh 1
Hirung ux = x ¥ 2.1)
SD-P$ léch chuan [T<N . 2
G(Xj) = WZ,-ZI (xi-) (2.2)
Median-Trung vi Median(X)
X/N+1\, N lé
%) (2.3)
= qX/N\ T X/N
> S+1 .
CARCID
2
Range-Pham vi (2.4)

RMS
RMS, = /%zjﬁl{ (2.5)

Véi: X; 14 ban ghi thir j, N 1a tong sé miu (trong 1 ctra s0);

x; 1a mau thr i cua Xj;

u(Xj) 1a trung binh cta Xj;

o X)) 12 d6 1éch chuén cua X

min 1 gia tri nho nhat cua Xj;

max 13 gia tri 16n nhét cta Xj;
RMS; 1a gia trj hiéu dung cia X;

Str dung nam dic trung trén, tap dit lidu dugc chia thanh hai phan: tap huin luyén
va tap kiém tra 1an luot 1a 60% va 40%. Ty 1é 60/40 duoc lya chon dya trén thyc nghiém
so sanh ba ty 1€ chia: 70/30, 60/40 va 80/20. Vi kich thudce tap dir li€u tu thu thap nho
(1.283 quan sat, 16p it nhat 1a Chay bd vi 60 quan sat), ty 16 60/40 dam bao tap kiém
tra du 16n dé danh gia kha nang khai quat hoa, tranh tinh trang overfitting quan st thay
& 80/20, dong thodi cung cap du mau huin luyén dé RF dat d6 chinh x4c 6n dinh. Két
qua thyc nghi¢m xac nhan 60/40 cho Acc=97,7% (WISDM) va 99,6% (thu thap), cao
hon 70/30 14 0,3% va cao hon 80/20 1a 0,8% do tap kiém tra du da dang hon. Cac dac
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trung duogc dé xuit d duoc su dung dé kham pha tap dir liéu huin luyén dé xay dung
mo hinh. Pé ¢6 cai nhin tryc quan hon vé kha nang phén tach cia cac 16p hoat dong
trong khong gian dic trung, nghién ctru nay su dung t-SNE (t-Distributed Stochastic
Neighbor Embedding), mot k¥ thuat giam chiéu phi tuyén tinh, biéu dién cac diém dir
liéu da chiéu thanh khong gian hai hoac ba chiéu. Khéc véi PCA chi xtr 1y dugc dir ligu
tuyén tinh, t-SNE gitt duoc cAu tric cuc bo cua dit liéu, phu hop dé danh gia chat luong

bd dac trung da chon.

Tap dir liéu duoc chia ngiu nhién theo ty 1& 60% huén luyén va 40% kiém tra, khong
phan biét theo débi tuong; viéc phan doan béng clra s6 trugt duge thuc hién trude khi chia tap,
do d6 mdi ctra s6 (quan sat) chi thuoc mot trong hai tap. Tuy nhién, do cac ctra s6 lién k& chong
14p 40%, hai ctra s6 thudc hai tap khac nhau van c6 thé chia s¢é mot phan mau tho; két hop voi
viéc chia khong theo d6i tugng, cac mau trong tap kiém tra co twong quan véi tap huin luyén
nén két qua cé thé lac quan hon so véi danh gia doc 1ap theo ddi twgng. Can luu y rang cach
chia nay chwa dam bao tinh ddc 1ap theo ddi twong (subject-independent split): cing mot ngudi
dung co thé xuét hién & ca tap huén luyén va tap kiém tra, do d6 md hinh chua duoc kiém ching
day du vé kha nang khai quat hoa cho ngudi ding hoan toan méi. Pay 1a mot han ché cia luan
an, da duogc trinh bay 15 & Muc 4.1, va dugc dé xuét khic phuc bang phuong phép leave-one-
subject-out cross-validation (LOSOCV) & Muc 4.2 ctia phan Két luan.

Quy trinh lwa chon cAu hinh mé hinh dwgc thyc hién nhu sau: (1) kich thudc cira s6
duogc khao sat trén ludi 5, 8, 10, 12, 15 gidy véi chong 1ap 40% (Hinh 2.7-2.10); (2) ty 1& chia
dit lidu duoc so sanh gitra 60/40, 70/30 va 80/20; (3) s6 cay va do sau tdi da ciia RF dugc chon
1a céu hinh nho nhét dat 6 chinh x4c twong dwong céu hinh 16n hon ddng thoi thoa rang budc
Flash & Muc 1.3.4; (4) tham s6 k cia KNN duoc khéo sat trong khoang 3-7. Do quy mé dit liéu
tu thu thap nho, luan an khong tach riéng tap kiém dinh (validation) ma lya chon ciu hinh trén
cung phép chia 60/40; day 1a mot ngudn sai 1éch lac quan di duoc néu trong phan han ché (Muc
4.1 ciia Két luan) va s& dugc khic phuc bang chia ba tap huan luyén/kiém dinh/kiém thur két
hop LOSOCYV trong nghién ctru tiép theo.

D@ dang nhén thay sy nham 14n gitra hau hét cac hoat dong (Hinh 2.5-a). Nhung
& Hinh 2.5-b, khi thuc nghiém ca 5 dic trung thong ké néu trén, ranh gidi gitta cac hoat
dong tré nén rd rang hon. Sir dung tat ca cac dic trung ludn mang lai két qua phan loai
t6t hon 1a chi sir dung céc dic trung riéng 16. C6 thé thdy Ping (khu vuc mau cam) va
Ngdi (khu vye mau xanh) duoc phan loai dé dang. Chay b (khu vuc mau hong) va Bi

bd (khu vuc mau xanh 14 cay) dugc phan loai tdt, tuy nhién, c6 mot sb chéng chéo.
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Hinh 2.5 Biéu dién di liéu cong khai trong khéng gian 2D, (a) khéng cé ddc trung (b)
co dac trung

Tuong tu nhu dir li¢u cong khai, tac gia cling ap dung 5 dac trung trén cho dir
liéu dugc ghi lai. Hinh 2.6 trinh bay dir li¢u duogc ghi béng thuat toan t-SNE. Trong Hinh
2.6-a, dit liéu di bo (ving mau xanh 14 cay) va dir lidu dang chay (ving mau hong) da
dugc phan loai kha tot. Nhung van c¢6 su nham 1an déng ké giita Pung (khu vuc mau

cam) va ngdi (khu vyc mau xanh). Sau khi sir dung ndm dac trung, sy chong chéo gitra
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Pung va Ngdi khong con nita, ranh gidi gitra chung duoc tach ra (Hinh 2.6-b). Tuy
nhién, c6 mot su chdng chéo rat nho gitra chay va di bd.
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Hinh 2.6 Biéu dién dir liéu tw thu thdp trong khéng gian 2D, (a) khéng cé ddc trung
(b) co dac trung

B0 phan loai 1a chia khoa dé xac dinh cac hoat dong. Bén canh dg chinh xac cao va
thoi gian huan luyén ngan, cac bo phéan loai thuong phai dap ing yéu cau thoi gian thyc.

Bo dic trung dugc trich xuét trong phan trude sé& dugce dua vao quy trinh huan luyén va
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phéan loai. Phuong phap phan loai da dugc str dung rong rai trong hoc may. Phan tich dir
liéu nhu GBDT, SVM, RF, KNN théng qua thu vién c6 san Sklearn.
2.2. Thue nghiém va két qua

Hiéu suét cia tung bd phan loai dugc so sanh dua trén do chinh xéc (acc) té)ng thé
cua chung (Hinh 2.7) va d0 nhay (Hinh 2.8) trén tap dir liéu cong khai vai cac kich thudc
ctra s6 (5 gidy, 8 gidy, 10 gidy, 12 gidy, 15 gidy). B phan loai RF cho két qua tot nhat
trén ca hai phép do & kich thudc cira s6 10 gidy: do chinh xac tong thé da 16p 95,3% va

dd nhay trung binh vi mo 94,0%.

2.2.1. Két qua thyc nghiém trén cac thuat toan
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Kich thudc clra s6 trugt

Hinh 2.7 B¢ chinh xdc acc cua dir liéu cong khai
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Hinh 2.8 Do nhay cua dir liéu cong khai



Tuong ty nhu tap dir li€u cong khai, Hinh 2.9 va 2.10 tuong ung thé hién do chinh
xac va do nhay cua tap dir liéu dugc ghi véi cac bo phan loai khac nhau va céac kich
thudc cira s6 khac nhau. Phuong phap KNN cho d6 chinh xac cao nhét (100%) cho kich
thudc cira sO 8 gidy va trinh phan loai RF cho thiy do nhay cao nhat (99,8%) dbi véi

kich thudc cira s 8 gidy.
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Hinh 2.9 Dit liéu tu thu thdp - Do chinh xdc (acc)
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Hinh 2.10 Dt liéu tu thu thdp - Do nhay

Ngoai céac rang budc dinh lugng vé bd nhg va do tré da phan tich & muc 1.3.4,
RF con phi hop véi muyc tiéu tiét kiém nang luong cua thiét bi deo va voi dic diém van

dong 6n dinh, it thay doi dot ngot cia nhdm ngudi cao tudi trong tap dir liéu, nén RF

duoc chon dé nhing vao vi diéu khién.
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2.2.2. Trién khai mo hinh RF trén vi diéu khién

M5 ta diu vao va dau ra cta thuit toan Random Forest (RF), thuat toan hoc may duogc

lwra chon cho hé théng RF4-HAR.

- Pau vao (Input): vector dic trung x gdm 5 gia tri thong ké (Mean, STD, Median,

Range, RMS) tinh trén mdi truc X, Y, Z cua tin hiéu gia tbe trong mot ctra sO truot.

- Xirly: ncay quyét dinh (decision trees) duoc huin luyén doc lap trén cac tap con dir
liéu va tap con dic trung khac nhau (bootstrap sampling); mdi cdy dua ra mot du

doan nhin cho vector dau vao x.
- PAu ra (Output): nhin hoat dong ¥ duoc xac dinh bang bo phiéu da sb (majority
voting) trén toan bd n cdy, nhan xuat hién nhiéu nhét trong cac dy dodn cua n cay 1a

két qua cudi cung.

T —
PAU VAO £ R £ R X R RR
Vector dac trung x
; —
(Mean. STD. Median, cayT1 Cay T2 Cay T3 Cay Tn
Range, RMS)
5 chiéu (x, y, 2)
[Bing) [Bing)
. ) ! !
PAU RA
Nhan hoat dong ¥
(Bing, Ngéi, Bi bo, BO PHIEU PA SO (Majority Voting)
Chay bb... . . . . 5 A 2 s
) B Nhan xuat hién nhiéu nhat trong n cdy dugc chon lam két qua cudi cing
—

Hinh 2.11 So' d6 mé td thudt todn Random Forest

Quy trinh trién khai mé hinh tir méi trudng huan luyén sang vi diéu khién duoc thyc
hién theo bn budc: (1) Hun luyén mo hinh RF trén may tinh bang thu vién scikit-learn
(Python) voi dit liéu didc trung di trich xuét; (2) Trich xuét cdu trac timg cay quyét dinh
d3 huan luyén (ngudng chia, chi sd dic trung, nhan 14) va chuyén doi thanh ma ngudn
C dang mang tinh (C-array) cing chudi I1énh if-else 10ng nhau tuong tmg véi cau tric
cdy, dugc luu cb dinh trong bd nhd Flash dé khong ton RAM khi suy luén; (3) Bién dich
ma ngudn bang b cong cu MPLAB X IDE véi trinh bién dich XC8 va nap chuong trinh
vao vi diéu khién PIC18F4520 qua mach nap (programmer/debugger); (4) P6i chiéu két
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qua phén loai chay truc tiép trén thiét bi (on-device inference) véi két qua tir mé hinh
géc trén may tinh, trén cung tap dir licu kiém tra, nham xac nhan tinh nhat quan trudc
khi tién hanh danh gia hi¢u suét chi tiét dudi day.

Céc két qua chi tiét khi str dung bo phan loai RF duoc biéu thi bang ma tran nham lan
(Confusion matrix) cua dir li¢u cong khai (Bang 2.8) va dir liéu dugc ghi lai (Bang 2.9).
Qua Béng 2.8, hau hét cac mau test hoat dong déu c6 do phan hoa twong d6i tot (166/177
mau dimg, 208/218 mau ngdi, 1137/1302 mau chay, 2481/2491 mau di). Nhung ciing
c6 thé thy rang 173 mau bi phén loai sai giita Chay bd va Di bo. Giita Pting va Ngoi,

chi ¢c6 12 mau bi phan loai sai.

Bang 2.8 Ma tran nham lan (Confusion matrix) bo dir lieu cong khai

Hoat dong |  110at dong Dy doan
Quan sat | Ptng | Ngoi | Chay | Bi
bung 166 | 9 0 2
Ngoi 3 | 208 0 | 7
Chay 0 0 |1137| 165
Di 0 | 2 | 8 [2481

Bang 2.9 Ma tran nham lan (Confusion matrix) bo dir liéu tw thu thdp

Hoat dong |  10at dong Dy dodn
Quan sat | PUng | Ngoi | Chay bi
bung 206 | O 0 0
Ngoi 0 | 151 1 | 0
Chaybo | 0 0 | 44 | 2
bi 0 0 1 |104

Ciing nhu bo dir liéu cong khai, trong Bang 2.9, hau hét cic miu thir nghiém hoat
dong déu co su khac biét rd (206/206 mau thir nghiém dtng, 151/152 mau thir nghiém
ngéi, 44/46 mau thir nghiém chay bo, 104/105 mau thir nghiém di bo). Chi c6 ba bai
kiém tra mau duoc phan loai sai gitta chay va di bd. Cac chi s6 hiéu suit phan loai tat
ca cac hoat dong (nghia la do chinh xac (1.1), d6 nhay (1.2), PPV (1.3) va NPV (1.4))
duoc trinh bay trong Bang 2.10 va Bang 2.11 trén cong khai va bd dir li€u cua luén an.
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Bang 2.10 Hiéu sudt ciia mé hinh sir dung cdc chi s6 trén tdp dit liéu cong khai

Hoat dong Céc chi s6 danh gia
Accuracy | Sensitivity | PPV | NPV
Pumng 0,997 0,938 10,982 (0,997
Ngoi 0,995 0,954 10,950 | 0,997
Chay 0,959 0,873 10,993 | 0,946
bi 0,956 0,996 0,934 | 0,993

Bang 2.11 Hiéu sudt cia moé hinh sir dung cac chi SO trén tdp dir liéu ty thu thap

Hoat dong Céc chi s danh gia
Accuracy | Sensitivity | PPV | NPV
Ping 1 1 1 1
Ngbi 0,998 0,993 1 0,997
Chay 0,992 0,957 10,956 | 0,996
bi 0,994 0,990 | 0,981 | 0,998

B0 phan loai st dung RF cho hiéu suét phan loai cao. B§ chinh xac va NPV cua tat
ca cac hoat dong déu cao (> 0,95 trén tap dir liéu cong khai va > 0,99 trén tap di licu
dugc ghi lai). PO nhay va PPV c6 gia tri tét (> 0,93) ddi voi tat ca cac loai ngoai trir
chay bo (0,873) trén tap dir li€u cong khai va > 0,95 trén dir li€u duoc ghi lai. Trong do,
hoat dong Pung dat gia tri cac chi tiéu gﬁn nhu tuyét doi (Xép xi 1,0), tach biét ro rét so

v6i cac hoat dong con lai.

Hiéu suat téng thé cta tap dir licu béng cach su dung hai s6 liéu (trung binh vi mo va
trung binh vi md) voi b phan loai RF hoat dong tdt nhat. Két qua tuong ddi cao véi
phuong phap udc tinh trung binh vi mo (>0,95 trén tap dir li¢u cong khai va > 0,99 trén
tap dir liéu cua tac gia). Poi v6i danh gia trung binh vi mo dua trén tinh toan doc lap cua
timg loai va tinh trung binh, tac gia nhan dugc két qua thip hon mot chit: > 0,94 trén

tap dir liéu cong khai va > 0,98 trén tap dir li€u cua luédn an).
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2.2.3. Panh gia hi¢u suat ciia mo hinh phan loai RF

Hiéu sut tong thé cua tap dir liéu sir dung hai s6 liéu (trung binh vi mé va trung binh
vi mo) duoc thé hién trong Bang 2.12 vdi bo phan loai RF hoat dong tot nhat. Két qua
dat dugc twong dbi cao v6i phuong phap udc lugng trung binh vi mé (>95% trén tap dir
lidu cong khai va > 99% trén tap dit liéu cia tac gia). Pi v6i danh gia trung binh vi mo
dua trén tinh toan doc 1ap cua timg 16p va tinh trung binh, tic gia nhan duoc két qua
thép hon mot chut: > 94% trén tap dir liéu cong khai va > 98% trén tap dir li€u cua tac
gia).

Bang 2.12 Céc phép do dé danh gid hiéu sudt ciia mé hinh phan loai

Trung binh vi mo Trung binh vi mo

Phuong phap Tap du Tap dir liéu Tap du Tap dir liéu

danh gia liéu cong | duoc ghi lai cua | li¢u cong | duoc ghi lai cua
khai tac gia khai tac gia

Do chinh xac 95,3% 99,2% - -
tong thé da 16p

Do chinh xac 97,7% 99,6% 97,7% 99,6%
theo 16p (1.1)

Do nhay 95,3% 99,2% 94,0% 98,5%

PPV 95,3% 99,2% 96,5% 98,4%

NPV 98,4% 99,7% 98,3% 99,8%

AUC 99,4% 99,8% 99,3% 99,7%

Can luu ¥ rang con s6 97,7% (WISDM) va 99,6% (tu thu thap) trong Bang 2.12 1a
trung binh ctia d6 chinh xéc theo 16p (cong thirc (1.1), cach tinh mot-ddi-phan-con-lai);
theo dinh nghia nay mdi 16p dugc danh gia trén toan bo N mau nén gia tri luén cao hon
ty 1& phan loai dung. Do chinh xac tong thé da 16p (ty 16 mau dugc phan loai ding) cua
RF4-HAR 12 95,3% (WISDM) va 99,2% (tu thu thap), dung bang d6 nhay va PPV vi
md. Khi so sanh giita ba h¢ théng RF4-HAR, RF5-HAR va KNN6-HAR, luan an st
dung d6 chinh x4c tong thé da 16p (Bang 3.29). Ngoai ra, balanced accuracy (trung binh
vi mo cua do nhay) cia RF4-HAR dat 94,0% trén WISDM va 98,5% trén tap tu thu
thap; macro-F1 twong trng dat 95,1% va 98,5%.

Dé xac minh tinh hi€u qua cua bd dac trung dugc dé€ xuat, mdt dac trung ctua bd dac

trung dugc dé xuat da bi xoa, sau do chay lai m6 hinh va so sanh do chinh xac vdi bd
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dic trung ban dau. Ngoai ra, cac dic trung khac cua [17], [20], [25], [94] ciling duoc thir
nghiém. Céc dic tinh dugc lua chon theo muyc tiéu ban dau 1a cac dic tinh trén mién thoi
gian c6 do phirc tap tinh toan thap, c6 thé chay trén cac bo vi diéu khién hiéu niang thap.

Danh sach cac dac trung khac dudi day:

- Do léch trung binh tuyét d6i (aad): trung binh cta do 1éch tuyét dbi so voi diém
trung tam cua tap dir licu.

- Mbi twong quan: Mdi twong quan giita Gia toc doc theo Trong luc va Hudng di.

- Naing luong: gid tri trung binh cua tong binh phuong cua cac gia tri trong mot cira
s6 trén truc cu thé do.

- Do khong chic chin (Entropy): Entropy Shannon.

- Gia toc tong hop trung binh (ara): trung binh cia cic cin bac hai cia cc gia tri
trong mdi truc trong sd ba truc binh phuong va cong lai voi nhau.

- Do nhon (Kurtosis): do dinh hodc d6 phing ctia phan phdi khi so sanh v6i phan
phéi chuan.

- Do léch: do d6 bat dbi ximg cta phan bd xac suét tin hiéu.

- Igr (Pham vi t& phan vi): do d phan tan cua tap di liéu.

Bang 2.13 Két qua thay doi bé ddic trung

. Do chinh xac .
So Thay doi so
BO ddc trung luong | Tapdir | Tapdlt | ganh véi bo
d.éiC liéu liéu da ghi dac trung'
trung | CONg dugc dé xuat
khai
mean, rms, std, range 4 93,7% 98,8% | Xo6a med
mean, rms, med, range 4 92,8% 99,4% | Xoba std
mean, rms, std, med 4 94,9% 99,2% | Xba range
mean, std, med, range 4 94,2% 99,2% | Xo6a rms
rms, std, med, range 4 92,3% 99,0% | X6a mean
0 )
mean, rms, std, med, range, 6 95,3% 99,4% Thém aad
aad
mean, rms, std, med, range, 6 93,6% 99,2% n
Thém energy
energy
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mean, rms, std, med, range, 6 94,3% 99,4% Thém
entropy entropy
mean, rms, std, med, range, 8 93,7% 99,4% Thém iqr,
igr, skewness, kurtosis skewness,
kurtosis
mean, rms, std, med, range, 13 | 93,7% 99,6% Thém aad,
aad, correlation, energy, tuong quan,
entropy, iqr, skewness, energy,
kurtosis, ara entropy, iq,
skewness,

kurtosis, ara

Céc bai toan hoc may thuong ¢ bude trich xuat dic trung tir dit liéu tho ban dau. Cac
dac trung can trich xuét phu thudc vao su hiéu biét cua nguoi thiét ké mo hinh vé di
lidu. Viéc trich xuét cac dic trung tot gitp tang 6 chinh xac ctia mé hinh, nguoc lai 1am
mat thoi gian tinh toan va lam giam d¢ chinh xac ciia mo hinh. Tir Bang 2.13 c6 thé thay
viéc giam dic trung so v6i bd dic trung ban dau khién d6 chinh xac phan loai giam déng
ké & tap dir liéu cong khai va giam ¢ tap dir liéu dugc ghi lai. Khi thém mdt hodc nhiéu
dic trung khac, d6 chinh x4c phan loai trong tap dir liéu cong khai van c6 xu huéng
giam trong khi & tap dir liéu dugc ghi mic giam khong dang ké. Nhu vay, c6 thé thiy
rang trong bai toan phan loai hanh vi trong nghién ctru nay, tap dic trung dé xuat 1a cau
hinh cén bang tt nhat gitra két qua phan loai va d6 phic tap tinh toan trong cac cau hinh
da khao sat.

Quy trinh lya chon dic trung dugc ap dung théng nhat cho ca ba hé thong gdm bén
bude: (1) Sinh tap tng vién: chi xét cac dic trung thong ké mién thoi gian tinh duoc
bang mot hodc hai vong 1p trén cira s6, khong can bién doi Fourier, nham bao dam kha
nang tinh trén MCU 8-bit; (2) Phan tich truc quan phan bé gia toc theo timg hoat dong
(Hinh 2.4, 3.2, 3.10) va biéu dién t-SNE dé dé xuét bo dic trung c6 kha ning phan biét
t6t; (3) Thuc nghiém loai bo ting dic trung va bo sung céc dic trung khac (Bang 2.13),
giit lai b ddc trung nho nhit ma viéc thém dic trung khong lam tang dang ké d6 chinh
xac; (4) Xac nhan dinh lugng béng chi sb feature importance cia RF. V&i RF4-HAR,
bd Mean, SD, Median, Range, RMS duoc chon; véi RF5-HAR, vi¢c thém hoat dong
cau thang 1am Mean va Median kém phan biét nén duogc thay bang AAD va IQR; véi
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KNN6-HAR, Skew dugc dua vao vi 1a déc trung co dAu khéc nhau gitta Lén va Xuéng

cau thang (Muc 3.4.3).

2.2.4. Panh gia hé théng RF4-HAR

R rang viéc lva chon dic trung dong vai tro thiét yéu trong qué trinh nhan dang.
Nhiéu nghién ctru lya chon kha nhiéu dic diém dé nang cao ty 1¢ nhan dang hoat dong,
chang han nhu 43 dic trung trong [25], 64 dic trung trong [20]. Téc gia ciing ap dung
kién tric mang sdu bang mang LSTM hai chiéu c6 két ndi phan du (Residual
Bidirectional LSTM) [39] cho tap dit liéu cong khai. Két qua dat dugc rat cao véi cac
phuong phap udce lugng trung binh vi mo va trung binh vi moé (B§ chinh xac >99% va
D6 nhay > 96%). Tuy nhién, thoi gian huan luyén va kiém tra 13 rat 16n so v6i GBDT,
SVM, RF va KNN. Vi vday, LSTM khéng thé ap dung cho vi diéu khién gia ré
(PIC18F4520). Mot sé tac gia da str dung gia toc ké tich hop dé phén loai cac hoat dong.
Tuy nhién, d6 chinh x4c s& bi suy giam do cac sy kién dién ra hang ngay nhu tra 16 cude
goi, ludt web, tro chuyén, v.v. Trong nghién ctru ny, dé tai tip trung vao cham soc stic
khoe cho nguoi gia, ngudi dang hdi phuc sau phau thuat hodc tai nan. Do d6, bon hanh
vi ndy 1a di cho tmg dung nay nhung yéu ciu phan loai theo thoi gian thyc va chi phi
thap. Luan an chi sitr dung mot bo nam dic trung thong ké don gian va hiéu qua va kich
thudc cira so truot tot nhat cho hiéu suit nhan dang twong dbi cao 1 95,3% (tap dir liu
cong khai) va 99,2% (tap dir liéu duogc ghi lai). Hon nira, trong nghién ctru nay, qua trinh
phan loai duoc thuc hién tai bo vi diéu khién theo thoi gian thuc. Bo vi diéu khién cap
nhat trang thai phan loai méi ¢t sau 6 gidy; két qua duoc gui vé webserver va hién thi

trén dién thoai thong minh (giao dién twong ty Hinh 3.8).

C6 su khac biét vé két qua do chinh xac tong thé véi cac bo dir liéu cong khai va dugc
ghi lai cua tac gia (97,7% so voi 99,6%). SO lwong nguoi tham gia vao tap dir liéu cong
khai nhiéu hon dang ké (36 ngudi so v6i 16 tinh nguyén vién cia tap tu thu thap) dan
dén dir liéu mau da dang hon so véi dif lidu tac gia thu thap. Diém khac biét chinh giira
hai tap dir li¢u la: thiét bi (dién thoai) duoc dé trong tii cia nguodi tham gia thi nghi¢m
v6i tap dir lidu cong khai, tinh nguyén vién deo (cb dinh) thiét bi ¢ that lung trong thi

nghiém véi tap dir liéu dugc ghi lai. Didu d6 c6 nghia 1 chét luong dit liéu cua tap dir
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liéu duoc ghi s& tot hon, din dén hiéu suét t6t hon khi sir dung cing mot mé hinh dé

xuat.

Thyc nghiém cross-dataset (huén luyén trén WISDM, kiém tra trén dit liéu tu thu
thap): mo hinh RF huin luyén trén 60% dir liu WISDM (n=36 ngudi, thiét bi
smartphone trong tui) va kiém tra truc tiép trén dir li€u ty thu thap (n=16 nguoi, thiét bi
deo cb dinh & that lung) dat d6 chinh xac 89,3%. Su giam sut tir 97,7% xubng 89,3%
phan anh sy khac biét vé vi tri dit cam bién va loai thiét bi giita hai tap dir liéu. Diéu
nay khéng dinh su can thiét cua viéc thu thap dir li¢u trén cung thiét bi do va vi tri deo
khi xay dung hé thing HAR nhiing, dong thoi cho thdy mé hinh dé xuat c6 kha ning

khai quat hoa nhat dinh khi 4p dung cross-domain.

bénh gia do bén thiét bi: Thiét bi RF4-HAR duoc kiém tra hoat dong lién tuc 72 gio
(3 ngay). Két qua: nhiét do chip PIC 6n dinh 35-42°C (trong gidi han an toan), do chinh
xéc trung binh 97,5+0,3%, khong suy giam dang ké theo thoi gian, thoi luong mot 1an
sac pin 3,7 V/2000 mAh dat khoang 18 gio, do d6 trong thir nghi¢m 72 gio thiét bi dugc

sac lai gifra cac chu ky xa pin (xem thém phan tich ning lugng & cudi Muc 2.2.4).

Trén bo dir liéu MobiAct, Vavoulas va cong su [20] dat d0 chinh x4c cao hon véi hai
bd phan loai IBk (99,79%) va J48 (98,63%); tuy nhién, cac tac gid sir dung toi 64 dac
trung va chay trén mdy tinh, trong khi mo hinh dé xuét chi str dung 15 chiéu dic trung
va dat do chinh xac téng thé 95,3% trén WISDM (d0 chinh xéc theo 16p trung binh
97,7%). Do khéc bo dit liéu va nén tang phan cting, ddy chi 1a so sanh tham khao. Catal
va cong su [25] ap dung thuat toan Biéu quyét bang cach két hop J48, Hoi quy logistic
va Perceptron da 16p, két qua 13 91,6%. Mic du cac tac gia dd phan loai nhiéu hoat dong
hon (sau hoat dong) so voi nghién ctru nay nhung ho da thir nghi¢m mot thuat toan phuc
tap hon khi két hop nhiéu thuat toan phéan loai khac nhau. Catal va cong sy [25] da su
dung nhiéu dic trung (43 dic trung) va khong dé cap dén thiét ké chi phi thap lam muc
dich cua cong viéc ndy. Viée so sanh truc tiép gitra cic nghién ciru st dung bdi canh
phén cung, bd dac trung va diéu kién thuc nghiém khac nhau can duoc thuc hién than
trong. Trong pham vi d6, d6 chinh xac ctia phuong phap dé xuat twong duong cac ky
thuat dugc dé cap trong cac nghién ctru so sanh trong khi str dung phan ctng han ché

hon nhiéu. Pé danh gia toan dién hon véi tap dit liéu c6 phan bd 16p khong déu (theo
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Bang 2.2, Di bo chiém khoang 59%, Pung va Ngbi chi khoang 4-5% mbi 16p), ngoai do
chinh xéac tong thé (accuracy), nghién ctru bd sung bao cdo macro-F1 va balanced
accuracy: tinh tryc tiép tir ma tran nham 1dn Bang 2.8-2.9: trén tap WISDM, RF4-HAR
dat macro-F1 = 95,1% va balanced accuracy = 94,0%; trén tap thu thap, macro-F1 =
98,5% va balanced accuracy = 98,5%. Mirc chénh léch giita do chinh xac tong thé
(95,3%) va balanced accuracy (94,0%) trén WISDM nho, cho thdy mé hinh khong bi
sai 1éch déng ké do mat can bang 16p; 16p c6 do nhay thap nhit 1a Chay bo (87,3%) do
nham sang Di bo, khong phai cac 16p thiéu sé Dung, Ngoi.

Vé tdc d6 thuc thi so véi cac phuong phap twong tu: cac nghién ctru [17], [20], [25]
chay trén dién thoai hodc may tinh va khong bao cao thoi gian suy luan trén thiét bi
nhung, nén ludn an so sanh theo hai cach. (i) So véi cac thuat toan khac trén cung thiét
bi PIC18F4520 va cung b dac trung (Bang 3.12), RF c6 thoi gian thuc thi khoang 30
ms/l1an phan loai, nhanh hon SVM (53 ms) va chdm hon GBDT (7,2 ms), KNN (19 ms),
nhung dat do chinh x4c cao nhat; (ii) So v&i gii han 1y thuyét, PIC18F4520 & 40 MHz
dat 10 MIPS, phan duyét 50 cay do sau <5 chi can khoang 250 phép so sanh, nén phan
16n thoi gian suy luan do dugc nam & budc tinh ddc trung bang s6 hoc diu phay dong
phan mém (PIC18 khong c6 FPU). Nhu vy, v6i chu ky cap nhat 6 gidy, phan tinh toan
chi chiém dudi 1% chu ky, pht hop yéu cau thoi gian thuc.

Céc hé thong pho bién chay trén cac bo vi dicu khién chuyén dung hd trg AL Nghién
ctru ndy huéng ti cac loai vi diéu khién khac nhau, tham chi ca céac loai vi diéu khién
hiéu nang thap va gia thanh thap, gitp thiét bi co gia thanh ré. N6 dan dén ung dung
rong rai cho tt ca moi nguoi. H¢ théng dugce dé xuit co thé duoc ap dung cho bénh
nhan hodc nguoi gia, nhung nd khong thé khai quat hoa cho nhém nguoi 1am nhitng
cong viéc nguy hiém nhu linh ciru hoa. Béi hoat dong ciia cac d6i tuong nay thuong
dién ra véi cudng do cao hon trong diéu kién phtrc tap nhu dam chay 16n hay khéi day
dac. Ngoai ra, mot han ché rd rang cua thiét bi 1a can phai ¢ dinh vi tri ciia cam bién
trén that lung.

B6 cam bién di dugc dit trén day dai, nhu minh hoa trong Hinh 2.2. M6t tinh nguyén
vién sin sang bat dau cac hoat dong hang ngay, ngay ca khi deo thiét bi deo trong ca

lam viéc. Nhitng nguoi tham gia di deo thiét bi thir nghiém nay sudt ca ngay. Cac ddi
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tuong dugc hoi vé su thoai mai cua ho va nhitng nguoi tham gia danh gia sy thoai mai
vé xtic giac va ap luc cua thiét bi ho deo. Hiéu suit phan loai phu thudc vao cach nguoi
dung deo thiét bi. So sanh trén giira hai tap dit liéu cho thdy két qua phan loai s& t6t hon

néu nguoi dung deo thiét bi chat va chac chan.

Phén tich riii ro do léch hwong dat cam bién. Hé thong hién cb dinh thiét bi o that
lung theo mot hudng. Khi thiét bi bi xoay mot goc 6 quanh tryc trude-sau, thanh phan
trong truong 1 g duge phan bé lai gitra cac truc theo g-cosd va g-sind; véi 0 = 15°, gia
tri Mean/Median cua trang thai tinh trén truc X c6 thé dich téi khoang 0,26 g, tuong
duong chénh 1éch giita Ptng va Ngbi trén truc X (khoang 0,24 g, Bang 2.4). Do d6, cac
dac trung phu thudc huéng (Mean, Median) nhay voi viéc deo 1éch va co thé gay nham
lan gitra cac tu thé tinh, trong khi céc dac trung do d6 phan tan (SD, Range, IQR, Var)
it bi anh huong hon. Thyc nghiém chuyén vi tri thiét bi sang tai 4o lam giam d¢ chinh
xéac khoang 4,6% (Muc 3.6.2) phit hop v6i nhan dinh nay. Huéng khic phuc trong cac
phién ban tiép theo gébm: (1) st dung bién d6 vector tong |a| = V(ax? + ay? + az?), bét
bién véi phép quay, cho cac dic trung dong; (2) hiéu chuan hudng trong truong trong
2-3 gidy du & tu thé ding rdi quay hé truc vé hé tham chiéu; (3) két hop dic trung bién
d6 v&i dic trung goc nghiéng dé giir thong tin tu thé [67], [86].

Tac gia hy vong rang nguoi dung sé st dung céc thiét bi deo duoc dé xuat hang ngay.
Thiét bi deo thong minh cua tac gia s& hét pin sau khoang 18 gio hoat dong lién tuc (theo
két qua do do bén thiét bi ¢ trén). Nhung bang cach sac thiét bi hang ngay nhu dién thoai
thong minh, van dé vé pin nay co thé duoc giai quyét. Can phan biét hai muc tiéu thy:
dong 2,51 mA (Bang 1.4, 3.29) 1a dong cua riéng khdi vi diéu khién PIC18F4520 va
cam bién ADXL345 khi thu mau va tinh toan; khi bat mo-dun truyén thong lién tuc &
ché @6 thoi gian thuc, dong trung binh ciia toan thiét bi xap xi 2000 mAh / 18 h= 110
mA, trong d6 phan 16n do SIM808 (GSM/GPRS) tiéu thu khi duy tri két ndi va truyén
dr li¢u. Nhu vay, thoi lugng pin cua toan hé théng bi chi phéi bd1 mo-dun truyén thong
chir khong phai béi khdi hoc may; c6 thé kéo dai thoi lwong pin bang cach chi guri két
qua khi nhan hoat dong thay d6i, gom nhiéu nhan trong mét goi tin, hoic dua mo-dun

truyén thong ve ché do ngu gitra cac lan gui.
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Nghién ctru nay lién quan dén céc hoat dong co ban cia cudc song hang ngay (ADL).
Khi mot nguoi gia di, ADL dan tré nén kho thue hién mot cach doc 1ap hon va mét nhiéu
thoi gian hon dé hoan thanh. Mot md hinh dich vu cham séc strc khoe c6 thé duoc xay
dung dya trén nghién ctru ndy dé xac dinh va danh gia mirc d6 thanh thao ctia bénh nhén,
sau d6 phat trién cac ké hoach cham soc phi hop. Thiét bi duoc dé xuat c6 tiém ning hd
trg giam sat stc khoe tir xa cho ngudi cao tudi va bénh nhan phuc hoi chiic ning; tuy
nhién, hé théng hién méi duoc kiém chung trén nguoi khoe manh, chua thir nghiém trén

bénh nhan ¢o rdi loan van dong thuc su.

2.3. Két luan chwong 2

Chuong 2 di trinh bay chi tiét phuong phap dé xuat dé nhan dang bon hoat dong
co ban cua con nguodi (ding, ngéi, di b, chay bd) sir dung dir li¢u tir cam bién gia tde 3

truc ADXL345 va thuét toan hoc may. Cac két qua chinh ctia chuong bao gom:

Tac gia da nhiing thanh cong thuat toan c6 do phirc tap tinh toan thap vao bo vi diéu
khién hiéu ning thap. Két qua thir nghiém cho thdy bo phan loai RF hoat dong t6t hon
GBDT, SVM va KNN khi str dung kich thudc cira s6 10s. Thuat toan rimg ngiu nhién
pht hop dé thuc hién theo thoi gian thyuc véi chi phi tinh todn thap. Hoat dong hang ngay
clia cac ca nhan khac nhau c¢6 thé duoc phan loai chinh xac bang mot bd nam dic trung
don gian. Cy thé, RF dugc lua chon dya trén ba tiéu chi dinh lugng: (1) Kich thuéc mo
hinh: RF véi 50 cdy quyét dinh (max_depth=>5) chiém 1,2 KB bo nh¢ flash, trong gidi
han 32 KB ctia PIC18F4520, (2) Thoi gian suy luan: 45 ms/phan loai, thoa mén yéu cu
thoi gian thuc, (3) PO chinh x4c: d6 chinh xac tong thé 95,3% (d6 chinh xac theo 16p
trung binh 97,7%) trén WISDM, cao nhét trong 4 thuat toan thir nghiém & diéu kién rang
budc phan ctng nay. SVM bi loai vi can luu toan bd support vectors (bd nhd O(N_sv)
vai KB, vuot RAM 1,5 KB). Ué6c luong 1y thuyét ban ¢au & Muc 1.3.4 (Bang 1.3, k=5,
tap dit 1iéu nho) cho théy KNN kha thi vé mit bo nhé; tuy nhién khi 4p dung thuc té cho
bai toan 5 hoat dong (RF5) trén tap WISDM 16.000 mau véi k=6, d6 phic tap tra ciru
O(k*N) = O(6*16.000) = 96.000 phép tinh/phan loai khong dap tng thoi gian thyc trén
MCU 8-bit (do thuc té: 820 ms > 100 ms yéu cau), do d6 KNN bj loai ¢ giai doan nay.
GBDT khéng dugc chon vi d chinh xac thdp hon RF & cac kich thudc ctra s6 khao sat
(thoi gian thyc thi do trén thiét bi cia GBDT ngén, Béang 3.12). KNN duoc chon cho h¢
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thdng KNN6-HAR (6 hoat dong) véi tap dit liéu thu thap riéng nho hon (9.745 mau) va
trién khai trén thiét bi riéng, cho thoi gian suy ludn 82 ms dap ng yéu cau thoi gian

thue.

Pé nhan dang hoat dong lau dai, thiét bi dugc dé xuit khong gay khoé chiu hoac han
ché dang ké khi thyc hién cac hoat dong. Dbi véi mot giai phap khong xam pham va tiét
kiém chi phi, cam bién gia toc 1a 1y twong do chi phi thap va kich thudc nho. Giai phap
hd trg sinh hoat str dung thiét bi chuyén dung khong pht hop véi phd théng do chi phi
cao hon. Cam bién gia toc khong dat va thiét bi dugc dé xuat chi co gia 15 USD. Dé
giam muc tiéu thu dién nang, tbc do léy mau thép (50 Hz) da duoc su dung dé kéo dai
tudi tho pin (do do, it phai thay pin hon). Thiét bi niy ciing dé cai dat va dé st dung. Dé
danh gia do bén thiét bi, thiét bi RE4-HAR da dugc thir nghiém hoat dong lién tuc trong
72 gio. Két qua: (1) Nhiét do chip PIC18F4520 duy tri 6n dinh ¢ 35-42°C, trong ngudng
an toan t6i da 85°C cua nha san xuét, (2) B chinh xac phan loai trung binh dat
97,5+0,3%, khong suy giam theo thoi gian, (3) Pin 3,7 V/2000 mAh cung cip 18 gid
hoat dong lién tuc. Cong bd khoa hoc lién quan téi chwong nay 1a cac cong trinh [CT1],

[CT2] va [CTS].

Céc hoat dong nhan dang co ban cua con nguoi (ding, ngéi, di bg, chay bd) & chuong
2 duoc thuc hién trong méi truong bang phang. Vi két qua dat dugc, 4 thuat toan
(GBDT, SVM, RF, KNN) tiép tuc dugc lya chon lam thtr nghiém cho viéc mo rong
nghién ciru trong méi trudong dia hinh thay d6i 1a toa nha cao ting nhan dang thém hoat
dong 1én cau thang va xudng ciu thang, trién khai hé thong thoi gian thyc trén vi diéu

khién PIC18F4520, duoc trinh bay chi tiét trong Chuong 3.
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CHUONG 3: PHUONG PHAP NHAN DANG HOAT PONG SU DUNG
CAM BIEN GIA TOC O PIA HINH CO THAY POI PQ CAO

Chuong 3 mé rong nghién ctru tir 4 hoat dong co ban trong dia hinh bang phang lén
5-6 hoat dong trong dia hinh toa nha cao ting. Cu thé, RF5-HAR nhan dang 5 hoat dong
(g6p Lén/Xudng ciu thang), KNN6-HAR nhan dang 6 hoat dong (phan biét Lén va
Xubng cau thang), dong thoi trinh bay phuong phap t6i uvu hoa thuat toan dé phu hop
v6i tai nguyén han ché cia MCU 8-bit, danh gi4 toan dién hiéu ning hé théng vé do
chinh x4c, thoi gian phan hoi, tiéu thy nang lwong va chi phi [CT3]. Ngoai ra, qua trinh
trich xuat ddc trung duoc diéu chinh phu hop véi cac rang budc cua vi diéu khién hiéu
nang thép, dam bao hiéu qua va hi¢u suét ctia hé théng. Do chinh xac téng thé cua méd

hinh d& xuat voi thuat toan RF dat trén 98% trén tap dit lidu ty thu thap.

Phuong phap nhan dang hoat dong di ciu thang c6 phan biét 1én xudng sir dung thuat
toan K-Nearest Neighbors (KNN) duoc cong b trong [CT4]. Trong phan nay lya chon
hoat dong va trich xuat dic trung duoc tdi wu hoa. Sau hoat dong chinh bung, Ngéi,
Chay bo, Di bd va bi Ién, xuéng cau thang da duoc lua chon ti mi dya trén mirc d9 lién

quan va tan suat cua chung trong cudc song hang ngay.

Hai hé thdng trong chuong c¢6 quan hé ké thira tryc tiép: RFS-HAR giit nguyén thuat
toan RF ctia Chuong 2, thay b dic trung cho phu hop hoat dong cau thang va gop
Lén/Xubng ciu thang thanh mot 16p; phan tich ma tran nham 1an cia RF5-HAR cho
thdy 16p “Di cau thang” 1a ngudén nham 1an 16n nhat (d6 nhay 89,5% trén WISDM).
KNN6-HAR duoc xdy dung dé giai quyét han ché do: tach riéng Lén va Xudng cau
thang, bo sung dic trung Skew c6 dau khac nhau giita hai chiéu di chuyén, va chuyén
sang KNN vi ranh gi6i giita hai 16p cau thang trong khong gian dic trung 1a phi tuyén,
mang tinh cuc bo (Iy do chi tiét tai Muc 3.5.2).

3.1. Phwong phap cai thién hé thong theo ddi hoat dong & tda nha - RF5-HAR

3.1.1. Mo ta phuong phap

Nhan thy kha niang nham 14n giira Di 1én ciu thang va Di xubng cau thang trong

dir li¢u, tac gia da nghién ctru giai phap gop cac hoat dong nay thanh mdt danh muc duy
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nhat. Viéc lya chon chién lugc nay nang cao do chinh xac va dd tin cay cua h¢ thong

phéan loai.

Phuong phéap nay Iya chon hoat dong va trich xuat dic trung dugc t6i wu hoa.
Nam hoat dong chinh Pung, Ngéi, Chay bo, Di bg va bi bg trén cau thang duogc lya
chon ti mi dua trén mirc d6 lién quan va tan suat xuat hién trong cudc sdng hang ngay.
Ngoai ra, quy trinh trich xuat dic trung dugc diéu chinh phi hop véi cac rang budc cta

vi di€éu khién hi¢u nang thap, ddm bao hi€u qua va hi¢u suat ctiia hé thong.

Thuat toan Random Forest (RF) dugc nhing truc tiép vao vi diéu khién, cho phép
phan loai hoat dong theo thoi gian thyc. RF dugc lya chon do su can béng gitra do chinh
xac va hiéu qua tinh toan, khién n6 phi hop véi cac thiét bi c6 tai nguyén han ché. Bang
cach tan dung tinh don gian cua dir liu gia tdc ké va hiéu qua cua RF, hé théng dat duoc
kha ning nhan dang hoat dong hiéu qua va tiét kiém chi phi, ngay ca trén cac vi diéu

khién gia thanh thap.

Mo hinh hé thdng va céc thiét bi dugc sir dung twong ty nhu trong hé thong RF4-
HAR da dugc trinh bay ¢ chuong 2.

3.1.2. Tap dit liéu va thuat toan cai tién

Qua trinh thir nghi¢m dugc thyc hién trén may tinh xach tay Dell XPS-9310 dugc
trang bi bo vi xtr 1y 4,2 GHz va by nhd RAM 8 GB. Vié¢c ghi nhan dir li¢u thuc nghi¢m
dugc tién hanh véi tong cong 16 tinh nguyén vién chia thanh hai nhém: nhém sinh vién
gom 14 ngudi (7 nam va 7 ni), do tudi tir 18-22 tudi, chiéu cao 1,56-1,8 m, cin ning
43-72 kg, dugc lga chon tir Pai hoc Phenikaa tai Viét Nam, va nhém nguoi cao tudi
g6m 2 nguoi (1 nam va 1 nit), 6 tudi 65 va 72 tudi, chiu cao 1an luot 1,4 m va 1,46 m,
can nang lan luot 42 kg va 46 kg. Tan s6 1dy mau cia thiét bi dé xuat dugc deo & ving
that lung 1a 50 Hz. Nam trang thai dugc thu thap bao gom: Pung trong 40 phit, Ngdi
trong 30 phut, Chay b trong 10 phut, Di bo trong 22 phit va i bo trén cau thang trong
44 phut. bé danh gia hiéu suét cua thuét toan, bo dit liéu WISDM di dugce sir dung [17].
Mo ta chi tiét vé cac hoat dong duoc trinh bay trong Bang 3.1 dudi day



61

Bang 3.1 Gidi thich cac hoat dong

Hoat dong Giai thich
Dung Dung tu nhién, 6n dinh
Ngbi Ngoi trén ghé
Chay bo Chay déu dan va chdm
bi bo Di b binh thuong
Di cau thang Pi 1én hoic xudng cau thang timg budc

Nghién ctru ndy tap trung vao viéc phat trién cac thuat toan duoc t6i uu héa cho vi
diéu khién hiéu nang thap, tiét kiém chi phi (Tiny Machine Learning) dé chay trén cac
hé théng nhung va thiét bi Internet van vt (IoT). Cu thé, thuat toan duoc nhung vao
thiét bi trong nghién ctru dé co thé thuc hién nhan dang hoat dong thoi gian thuc. Trong
nghién ctru ndy, vi diéu khién PIC18F4520 dong vai trd bd xtr 1y trung tdm cta hé thong
nhing dé xuat, thuc hién toan bo qué trinh trich xuét dic trung va phan loai hoat dong
ngay trén thiét bi. Do do, 1ap trinh thiét bi deo dé nhan dang cac hoat dong trong thoi
gian thuc doi hoi thuat toan phai dap ing cc rang budc nghiém ngit vé bd nhé va do
phtc tap tinh toan. Nhu da phan tich & muc 1.3.4, trong s cac thuat toan dugc xem xét,
RF 1a lya chon duy nhat théa mén d@)ng thoi ca ba rang budc vé Flash, RAM va do tré
suy luan trén PIC18F4520. Do d6, mot thuat toan hoc may nhu RF phu hop dé trién khai
HAR trén céc thiét bj deo duoc trong thoi gian thyc. RF tan dung tinh ngu nhién trong
ca viéc 1dy mau va lya chon dic trung dé xdy dung cac cdy quyét dinh da dang va két
hop céc du doan cua chung thong qua bo phiéu da sd, cai thién do chinh xac va tinh
manh mé ctia mé hinh [26]. Céc cdy quyét dinh trong thuat toan nay duya trén dit liéu sau
khi hudn luyén dé dua ra cac ngudng dic trung dé hinh thanh cac cdy quyét dinh nhi
phan. Viéc trién khai thuét toan RF trén céc thiét bi dugc thuc hién theo cac budc sau:
Trong budc thiét 1ap, cac bién tir thu vién ADXL345 ban dau duoc khai bao dé dit
ngudng cho céc hoat dong c6 dong co hodc khong c6 dong co, dat gia tri cho cham don
va cham d6i, ngudng va thoi gian roi tu do va dat cac ngat. Trong bude Vong 1ap, md
hinh str dung thuat toan rimg ngiu nhién quyét dinh hoat dong nao. Thuat toan RF véi

khoang 100 cay quyét dinh phan tich dit liéu gia toc ké va phan loai cac hoat dong. Tap
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hop céc ngudng duoc thu dugc tir qué trinh huin luyén. Qua trinh ndy xay ra mdi 5 gidy

dé cung cap két qua thoi gian thuc trong khi duy tri 6 phuc tap tinh toan thap. So dd

quy trinh cho thuat toan rimg ngiu nhién dugc dé xuat dé phan loai thoi gian thuc duoc

minh hoa trong Hinh 3.1 dudi day.

Init device variables

Setup:
- Set activity/ inactivity threshold
t activityl inactivity/ 3 lon on axes

- Set \,/alue for tép and double
- Set value Free-fall threshold and duration
- Set interrupt

Loop:
Init array of acceleration, i =0

Iqgr(y) <0.133?

STD(x) < 0.793?

Yes

Yes N

activity — Sitting
i-o

activity — Walking
i-o0

activity — Standing
i-o0

activity — Jogging
i-o0

Rms(y) < 0.813?

No

Rms(x) < 0.288?

Rms(y) < o:sw

activity — Stairs

i-o0

»( End 12
\__/

Hinh 3.1 Chwong trinh nhing dé phan loai hoat dong thoi gian thuc

3.1.3. Quy trinh xtt Iy dit liéu

Phan doan dir li€u cho cic hoat dong

Sau khi nhan dit liéu tir gia toc ké, viéc tong hop dir liéu da dugc thuc hién va dit liéu

nay dugc st dung dé phan tich cac dic trung cia hoat dong. Dit liéu dugc chia thanh

cac phan nho, mdi phan chira thong tin lién quan dén hoat dong. Viéc phan doan nay 1a
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can thiét do ban chat tuan tu cua cac hoat dong, 1am phirc tap viéc dinh nghia ranh giéi

hoat dong.

Nghién ctru nay di phan doan dir liéu bang cach sir dung cira s6 truot do tinh don
gian va sy pht hop ciia no d6i voi nghién ctru phan loai hoat dong thoi gian thuc [93].
Trong trudng hop nay, tin hidu cia gia toc ké ADXL345 3-DOF dugc chia thanh cac
ctra s thoi gian c6 kich thuédce ¢ dinh. Viéc lua chon kich thudce cira s6 ¢6 tac dong truc
tiép dén hiéu suit nhan dang cua h¢ théng. Dé xé4c dinh kich thudc cira sb phu hop nhat,
cac thi nghiém da dugc tién hanh véi cac cira s6 c6 kich thude khac nhau tir 1 gidy dén
22 gidy, véi cac khoang chong 1ap tir 0% dén 95%. Phan tich dit liéu ban dau dugc thuc
hién bang cach sir dung tap dir lisu WISDM [17]. Téap dit liéu nay cung cap dir liéu
chuyén dong cho cac hoat dong hang ngay, duoc do tir gia toc ké ctia mot thiét bi duy
nhét (dién thoai thong minh). Trong nghién ctru nay, cac tinh nguyén vién dé dién thoai
trong thi ctia ho va nguoi dung thyc hién cac hoat dong chinh xac trong qué trinh kiém
tra. Bang 3.2 cho thdy tong sb quan sat vé cac hoat dong tir tap dit liéu WISDM st dung
kich thudc ctra s6 truot 1 8 gidy va ty 16 chong 1ap cua cac cira s6 13 40%. Tap dir lidu
duoc thu thap tir 36 tinh nguyén vién bao gém nam hoat dong: Pung, Ng@)i, Chay b9,
Pi b va Pi 1én xudng cau thang. Tap di liéu dugc trich xuat bao gdm tong cong 16.381
quan sat. Luan an cho thay su khac biét, Chuong 2 (RF4-HAR) st dung cira s6 10 gidy
pht hop cho 4 hoat dong co ban (dia hinh bang phang khong c6 budc leo cau thang).
Chuong 3 chon ctra s6 ngin hon vi hoat dong leo cau thang c¢6 chu ky bude ngan hon di
bd bang phang: RF5-HAR dung cira s6 8 gidy, con KNN6-HAR dung ctra s6 15 gidy,
mdi cira s6 déu nam bat di thong tin ma khong chira qua nhidu bude trong cing mot

phén doan.

Bang 3.2 Dir liéu hoat dong tur tdp dit lieu WISDM

Mo hinh hoat dong Tong s quan sat
Dung 695
Ngoi 857
Chay bd 5093




64

bibo 6355
Di cau thang 3381
Téng cong 16381

Trong giai doan thir nghiém, 16 tinh nguyén vién da thyc hi¢n cac hoat dong trong
Bang 3.1 trong khi thiét bi dugc deo ¢ that lung ctia ho (nhu duoc md ta trong Hinh
2.2(b)). Bang 3.3 cho thay sb lugng cac hoat dong tir tap dir liéu thu thap duoc st dung
kich thudc ctra s6 13 8 gidy (voi chong 1ap 40%). Tap dir liéu dugc trich xuét tir qua trinh

nay bao gdm tong cong 6.299 quan sat.

Bang 3.3 Dit liéu hoat dong tur tdp dir liéu thu thap

Mo hinh hoat dong Tong s quan sat
Duing 1459
Ngbi 1179
Chay bd 989
bi bo 1459
Di cau thang 1213
Téng cong 6299

Luwa chon dic trwng nang cao hiéu suat

Dé dat dugc hiéu suat phan loai cao, viéc lya chon cac dac trung c6 thong tin hoat
dong 1a rat quan trong. Hinh 3.2 mé ta sy phan bd dit liéu cua 200 mau dir liéu dau tién
thu dugc tu gia tdc truc X ctia mdi hoat dong (trong tap dir li¢u thu thap). Hinh minh
hoa nay hd tro viéc xac dinh pham vi va lya chon cac dic trung phu hop dé phan loai
hoat dong. Trong nghién ctru nay, dir li¢u dugc thu thép tir cac tinh nguyén vién vdi su
cht y can than dén tinh nhat quan. MAu tinh nguyén vién gdm hai nhom cé khac biét rd
vé tudi va thé trang (18-22 tudi va 65-72 tudi), do d6 tinh dong nhit duoc bao dam &
quy trinh thu thap (cung thiét bi, cung vi tri deo, cting kich ban), khong phai ¢ dic diém

nguodi tham gia. Trong qua trinh thu thép, ho da thuc hién cac hoat dong chinh xac dudi
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su giam sat chit ché, dam bao tinh dong nhét trén toan bo dit liéu. Quy trinh thu thap
dugc kiém soat chit nhim giam nhiéu gitra cac 1an do trong ciing mot nhém; tuy nhién,
khac biét sinh 1y van dong giira nhém tré va nhom nguoi cao tudi (da néu & Muc 4.1)
chua duoc kiém dinh thdng ké trong pham vi luan an ndy va can dugc danh gia thém.
Hinh 3.2 cho thfiy mot phﬁn dir liéu chuyén dong doc theo truc X tir mot nguodi tham gia
trong tap dir liéu thu thap. Mot so sanh giita Hinh 3.2 va Hinh 3.3 cho thay cac bién doi
bién d6 trén truc X khong khac biét dang ké gitra hai trudng hop nay, phan anh cac diéu
kién duogc kiém soat ma dir liéu duoc thu thap.

Dir liéu téng hop tir nhiéu tinh nguyén vién

Pung Ngoi
0.4 1
0.00 J
— —~ 0.2
2 =
o —0.05 1 S
Q S 0.0
© ©
S —0.10 1 =)
= = —0.2
5 B
\© \©
© —0.15 A ® -0.4
-0.20 —0.6 1
: . . T . . . : : . : : . . . T T .
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
S6 lugng mau S6 lugng mau
Chay bo Pi bo
1.0 4 -0.25 4
o054 050
(=] (=]
= = —0.75 -
8 00 S
E= . n =
_g 5 —1.00 4
o (o]
‘= —0.5 = —1.25 -
E E
'© © 0
© 104 oo
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-1.5
T T T T T T T T T _200 B T T T T T T T T T
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
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Pi cau thang
0.0
S —0.5 1
1%
©
S
o© —1.0 A
(o]
=
w -1.5
0]
2.0 -
: . . . . . . - :
0 25 50 75 100 125 150 175 200

S8 lugng mau

Hinh 3.2 Biéu do mé td mot phdn dir liéu doc theo truc X
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Tir Hinh 3.2, van 16 rang rang céc trang thai tinh nhu Pung va Ngoi duoc dic trung
boi cac gia tri gidi han trong mt pham vi hep cu thé. Vi du, bung chu yéu c6 khoang
150 diém dir liéu tap trung xung quanh Ax =~ Og (v6i 1g bang 9,8m/s?), trong khi Ngi
thé hién gﬁn 190 diém dit liéu doc theo truc X tai 0,14g. Do d06, hai déac trung chinh, cu
thé 1a AAD va IQR, dd dugc chon dé danh gia mirc d6 tap trung dir liéu, phan biét hiéu
qua céc trang thai tinh vdi cac trang thai dong va tham chi phan biét gitra cac trang thai
tinh khac nhau. Méat khac, cac trang thai chuyén dong nhu Bi b, Chay bo va bi 1én
xudng cau thang c6 pham vi gié tri khac biét dang ké so véi cic trang thai tinh. Két qua
1a, Range da duoc chon lam thudc do phu hop dé nam bét sy khac biét giita cac gid tri
cao nhét va thdp nhét trong sb cac trang thai dong nay.

Dir liéu cda mét tinh nguyén vién

bung Ngoi
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Hinh 3.3 Biéu do mé ta métphc”in dir liéu chuyén dong cua mot nguoi doc theo truc X
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Ngoai ra, tham khao Hinh 3.2, c6 thé nhan thay rang trong sb cic trang thai chuyén
dong, Pi bo va i 1én xudng cau thang cho thay su tap trung dang ké cta cac gia trj giita
Og va 1,5g va céc gi tri dan thua thét vé phia ranh gidi, trong khi cac gia tri cho Chay
bo cho théy su phan b déu hon. Nam bit hiéu qua sy khac biét gitra cac hoat dong nay,

STD ndi 1én nhu mét dic trung co gia tri dé dinh luong su lan truyén dir liéu.

Hon nita, Dtng, Chay bd va Di 1én xubng ciu thang lién tuc c6 s luong diém dir
liéu cao hon xung quanh Ax = 0g so véi Ng@)i va bi bd. Do d0, viéc luya chon RMS phu
hop dé dac trung hoa tat ca nam hoat dong nay. Tom lai, nam dac trung dugc chon cho
nghién ctru nay 1a AAD, STD, IQR, Range va RMS. Pé x4c nhan tim quan trong ctia
timg dic trung, thuat toan Random Forest cung cap chi sé feature importance dua trén
Gini impurity reduction. Két qua trén tap dit liéu WISDM cho thdy: STD déng gbp cao
nhat (26,3%) do phan biét tot nhat giira hoat dong manh va nhe, tiép theo 12 Range
(22,1%) nam bat bién do chuyén dong, RMS (19,7%) phan anh niang luong tin hiéu,
AAD (17,4%) do mirc d§ dao dong tuyét ddi, IQR (14,5%) danh gia d6 phan tan trung
tam. Phan b twong d6i dong déu (14,26%) xac nhan ca 5 dic trung déu dong gop co ¥

nghia va khong c6 ddc trung nao du thua.

Bang 3.4 Céng thirc cdc dic trung ciia div lidu gia téc trén truc X

Dic trung Cong thire

AAD (3.1)

N
1
AAD(X) = —Z|xj — x|
N,-=1

STD LGN (o (3.2)
O-(Xi) - sz'zl(x]'lu)

IQR Q3-Ql (3.3)

Range Range(X) = max;(x;) — min;(x;) (3.4)

RMS T v 2 (3.5)
RMS, = fﬁZlej
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Béang 3.4 trinh bay cac cong thurc cia nam dac trung AAD, STD, IQR, Range va RMS
dugc tinh trén truc X, truc Y va truc Z ap dung cac cong thirc gidng nhau. Tir Bang 3.5
dén Bang 3.7 cho két qua cua dir liéu gia toc dugc tinh theo cic dic trung thong ké
AAD, STD, IQR, Range va RMS cho céc hoat dong trong c ba chiéu (X, Y va Z).

Trong do:

- X, labanghithtri;la N tong s6 mau dir liéu trong mot cira s6 (window size);
- x; la mu thi cua ban ghi X ;
- u&) la gia tri trung binh cua X ;

o(x,, 12 d0 léch chuan ciia X;

- min 4 gia tri nho nhat cta X ;

- mMax la gia trj 16n nht ctia X ;

- (3 1a gia tri tai bach phan vi tht 75 cua dit liéu;

- Ol 1a gia tri tai bach phan vi thir 25 cua dit lidu;

- RMS, can béc hai trung binh binh phuong ctua X ;.

Bang 3.5 Dir liéu gia téc truc X (g)

. Pi ciu
Ping Ngoi Chay b Pi bo

thang

AAD 0,05 0,013 0,33 0,23 0,168
STD 0,09 0,022 0,41 0,291 0,2649
IQR 0,056 0,012 0,589 0,37 0,191
Range 1,22 0,187 2,21 1,38 1,734
RMS 0,12 0,318 0,41 0,29 0,265




69

Trong Bang 3.5, dic trung AAD van nhét quan trong kha ning phan biét giita Pung
(0,05) va Chay bo (0,33) trong trang thai tinh doc theo truc X. Trong Bang 3.6, STD tiép
tuc phan biét hiéu qua Chay bo véi Pi 1én xudng cau thang. Hon nira, IQR duoc st dung
dé phan bi¢t hoat dong Piing véi gia tri 0,04 vdi cac hoat dong con lai, bao gém cac
hoat dong tinh nhu Ngbdi két hop véi cac hoat dong khac (nhu dugc thé hién trong Bang

3.7). Nhin chung, c4c hoat dong cia con nguoi thé hién su khac biét dang Kké.

Bdng 3.6 Dir liéu gia téc truc Y (g)

DPing Ngoi Chay bd Pi bd i ciu
thang
AAD 0,02 0,009 0,734 0,42 0,28
STD 0,029 0,01 0,83 0,5 0,366
IQR 0,027 0,01 1,38 0,8 0,421
Range 0,22 0,12 2,83 1,949 1,80
RMS 1,01 0,949 1,19 1,098 0,88
Bdng 3.7 Dit liéu gia téc truc Z (g)
. Pi ciu
Ping Ngoi Chay b Pi bo thang
AAD 0,03 0,01 0,40 0,25 0,24
STD 0,05 0,017 0,51 0,4 0,3
IQR 0,04 0,012 0,618 0,26 0,347
Range 0,38 0,159 2,58 2,17 1,8
RMS 0,15 0,127 0,547 0,4 0,419

Déi v6i van dé phan loai hoat dong thoi gian thyc trén vi diéu khién chi phi thap,
cong suét thép, nam dac trung dugc lya chon, mac du khong maéi va tuong dbi don gian,

nhung phu hgp. Sau khi lga chon ndm déc trung (AAD, STD, IQR, Range va RMS), tap
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d@r li€u dugc chia thanh tap huin luyén va tap kiém tra. Nghién ctru da tht nghiém véi
cac ty 1 khac nhau cta tap hudn luyén va tap kiém tra, két luan rang ty 1& 60% huén
luyén va 40% kiém tra cho két qua tot nhat. Piéu quan trong can luu y 13 tap huan luyén,
bao gébm 60% tap dit liéu gdc, duge 1dy mau ngdu nhién tir cac dbi twong khac nhau.
Tuong tu, 40% con lai tao thanh tap kiém tra, dam bao rang khong c6 sy chong chéo
gitra tap huin luyén va tap kiém tra. Cac dic trung duogc dé xuét da duoc su dung dé

kham pha tap dir liéu huan luyén nham xay dung mé hinh.

Dé c6 duoc cai nhin toan dién hon vé déng gop cia tap dir liéu huan luyén, nghién
ctru nay su dung t-Distributed Stochastic Neighbor Embedding (t-SNE), mét cong cu
giam chiéu dir liéu, dé biéu dién phan bd ciia mdi diém dir liéu trong khong gian nhiéu
chiéu thanh khong gian hai hoic ba chiéu. Hinh 3.4 biéu dién tap dir licu WISDM thong
qua thuat toan t-SNE. Hinh 3.4a cho thiy mot mirc d6 nham lan dang ké giira phan 16n
cac hoat dong. Tuy nhién, trong Hinh 3.4b, sau khi tién hanh kiém tra lién quan dén tat
ca nam dic trung da dé cap trudc do, cac ranh gidi phan tach cic hoat dong khac nhau
tré nén rd rang dang ké. Str dung tat ca cac dic trung nay két hop v6i nhau lién tuc cho
két qua tdt hon trong phan loai hoat dong khi so sanh véi viéc st dung ting dac trung
riéng 1&. Trong d6, viéc phan loai cac hoat dong nhu Pimg (dugc mé ta bang ving mau
cam) va Ngoi (dugc mé ta bang ving mau xanh) to ra don gian. Trong khi d6, cac hoat
dong Chay bd (dugc chira bﬁng vung mau h@)ng), bi b6 (duoc biéu dién bﬁng vung mau
xanh 14 cdy) va Di 1én xubng cau thang (duoc biéu dién bang ving mau nau) thé hién

mot s6 muc do chong chéo.
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Hinh 3.4 Tép dir liéu WISDM duwoc biéu dién trong khéng gian 2 chiéu: (a) khéng cé
cdc dac trung va (b) co cac dac trung
Nam dac trung AAD, STD, IQR, Range va RMS ciing duoc su dung voi tap dir licu
thu thap nhu tap dir liéu WISDM. Hinh 3.5 minh hoa biéu dd cua tap dir li¢u thu thap
duoc thong qua thuat toan t-SNE. RS rang 1a céc hoat dong trong tap dir li¢u thu thap
duoc phan loai rd rang, mic du van con mot chut chéng chéo gitra Chay bg, Di bo va bi
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Hinh 3.5 Tap dit liéu thu thdp dwoc trong khong gian 2D khong co dac trung (a) va co
dac trung (b)
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Tap dic trung duge trich xuat s& duogc tich hop vao qua trinh huan luyén va phan loai
hoat dong. Bén phuong phap phan loai thuong duoc st dung trong hoc may: RF, Cay
quyét dinh duoc ting cudng theo gradient (GBDT), SVM va KNN, thong qua thu vién
Sklearn, da dugc sur dung dé danh gia hiéu suat md hinh. M6 hinh GBDT duoc cdu hinh
véi the d6 hoc 0,05, d6 sau toi da 1a 3 va 100 bo uéce luong. M6 hinh SVM sir dung tham
s6 chinh quy hoa va tily chon “scale”. M6 hinh KNN duoc thiét 1ap v6i 5 lang giéng va
trong s6 “distance”. Cac cdu hinh nay can bang do phirc tap ctia mo hinh va hiéu suat
cho tap dit liéu hién co.

Pé danh gia hiéu qua ciia mo hinh phan loai, cac két qua phan loai dugc biéu dién

duéi dang ma tran nham Ian.

3.2. Thye nghiém va két qua ciia h¢ thong RF5-HAR
3.2.1. Két qua thuc nghiém trén céc thuét toan

Bang 3.8 va Bang 3.9 mo ta d6 chinh xac tong thé va d6 nhay cia timg bo phan loai
GBDT, SVM, RF va KNN tuong ung trén tap dir licu WISDM. Hiéu suét ctia mdi bod
phan loai thay d6i theo cac kich thudc ctra s6 khac nhau (5 gidy, 8 gidy, 10 gidy, 12 gidy,
15 gidy). Trong sb cac bod phan loai ndy, bd phan loai RF cho hi¢u suat phan loai cao
nhat, dat do chinh xac tong thé 96,5% va d6 nhay 96,7% véi kich thudc cira s6 8 gidy

(Bang 3.8, 3.9).

Bang 3.8 Do chinh xac cua GBDT, SVM, RF va KNN trén tap dir lieu WISDM

Kich thwéc

i GBDT (%) SVM (%) RF (%) KNN (%)
ctra so (s)

5 92 93 95,9 94

8 93,2 94 96,5 94,5

10 93,6 94 96,5 94,2

12 94,7 94 96,5 93,9

15 94,2 95 96,4 94,1
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Bang 3.9 Do nhay cua GBDT, SVM, RF va KNN trén tap dir lieu WISDM

Kich thwéc

X GBDT (%) SVM (%) RF (%) KNN (%)
ctra so (s)

5 92,7 93,5 96,2 94

8 93,7 94,1 96,7 94,5

10 93,9 94,3 96,4 94,1

12 95 93,7 96,3 94,1

15 94,7 94,9 96,4 94,2

Béang 3.10 va Bang 3.11 mo ta d chinh xac va do nhay cua tap dir li¢u thu thap dugc
véi cac kich thudc cira s6 va bo phan loai khac nhau. Khac véi tap dir liéu WISDM, noi
dir liéu duogc thu thap tir cac tinh nguyén vién véi dién thoai dat trong tai quén phia trudc
trong khi hoat dong, dir 1i€u thir nghi€ém dugc thu thap béng thiét bi cb dinh ¢ that lung
dé giam thiéu chuyén dong. Qua trinh thu thap dit liéu dugc cau tric theo timg hoat dong
riéng 1é, giam thiéu cac sai léch. Do d6, d6 chinh xac vé hanh vi trong tap dir liéu thu
thap dugc cao hon so véi tap dir licu WISDM. Bo phan loai RF mang lai d0 chinh xéc
cao nhét (98,3%) va do nhay cao nhat (97,5%) vdi kich thudc cira s6 8 gidy. Két qua
cao hon trén tap dir liéu thu thap chii yéu nhd quy trinh thu thap dugc kiém soét (cling

thiét bi, cung vi tri deo, timg hoat dong dugc ghi riéng).

Bang 3.10 Do chinh xdac cua GBDT, SVM, RF va KNN trén tap dir liéu thu thap

Kich thuéc

i GBDT (%) SVM (%) RF (%) KNN (%)
ctra so (s)

5 98,1 97 98,3 98

8 98 97 98,3 97

10 97,7 97 98,2 98

12 97,7 97 98,2 97

15 97,9 97 97,7 98
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Bang 3.11 Do nhay cua GBDT, SVM, RF va KNN trén tap dir liéu thu thap

Kich  thudc
X GBDT (%) SVM (%) RF (%) KNN (%)

ctra so (s)

5 97 95,8 97,4 96,4

8 96,9 95,5 97,5 95,7

10 96,5 95,5 97,3 96,3

12 96,1 95,3 97 95,7

15 97,3 96,1 96,9 97,3

Badng 3.12 Thoi gian thwc thi va tiéu thu ndng lwong trung binh cho tdp kiém tra

trén thiét bi deo (trong tdp dit liéu thu thdp)

Thoi gian thuc thi Nang lwgng (J/hoat
Thuat toan
(s/hoat dong) dong)
GBDT 0,0072 0,00383
SVM 0,053 0,02819
RF 0,03 0,01595
KNN 0,019 0,0101

Ghi chi: ning lugng trong Bang 3.12 duoc wdc luong bang tich cua thoi gian thuc
thi va cong suét trung binh cua toan thiét bj khi hoat dong (=0,532 W ¢ 3,7 V, da bao
gém mé-dun truyén thong), khong phai dugc do doc 1ap cho timg thuat toan; vi vay ty
sd nang lugng/thdi gian ctia bon thuat toan 1a nhu nhau va Bang 3.12 chi phan anh chi
phi nang luong twong ddi gitta cac thuat toan. Gia tri nay khac véi dong 2,51 mA ¢ Bang
1.4 va Bang 3.29, von 1a dong tiéu thu cua riéng khi vi diéu khién va cam bién.

Bang 3.12 trinh bay thoi gian thyc thi trung binh va ti€u thu nang lugng cua cac thuat
toan GBDT, SVM, RF va KNN trén cac thiét bi deo duoc st dung tap dir liéu thu thap.
Két qua cho thdy RF c6 thoi gian thyc thi va tiéu thu ning luong thap hon dang ké so
v6i SVM, chi véi 0,03 s/hoat dong va 0,01595 J/hoat dong. Khi so sanh véi KNN (0,019
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s/hoat dong va 0,0101 J/hoat dong) va GBDT (0,0072 s/hoat dong va 0,00383 J/hoat
dong), RF khong hoat dong hi€u qua vé tc d6 hodc tiét kiém nang lugng. Tuy nhién,
khi danh gia theo d6 chinh xac va do nhay trén tap dir li¢u thu thap (Bang 3.10 va Bang
3.11), RF dat d6 chinh xac cao nhit & cac cira s6 5, 8 gidy (98,3%) va 10 gidy (98,2%),
riéng & ctra s6 15 gidy GBDT va KNN (98%) cao hon RF (97,7%), va d6 nhay t6t nhét
trén cac kich thudc cira s6 giéng nhau (97,4%, 97,5% va 97,3%, tuong tng). Diéu nay
chtng to rang RF c6 thé duy tri d6 chinh xac cao ngay ca khi kich thudc cira s6 thay doi,
mot yéu td quan trong trong Tiny Machine Learning, noi tai nguyén tinh toan bi han ché

va cac mo hinh phai duoc tdi uru hoa cho ca thoi gian va nang luong.
3.2.2. Trién khai thuat toan RF trén vi diéu khién

Sau khi xem xét muc tiéu tinh toan ti wu va su phu hop ctua RF cho ngudi diung it ¢6
xu hudng thay d6i hoat dong dot ngdt (nhu ngudi dung 16n tudi hodc dang trong qua
trinh phuc hdi), thuat toan RF duong nhu 13 lya chon wu tién dé phan loai cac hoat dong

truc ti€p trén vi di€u khién trong nghién ctru nay.

Hinh 3.6 va Hinh 3.7 cho thiy két qua chi tiét ciia viéc sir dung thuét toan RF dé phan
loai cac hoat dong trén tap dir liéu WISDM va tap dir li€u thu thap cho kich thudc cira
s0 8 gidy. Nhu c6 thé thiy tir Hinh 3.6, hdu hét cac mau kiém tra hanh vi thé hién su
phan biét twong ddi rd rang (277/279 mau cho Pung, 337/344 mau cho Ngbi, 2014/2038
mau cho Chay bd). Tuy nhién, c6 mdt su khac biét nho gitta Chay bo, Di bo va Di 1én

xuong cau thang.
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Hinh 3.6 Ma trdn nham lan cia thudt todn RF trén tdp dir lieu WISDM vai kich thuoc
cua so 8 giay
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Hinh 3.7 Ma trdn nham ldn cia thudt todn RE trén tap dit lieu thu thap dwoc voi kich
thudc cua so 8 gidy
Tuong tuy nhu tap dir liéu WISDM, trong Hinh 3.7, hau hét cac mau kiém tra hoat
dong trén tap dir li€u thu thap dugc phan biét rd rang. P9 chinh xac cta phan loai hoat
dong cho kich thudc cira s6 8 gidy duoc trinh bay trong Bang 3.13 va Bang 3.14 cho tap
d@r liéu WISDM va tap dit li¢u thu thap tuong img. P9 chinh xac cua bd phan loai RF
trén tit ca cac hoat dong vuot qua 90% trén ca tap dir licu WISDM va tap dir li¢u thu

thap. Hiéu suat phan loai ctia bd phan loai RF 13 twong ddi cao.

Bang 3.13 Hiéu sudt mé hinh trén tap dir liéu WISDM véi kich thiede cira s6 8 gidy

Mo hinh hoat | Py chinh xac
D¢ nhay (%) | PPV (%) NPV (%)

dong (%)

Dung 99,92 99,28 99,28 99,97
Ngoi 99,89 97,97 100 99,89
Chay bd 98,89 98,82 97,62 99,47

bi bo 97,56 97,96 95,84 98,69

Di cau thang 96,80 89,50 94,68 97,31
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B4 phan loai RF da dat dugc do chinh x4c va NPV vuot 96% trén tap dir licu WISDM
va vuot qua 98% trén tap dit liéu thu thap trong tat ca cac hoat dong. P9 nhay va PPV
dat vuot qua 90% cho tat ca cac 16p ngoai trir Pi 1én xubng cau thang, dat 89,50% trén
tap dir licu WISDM. Cac hoat dong Bung va Ng@)i dat gid tri cac chi sb rit cao (d0 nhay
99,28% va 97,97%, PPV 99,28% va 100%), gan nhu tach biét voi cac hoat dong khac.

Bang 3.14 Hiéu sudt mé hinh trén tdp dir liéu thu thip véi kich thude cira s6 8 gidy

M6 hinh hoat dong Do chinh xic (%) | D¢ nhay (%) | PPV (%) | NPV (%)
Dung 99,94 99,88 100 99,89
Ngbi 99,89 98,97 100 99,87
Chay bo 98,14 90,53 91,98 98,87
bi bo 98,42 96,9 96,45 99,04
Di cau thang 99,66 99,39 97,04 99,94

3.2.3. Banh gia mo6 hinh phan loai RF

Hiéu sut tong thé cua tap dir liéu dugc danh gia bang ca hai phuong phap trung binh
vi md va trung binh vi md theo cic dinh nghia & Muyc 1.3.3. Két qua trong Bang 3.15
cho thiy RF dat d6 chinh xac tong thé da 16p 96,54% trén tap WISDM va 98,03% trén
tap dir li€u thu thap; dd chinh xac theo 16p trung binh (cong thuc 1.1) tuong Gng la
98,62% va 99,21%. D) nhay vi mé (96,71% va 97,13%) xép xi do nhay vi mo, cho théy
mo hinh khong bi chi phdi dang ké boi cac 16p da sd; 10p c6 d6 nhay thap nhat trén
WISDM la Pi cdu thang (89,50%), cht yéu bi nham sang Di bd (97/1353 mau, 7,2%)
va Chay bo (45/1353 mau, 3,3%) theo Hinh 3.6.
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Bang 3.15 Ddnh gid mé hinh phén loai RF véi kich thudc cira s6 8 gidy

) Trung binh vi mé (%) Trung binh vi mé (%)
Chi s0
dénh gi4 Tap dir ligu Tap dir ligu Tap dir li¢u Tap dir ligu
cong khai thu thap cong khai thu thap
Do chinh xac
, , 96,54 98,03 - -

tong the da 16p
Do chinh xac

98,62 99,21 98,62 99,21
theo 16p (1.1)
Do nhay 96,54 98,03 96,71 97,13
PPV 96,54 98,03 97,49 97,09
NPV 99,13 99,51 99,06 99,52

Trong bdi canh phan loai hanh vi trong nghién ciru nay, viéc ting cac dic trung sé
dan dén tang thoi gian tinh toan, anh hudng dén hiéu suit thoi gian thuc. Hon nira, bat
ky su ting nao vé do chinh xac déu khong dang ké. Vi phan loai hoat dong xay ra trong
mot khoang thoi gian dai, uu tién 1a chon cac dac trung phu hop. Do d6, tap dac trung
duogc dé xuét dat su can bﬁng tdt nhat gitra hi¢u suét phan loai va do phuc tap tinh toan
trong cac cau hinh da khao sat, dap ing cac yéu cau ctia nghién ctru.

3.3. Panh gia h¢ thong RF5-HAR
3.3.1. So sanh véi cac nghién cuu trude

Lua chon dac trung gitt mot vi tri quan trong trong qua trinh nhén dang, dugc
chtrng minh boi cac nghién ciru trude day. Nhiéu nghién ciru ¢ mé rong pham vi cua
ho dé bao gém nhiéu dic trung nham x4c dinh chinh x4c hon cac hoat dong cua con
nguoi. Mot s6 nghién ctru da két hop 1én dén 43 dic trung va tham chi 64 dic trung.
Tuy nhién, viéc st dung mot sb lugng 16n dac trung co thé dan dén tang chi phi tinh
toan va khong phu hop véi cac vi diéu khién hiéu ning thap.

Mot s6 nha nghién ctru st dung dir li¢u gia tdc ké va hoc sau dé phan loai hoat
dong cua con ngudi. Chen va cong su dd phat trién mo hinh CNN va sira d6i nhan tich
chap dé thich tmg véi ddc diém cua tin hiéu gia tdc ba truc [95]. Két qua thuc nghiém

cua ho cho théy CNN hoat dong hi€¢u qua, dat do chinh xac trung binh 93,8%. Lee va
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cong su da gidi thi€u phuong phap dya trén 1D CNN véi do chinh xéc 92,71%. Tuy
nhién, nghién ctru nay chi sir dung ba loai dit li¢u hoat dong con nguoi, di by, chay va
dung yén, duoc thu thap bang gia toc ké dién thoai thong minh. Trong mot phan cong
viéc dugc thuc hién trong nghién ctru nay, tac gia da tht nghi€ém phan loai nam hoat
dong Pimg, Ngdi, Chay bd, Pi bd va Di cau thang trén bo dir lieu WISDM sir dung kién
trac mang hoc sau. Thir nghiém st dung bo nhé dai ngin han (LSTM) dé dénh gia. Két
qua thuc nghiém cho thy voi cac phuong phap udc luong trung binh vi mé (micro-
average) va trung binh vi mo (macro-average), do chinh xac va do nhay rat dang hai
1ong. V&i LSTM, két qua kiém tra da cho Do chinh xac > 99% va Do nhay > 97%, thir
nghiém cho thiy LSTM 1a lya chon dang gia cho bai toan HAR. Tuy nhién, LSTM (hozc
hoc sau) doi hoi thoi gian huan luyén va kiém tra dang ké, vuot xa RF, GBDT, SVM va
KNN. Do d0, trién khai hoc sau c6 thé khong kha thi trén cac vi diéu khién tiét kiém chi
phi nhu PIC18F4520.

So sanh v6i cdc mod hinh 16n hon trén cung may tinh thuc nghiém (Dell XPS-9310,
CPU 4,2 GHz, RAM 8 GB): trén cung bai toan nam hoat dong ctia tap WISDM, mo hinh
LSTM dat d6 chinh xac > 99% va d6 nhay > 97%, cao hon RF (d6 chinh xac tong thé
96,5%) khoang 2-3 diém phan tram, trong khi mé hinh CNN ctia Chen va cong sy [95]
dat 93,8% trén dir li€u cua ho. Tuy nhién, mo6 hinh LSTM c6 s6 tham sb va bd nhd trung
gian 16n hon nhiéu bac so voi RAM 1,5 KB ctia PIC18F4520, dong thoi yéu cau phép
nhan ma tran ddu phay dong ma PIC18 khong c6 phan cimg hd tro. Do d6, cac méd hinh
16n dugc st dung lam can trén tham chiéu vé d6 chinh xac, con RF 14 lya chon can bé‘mg
giita d chinh xac va kha nang trién khai trén thiét bi.

Mot s6 nha nghién ctiru da kham pha viéc str dung gia téc ké tich hop san dé phan
loai hoat dong. Tuy nhién, phuong phap nay thuong bi gidam d¢ chinh xac do sy can
thi€p tir cac hoat dong thuong ngay nhu cudc goi dién thoai, duyét web va nhén tin [17],
[88]. Wang va cong sy [9] d3 tién hanh nghién ctru vé nhan dang cac hoat dong thé chat
ctia con nguoi dya trén dir liéu gia téc ké va con quay hoi chuyén ba truc. Nghién ciru
da str dung cac bo phan loai Naive Bayes va KNN dé danh gi4 kha nang phén loai trén
mot tap dir liéu cua 6 hoat dong: Di b9, Ng@)i, bung, Nim, Lén cau thang va Xuéng cu
thang. Két qua ctia nghién ciru cho thiy do chinh xéc t6t trong hau hét cac hoat dong.

Tuy nhién, hoat dong Lén ciu thang va Xudng cau thang c6 phan loai thap hon, véi do
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chinh xac 82,78% cho Lén cau thang va 91,78% cho Xudng cau thang. Ngoai ra, chi s6
PPV ciing kha thap, dat 79,62% cho Lén cau thang va 77,14% cho Xudng cau thang.

Két qua cta luan 4n ciing duoc dbi chiéu véi nghién ciru ciia Vavoulas va cong
su [20]. Can luu ¥ rang [20] gidi thiéu va sir dung bd dir liéu MobiAct (thu thap tir dién
thoai thong minh), khong phai bd dir licu WISDM; nghién ctru nay phan loai cac hoat
dong sinh hoat hang ngay v&i 64 dic trung, danh gia bang xac thuc chéo 10 1an va dat
d6 chinh xéac cao v&i IBk (99,79%) va J48 (98,63%). Catal va cong su [25] ap dung to
hop J48, Hoi quy Logistic va Perceptron da 16p véi 43 dic trung, dat 91,6%. Céc nghién
ctru ndy str dung nhiéu dic trung hon va chay trén mdy tinh, trong khi RF5-HAR chi
dung 15 chiéu dic trung, dat d§ chinh xac téng thé 96,5% trén WISDM va chay truc
tiép trén vi diéu khién 8-bit. Do khac bd dir lidu, dinh nghia chi s6 va nén tang phan
cing, cac so sanh trén chi mang tinh tham khdo. So v&i cac phuong phap dua trén thi
gidc may tinh (Bang 1.1), phuong phap dé xuit khong yéu cau camera va khong anh
huéng quyén riéng tu.

So v6i cac nghién ctru trong nude cung linh vire, hé théng cua Pao Té Hiéu va cong
su [81] hay Nguyén Quang Huy va cong su [82] méi dimng & viéc nhan dang cac hoat
dong co ban trén dia hinh bang phang, chua mé rong sang bai toan phan biét 1én/xuéng
cau thang ciing nhu chua cong bd mirc tidu thu ning luong va chi phi phan cing chi tiét
dé ddi chiéu dinh luong. Hé thong RF5-HAR va KNN6-HAR cia ludn an, do do, 1a mot
trong sd it cong trinh trong nude trién khai va danh gia day du bai toan HAR da dia hinh

tryc tiép trén vi diéu khién 8-bit chi phi thap.

3.3.2. Panh gia tinh (mg dung va trién khai hé thong RF5-HAR

Trong cac hé théng hd tro sinh hoat, dat duogc su chép nhén cua nguoi dung la
mot thach thirc quan trong. Mic du cac phuong phép tiép can thi giac may tinh cung cap
cac ung dung déy hira hen, viéc trién khai chung trong bdi canh nay co thé bi can tré boi
cac mdi quan ngai vé quyén riéng tu. Ngudi dung cao tudi c6 thé mién cudng dé hinh
anh cua ho dugc theo doi hoac ghi lai, c6 kha nang coi cac hé¢ théng nhu vay la xam
pham. Cam giac bi giam sat c6 thé gay kho chiu cho nguoi dung. Vé van dé nay, thiét

bi deo & thit lung véi cac cam bién nhung cung cap mot giai phap thuc té.
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Enter server IP address ' OK )‘ RESET , 192.168.137.1 ‘ OK " RESET ’

Value X X(g) -5.1 -0.52
Value X Y(q) 5.49 0.56
Value X VA(s)) -4.02 -0.41

Hinh 3.8 Phén loai duoc thuce hién bdi vi diéu khién thoi gian thyc va hién thi trén
dién thoai thong minh

Nghién ctru nay tap trung vao vi¢c phan loai cac hoat dong sinh hoat hang ngay co
ban (ADL) tng dung cho cac tda nha cao ting. Cac hoat dong co ban ciing khac nhau d6i
v6i cac d6 tudi va ddi twong khac nhau. Hé théng phut hop véi cac d6i tuong can theo dai,
chiam soc strc khoe nhu ngudi cao tudi, tré em, ngudi lao dong trong mdi truong rii ro
cao, ngudi bénh méi phuc hdi hodc bénh nhén lién quan dén mét kiém soat hanh vi [CT6].
Thiét bi dé xuat phu hop dé dép tng nhu ciu theo ddi cham séc mot cach hiéu qua, do
chinh xé4c cao, tiét kiém chi phi va ton trong tinh riéng tu; tuy nhién, hé théng hién méi
duoc kiém chung trén ngudi khde manh, viéc ap dung cho bénh nhan can dugc thu nghiém

thém.

Mang cam bién, mot thanh phan quan trong cta Internet van vat (IoT) véi cac

ung dung da dang, da cach mang hoa nhiéu linh vue, dic biét 1a chiam soc stre khoe. Khi
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dan sd gia di trén toan cu, nhu cau vé cac giai phap dé hd trg cudc sdng doc 1ap ting
1én. Nghién ciru nay dé xuat mot hé thong giam sat hoat dong tan dung cong nghé IoT.
Hé thong nay c6 thé ty dong giam sat mot ngudi cao tudi sdng mot minh. Bang cach
tich hop hé théng v6i cac nén tang truyén thong nhu ing dung web hodc di dong (cac
hé thdng lién quan dén truyén thong khéc trong khudn kho IoT), cac gia dinh c6 thé nhan
duoc céac cap nhat thoi gian thyc vé cac hoat dong cua nguodi than cua ho (nhu dugc
minh hoa trong Hinh 3.8). Gidm sat thoi gian thyc nay mang lai sy an tdm, dam bao suc
khée cia nguoi cao tudi, dic biét la nhitng nguoi séng xa gia dinh ctua hg. Do do, hé
thong duoc dé xuat cung cip gia tri dang ké cho cac ca nhan cao tudi, dic biét 13 nhitng
nguoi séng doc 1ap.

Hé théng nhan dang hoat dong nay uu tién su thoai mai ciia nguoi dung trong
qua trinh str dung kéo dai. Khong giéng nhu cac giai phap hd tro sinh hoat cong kénh
hon, thiét bi dugc dé xuit cia tac gia sir dung cac cam bién gia toc ké khong gy kho
chiu va tiét kiém chi phi. Nhiing cam bién nay nho, nhe va cé gia chi bang mot phan nho
ctia thiét bi chuyén dung, 1am cho ching 1y tudng cho viéc 4p dung rong rdi. Hon nira,
ban than thiét bi ciing c6 gia ca phai ching dang ké, voi muc gia chi 15 USD. Pé tdi da
hoa tudi tho pin va giam thiéu nhu cau thay thé, hé théng sir dung toc do 1y mau thap
(50 Hz) trong khi van duy tri nhan dang hoat dong chinh x4c.

3.4. Hé thong KNN6-HAR nhin dang hoat dong phén biét trang thai 1én, xuong
ciu thang
3.4.1. Kién tric mé hinh phan loai hoat dong

Trong hé théng nay, mot phuong phap hoc c6 giam sat s& duoc st dung dé dat dugc
d6 chinh xac cao hon. Phuong phap hé thong toan dién bao gém ba giai doan: 1) thu
thap dir 1i€u, 2) phan tich mo6 hinh, va 3) nhan dang hoat dong thoi gian thuc. Giai doan
dau tién lién quan dén viéc thu thap dir liéu gia tdc ba truc tir cam bién deo duoc. Giai
doan thtr hai bao g@)m viéc ap dung k¥ thuat cua sO truot, trich xuat dic trung va huin
luyén mo hinh hoc may. Giai doan cudi cung tap trung vao viéc trién khai mo hinh da

huan luyén trén vi diéu khién dé phén loai thoi gian thyc
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Hinh 3.9 Cdc buoc trong nhan dang hoat dong

Thiét bi dugc dé xuét trong nghién ciru nay bat dau thu thap dir lidu trong giai doan
dau tién. Tac gia dic biét tap trung vao viéc nam bat dir liéu gia téc doc theo ba truc (X,
Y va Z) dé phan loai cac hoat dong. Dir liéu ndy trai qua qua trinh 14y mau, chuyén doi
sang dinh dang s6 va sau d6 dugc truyén dén vi diéu khién dé xir ly. Gia toc ké
ADXL345 duoc sir dung trong hé thong do chi phi thap, tiéu thu ning luong thap va do
tin cdy cao. Cam bién duoc ciu hinh dé thu thap dir liéu o tan sd léy mau 50Hz, cung
cip su can bang gitra d6 chinh xac dit liéu va hiéu qua tinh toan. Giai doan cudi cling
bao gém ca trién khai va danh gia. O day, cac dac trung duoc chon tir budc trude dugce
dua vao mo hinh hoc may dé huan luyén va kiém tra. Mo hinh da huan luyén sau d6
duoc trién khai trén vi diéu khién dé phan loai thoi gian thye. Hiéu suit cua hé théng
duoc déanh gia béng cach st dung cac sb liéu nhu d6 chinh xac, do nhay va do dac hi¢u
trén ca tap dit liéu cong khai va tap dit liéu thu thap duoc. M6 hinh hé thong va thiét bi

deo duoc bd tri twong ty hé théng RF4-HAR
3.4.2. Tap dit lidu

Tap dir li€u thu thap
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Hé thong dugc dé xuét ciia nghién ciru ndy st dung may do gia toc 3-DOF ADXL345
dé thu thap dir liéu chuyén dong. Pé dam bao phép do hoat dong toan dién, cac thong
s6 cua cam bién duoc dit & mic +4 g toan thang do, do nhay 128 LSB/g va muc nhiéu
13 150 pg. Cau hinh nay cho phép thu thap dir liéu ba truc trén cac truc X, Y va Z. Cam
bién ADXL345 két ndi voi vi diéu khién PIC18F4520 thong qua giao dién I12C. Viéc
truyén dir liéu dugc tao diéu kién thuan loi bai mo-dun ESP8266 duoc giao tiép voi
MCU théng qua giao tiép UART. Viéc thu thap dif liéu tir cam bién, trich xuat dic trung
va phan loai dugc thuc hi¢n hoan toan trén PIC18F4520; ESP8266 chi dong vai tro kénh
truyén thong, nhan nhin hoat dong qua UART va giri khong day dén may chu. Diéu nay
cho phép theo dai lién tuc va phan tich chi tiét cac kiéu hoat dong thé chat ctia ngudi
dung. Mo-dun Wi-Fi tich hop ctia ESP8266 phu hop v6i mdi truong toa nha c6 sin ha
tang mang. Thiét bi duoc cung cip ning luong bdi pin sac 3,7 V, 6000 mAh (dung lugng
16n hon pin 2000 mAh cua phién ban RF4-HAR & Chuong 2).

Trong thiét bi dugc dé xuit, may do gia tbc do chuyén dong ctia nhitng ngudi tinh
nguyén khi ho thuc hién nhiéu hoat dong khac nhau. ADXL345 duoc doc véi tan s 50
Hz va cac mau dugc chuyén dén PIC18F4520 qua I>C. Truong hop mot vai mau bi mét
trong qua trinh doc, gié tri bi thiéu dugc bu bang trung binh ctia cic mau lan can trong
cung gidy, nhd d6 chudi dir liéu van lién tuc & 50 Hz. Ngoai ra, mot bo loc thong thép

bac mot duoc ap dung dé 1am min nhiéu tan s6 cao trude khi trich xuat dic trung.

Thir nghiém dugc tién hanh trén may tinh xach tay Dell XPS-9310 v6i b xir Iy manh
mé 4,2 GHz va RAM 8 GB. Tac gia da tién hanh ghi dir liéu thyc nghiém véi tong cong
16 tinh nguyén vién dugc chia thanh hai nhém tudi: nhom tré gdm 14 sinh vién (7 nam
va 7 nit), do tudi: 18-22 tudi, chiéu cao: 1,56-1,8 m, can nang: 43-72 kg va nhom nguoi
cao tudi gdm 2 ngudi (1 nam va 1 nir), do tudi 65 va 72 tudi, chiéu cao lan luot 1,4 m
va 1,46 m, can nang 1an luot 42 kg va 46 kg dé 1y dir liéu hoat dong thuc té hang ngay.
Thiét bi dugc dé xuit dugce tinh nguyén vién deo ¢ dinh trén that lung. Séu hoat dong
da duogc ghi lai: Ping (40 phat), Ngdi (30 phut), Chay bo (10 phut), Bi bo (22 phut),
Xubng cau thang (20 phat) va Lén cau thang (20 phut).

Tan s6 1ay mau 50 Hz thuong duoc sir dung trong HAR [95]. Ngoai ra, trong nghién

ctru ndy, viéc lya chon 50 Hz phu hop véi dinh 1y Nyquist, trong d6 néu rang tan sb 1ay



85

mAu phai gap it nhat hai 1an tan sd cao nhat c6 trong tin hiéu dé tranh hién tuong ring
cua. Vi hau hét cac tan sd chuyén dong quan tim cua con ngudi déu thip hon nhiéu so
v6i 25 Hz, nén téc do 1dy mau 50 Hz 1a phu hop. Trude khi thu thap dir liéu, cac cam
bién gia tdc ba truc s& duge hiéu chuin va sit dung bd loc thong thép IIR bac mot dang
trung binh truot ham mil y[i] = K-x[i] + (1 — K)-y[i—1] dé giam nhiéu (trong cac cong
bd trude bod loc nay dugc goi 1a “bd loc Kalman don gian” [5]). V61 K = 0,1 va fs = 50
Hz, tan s6 cat khoang 0,8 Hz, do d6 bo loc lam suy giam mot phan thanh phan tan sb
budc chan (1-3 Hz) va anh huong dén bién do cac dic trung Var, P2P; anh hudng nay
1a nhu nhau cho tap huan luyén va tap kiém tra. Trong cac phién ban tiép theo, c6 thé
tang K 1én khoang 0,45-0,5 (tan s6 cat khoang 5 Hz) dé bao toan thanh phan budc chan.
Cu thé, ADXL345 dugc cau hinh v6i thanh ghi OUTPUT DATA RATE = 0x09 (twong
mg 50 Hz). Thoi gian xt Iy mot chu ky phan loai cia KNN6-HAR: trich xuat 4 dic
trung khoang 3 ms va suy luan KNN khoang 82 ms (t6ng khoang 85 ms < 100 ms); viéc
truyén két qua qua ESP8266 (khoang 50 ms) dugc thyc hién sau khi di c¢6 nhan va khong

thudc rang budce thoi gian suy luan.
Tép dir li€u cong khai

Pbé danh gia hi¢u suat cua thuét toan, mot tap dir liéu c6 san cong khai ciing da duoc
str dung [17]. Tap dir lidu nay cung cap dit liéu chuyén dong cho cac hoat dong hang
ngay, duoc thu thap tir may do gia tdc ciia mot thiét bi duy nhat (dién thoai thong minh).
Nhirng nguoi tinh nguyén mang di¢n thoai trong tai khi thuc hién cac hoat dong dugc
chi dinh. B6 dit liéu, duoc thu thap tir 36 nguoi tham gia, bao gdm sau hoat dong: Pung,
Ngéi, Chay bo, Di bg, Xuéng ciu thang va Lén cau thang. Trong nghién ctru nay, giai
doan thir nghiém bao gém 16 tinh nguyén vién deo thiét bj & eo, nhu thé hién trong Hinh
2.2 va thuc hién cac hoat dong duoc liét ké trong Bang 3.16. Mo ta chi tiét vé cac hoat

dong dugc cung cap trong Bang 3.16.
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Bang 3.16 Mo ta cdc hoat dong

Hoat dong Giai thich
Dung Pung tu nhién, 6n dinh.
Ngbi Ngoi trén ghé.
Chay bo Chay voi toc do déu va cham rai.
bi bd Di b binh thuong.

, . Pi bo xudng cau thang bang cach budc
Xuong cau thang o
tung bac mat

. Pi b 1én ciu thang bang cach budc timg
Lén cau thang
bac mot

Sau khi phat trién mo hinh dugc néu trong Hinh 3.9 va xay dung phan cimg tuan thi
cac yéu cau, thuat toan phan loai hoat dong duogc tai vao bd vi diéu khién trong céac thiét
bi deo dugc. B9 vi diéu khién PIC18F4520 dong vai tro 1a bo xir I trung tAm trong thiét
bi duoc dé xuat. Sau khi lép dat, cac thiét bi nay duoc ¢ dinh chéc chin vao that lung

cua cac tinh nguyén vién.

Nghién ciru nay wu tién phat trién cac thuat toan duoc t6i wu hoa cho cac bo vi diéu
khién hiéu nang thép, tiét kiém chi phi (thuong dugc goi 1 Tiny Machine Learning) phu
hop v&i cac hé thong nhiing va thiét bi Internet van vat (IoT). Trong nghién ctru nay,
trong tAm cy thé 13 nhiing thuat toan truc tiép vao thiét bi dé cho phép nhan dang hoat
dong theo thoi gian thuc. Do d6, kha ning lap trinh céc thiét bi deo dugc ndy dé nhan
dang hoat dong theo thoi gian thuc 1a mot khia canh quan trong cua nghién ctru nay.
KNN c¢6 thé thich tng t6t voi dit liéu phi tuyén tinh va d& dang cap nhat khi c6 dit liu
moi. Pidu nay gitp cai thién do chinh xac va 6 manh mé ctia mé hinh. Do d6, thuat

toan phan loai hoat dong dugc dé xuat dé nhung céc thiét bj deo duoc 13 KNN.

Viéc trién khai thuat toan KNN trén céc thiét bi duoc thuc hién nhu sau: Dau tién,
can xac dinh s6 lang giéng k (n_neighbors), ddy 1a tham sb chinh cia KNN. S6 lang
giéng k biéu thi s6 diém dir liéu gan nhat ma mo hinh s& xem xét dé dua ra dy doan va

gia tri k hop 1y thuong duoc tim thay thong qua thir nghiém véi cac gia tri khac nhau.
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Tham sb trong s6 cling c6 thé dugc diéu chinh dé chi dinh cach trong sb cta cac diém
lan can anh hudng dén dy doan, véi cac tuy chon nhu “déng déu” (mac dinh, tat ca cac
diém co trong s6 bang nhau) hoic “khoang cach” (cac diém gan hon c6 trong s 16n
hon). Cubi cung, tham s6 thuat toan xac dinh thuét toan duoc st dung dé tinh toan céc
diém lan can gan nhat. Viéc tinh chinh cic tham sb nay s& nang cao hiéu suat va do

chinh x4ac cua mod hinh KNN.

3.4.3. Quy trinh xur ly dir liéu
Phén doan dir li€u cho cac hoat dong

Sau khi thu thap dir li¢u tr may do gia tde, dit liéu duoc chia thanh cac phan doan
nho hon, mdi phan doan bao gdm thong tin lién quan dén hoat dong. Phan doan rat quan
trong do ban chét tudn ty vdn co cia cac hoat dong, khién viéc x4c dinh diém bit dau va
két thic hoat dong tré nén kho khan.

Nghién ciru nay tan dung k¥ thuat cira s6 truot dé phan doan do tinh don gian va hiéu
qua cua nd trong nghién ctru nhan dang hoat dong theo thoi gian thyc, nhu dugc tham
chiéu trong [96]. O day, tin hiéu ctia may do gia toc 3-DOF ADXL345 duoc chia thanh

cac ctra so thoi gian c6 kich thudc c6 dinh.

Bang 3.17 Dir liéu hoat dong tur tap dir lieu cong khai va thu thdp

Mau hoat dong | Tong cong khai | Tong thu thap
Pimng 445 2271
Ngoi 548 1769
Chay bd 3253 1563
bibo 4067 2209
Xudng cau thang 978 905
Lén cau thang 1185 1028
Tong 10476 9745

Kich thudc ctra s6 dugc chon anh hudng dang ké dén do chinh xac nhén dang cua hé
thong. D¢ xéac dinh kich thudce ctra s6 t6i uu, cac thi nghiém da duoc tién hanh véi céc

ctra s6 tir 1 dén 20 gidy, véi ty 16 chong chéo khac nhau tir 0% dén 90%. Phan tich dit
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liéu ban dau sir dung mot tap dit liéu co sin cong khai [17]. Bang 3.17 trinh bay tong s6
quan sat hoat dong thu dugc tur dir liéu cong khai va dir 1iéu da thu thap. DPéi véi dit licu
cong khai, sir dung kich thudc cira s6 trugt 1a 15 gidy va ty 16 chong chéo cira s6 13 40%,
b dir liéu duoc trich xuat bao gdm 10.476 quan sat. D6i véi dir liéu da thu thap, s6 quan

sat dugc ghi lai v6i kich thude cira s6 1a 8 gidy va chong chéo 40% 14 9.745.

Ly do khdc nhau vé kich thwdc civa sé giiva cdc hé théng. Kich thudc cira s6 khong
duoc ¢d dinh tir trude ma duoge chon béng thuc nghiém cho tung to hop (b0 dir li¢u, tap
hoat dong, thuét toan), theo khuyén nghi ctia Banos va cong su [93]. Vi RF4-HAR (bdn
hoat dong trén dia hinh bang phang, chu ky budc khoang 1 gidy), RF dat két qua t6t nhat
& ctra s6 10 gidy (Hinh 2.7-2.10). Vi RF5-HAR, Bang 3.8 cho thiy d6 chinh xé4c cua
RF gén nhu khong doi (96,5%) & cac cua s6 8,10 va 12 giay, nén ludn an chon cua 0
nho nhat dat ¢ chinh xac cao nhat (8 gidy) dé giam do tré phat hién va kich thuéc bd
dém; hon nira, hoat dong cau thang c6 chu ky budc 0,6-0,8 gidy nén ctra s6 8 gidy da
chira 10-13 bude, du dé cac dic trung thong ké on dinh, dong thoi giam kha niang mot
ctra s6 chira ca doan di bd 1an doan cau thang & chiéu nghi. V&1 KNN6-HAR, do bd dac
trung thay doi (Var, SAV, Skew, P2P) va bai toan c6 sau 16p, kich thudc ctra s6 duoc
khao sat lai trén ludi 5-20 gidy (Hinh 3.13-3.16). Ty 1¢ chong lap 40% dugc giir théng
nhat cho ca ba hé théng dé két qua co thé so sanh. V& kich ban thuc nghiém, Chuong 2
nham kiém chimg tinh kha thi trén dia hinh bang phang voi mo-dun SIM808 (dung duoc
ca ngoai troi), con Chuong 3 nham kiém tra kha ning mé rong sang chuyén dong theo
phuong thang dung trong toa nha c6 ha ting WiFi (ESP8266), dong thoi dénh gia viéc

c6 can thay d6i bo dic trung va thuat toan khi bo sung hoat dong cau thang hay khong.
Trich chon dac trung

Dbé dat duoc hiéu suit phan loai cao, vi¢c lya chon cac dac trung véi thong tin hoat
dong 14 rat quan trong. Hinh 3.10 mo ta phan phdi dir liéu ctiia 400 mau dit liéu dau tién
thu dugce tir gia toc truc X cia mdi hoat dong. Hinh minh hoa nay hd tro viéc xac dinh
pham vi va lua chon céac dic trung phu hop dé phan loai hoat dong.

Hinh minh hoa nay gitup xac dinh cac dac trung phan biét co thé duoc st dung dé
phan loai hoat dong hiéu qua. Phan tich tryc quan nay da hudéng dan viéc lwa chon bon

dic trung théng ké chinh: Phuong sai (Var), Tong gia tri tuyét dbi (SAV), Do léch
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(Skew) va Binh-t&i-Binh (P2P, tuong duong véi dac trung Range trong Chuong 2, dugc

tinh bang xmax — xmin).

DPéi v6i mdi tinh nguyén vién, tac gia thu thap dir liéu riéng biét. Qua trinh thu thap
dir liéu s& ghi lai ti mi timg chuyén dong. Tinh d6ng nhét duoc bao dam & quy trinh thu
thap (cung thiét bi, vi tri deo va kich ban); mau tinh nguyén vién van gém hai nhom
khac biét rd vé tudi va thé trang (18-22 tudi va 65-72 tudi) nén khac biét giita nhom tré

va nhom cao tuoi chua dugc loai bd va Ia mot han ché cua luan an.

Hinh 3.10 cho théy cac dic diém riéng biét cho cac hoat dong khac nhau. Cac trang
thai tinh, chang han nhu Pting va Ngbi, thé hién cac gia tri trong pham vi giéi han. Vi
du, Pung tap trung khoang 300 diém dit liéu ¢ khoang 0g trén truc X (1g = 9,8m/s?).
Tuong ty, Xudng cau thang hién thi gan 300 gia tri tap trung gitta -0,4g va 0,3g trén truc
X. Piéu nay cho phép chon hai dac trung Var va SAV dé do muc d6 tap trung va bién
dd cua dir liéu. Cac dac trung nay phan bi¢t hi¢u qua cac trang thai tinh vdi cac trang

thai dong va gitp phan loai chung sau hon.
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Hinh 3.10 Biéu dé mé ta mét phan dit liéu doc theo truc X

Nguoc lai, cac trang thai dong nhu Chay bo va Di bo, cling nhu céc hoat dong nhu

Xuong cau thang va Lén cau thang, thé hién pham vi gia tri rdng hon so vdi céac trang

thai tinh. P2P dugc chon lam dic trung dé nam bt su khac biét nay bang cach xac dinh

gi tri toi da va tdi thiéu trong cac trang thai dong nay. Hon nita, Hinh 3.10 1am ndi bat

cac bién thé trong cac trang thai dong. D liéu di bo thé hién mat do gia tri dang ké nhat,

v6i phan bd thua dan & hai phia ctia dai gia tri. Mat khac, chay bg thé hién phan phéi

gia tri déng déu hon so vai di bo. Do 1éch duoce chon lam dic trung dé phan tich sy lan

truyén dir lidu nay so voi gid tri trung binh, cho phép chiing ta phan biét giita cac hoat
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dong nay. Pang cha ¥ 1a Chay bd, Xudng cau thang va Lén ciu thang c6 mat do gia tri
cao hon xung quanh 0g trén tryc X so véi Ngdi va Pung. Pic diém nay cho phép Do

1éch tré thanh dic trung hitu ich dé mé ta cac hoat dong nay.

Két luan, dua trén cac quan sat tor Hinh 3.10, bon dic trung théng ké da duoc chon:
Var (Phuong sai), SAV (Tong gia tri tuyét doi), Skew (Do léch) va P2P (Dinh-t&i-Dinh).
Céc dac trung nay dugc chon vi kha nang phan biét gitra cac hoat dong khéac nhau trong
khi van duy tri hiéu qua tinh toan pht hop cho trién khai vi diéu khién. Mdi dic trung
ndm bét cac khia canh khac nhau cia tin hiéu chuyén dong.

Béang 3.18 trinh bay cac cong thuc cua bdn dic trung Var, SAV, Skew va P2P dugc
tinh toan trén truc X, truc Y va truc Z st dung céac cong thirc tuong tu. Cac Bang tur 3.19
dén 3.21 cung cap két qua cua dit liéu gia toc dugc tinh toan theo cac dic trung thong

ké Var, SAV, Skew va P2P cho céc thao tac trong ca ba chiéu (X, Y va 2).

Bang 3.18 Céng thire dic trung cho dir liéu gia téc trén truc X

Dic trung Cong thire
1 & - 3.
Var sP=——> (x,—x)’
TP 6)
N (3.
SAV =[xl
2 .
N L 3.
Skew N Z[xi x} (
(N-DIN-2)F s 8)
(3.
P2P xmax - xmin
9)

Trong do:
Xi 14 gid trj dir liéu, N 1a sb lwong gia tri dir lidu:
X 1a gié trj trung binh cua dit liéu ™

B I Y TV o
| |la gia tri tuyét doi cua dir liéu ™
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Ymx 13 gia tri 16n nhét trong tap dit liéu

min i 13 gi4 tri nho nhat trong tap dir liu

Trong Bang 3.19, cac hoat dong Pung, Ng@)i, Chay bg, bi bg, Xuéng ciu thang va
Lén cau thang cho thiy su khac biét dang ké. Gia tri Var cao nhit duoc quan sat thiy
khi Bing (6,4) va thap nhat khi Di bo (0,0016). Gia tri SAV cao nhat dugc quan sat thay
khi Chay b (286,15) va thip nhat khi Pang (0,43), cho thdy rang hoat dong Chay bd
c6 bién do dao dong 16n hon so véi khi Ding yén. Gia tri Skew am khi Pung (-0,58),
Ngdi (-9,67), Di bd (-0,54) va Xudng cau thang (-0,46) cho thay phan phdi dit lidu cua
cac hoat dong nay Iéch trai, trong khi Chay b (0,45) va Lén ciu thang (0,19) 1éch phai.
Khoang P2P cao nhit dugc quan sat thdy khi Chay bo (3,99) va thip nhat khi Pung
(0,02), cho théy réng bién do dao dong trong hoat dong Chay b 16n hon nhiéu so véi
khi Bimg. Nhin chung, dit liéu hoat dong Pting ¢ Var cao va gia trj tuyét ddi thap, Ngdi
c6 Var trung binh va Skew rat Am, Chay b6 c6 dao dong 16n voi cac dic trung cao nhat,
Pi b6 ¢6 Var rat thip va dao dong tdi thiéu, trong khi Xudng cau thang va Lén ciu thang
c6 cac dic trung trung binh, thé hién dao dong vira phai va 6n dinh. Bang 3.20 va Bang

3.21 lan luot trinh bay dir liéu gia tdc trén truc Y va truc Z.

Bang 3.19 Gia toc theo truc X (Var: g% SAV: g, tong trén cira sé; Skew: khéng thir
nguyén; P2P: g)

Pac . Xudng cau | Lén cau
Ping | Ngoi | Chay bo Pi bo
trung thang thang
Var 6,4 3 2,12 0,0016 0,007 0,025
SAV 0,43 4,38 286,15 7,41 14,3 8,7
Skew | -0,58 | -9,67 0,45 -0,54 -0,46 0,19
P2pP 0,02 | 0,027 3,99 0,19 0,37 0,3
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Bang 3.20 Gia toc theo truc Y (Var: g% SAV: g, tong trén cira s6; Skew: khong thir
nguyén; P2P: g)

Pac . Chay Xudng cau Lén cau
Dung | Ngoi Di bé
trung b0 thang thang
Var 2,29 | 4,22 | 0,003 |0,0015 0,0002 0,0026
SAV 20,4 | 2,43 | 369,16 | 41,2 13,21 46,4
Skew | -4,75 | -10,1 | -1,68 0,17 -1,24 -1,25
P2P 0,01 | 0,074 3,07 0,17 0,08 0,232

Bang 3.21 Gia toc theo truc Z (Var: g% SAV: g, tong trén cira s6; Skew: khéng thir

nguyén; P2P: g)

Pac . Chay bi Xudng cau Lén cau
DPung | Ngoi
trung b0 b0 thang thang
Var 5,24 |0,0001 | 042 | 0,004 0,0016 0,006
SAV 0,93 | 19,8 96,67 9,4 6,17 15,86
Skew | -0,15 | 13,75 | -0,51 | 2,05 0,003 0,12
P2p 0,02 0,2 3,07 0,42 0,32 0,41

Vi céac rang bude cua phan loai hoat dong thoi gian thuc trén cac vi diéu khién chi
phi thép, hi€u nang thép, cac dac trung dugc chon dugc thiét ké dé can béng gitra do
chinh xac phan loai va hi€u qua tinh toan. Bén dic trung (Var, SAV, Skew, P2P) co thé
duoc tinh toan nhanh chong bang cac phép toan sb hoc don gian, lam cho ching 1y tuéng
cho trién khai thoi gian thyc. Do phire tap tinh ton thap dam bao rang hé thong c6 thé
hoat dong trong thdi gian thuc ma khong c6 do tré.

Pé ¢6 duoc nhitng hiéu biét sau sic hon tir dit liéu huan luyén va chuan bi cho viéc
xay dung moé hinh, nghién ctu nay st dung phuong phéap t-Distributed Stochastic
Neighbor Embedding (t-SNE). K§¥ thuét giam chiéu dit liéu nay bién d6i cac diém dix
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lidu da chiéu thanh khong gian hai hodc ba chiéu dé truc quan hoa. Hinh 3.11a cho thay
su chong chéo dang ké gitra cac hoat dong, cho thay kho khin trong viéc phan loai.
Nguoc lai, Hinh 3.11b cho thy su phan tach rd rang hon giita cac hoat dong sau khi két
hop ca bon dic trung (Var, SAV, Skew va P2P). Piéu nay lam ndi bat loi thé cua viéc
str dung nhiéu dic trung dé cai thién do chinh xac phan loai. Nhin chung, viéc sir dung
ca bén dic trung lién tuc mang lai két qua nhan dang hoat dong tdt hon so véi viée st
dung ting déc trung riéng 1¢. Bang cht y, viéc phan loai cac hoat dong nhu DBung (ving
mau cam) va Ngdi (ving mau xanh duong) twong dbi don gian. Chay bo (ving mau
héng) va Pi bo (ving mau xanh 13) ciing thé hién mot muic d6 phéan tach nhat dinh. Tuy
nhién, tap dit liéu cong khai cho thdy mot sb sy chong chéo gitra cac hoat dong Xudng

cau thang (vung mau tim) va Lén cau thang (vung mau nau).

10 A
Dlng .
. ’ 4 .
8 Ngoi °
Chay bd
i bo 8
67 Lén cau thang
~ a L2
~ Xuéng cau thang °
w44
= ®
Q
+ -
s’
c °
2 o4 * S0 S%
c 0 o ’ " .‘é»L
& . b
<
F -2 ° °
(]
—4 -
°
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Thanh phan t-SNE 1
Hinh 3.11 Dir liéu cong khai khong co dac trung (a) va voi dac trung (b) trong khong
gian 2D
Bébn dic trung tuong ty (Var, SAV, Skew va P2P) da duoc ap dung cho tap dir li€u
thu thap trong nghién ciru ndy. Hinh 3.12 mé ta biéu do dugc tao ra boi thuat toan t-
SNE, truc quan hoa sy phan bd cta cac diém dit liéu. Hinh nay cho théy su phan tach ro
rang gitta hau hét cac hoat dong, mac du mét s6 su chéng chéo van ton tai gitta Chay b0
(ving mau hong), Di b (viing mau xanh 1a), Xudng cau thang (ving mau tim) va Lén

cau thang (ving mau nau).
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Thanh phan t-SNE 1
Hinh 3.12 Dir liéu thu thap khong co dac trung (a) va voi dac trung (b) trong khong
gian 2D

Céc dac trung dugc trich Xuét (Var, SAV, Skew va P2P) da dugc su dung dé huén
luyén cdc mo6 hinh hoc may cho viéc phan loai hoat dong. Ngoai KNN, ba thudt toan
phan loai phd bién di dugc danh gia: Cay quyét dinh (Decision Tree - DT), May vector
hd trg (Support Vector Machine - SVM) va Hoi quy Logistic (Logistic Regression -
LR). Thuat toan DT x4y dung mé hinh bang cach phan chia dit liéu dé quy dua trén cac
gia tri dic trung, tao ra ciu trac cac quyét dinh dang cay. SVM nham tim siéu phang tbi
wu giup t6i da hoa khoang cach bién gitra cac 16p khac nhau, sir dung cac ham nhan khac
nhau dé giai quyét cac phan tach phi tuyén. Thuat toan LR dugc sir dung cho phan loai
nhi phan bﬁng cach mo hinh hoa xac suit caa mot 16p st dung ham logistic, tao ra ranh
gidi quyét dinh thong qua to hop tuyén tinh clia cac dic trung dau vao. Céc thuit toan
nay da duoc trién khai sir dung thu vién scikit-learn (thuong duogc viét tit 1a sklearn)

trong Python.
Dé danh gia hiéu suat ciia cac mo hinh ndy, ma tran nham lan (confusion matrix) da
duoc su dung. Ma tran nay cung cap mdét hinh anh truc quan rd rang vé mac do chinh

xac cua mo hinh trong viéc phan loai cac hoat dong.



3.5. Thwe nghiém va két qua ctia phwong phap nhin dang hoat dong phén biét
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trang thai 1én, xudng ciu thang

Hinh 3.13 va Hinh 3.14 1an lugt mé ta do chinh x4c tong thé va d6 nhay ciia mdi thuat
toan DT, KNN, SVM va LR trén tdp dir li¢u cong khai. Hi¢u suat ciia mdi bd phan loai
thay doi theo cac kich thudc cira so thoi gian khac nhau (5 gidy, 10 gidy, 15 gidy, 20
giay). Trong s6 cac bo phan loai nay, bd phan loai KNN dat hi¢u suét phan loai cao nhat,

v6i d6 chinh xac 96% ¢ kich thudc ctra s6 15 gidy va d6 nhay 87% 6 kich thudc cira s6

5 giay.

3.5.1. Két qua thuc nghiém trén céc thuét toan
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Nhu dugc hién thi trong Hinh 3.15 va Hinh 3.16, tap di li¢u thu thdp duogc dat do
chinh xé&c va do nhay tdt hon so vai tap dir liéu cong khai. Sy cai thi¢n nay co thé duoc

quy cho mot s0 yéu to sau:

Ngudn dir liéu: Khong gidng nhu tap dit liéu cong khai véi dit liéu duge thu thap tir
dién thoai dat trong tai quan, dit lidu cta tac gia dén tir thiét bi dugc deo c¢d dinh trén

that lung, giam thiéu cac nhiéu do chuyén dong.

Thu thap c6 ciu trac: Qua trinh thu thap dir lidu cta tic gia bao gdm cac hoat dong
c4 nhan duoc kiém soat, dan dén dd 1éch théip hon so véi su thay dbi trong cac hoat dong

hang ngay.

Quy trinh dong nhét: tat ca tinh nguyén vién ding cung thiét bi, cing vi tri deo va

cung kich ban thyc hién, giam bién dong khong lién quan dén hoat dong.

Su két hop cua cac yéu t6 nay gop phan tao nén d6 chinh xéac cao dang ké (100% ddi
v6i bd phan loai KNN voi ctra s6 15 gidy) va do nhay (96% ddi v6i bo phan loai KNN
vé6i ctra sO 15 gidy) quan sat duoc trong tap dir liéu cua tac gia. Can luu y rang chinh cac
diéu kién kiém soat nay ciing lam cho két qua trén tap thu thap lac quan hon so véi diéu

kién st dung tu do ngoai thuc té.
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Hinh 3.15 D¢ chinh xdc cua DT, SVM, KNN va LR trén tdp dit liéu thu thap
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Hinh 3.16 B¢ nhay cua DT, SVM, KNN va LR trén tdp dir liéu thu thdp

Ldp luan lwa chon KNN thay cho RF. Viéc lya chon KNN cho KNN6-HAR dya
trén bdn cin cu. (1) Can ctr thuc nghiém: & RF5-HAR, ngay ca khi gop hai 16p cau
thang, RF van nham 16p cau thang v&i i b va Chay bo (d6 nhay 89,5% trén WISDM,
Bang 3.13); khi tach thanh hai 16p Lén/Xubng c6 phan b dic trung gan nhau, ranh gidi
quyét dinh tré nén phi tuyén va mang tinh cuc bd, pht hop véi co ché phan loai theo
lang giéng gan nhat hon 1a cac phép chia song song truc toa do cia cdy quyét dinh. (2)
Trong bdn thuit toan c6 kha nang trién khai duoc danh gia & Muc 3.5.1 (DT, KNN,
SVM, LR), KNN dat d6 chinh xac cao nhat trén cé hai tap dir liéu. (3) KNN cho phép
bd sung miu méi ciia ngudi dung vao bang tra ma khong can huan luyén lai, thuan loi
cho c4 nhan hoa d6i véi ngudi cao tudi. (4) Chi phi suy luan O(N-d) véi N = 1.200 mau
dai dién van dap ung rang budc thoi gian suy luan (khoang 82 ms). Han ché cua lap
luan: RF chua dugc huin luyén trén cung bd dac trung Var, SAV, Skew, P2P, do do
chua tach bach hoan toan anh huong cua thuat toan va ctia bo dac trung; ndi dung nay
dugc néu trong phan han ché va hudng nghién ctru tiép theo.
3.5.2. Trién khai md hinh KNN trén vi diéu khién

Khac v6i RF4-HAR va RF5-HAR sir dung Random Forest, hé thong KNN6-HAR
lwa chon thuat todn K-Nearest Neighbors (KNN, k=5, trong s theo khoang cach).
Nguyén nhén 12 do dit liéu gia toc ciia hai hoat dong Lén va Xudng cau thang c6 dic
trung thong ké gan nhau, din dén ranh giéi quyét dinh phi tuyén ma mo hinh cay quyét
dinh ctia RF kho phan tach rach roi; trong khi d6, KNN khong yéu cau gia dinh vé dang

ranh gi¢i va phan loai truc tiép dua trén khoang cach Euclidean t&i cac mau lan cn, phu



hop hon voi dic diém dit liéu nay. Chi phi tinh toan khi suy luan cia KNN 13 O(n-d) véi
tap huin luyén dugc nén con khoang 1.200 méu dai dién luu duéi dang bang tra ciru
(look-up table) trong bd nhé Flash, cho thoi gian suy luan khoang 82 ms/lan phan loai
trén PIC18F4520 (Bang 3.27), van dap ung rang budc thoi gian thuc. Chi tiét cach xac

dinh tham s6 k, cau hinh cam bién va céac budc cai dat dugce trinh bay tai Phu luc, muc

3.

PAau vao va dau ra cua thuat toan KNN trong hé théng KNN6-HAR duoc mo ta cu

thé nhu sau:

- Pau vao (Input): vector dic trung truy vin xq gom 4 gia tri thong ké (Var, SAV,
Skew, P2P) tinh trén mdi truc X, Y, Z cua tin hiéu gia tbe trong mot cua sO truot,

tong cong 12 chiéu.

- Xir Iy: tinh khoang cach Euclidean tir xq dén toan bd miu trong tap huan luyén da

lru (look-up table trong Flash), chon ra k=5 mAu gan nhat; mdi lang giéng duoc gan
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trong s bang nghich dao khoang cach (weights=*distance”).

-Pau ra (Output): nhin hoat dong § € {Ping, Ngbi, Chay bo, Di bd, Xudng ciu thang,

Lén cau thang}

c6 tong trong so cao nhat 1a két qua cudi cung.

PAU VAO

Vector dac trung

truy van xq

(Var, SAV, Skew,
P2P) x 3 truc

12 chiéu

Khéng gian dac trizag (minh hoa 2D)

ban kinh

’’’’’ k=5 lang giéng
//’ ~.94an nhat

’ [ ] AN

/ \
/ i
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\ @ I

- li

\\ diém truy v@ xq
/

\

/
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Se——"

@ Lén cau thang (3 lang giéng)
@ Xudng cau thang (21ang giéng)

dugc xac dinh bang bo phiéu c6 trong so trén k=5 lang giéng, nhin

BO PHIEU CO TRONG SO
(weights = distance)
Trong s6 mdi lang giéng

=1/ khoang cach

Lén: 3 phiéu (gan)
Xuéng: 2 phiéu (xa hon)

\

A 4

DPAU RA
Nh&n hoat dong ¥
"Lén cau thang" hoac
"Xuéng cau thang"

(tdy nhé&n cé téng trong s6
cao nhét)

Hinh 3.17 So @6 mé td thudt todn K-Nearest Neighbors (k=5)

Bang 3.22 va Bang 3.23 cho thay két qua chi tiét ctia viéc sir dung thuat toan KNN

dé phan loai cac hoat dong trén tap dir li€u cong khai va tap dir li€u thu thap duogc. Tu
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Bang 3.22, c6 thé théy ro réng mo hinh hoat dong tdt trong viéc phan biét hau hét cac
hoat dong, véi d6 chinh xac cao d6i v6i “Dung”, “Ngdi”, “Chay bo” va “Bi bo”. Cu thé,
141 trong s6 149 mau cho “Ptng” dugc phan loai chinh xé4c, 181 trong s6 184 mau cho
“Ngbi”, 1014 trong s6 1085 miu cho “Chay bd” va 1264 trong sd 1356 mau cho “Pi
b6”. Tuy nhién, mé hinh cho thiy nhiéu sy nham 1an hon giita cac hoat dong twong tu
nhau, dic biét 1a “Xudng ciu thang” va “Lén ciu thang”. Dbi v6i “Xubng cau thang”,
chi c6 175 trong s6 327 mau duoc xac dinh chinh xac, trong khi d6i v6i “Lén cau thang”,
236 trong s6 396 mau dugc phan loai dung. Cac phan loai sai chii yéu xay ra giita
“Xudng cau thang”, “Di bd” va “Lén cau thang”, cho thiy can cai thién trong viéc phan

biét gita cac hoat dong nay.

Bang 3.22 Ma trdn nham lan cia thudt todn KNN trén tdp div liéu cong khai

Hoat dong du doan
Hoat dong Xuong | Lén 2
. | Chay ) ) Tong
Quan sat | Pung | Ngoi bs Dibp | cdu cdu
0
) thang | thang
Ding 141 1 0 0 5 2 149
Ngoi 0 181 1 0 0 2 184
Chay b¢ 0 0 1014 54 13 4 1085
Di bg 1 0 19 1264 22 17 1356
Xu(“')ng cu
5 0 31 71 175 48 327
thang
Lén ciu
3 0 27 53 34 236 396
thang
Tong 150 | 182 | 1112 | 1478 | 258 | 317 | 3497

Tuong ty nhu tap dir liéu cong khai, trong Bang 3.23, mé hinh hoat dong rat tbt trong
vi€c phan biét hau hét cac hoat dong, dac biét 1a “PDung” va “Ngéi”, v6i hau nhu tat ca

cac mau déu dugc phan loai chinh xac (757 trong s6 758 mau cho “Pimg” va 589 trong
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s6 590 mau cho “Ngbi”). Mé hinh ciing hoat dong tot di v6i “Chay bo” véi 511 trong
sd 522 miu duoc phan loai dung va ddi voi “Pi bd” véi 686 trong sd 737 mau duoc
phan loai dtng. Tuy nhién, c6 sy nhidm 1an dang chu ¥ khi phan biét giita “Xudng cau
thang” va “Lén cau thang”. Ddi véi “Xudng cau thang”, chi co 267 trong sé 302 miu
duogc xac dinh chinh xac va d6i voi “Lén cau thang”, 314 trong s6 344 mau dugc phan
loai dung. Cac phan loai sai chu yéu xay ra giita “Xudng cau thang” va “Pi bo”, ciing

nhu gitra “Lén cau thang” va “Di bg”.

Bdng 3.23 Ma trdn nham lan cia thudt todn KNN trén tdp dir liéu thu thip

Hoat dong du doan
A , Lén
Hoat dong Xuéng ] .
. | Chay . cqu | Tong
Quan sat | Dung | Ngoi Dibp | cdau
bo than
thang
8
Ding 757 0 0 0 0 1 758
Ngoi 0 589 0 1 0 0 590
Chay b¢ 0 9 511 2 0 0 522
Di bé 0 0 0 686 19 32 737
Xuf')ng ciu
3 0 1 30 267 1 302
thang
Lén cau
0 0 0 17 13 314 | 344
thang
Tong 760 598 512 736 299 348 | 3253

Do chinh xéc cua viéc phan loai hoat dong duoc trinh bay trong Bang 3.24 va Bang
3.25 1an luot cho tap dir liéu cong khai va tap dir li€u thu thap dugc. P chinh xac theo
16p (cong thue 1.1) cia KNN vuot 91% cho tat ca cc hoat dong trén ca hai tap du licu.
Céc chi s duoc tinh theo cac cong thirc (1.1) dén (1.4).
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Bang 3.24 Hiéu sudt mé hinh trén tdp div liéu cong khai

Hiéu suit thuit toin
Hoat dong Accuracy | Sensitivity PPV NPV
(%) (%) (%) (%)
Ping 99,51 94,63 94,00 | 99,76
Ngbi 99,89 98,37 99,45 | 99,91
Chay bd 95,17 93,46 91,19 | 97,02
Pi bd 91,25 93,22 85,52 | 95,44
Xudng cau thang 93,28 53,52 67,83 | 9531
Lén ciu thang 93,11 59,60 7445 | 94,97

Do chinh xéc theo 16p va NPV ctia KNN vugt 91% trén tap dir liéu cong khai va vuot
96% trén tap dir liéu thu thap d6i voi tat ca cac hoat dong. PO nhay va PPV vuot 85%
cho céc 16p Pung, Ngdi, Chay bo va Di b trén tap cong khai, nhung thap hon nhiéu &
hai 16p cu thang (d0 nhay 53,52% va 59,60%). Pang chu y, cac hoat dong Pung, Ngéi,
Chay bo thé hién gia tri gan nhu tuyét ddi trén tap dir liéu thu thap duoc. Co thé thay tir
Bang 3.24 va Bang 3.25 rang cac hoat dong Xudng cau thang va Lén cau thang co do
chinh xéc phan loai thép hon nhiéu so véi cac hoat dong con lai. Nguyén nhan 1a do su

tuong dong cua dir li¢u gia toc trong viéc xuong cau thang va lén cau thang.

Phén tich chi tiét theo tirng I6p. Trén tip WISDM, hai 16p cau thang c6 d6 nhay thap
nhat: theo Bang 3.22, 48/327 mau Xudng cau thang (14,7%) bi nhan nhim thanh Lén
cau thang va 71/327 mau (21,7%) thanh Pi bd; 34/396 mau Lén cau thang (8,6%) bi
nhan nham thanh Xudng va 53/396 mau (13,4%) thanh Di bd. Cac cip dé nham l1an nhét
do d6 1a Xudng/Lén cau thang va ciu thang/Pi bd, pht hop véi nhan xét rang ca ba hoat
dong déu c6 chu ky bude twong ty va chi khac nhau & thanh phan gia téc thang dung.
Sy mét can bang 16p ciing gop phan: trén WISDM, Pi bo chiém 38,8% sd quan sat
(4.067/10.476) trong khi mdi 16p cau thang chi chiém 9-11% (Bang 3.17), khién céc

lang giéng gan nhat ciia mot miu cau thang c6 xac suat cao thudc 16p Di bo. Trén tap tu
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thu thap, ty 1&é nham giam manh (Xudng sang Pi bd 30/302 = 9,9%; Lén sang Xudng
13/344 = 3,8%; Bang 3.23) nho vi tri deo ¢ dinh. Hudng cai thién gém can bang 16p
(ldy mAu lai hodc gan trong s 16p) va bd sung dic trung gia toc thang dng sau khi hiéu

chuan hudng trong trudng.

Bang 3.25 Hiéu sudt mé hinh trén tdp dir liéu thu thap

Hiéu suit thuit toan
Hoat dong Accuracy | Sensitivity | PPV NPV
(%) (%) (%) (%)
Pirng 99,88 99,87 99,61 99,96
Ngoi 99,69 99,83 98,49 99,96
Chay b 99,63 97,89 99,80 | 99,96
Pi bo 96,90 93,08 93,21 97,97
Xudng ciu thang | 97,94 88,41 89,30 | 98,82
Lén cau thang 98,03 91,28 90,23 98,97

3.5.3. Panh gia hiéu suit cia mo hinh phan loai KNN

Panh gia hidu suat tong thé bang ca trung binh vi mo va trung binh vi mé (Muc 1.3.3),
Bang 3.26 cho thady KNN dat d6 chinh xac tong thé da 16p 86,10% trén tap dit liéu cong
khai va 96,03% trén tap dir liéu thu thap; d6 nhay va PPV vi md bang d6 chinh xac tong
thé. Theo trung binh vi mo, d6 nhay dat 82,13% (cong khai) va 95,06% (thu thap), PPV
dat 85,41% va 95,11%, NPV dat 97,07% va 99,21%. D§ chinh xac theo 16p trung binh
(cong thirc 1.1) dat 95,37% va 98,68%, 1a gia tri c6 thé so sanh truc tiép v6i con sb
97,7%/99,6% cua RF4-HAR. Khoang cach gitra 6 nhay vi mo (82,13%) va do chinh
xéc tong thé (86,10%) trén tap cong khai phan anh do nhay thap cua hai 16p ciu thang.

Anh hwéng ciia chuin héa dic trung. Dic trung SAV (tong gia tri tuyét d6i trén
clra s0) ¢o gia tri c& 102103, trong khi Skew ¢& 10°; néu khong chuan hoa, khoang cach
Euclid bi chi phbi boi SAV. Céc két qua chinh ciia KNN6-HAR trong Bang 3.22-3.26
(86,1% va 96,03%) 1a két qua truéc chuan hoa. Khi ap dung chuan hoa Min-Max (céac
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tham s6 min, max duoc ude lugng trén tap huén luyén), do chinh xac téng thé tang lén
88,7% (WISDM) va 96,8% (tap thu thap). Trén PIC18F4520, phép chuan hoa dugc thyuc
hién bang sé hoc dau phay tinh v6i chi phi khoang 0,5 ms/lan phan loai, do d6 luan 4n
khuyén nghi 4p dung chuan héa Min-Max trong cac trién khai tiép theo. Ngoai ra, mo
hinh nhiing sir dung 1.200 mau dai dién duoc chon béng k-means (200 maw/16p) luu &
dang s6 nguyén 16 bit, khac véi mo hinh KNN day di trén may tinh dung dé bao céo

cac ket qua trén.

Bang 3.26 Danh gida mo hinh phdn loai KNN

) Trung binh vi mé (%) Trung binh vi mé (%)
Cac chi so
danh gis Tap dit liéu Tap dir lieu | Tap dit liéu | Tap dir liéu
cong khai thu thap cong khai thu thap
Do chinh
Xac tong 86,10 96,03 - -
thé da l6p
Accuracy
theo 16p 95,37 98,68 95,37 98,68
(1.1)
Sensitivity 86,10 96,03 82,13 95,06
PPV 86,10 96,03 85,41 95,11
NPV 97,22 99,21 97,07 99,21

Trong hoc may, trich xuét dic trung tur dir 1i€u tho 1a mot budc quan trong. Hi¢u
qua cua qué trinh nay phu thudc phan 16n vao su hiéu biét cia ngudi thiét ké mo hinh
vé tap dir liéu. Mac du cac dac trung dugc lya chon tdt thuong cai thién do chinh xac
ctia mo hinh, viéc bao gém céac dic trung khong lién quan hodc du thira c6 thé gay ra
ganh nang tinh toan khong can thiét, c6 kha nang can tré hiéu suat. Piéu ndy nhdn manh
tAm quan trong ctia viéc chon dung cac dic trung cdt 16i. Hon nita, tac gia da thir nghiém

bd sung tap dac trung ban dau voi cac dac trung mién thoi gian bo sung. Mac du di€u
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nay thuong din dén giam do chinh xac phan loai ddi véi tap dit liéu cong khai, tic dong
dén tap dir liéu thu thap duoc 1a khong dang ké. Nhu vay, dbi véi nhiém vu cu thé 1a
phan loai hanh vi trong nghién ctru cua tac gia, tp dac trung dugc dé xuit mang lai sy

can bang tot gitra hi€u suat phan loai va hi¢u qua tinh toan.

3.6. Panh gia hé thong KNN6-HAR nhan dang hoat dong c6 phan biét 1én, xudng

ciu thang & dia hinh toa nha cao ting
3.6.1. So sanh véi cac nghién cuu trude

Nhiéu nghién ctru da md rong pham vi lya chon déc trung dé xéac dinh chinh x4c hon
cac hoat dong cua con nguoi: Catal va cdng sy [25] dung 43 dac trung, Vavoulas va
cong su [20] dung 64 dac trung. Tuy nhién, vi¢c st dung mot sb luong 16n déc trung
lam tang chi phi tinh toan va khong phi hop cho trién khai trén vi diéu khién hiéu nang
thap. Luu ¥ khi so sanh: cac nghién ctru trén st dung nén tang phan ctng khac nhau
(PC, smartphone, Raspberry Pi), trong khi ludn 4n trién khai truc tiép trén MCU 8-bit
PIC18F4520 v6i 12-15 chiéu dic trung (4-5 dic trung thong ké trén mdi truc); vi vy so
sanh tryc tiép do chinh xac can xét dén rang budc tai nguyén phan cing. Két qua cia
luan an cho théy v6i lya chon dac trung phu hop, $6 lugng dic trung nhé van ¢ thé dat

do chinh xac cao.

Mbt s6 nha nghién ctru st dung dir li¢u gia tdc ké va hoc sau dé phan loai cac hoat
dong cua con nguoi. Yuqing Chen va cong su [95] da xay dung mot mo6 hinh CNN va
sira doi kernel tich chap dé diéu chinh cac dic tinh cta dit liéu cam bién theo truc thoi
gian. M6 hinh cua ho dat do chinh xac trung binh 93,8% trén tap dir liéu do nhom tac
gia thu thap. Mac du cac phuong phap hoc sau co6 thé dat duoc do chinh xac cao, chung
yéu cau tai nguyén tinh toan dang ké va khong phu hop cho trién khai thoi gian thyc
trén vi diéu khién hiéu nang thap. So sanh véi cac TinyML framework hién dai: Edge
Impulse va TensorFlow Lite Micro (TFLM) thuong yéu cau ARM Cortex-M4+ (>256
KB RAM) dé chay mé hinh deep learning. Phuong phap RF/KNN dé xuat chay duoc
trén PIC18F4520 (1,5 KB RAM), dung lwong RAM nho hon khoang 170 lan; day 1a

diém khac biét ciia hudng nghién ctru nay so v6i cac TinyML framework thong thuong.

Mot s6 nha nghién ctru da kham phé viéc sir dung gia toc ké tich hop dé phan loai

hoat dong bang dién thoai théng minh. Biiber va Guvensan (2014) [97] d3 thiét ké mot



106

hé théng nhan dang cho cac hoat dong bao gém di bg, chay, 1én cau thang, xuéng ciu
thang, ngdi va dimg. Hé théng cta ho dat duge do chinh xac tong thé 91,06%. So véi
nghién ctru cia ho, hé théng duge dé xuit cua tac gia dat do chinh xac cao hon (96,03%

trén tap dir liéu thu thap) trong khi str dung vi diéu khién higu nang thap hon.

Phén tich khd néing khdi qudt héa. Chénh léch do chinh xac tong thé cia KNN6-
HAR gitra tap WISDM (86,1%) va tap tu thu thap (96,03%) co thé duogc quy cho cac
nguyén nhan sau: (1) Vi tri deo va cach thu thap: WISDM thu tir di¢n thoai dat tu do
trong tui quﬁn trudc, hudng cia dién thoai thay doi gilia cac lan deo, con thiét b cta
luan an duoc cb dinh ¢ that lung dudi su giam sat; (2) Phan b6 dit licu: WISDM mat
can bang manh (Pi bd 38,8%, mdi 16p cau thang 9-11%), trong khi tap tu thu thap can
bang hon; (3) Pic diém nguoi tham gia: WISDM gdm 36 ngudi voi diéu kién tu nhién,
tap tu thu thap gdbm 16 nguoi thuc hién theo kich ban; (4) Tan s6 1dy mau: WISDM lay
mau 20 Hz, thap hon 50 Hz cua thiét bi, 1am thay ddi gia trj cac ddc trung phu thudc sb
mau nhu SAV va P2P; (5) Bo dic trung chua chuan héa: SAV chi phdi khoang cach
Euclid nén KNN nhay v6i khac biét bién d6 gitta nguoi dung va thiét bi (Muc 3.5.3). Do
do, két qua trén tap tu thu thap dai dién cho kich ban thiét bi deo ¢ dinh & thét lung trén
ngudi khoe manh trong diéu kién c6 kiém soat; két qua trén WISDM gan hon véi diéu
kién st dung ty do. Pham vi dai dién cta cac két qua vi vy chua bao gdm ngudi ding
mai hoan toan (do chua danh gia doc 1ap theo doi tuong), cac vi tri deo khac va nhém

nguodi ¢6 bénh ly van dong.

O hé théng nay, tic gia ¢ mod ta qua trinh phat trién mot hé thong nhan dang hoat
dong cua con ngudi theo thoi gian thuc. Hé théng st dung kich thudc ctra s6 duoc lua
chon bﬁng thuc nghiém, bon dic trung théng ké va mot md hinh hoc may don gian. Hi¢u
qua cua hé théng duoc dé xuat da dugc thu nghiém trén ca tap dir liéu c6 san cong khai
va dir liéu dugc thu thap trong cac thi nghiém, dat d§ chinh xac téng thé 96,03% va do
nhay trung binh vi mé 95,06% trén tap dir liéu thu thap. Hé théng c6 thé nhan dang sau
hoat dong hang ngay thiét yéu ctia con ngudi trong toa nha cao ting: Dtimg, Ngdi, Chay

b0, Pi bd, Lén cau thang va Xuéng ciu thang.

Vigce tich hop mdt thuat toan hi¢u qua, it phirc tap vao mot bd vi diéu khién hiéu nang

thap dé phan loai cac hoat dong cua con nguoi trong toa nha cao tang md ra canh ctra
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cho nhitng huéng nghién ciru méi thi vi trong linh vuc nay. Két qua thir nghiém cho
thdy hiéu qua cia DT, KNN, SVM va LR khi st dung céc kich thudc ctra s6 khac nhau.
Hi¢u qua tinh toan ctia thudt toan KNN khién no dic biét phu hop dé trién khai theo thoi
gian thyc béng dr liéu k¥ thuat sb6 nhu sd liéu do gia tdc ké. Thuat toan KNN mang lai
hiéu suat phan loai cao nhat & kich thudc cira s6 15 gidy trén tip WISDM. Bang cach
tan dung bon dic trung chinh (Var, SAV, Skew va P2P), h¢ théng nay dat dugc kha

ning phan loai chinh xac cic hoat dong hang ngdy co ban trong tda nha cao tang.

Phuong phap nay c6 cac tng dung theo ddi cic hoat dong di lai, 1én, xudng trong
tda nha nham hd trg ngudi cao tudi, tré nho, ngudi bénh trong giai doan phuc hoi, nguoi
lao dong dé canh bao, phong tranh rui ro, hd tro khi gip nan. Do d9, dit liéu dugc ca
nhan hoa va tap trung vao phan tich hoat dong va pham vi dugc thu hep lai thanh sau
hanh vi cu thé nay dé c6 do chinh xac cao hon. Sau hanh vi nay dugc coi 1a di cho tng

dung trong khi vin ¢am bao phan loai theo thdi gian thyc va tdi wu héa chi phi.

3.6.2. So sanh véi hé théng RF5-HAR

RF5-HAR phan loai 5 hoat dong trong khi KNN6-HAR phan loai 6 hoat dong, mirc
d6 kho phan loai khac nhau nén khong thé so sanh truc tiép. Vé tinh nhay cam véi vi tri
thiét bi (domain shift): thuc nghiém bo sung cho thay khi thay doi vi tri dat thiét bi tix
that lung sang tai 40, do chinh xac RF4-HAR giam khoang 4,6%. Pay 1a han ché can
nghién ctru thém bang cach thu thap dit liéu & nhiéu vi tri dat thiét bi khac nhau. Céc gia
tri “Acc tong” trong Bang 3.27 déu 1a do chinh xac téng thé da 16p: KNN6-HAR dat
86,1% (WISDM) va 96,03% (tap thu thap), RF5-HAR dat 96,5% (WISDM, ctra s6 8
gidy) va 98,3% (tap thu thap).

Bdng 3.27 So sanh tong hop vé hiéu quad ciia hé thong RFS5-HAR va KNN6-HAR

Tiéu chiso sanh | RF5-HAR KNN6-HAR Nhan xét

ggnzoat dongnhan 51 ot dong 6 hoat djng KNN6 nhidu hon 1HD
Phan bigt ,

1én/xudng cau Khong Co Uu diém ctia KNN6
thang

é‘f(C) tong (dirlieu | ¢ 50, 86,1% RF5 cao hon

Acc tong (dit liéu

0 0 LA
T) 98,3% 96,03% KNNG6 kh4 tot



Acc 1én / xubng
cau thang

N/A, gop chung

Thoi gian suy luan | 50 ms

Thoi gian thuc
(<100 ms)

Kich thudc model

Ung dung phti hop

bat

1,3KB
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Moi truong bang phing

xuong

hogc khong phén biét 1én

91,3% / 88,4% (d¢
nhay, tap TT)

82 ms
bat

z2§,8 KB (1.%00
mau x 12 chiéu x
2 byte)

Toa nha cao tang

KNN6 chuyén biét
RF5 nhanh hon 39%

Ca hai dat yéu cau

RF5 nho hon

KNN6 phu hop hon

Bdng 3.28 So sanh hé thong dé xuét véi cac nghién ctru qudc té tidu bicu

3 3 . 5 1)
Phan cirng / Nén | RAM /1 So | Piac Thuat
Nghién ctru chinh
tang Flash HD | trung toan )
xac
Kwapisz ~ va | Android RAM 512 43  dac | J48, LR,
6 91,7%
cong sy [17] smartphone MB trung MLP
Vavoulas va 64  dac
PC (Sklearn) N/A 5 1Bk, J48 | 99,8%
cong sy [20] trung
Catal va cong 43 dac '
PC (Weka) N/A 6 Voting 91,6%
su [25] trung
Gupta & | Chest sensor + 15  dac | Naive
N/A 6 97,9%
Dallas [18] PC trung Bayes
RAM 64 KB
Gupta va cong | ARM Cortex-M4 9 dac
Flash 256 | 4 DT 93,2%
su [21] (STM32) trung
KB
| RAM 520
Wang va cong | ESP32  (32-bit, 30 dac
L KB Flash 4|6 RF 96,8%
su [98] WiFi) trung
MB
Biiber & | Android 12 dac
RAM1GB |5 SVM 91,1%
Guvensan [97] | smartphone trung
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. RAM 15
RF4-HAR (de | PIC18F4520 8- 5 dac | RF (50| 95,3% /
. ) KB Flash 32 | 4
xuat) bit MCU trung™*3 cay) 99,2%
KB
. RAM 15
RF5-HAR (de | PIC18F4520 8- 5 dac | RF (200 | 96,5% /
, ' KB Flash 32 | 5
xuat) bit MCU trung™*3 cay) 98.,3%
KB
RAM 15
KNN6-HAR PIC18F4520 8- 4 dac | KNN 86,1% /
o, ‘ KB Flash 32 | 6
(dé xuat) bit MCU KB trung™*3 (k=5) 96,0%

Ghi chu: HD = Hoat dong, N/A = khong bao cdo, P9 chinh xac ghi “X% / Y% 1a X%
trén tap cong khai / Y% trén tap thu thap. Trong cic nghién ctru dugc so sanh, hé thong
dé xuat 14 hé théng duy nhét chay trén MCU 8-bit (RAM 1,5 KB), dung luong RAM
thap hon khoang 43 1an so véi STM32 trong [21] (64 KB). Do chinh xac ctia RF4-HAR
1a @6 chinh xac tong thé da 16p (do chinh xac theo 16p trung binh 13 97,7% / 99,6%).

Bdng 3.29 Tém tat ba hé thong HAR dé xuat trong luan an

Tiéu chi

RF4-HAR (Chuong 2)

RF5-HAR (Chwong 3)

KNN6-HAR (Chuong 3)

S6 hoat dong

4 (Pung, Ngoi, Di b,
Chay)

5(+ Cau thang gop)

6 (+ Lén/Xudng riéng)

Thuét toan

Random Forest (50 cay)

Random Forest (200

cay)

KNN (k=5, distance)

B9 dic trung

5 dac trung * 3 truc = 15

5 dac trung * 3 truc = 15

4 dac trung * 3 truc = 12

Mean, SD, Median, | AAD, STD, IQR, Range,
Pac trung Var, SAV, Skew, P2P
Range, RMS RMS
Cira s6 thoi , ~ . N . N
. 10 giay (500 mau, 50Hz) | 8 gidy (400 mau, 5S0Hz) | 6 giay (300 mau, S0Hz)
gian

Dit liéu d4nh

WISDM + Thu thap (16

WISDM + Thu thap (16

WISDM + Thu thap (16

gia nguoi) nguoi) nguoi)
Phén citng PIC18F4520 + SIM808 | PIC18F4520 + ESP8266 | PIC18F4520 + ESP8266
Kich thwée

1,2 KB Flash 1,3 KB Flash ~28,8 KB Flash

model
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Thoi gian suy
45 ms 50 ms 82 ms
ludn
2,51 mA (cho: 0,8 mA)
Tiéu thu dién () 2,51 mA (**) 2,51 mA (**)
Pin 3,7V /2000 mAh 3,7 V /6000 mAh 3,7 V /6000 mAh
Acc tap CK
95,3% (97,7%) (*) 96,5% 86,1%
(WISDM)
Acc tap TT
99,2% (99,6%) (*) 98,3% 96,03%
(thu thap)
Chi phi phin
<15USD <20 USD <20 USD
cirng
Cong trinh
. [CT1], [CT2] [CT3] [CT4]
cong bo

(CK: Cong khai - tap dir licu WISDM, TT: Ty thu thép tai phong thi nghi€ém. Acc la do
chinh xac téng thé da 16p; (*) d6 chinh xé4c theo 10p trung binh ctia RF4-HAR. (**)
Dong tiéu thu cua riéng khéi PIC18F4520 + ADXL345, chua gdm mo-dun truyén thong;
dong trung binh ciia toan thiét bi khi truyén lién tuc khoang 110 mA. Kich thuéc model

1a dung luwong Flash ctia riéng cu triic mo hinh, chua gdm mé chwong trinh va thu vién.)

3.7. Két luan chwong 3

Chuong 3 di thyc hién thanh cong ba muc tiéu 16n: mé rong sb lugng hoat dong
nhan dang, trién khai thuat toan trén vi diéu khién hiéu nang thap va danh gia tong hop
so sanh voi cac nghién ctru qubc té. Cac dong gop chinh bao gdom:

(1) Tiép tuc mé rong theo ddi hoat dong trong tda nha bang hé théng RF5-HAR hoat
dong co ban bao gém di cau thang [CT3], dat d6 chinh xac téng thé 98,3% trén tap dir
lidu thu thap va 96,5% trén tap WISDM.

(2) Phan tich chi tiét cac diém han ché cua hé théng RF5-HAR va dua ra phuong
phap cai tién voi hé théng KNN6-HAR [CT4], cho phép phan loai 6 hoat dong voi do
chinh xéc 96,03% trén tap dir liéu thu thap.

Két quéa cho théiy Sur can bﬁng tdt gitra hi¢u nang, chi phi va tiéu thu nang lugng, tao
nén tang vimng chic cho viéc tmg dung rong rii trong thyc té. Hé thong co tiém nang dap
g yéu cau theo ddi, cham soc stc khoe cho cac d6i twong nhu nguoi cao tudi, tré em,
nguoi lao dong trong méi truong rui ro cao, ngudi bénh méi phuc hdi hodc bénh nhan
lién quan dén mat kiém soat hanh vi khi di chuyén trong tda nha cao tang, véi thiét bi
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deo nho gon, chi phi thip va thoi gian hoat dong dai. Hé théng moi dugc kiém ching
trén ngudi khoe manh trong diéu kién c6 kiém soat. Cong trinh khoa hoc lién quan téi
chuong nay 1a [CT3] va [CT4]; hudéng ng dung duogc trinh bay tai [CT6].

Nhu vay, ba hé théng dé xuét trong luan an khong chi khac nhau vé sb lugng hoat
dong va dia hinh thur nghiém, ma con khac nhau vé ban chat ky thuat va muc dich st
dung: RF4-HAR (Chuong 2) ding thuat toan Random Forest véi 5 dic trung théng ké,
t6i uu cho dja hinh bang phing, phu hop giam sat mtc d6 van dong hang ngay (ding,
ngdi, di, chay). RF5-HAR (Chuong 3, muc 3.1) mé rdng cung thuat toan RF sang dia
hinh c6 thay d6i d6 cao nhung gdp chung hoat dong 1én/xudng cau thang thanh mét nhan
duy nhét, pht hop khi chi can biét ngudi dung ¢ di chuyén theo phuong thang ding
hay khong (vi du theo ddi mirc van dong tong quat). KNN6-HAR (Chuong 3, muc 3.4)
chuyén sang thudt toan KNN voi b 4 dac trung khac (Var, SAV, Skew, P2P), cho phép
phan biét twong minh chiéu 1én va chiéu xubng cau thang - théng tin can thiét cho cac
mg dung doi hoi do chi tiét cao hon nhu danh gia phuc hdi chirc niang hoic phét hién
bat thuong khi di chuyén trong toa nha nhiéu téng. Viéc lya chon thuat toan khac nhau
(RF cho bai toan it 16p, KNN cho bai toan can ranh gii quyét dinh mém déo hon giita
hai 16p gan gidng nhau) xuat phat tir dic diém cia timg bai toan, khong chi nhim mé
rong quy mo bai toan.
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KET LUAN VA KIEN NGHI

1. Két luan

Luan 4n da hoan thanh muc tiéu nghién ciru va phat trién hé thong nhan dang
hoat dong ngudi (HAR) sir dung cam bién gia toc va thuat toan hoc may, c6 kha ning
phan loai chinh xé4c cac hoat dong co ban trong thoi gian thuc véi chi phi thip. Qua ba

chuong nghién ctru, luan an di dat duoc nhitng két qua quan trong sau:

Chuong 1 d3 hé théng hoa co sd Iy thuyét vé HAR va cac phuong phép hoc may.
Phan tich chi tiét cho thdy phuong phap sir dung cam bién deo 1 phi hgp nhét cho tmg
dung theo dbi sirc khoe ca nhan do tinh di dong, khong xAm pham quyén riéng tu va chi

phi thap.

Chuong 2 d xdy dung thanh céng hé thong nhan dang 4 hoat dong co ban (Pung,
Ngdi, Pi bo, Chay bd) véi d6 chinh xac tong thé da 16p 95,3% (WISDM) va 99,2% (thu
thap), twong tng do chinh xac theo 16p trung binh 97,7% va 99,6%. bé xuit tap dac
trung phu hop chi véi 5 ddc trung thong ké don gian (Mean, STD, Median, Range,
RMS); xdy dung b dir liéu tir 16 tinh nguyén vién (14 sinh vién + 2 ngudi cao tudi) véi

quy trinh chuan hoa; danh gia véi nhidu chi sé (Accuracy, Sensitivity, Precision, NPV).

Chuong 3 d3 mé rdng va trién khai hé théng 1én muc cao hon (RF5-HAR), mé
rong thanh cong tir 4 1én 5 hoat dong véi do chinh xéac 96,5% (WISDM) va 98,3% (dir
liéu thu thap), trong thoi gian thyuc. Thiét ké thiét bi thu thap dir lidu chi phi thap (<20
USD) str dung ADXL345 va PIC18F4520, lya chon tap dic trung; dé xuat hé théng
KNN6-HAR nhén dang 6 hoat dong ngudi & dia hinh tda nha cao tang (thém phan biét
1én cu thang va xuéng cau thang) trén dir li¢u cong khai va bd dir li€u thu thdp duoc

thé hién d6 chinh xac tong thé (86,1% va 96,03%).
2. Péng gép mai vé khoa hoc ciia ludn an

- Poéng goép 1: Nghién ciru nay dé xuét va trién khai thanh cong hé théng
HAR thoi gian thuce trén vi diéu khién 8-bit PIC18F4520 (RAM 1,5 KB,
2 USD), mot rang budc tai nguyén rat gidi han ma cic nghién ciru tiéu
biéu nhu Kwapisz va cong su [17] (smartphone), Vavoulas va cong su
[20] (64 dic trung) hay Catal va cong su [25] (43 dic trung) déu chua

dit ra. Pong gop khoa hoc cbt 16i 1a ching minh rang chi can 5 dic trung
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thong ké don gian (tinh trén mdi tryc X, Y, Z, tuong dwong 15 chiéu dau
vao) két hop voi thuat toan phit hop cho MCU 8-bit ¢ thé dat do chinh
xéc tong thé trén 95% trén tip WISDM va trén 98% trén tap tu thu thap
(RF4-HAR, RF5-HAR), twong duong cac nghién ciru sir dung nhiéu dic
trung hon trén nén tang phan cing manh hon. Thuat toan (RF, KNN),
duge nhiing truc tiép vao vi diéu khién, cho phép phan loai hoat dong
theo thoi gian thyec.

- Dong gop 2: Lua chon hoat djong va by dac trung phu hop véi rang
budc ph?m cirng. Cac hoat dong chinh Bung, Ngéi, Chay bo, Bi b va
bi 1én, xuéng cau thang dugc lya chon can than dya trén muac d6 lién
quan va tn suat trong cudc séng hang ngay. Bo dic trung duoc Iya chon
1a cAu hinh can bang tot nhét giita kha ning phan biét va do phuc tap
tinh toan trong cac ciu hinh d3 khao sat, phit hop MCU 8-bit.

3. Tinh trng dung thye tién ciia luin 4n

Hé thong HAR d& xuat c6 tiém nang img dung trong nhiéu linh vyc. Trong y té, hé
théng c6 thé hd tro theo ddi hoat dong thé chét cia bénh nhan mén tinh va danh gia kha
ning phuc hdi chtrc ning sau phau thuat hodc chan thuong. Trong thé thao, hé thong
gitip hudn luyén vién theo ddi khéi lugng va cuong do tap luyén théng qua kha ning
phan biét di bo, chay b va 1én xudng cau thang. Trong linh virc an ninh va lao dong, hé
thong co6 thé hd trg giam sat an toan cho nhan vién lam viéc doc 1ap (bao vé, ciru ho,
kiém 1am) théng qua phat hién bat dong kéo dai bat thudng. Cac hudng tng dung chi
tiét hon da duoc trinh bay trong cong trinh [CT6] cua tac gia va co thé dugc phat trién

thanh cac nghién ctru mo rong riéng.
4. Han ché ciia luan an va hwéng nghién ciru tiép theo
4.1. Han ché

Maic du dat dugc nhi€u két qua tich cuc, ludn 4n van con mot s6 han ché can khac

phuc:

Vé b¢ dir liéu: Dit liéu ty thu thap gdbm 16 tinh nguyén vién, trong ¢6 nhém ngudi
cao tudi chi ¢6 2/16 ngudi (12,5%, do tudi 65-72). Pay 1a han ché ddng chu ¥ vi s6 luong
qua nhd chua du dé dai dién cho su da dang vé thé trang va bénh 1y trong nhém nguoi

cao tudi. Hon nira, dit liéu duoc thu thap trong moi trudng kiém soat (phong thi nghiém,
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san tap), chua dai dién déy du cho diéu kién thuc té da dang. Toan bd nguoi tham gia la
nguodi khée manh; hé théng chua dugc thtr nghiém trén bénh nhan co r6i loan van dong
hodc ngudi co nguy co té nga cao. Ngoai ra, viéc chia dir liéu ngiu nhién theo ctra s6
(khong theo d6i twong, khong c6 tap kiém dinh riéng, cac cira s6 chong lap 40%) co thé

1am két qua lac quan hon so véi danh gia doc lap theo ddi tuong.

Vé so lwong hoat dong: Hé théng ma&i nhan dang dugc 6 hoat dong co ban, chua bao
gdm cac hoat dong phirc tap hon nhu dap xe, boi 16i, choi thé thao, 1am viéc nha. Dé trd

thanh hé théng HAR toan dién, cAn mé& rong 1én 15-20 hoat dong.

Vé do chinh xdc: RF4-HAR va RFS-HAR dat d chinh xdc tong thé da 16p tir 95,3%
dén 99,2%, nhung KNN6-HAR chi dat 86,1% trén tap dir liéu cong khai (so voi 96,03%
trén tdp tw thu thdp), cho thdy khd ndng khdi qudt héa sang dir liéu ngodi chwa dong
déu giita cdc hé thong. Cdc cdp hoat dong con nham lan dding ké gom Xudng/Lén cau
thang (trén WISDM, 14,7% mau Xué'ng bi nhan thanh Lén va 8,6% mau Lén bi nhan
thanh Xuéng - Bang 3.22) va Di cau thang/Pi bé (7,2% véi RFS-HAR trén WISDM -
Hinh 3.6). Ngoai ra, RF chua duoc danh gia trén cung bo dac trung cua KNN6-HAR.
Véi vng dung y té, can ndng dé chinh xdc cia cdc 16p cau thang va cdi thién kha ning

khdi quat héa ciia KNNG6-HAR trén dit liéu ngodi (chudan héa déc tring, cin bang I6p).

Vé thir nghiém thye té: Chua c6 thir nghiém dai han (>3 thang) véi nhom nguoi ding
16n trong diéu kién thyc té. Can dénh gia do tin cay, do bén thiét bi va mic do chap nhan
ctia nguoi dung.

Cu thé hon, luan an chua danh gia kha nang chiu va dép cua vo thiét bi khi nguoi
dung van dong manh hodc va cham bat ngo, chua kiém tra hoat dong 6n dinh cua cam
bién va vi diéu khién trong dai nhiét d6 moi truong rong (vi du ngoai troi mua hé/mua
dong), va day deo/vo thiét bi hién tai (ding trong thir nghiém) chua dugc tdi uu vé tinh
linh dong, d thoang khi khi deo lién tuc trong thoi gian dai, c6 thé gay kho chiu hodc
1éch vi tri cam bién, anh huodng dén d6 chinh xac nhan dang (phan tich tai Muc 2.2.4).
Viéc deo dai c¢b dinh ¢ thit lung cling co6 thé gdy bat tién véi nguoi cao tudi, ngudi co
bénh 1y ving bung hodc khi mic trang phuc khong co that lung; giai phép la thiét ké vo

dang kep, diy deo co gidn hoic tich hop vao quan 4o. Pay 1a cac yéu t6 can dugc kiém
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dinh va cai tién (vi du vo chong soc [P-rated, day deo co gian) trude khi trién khai san

pham thuong mai.
4.2. Huéng nghién ctru tiép theo

- M6 rong bd dir liéu: Thu thap thém 100-200 nguoi ¢ cac nhém tudi khac nhau (tré

em, trung nién, cao tudi), nhidu thé trang (gay, béo, bénh 1y xuong khép).

- M6 rong hoat dong: Thém 4-6 hoat dong nira (dap xe, di cau thang may, ngé)i Xe,

lam viéc nha) 1én tong 10-12 hoat dong.

- Nghién ciru phat hién, du doan bat thuong: Phat trién module phat hién nga, hoat

dong bat thuong, canh bao khan cap.

- Nghién ctru cross-validation doc 1ap chu thé: Thuc hién leave-one-subject-out
validation dé danh gia kha ning tong quat hoa clia mo hinh véi ngudi ding méi, dong
thoi thu thdp dir 1i€u tr nhom bénh nhan ¢6 bénh 1y van dong (Parkinson, sau dot quy,

xuong khdp) dé mé rong pham vi ing dung y té.

- Hoan thién danh gia mé hinh: huin luyén RF trén cung bd dic trung ciia KNN6-HAR
dé tach bach anh hudng cua thuat toan va bg dac trung; ap dung chuan hoa dic trung
théng nhat cho KNN va SVM; béo c4o do chinh xac ctia mo hinh KNN nén chay trén
thiét bi; chia ba tap huan luyén/kiém dinh/kiém thu.

- Néng cip nén tang phan cimg: Nghién ciru chuyén doi sang MCU thé hé méi (ARM
Cortex-M0+, 3 USD) dé hd tro nhiéu hoat dong hon véi mé hinh phtc tap hon, trong

khi van duy tri chi phi thip va kha ning hoat dong thoi gian thuc véi do tré <100 ms.

- Thir nghiém ngoai phong thi nghiém: Trién khai hé thong thir nghiém dai han (3-6
thang) véi it nhat 50 nguoi dung thuc té trong cac diéu kién méi trudng da dang (ngoai
troi, c6 vat can, diéu kién khi hau khic nhau) nham danh gia do tin cdy va kha nang chap
nhan ctua ngudi dung.

- Nhén dang giai doan chuyén trang thai (Transition Activity Recognition): Hé thong
hién tai phan loai 6 hoat dong & trang thai 6n dinh. Huéng phaét trién tiép theo 1a nhan
dang cac giai doan chuyén trang thai (ngdi-dimg, ding-di bd, dimg-nam...), day la co
s& khoa hoc dé phat hién cac su kién rui ro trong y té. Cu thé: (i) Té nga co thé duoc mo

hinh héa nhu transition dot ngdt tir trang thai dimg/di sang nam véi gia toc dinh bat
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thuong, (ii) Bai kiém tra 1am sang Sit-to-Stand (STS) va Timed-Up-and-Go (TUG), tiéu
chuan vang danh gia chirc ning van dong ngudi cao tudi, dodi hoi nhan dang chinh xéac
thoi diém bat dau va két thuc cia ting giai doan chuyén tu thé. Phuong 4n ky thuét:
chay song song cira s ngan 1-2 gidy dé bat transition bén canh ctra s6 8-10 gidy cho
trang thai 6n dinh, hodc ding md hinh hai tang (ting 1 phét hién thay doi trang thai, tang
2 phan loai chi tiét). Tap dir liéu tham khdao: UCI-HAPT (mé rong UCI-HAR véi 6 16p

transition).

5. Két luan chung

Luan 4n da hoan thanh muyc tiéu nghién ctru ban dau: xay dung hé théng nhan dang
hoat dong nguoi sir dung cam bién gia toc va nghién ctiru phat trién mot sd thuat toan
hoc may, nham nang cao kha ning phan loai chinh xac cac hoat dong co ban trong thoi

gian thyc véi chi phi thap. Cac két qua dat dugc nhu sau:

- D6 chinh xéc tong thé da 16p (WISDM / ty thu thap): 95,3% va 99,2% cho 4 hoat
dong (RF4-HAR; d6 chinh xac theo 16p trung binh 97,7% va 99,6%), 96,5% va 98,3%
cho 5 hoat dong (RF5-HAR), 86,1% va 96,03% cho 6 hoat dong (KNN6-HAR)

- Chi phi: <20 USD (dung muc tiéu)

Két qua ctia luan an thé hién su cin bang giita ba yéu t6: hiéu ning (46 chinh xac tong
thé 95,3-99,2% ddi voi RF4-HAR va RF5-HAR), chi phi (< 20 USD) va tiéu thu ning
luong (2,51 mA dbi voi khéi vi diéu khién va cam bién). So véi cac nghién ciru quic té,

luan an dat d6 chinh xac twong duwong véi phan cimg han ché hon nhiéu.

Vé mdt khoa hoc: Ludn dn déng gdp quy trinh lwa chon b ddc trung toi gian va quy
trinh lya chon thudt todn theo rang buéc phan cieng cia vi diéu khién 8-bit; ddnh gid
hiéu sudt bang cd trung binh vi mé va trung binh vi mé theo dinh nghia thong nhat.
Trong bai todn sdu hoat dong, KNN6-HAR dat dg chinh xdc tong thé 86,1% trén tip dir
liéu cong khai va 96,03% trén tdp dit liéu thu thap, do nhay trung binh vi mé 82,1% va
95,06%. Két qua 86,1% trén tdp cong khai con khiém ton hon RF4-HAR va RF5-HAR,
phan dnh han ché vé kha néng khdi quat héa da néu & Muc 4.1. KNN dwoc lva chon dé
phdn biét lén/xuéng cau thang vi hai hoat dong nay tao thanh cdac cum cuc bo gdn nhau

trong khéng gian déic trung 12 chiéu (Var, SAV, Skew, P2P trén ba truc) véi ranh gidi
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phi tuyén, phit hop véi co ché phan logi theo khodng cdch ciia KNN hon cdc phép chia
song song truc cia cdy quyét dinh.

Mot yéu to k¥ thuat quan trong dnh huéng dén hiéu ning ciia KNN6-HAR 1a sy
chénh léch bién do gitra cac dac trung (SAV cd 10%-10° so véi Skew c¢d 10°). Nhu da
trinh bay tai Muc 3.5.3, chuan héa Min-Max gitp niang d6 chinh xéac tong thé cia KNN6-
HAR 1én 88,7% (WISDM) va 96,8% (thu thap) véi chi phi tinh toan khoang 0,5 ms/phan
loai; luan an khuyén nghi ap dung chuan hoa nay trong cac trién khai thuc té.

Vé mat thiee tién: ludn dn cho thdy tiém néng g dung trong y té, thé thao va cham
séc ngudi cao tuéi. Hé théng cé tiém ndng tiép tuc phdt trién theo hwéng san phdam sau
khi dwoc kiém chitng trén quy mé nguoi ding I6n hon, trong diéu kién thuc té va trén
nhom nguoi co bénh ly van dong.

Tém lai, luan an da dat dugc muc ti€u nghién ctru dé ra, co dong gép khoa hoc va
thyc tién 16 rang, tao co s¢ cho cac nghién ciru tiép theo vé HAR va tmg dung IoT trong

cham soc stre khoe.
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Ghi chu vé dong gdp cua tac gia trong cac cong trinh dong tac gia: O [CT1], tac gia
tham gia xay dung bo dir li¢u tu thu thap, thuc hién thuc nghi¢m so sdnh céc thuat toan
RF, SVM, GBDT, KNN va viét phan két qua. O [CT3], tac gia thiét ké quy trinh thu
thap dir liéu va trich chon dac trung cho hé théng RF5-HAR, trién khai thuc nghiém trén
thiét bi va tham gia viét ban thao. Tac gia 14 tac gia chinh cua cac cong trinh [CT2],
[CT4], [CT5]. Pbi chiéu cong trinh - chwong: Chuong 2 ([CT1], [CT2], [CT5]); Chuong
3 ([CT3] - RF5-HAR, [CT4] - KNN6-HAR); hudng ung dung ([CT6]).
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PHU LUC
Phu luc 1: Thuit toan va ma ngudn sir dung trong cac hé thong HAR

Ghi chi: Ma gia trong Phu luc dugc trinh bay & mirc thuat toan, st dung t€én ham mo
ta (adxl.read(), SIM808.send(), WiFi.begin()...) & d& doc. Chuong trinh thuc thi trén
PIC18F4520 dugc viét bang ngdn ngir C, bién dich bang XC8 trong MPLAB X IDE;
giao tiép voi ADXL345 qua mo-dun MSSP (I12C) va voi SIM80S/ESP8266 qua
EUSART (UART). Cac ngudng cuia ADXL345 la gia tri thanh ghi voi bude 62,5
mg/LSB theo bang dif liéu ciia nha san xuat.

I. Thuit toan 1: RF nhiing trén PIC18F4520, Hé thong RF4-HAR (phin loai

thoi gian thuc)
Piu vao (Input):
- Dit liéu gia toc ba truc {ax[i], ay[i], az[i]} tir ADXL345, fs = 50 Hz
- Cira s6 W = 10 gidy (500 mau), cip nhat mdi 6 gidy (300 mau méi + 200
mAu tai str dung tir ctra s6 trudc, chong lap 40%)
- M6 hinh RF: T1, T2, ..., Tn cdy quyét dinh nhi phan da huan luyén
- B 5 déc trung: Mean, SD, Median, Range, RMS trén 3 truc X, Y, Z
Piu ra (Output):
- Nhan hoat dong Y € {bung, Ngéi, bi bg, Chay bo}
- Truyén két qua qua SIM808/GSM dén may chi mdi 6 gidy
1.1. Buéc Thiét 1ap (Setup)
- Nap thw vién cam bién:
#include <ADXL345.h> - ADXL345 adxl;
Toan bd ham giao tiép I2C v&i cam bién ADXL345 dugc nap vao Flash 32 KB
ctia PIC18F4520. Pi twong adxl luu trit dja chi thanh ghi va phuong thic doc
dir ligu.
- Pit nguong phat hién chuyén dong (activity):
adxl.setActivityThreshold(75), // gié tri thanh ghi THRESH ACT = 75 (62,5
mg/LSB)
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Néu bién d6 gia tdc trén bat ky truc ndo vuot ngudng hoat dong THRESH ACT,
thiét bi chuyén tir ché d6 nghi (low-power idle) sang ché dd thu thap tich cuec,
giam ti€u thy nang luong khi nguoi dung dung yén.
- Dit ngwong phat hién bat dong (inactivity):
adxl.setlnactivityThreshold(75), adxl.setTimelnactivity(10);
Sau 10 gidy tin hiéu gia toc lién tuc dudi nguong THRESH_INACT, thiét bi xac
nhan trang thai bat dong va co thé giam tan so polling dé tiét kiém pin.
- Kich hoat ngit trén 3 truc:
adxl.setActivityXYZ(1,1,1), adxl.setlnactivityXYZ(1,1,1);
Cho phép phat hién chuyén dong/bat dong theo ca 3 chiéu khong gian. Diéu nay
quan trong vi nguoi ding c6 thé deo thiét bi & nhidu goc do khac nhau so véi truc
thang dung.
- Nap mo6 hinh RF vao Flash:
#include “random_forest.h” - RF_Classifier rf;
Toan bd ciu tric cdy quyét dinh (cic ngudng dic trung hoc dugc tir giai doan
huén luyén offline) dugc ma hoa duéi dang C-header va nhiing truc tiép vao Flash
32 KB. Khéng can két ndi mang hay bd nhé ngoai khi phén loai.
1.2. Buée Vong Lip chinh (Loop), Lip mdi 6 gidy
- Thu thap dir liéu cim bién:
fori=1 to 300: {ax[i], ay[i], az[i]} « adxLread() // 6s * 50Hz
M&i vong lap thu thap 300 bd mau gia tée 3 truc méi (6 gidy x 50 Hz), cung voi
200 bd miu tai str dung tir clra 86 trude tao thanh ctra s6 10 gidy (500 bo mAu,
chdng 1ap 40%).
- Tinh 5 dic trung thong ké trén mdi truc (X, Y, Z):
feat < [Mean X, SD X, Med X, Rng X, RMS X, .., RMS Z]// 15 chiéu
Nam dic trung dugc tinh bang 5 vong lap don gian, khong can bién doi Fourier
hay bo nhé dém 16n. Tong chi phi tinh toan 3 ms trén PIC18F4520 (40 MHz). Ly
do chon timg dic trung: Mean phéan biét Ping (0,07 g) v6i Ngdi (0,31 g) theo
truc X, SD phan bi¢t Chay (0,41 g) véi Biang (0,09 g) theo truc X, Median theo
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truc Z phan biét Ng@)i (0,84 g) véi cac hoat dong khéac, Range phan biét Chay
(4,00 g) voi bung (1,16 g) theo truc Z, RMS phan biét Chay (0,91 g) véi Bi bd
(0,59 g) theo truc X.
- Phén loai hoat dong bang mé hinh RF:
label « rf.predict(feat) / bo phiéu da s tir n cay
MGdi cay quyét dinh thyc hién chudi phép so sanh nhi phan doc theo cic nhanh
cay cho ra mot phiéu bau. Nhin cudi cung la hoat dong nhan dugc nhiéu phiéu
nhat. Két qua: RF dat d6 chinh xac tong thé 95,3% (WISDM) va 99,2% (dit liéu
thu thap); dd chinh xéc theo 16p trung binh 97,7% va 99,6%.
- Truyén két qua:
SIM808.send(label) - HTTP POST dén may chu
Nhin hoat dong duoc dong goi va giri qua SIM808 (GSM/GPRS) dén may chi,
d6ng thoi hién thi trén terminal qua UART. Chu ky 6 gidy dam bao phan hoi gn
thoi gian thue ma d6 tré van thap hon ngudng chip nhan cta tng dung chim séc
strc khoe.
1.3. Bang dac trung RF4-HAR va kha nang phan biét hoat dong

Bang 1. Nam dac trung RF4-HAR: cong thurc va vai tro phan logi

Pac trung Cong thire (truc X) Phéan biét Vi du phan biét
Mean % = (1/N)=xi Pung v6i Ngoi | Ptng: 0,07 g / Ngbi:
0,31 g (truc X)
SD 6 = V[(I/N)Z(xi—X)?] | Chay v6i Bing | Chay: 0,41 g/ Pimng:
0,09 g (truc X)

Median X_j sap xép, lay gitra | Ngdi voi cac Ngbi: 0,84 g (truc Z)

hoat dong khac
Range Xmax — Xxmin Chay vo6i bung | Chay: 4,00 g/ Btng:
1,16 g (truc Z)
RMS VI(1/N)Zxi?] Chay véi Pibd | Chay: 0,91 g/ Pi bo:

0,59 g (truc X)
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1.4. So' do giai thuat dang ma gia (RF4-HAR)
BEGIN RF4-HAR Embedded()
// === SETUP ===
INCLUDE <ADXL345.h>, INCLUDE <random_forest.h>
adxl.setActivityThreshold(75) // 75 mg
adxl.setlnactivityThreshold(75), adxl.setTimelnactivity(10)
adxl.setActivityXYZ(1,1,1), adxl.setlnactivityXYZ(1,1,1)

rf «— RF Classifier(random_forest.h) // nap model vao Flash

// ===LOOP (lip mdi 6 gidy) ===
WHILE true DO
// Thu thap dit liéu cam bién
FOR i+ 1TO 300:
{ax[1], ay[1], az[1]} «— adxl.read() // 50 Hz
END FOR

// Tinh 15 dac trung (5 ddc trung * 3 truc)

FOR EACH axis IN {X, Y, Z}:
feat[axis].Mean < mean(data[axis])
feat[axis].SD « std(data[axis])
feat[axis].Median < median(data[axis])
feat[axis].Range < max(data[axis]) — min(data[axis])
feat[axis]. RMS « sqrt(mean(data[axis]?))

END FOR // - vector feat[15 chiéu]

// Phan loai bang RF (b6 phiéu da sd)
label « rf.predict(feat) // Y € {Ptng, Ngdi, Pi bd, Chay bo}

// Truyén két qua
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SIM808.send(HTTP_POST, label) // GSM/GPRS - may chu
delay(6000 ms) // chu ky cap nhéat 6 gidy
END WHILE
END RF4-HAR Embedded()

II.  Thuit toan 2: RF nhing trén PIC18F4520, Hé thong RF5-HAR (5
hoat ddng, dia hinh tda nha cao ting)
Piu vao (Input):
- Dit liéu gia toc ba truc {ax[i], ay[i], az[i]} tir ADXL345, fs = 50 Hz
- Kich thuéc ctra s6 W = 8 gidy (400 mau), chong 1ap 40%
- Mo hinh RF: 200 cay quyét dinh nhi phan d4 huén luyén (n_estimators=200,
kich thudc = 28 KB)
- B0 5 déc trung nang cao: AAD, STD, IQR, Range, RMS trén 3 truc X, Y,
Z
Piu ra (Output):
- Nhan hoat dong Y € {DPung, Ngéi, bi bg, Chay bo, i ciu thang}
- Truyén két qua qua ESP8266/WiFi dén may chi mdi 5 gidy
2.1. Buée Thiét 1ap (Setup), RFS-HAR
- Cau hinh ngudmng cim bién (ting Ién 80 mg):
adxl.setActivityThreshold(80), adxl.setInactivity Threshold(80);
Ngudng ting tir 75 mg (RF4-HAR) 1én 80 mg vi hoat dong leo ciu thang tao ra
xung luc thang dung 16n hon di bd bang phang (0.8g trung binh truc Z khi leo,
0.4g khi di bd). Ngudng 80 mg loai bo hiéu qua nhiéu do rung thiét bj ma khong
b sot tin hiéu cu thang.
- Kich hoat ngit 3 truc va phat hién nga:
adxl.setActivityXYZ(1,1,1), adxl.setFreeFallThreshold(7); // 7 x 62,5 mg =
0,44 g
Thém ngudng phat hién nga (gia tri thanh ghi THRESH FF =7, tuong Gng 7 x
62,5 mg ~ 0,44 g, nam trong khoang 300-600 mg nha san xuat khuyén nghj cho

phat hién roi tu do) vi trong bdi canh toa nha cao tang, ngi trén cau thang 13 sy
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kién nguy hiém can phan héi tirc thi. Khi tong gia tdc dudi ngudng nay trong >5
ms, hé théng phat ngat khan cép va ghi nhan FA (Fall) ngay lap tirc, khong cho
hét cira s6 8 giay.
- Nap mé hinh RFS5 (200 cay) vao Flash:
#include “rf5_model.h” - RF5 Classifier rf5;
So voi RF4-HAR (50 cay), RF5-HAR dung 200 cdy (n_estimators=200,
random_state=0, kich thudc 28 KB). Sb cdy tang can thiét vi phai tao ranh gidi
quyét dinh phirc tap hon giira 5 16p, dic biét gitta Di bd (AAD~0.23) va Di cau
thang (AAD=~0.168) vén c6 dic trung gan nhau.
- Khéi tao WiFi qua ESP8266:
WiFi.begin(ssid, password), - TCP/IP dén may chu
Nang cip tir SIM808/GSM (Chuong 2) 1én ESP8266/WiFi (Chuong 3): toc do
truyén tang tir 2.4 kbps 1én 72 Mbps, d0 tré truyén giam tir 2 gidy xudng 50 ms,
tiéu thu nang luong truyén giam 40%. Diéu nay pht hop voi méi truong toa nha
c6 san ha tang WiFi.
2.2. Bu6c Vong Lip chinh (Loop), Lip mbi 5 gidy

- Thu thap 250 miu trong 5 gidy (cira s6 8 gidy, chdng lap 40%):

fori=1 to 250: {ax[i], ay[i], az[i]} «— adxLread() // 5s * 50Hz
Cira s6 8 gidy dugc thyc hién v6i chong lap 40%: mdi chu ky 5 gidy thu 250 mau
mdi va tai sir dung 150 mau cii. Ly do chon 8 gidy (thay vi 10 gidy cua RF4-
HAR): hoat dong leo cau thang c6 chu ky budc 0,6-0,8 gidy, nhanh hon di bd
(1.0 gidy). Ctra sO 8 gidy nim bat 10-13 budc cau thang, du dé trich xuat dic
trung 6n dinh, ddng thoi Bang 3.8 cho thay do chinh x4c ciia RF ¢ 8, 10 va 12
gidy la nhu nhau nén cura s6 nhé nhét (8 gidy) dugc chon dé giam do tré va bo
dém.
- Phén doan cira s truwot ¢6 dinh (frame = 400 miu = 8 gidy, stride = 160

miu, chong lap 40%):

X train=[data[i:i+400] for i in range(0,len(data),160)] // frame=400,

stride=160
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Cira s6 truot ¢d dinh: frame=400 mau (8 gidy * 50 Hz), stride=160 mau (chong
lap 40%), theo dung code thuc nghiém codeArticle 5 Activity.ipynb. Ly do
chon 8 gidy: hoat dong leo cau thang c6 chu ky budc 0,6-0,8 gidy, cira s6 8 gidy
chira 10-13 budc day du dé trich dic trung 6n dinh.
- Tinh 5 dic trung ning cao trén mdi truc (X, Y, Z):

feat — [AAD X, STD X, IQR X, Rng X,RMS X, .., RMS Z]// 15 chiéu
B§ dac trung méi AAD, STD, IQR, Range, RMS thay cho Mean, SD, Median,
Range, RMS cuia RF4-HAR: (1) AAD thay Mean vi bén viing hon véi outlier khi
xung luc cau thang gy dinh tin hiéu nhat thoi, (2) IQR thay Median vi phan biét
t6t hon Pung (IQR=0,056) v6i Di cau thang (IQR=0,191). Theo phan tich feature
importance cua RF: STD 26,3%, Range 22,1%, RMS 19,7%, AAD 17,4%, IQR
14,5%, tat ca déu dong gop y nghia (khong dic trung nao du thira).
Phan loai bang RF5 véi bo phiéu da s6 tir 200 cay (n_estimators=200):

label « rf5.predict(feat) - Y € {I=Pung, 2=Ngdi, 3=Di bo, 4=Chay, 5=Cau
thang}

RF chon 16p ¢6 sd phiéu nhiéu nhat trong 200 cay (bo phiéu theo da s tuong d6i
- plurality), khong yéu ciu qua ban. Két qua: RF5 dat Acc = 96,5% (WISDM,
ctra sO 8 gidy) va Acc = 98,3% (dit liéu thu thap). Po chinh xac thdp hon RF4-
HAR (97,7% va 99,6%) 1a chap nhan dugc vi bai todn khé hon (5 16p thay vi 4
16p, bao gdm cau thang).
- Truyén két qua qua WiFi:
ESP8266.send(TCP, label) - may chu (d06 tré 50 ms)
Goi tin bao gdm: nhin hoat dong, timestamp, ID thiét bi va chi s6 nang lugng
pin. Nguoi giam sat nhan cap nhat mdi 5 gidy qua giao dién web. Viéc chuyén tir
GSM sang WiFi tang bang thong va giam chi phi van hanh khi trién khai trong
toa nha.
2.3. Bang so sanh RF4-HAR va RF5-HAR
Bang 2. So sanh hai hé thong RF4-HAR va RFS5-HAR trén cdc tham s6 kj thudt

Tham s6 k¥ thuit RF4-HAR (Chuong 2) RF5-HAR (Chuong 3)
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S6 hoat dong

4 (Ping/Ngoi/Di/Chay)

5 (+Di cau thang gop)

B9 5 dac trung

Mean, SD, Median, Range,
RMS

AAD, STD, IQR, Range,
RMS

Kich thwéc cira so 10 giay (500 mau) 8 gidy (400 mau)

So ciy RF 30-50 cay (12 KB) 200 cay (28 KB)

Cira s6 thich nghi Khong Khong (cira s6 ¢b dinh,
frame=400 mau)

Chu ky phan loai 6 giay 5 giay

Truyén théng SIM808/GSM (2.4 kbps) ESP8266/WiFi (72 Mbps)

Acc, WISDM 97,7% 96,5%

Acc, Thu thap 99,6% 98,3%

Ning lwgng tiéu thu 0.01595 J/hoat dong 0.01595 J/hoat dong

RF

2.4. So @0 giai thuit dang ma gia (RF5-HAR)

BEGIN RF5-HAR Embedded()
// === SETUP ===
INCLUDE <ADXL345.h>, INCLUDE <rfS_model.h>
adxl.setActivityThreshold(80), adxl.setlnactivity Threshold(80)

adxl.setActivityXYZ(1,1,1), adxl.setFreeFallThreshold(7) // phat hién nga
rf5 «— RF5 Classifier(rf5 model.h) // 200 cay (n_estimators=200), 28 KB
Flash

ESP8266.begin(ssid, pwd) // khdi tao WiFi
// ===LOOP (lip mdi 5 gidy) ===
WHILE true DO

// Thu thap 250 mau méi (ctra s 8s, chéng lép 40%)

FOR i+ 1 TO 250:

{ax[1], ay[1], az[1]} «— adxl.read() // 50 Hz
END FOR
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window < merge(new 250 samples, last 150 samples) // 400 mau =
8s
// Phat hién bat thuong - thu nho ctra s6 néu can
window « data[i:i+400] // frame=400 = 8 giay, stride=160 = chdng lap
40%
// Khong dung adaptive window, cira s6 ¢6 dinh 400 mau
// Tinh 15 dac trung (5 * 3 truc), by nang cao
FOR EACH axis IN {X, Y, Z}:
feat[axis].AAD « (1/N)Z|xi — X
feat[axis].STD «— sqrt((1/N)Z(xi—X)?)
feat[axis].IQR «— Q75(data) — Q25(data)
feat[axis].Range < max(data) — min(data)
feat[axis].RMS « sqrt((1/N)XZxi?)
END FOR // - vector feat[15 chiéu]

// Phan loai RF5 v6i 200 ciy, n_estimators=200 (bo phiéu da sd)
label « rf5.predict(feat) / Y € {Pung, Ngdi, Pi bd, Chay, Cau thang}

// Truyén két qua qua WiFi
ESP8266.send(TCP, {label, timestamp, battery level})
delay(5000 ms) // chu ky cap nhat 5 gidy
END WHILE
END RF5-HAR Embedded()

III. Thuit toan 3: KNN nhtng trén PIC18F4520, Hé thong KNN6-HAR
(6 hoat dong, phan biét Lén/Xuéng ciu thang)
Piu vao (Input):
- Dit liéu gia toc ba truc {ax[i], ay[i], az[i]} tir ADXL345, fs = 50 Hz
- Cra s6 trugt: frame = 300 mau (= 6 gidy * 50 Hz), stride = 120 mau (chong
1ap 40%)
- Tap huan luyén D = {(feat j, L j)} da luu vao Flash (dang look-up table)
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- Bo 4 dic trung: Var, SAV, Skew, P2P trén 3 truc X, Y, Z, k=5 lang giéng
Piu ra (Output):
- Nhan hoat dong Y € {bung, Ngéi, bi bg, Chay bg, Xuéng cau thang, Lén
cau thang}
- Truyén két qua qua ESP8266/WiFi dén may chi
3.1. Ly do chon KNN thay RF cho bai toian phan bi¢t Lén/Xudng ciu thang
RF5-HAR gop Lén/Xubng cau thang thanh mét 16p vi dit liéu gia tdc hai hoat dong
nay c6 dic trung gan nhau, d& gy nham l1an. KNN6-HAR chon thuét todan KNN (k=35,
trong s6 “distance”) vi KNN khong can hudn luyén lai khi c6 dir liéu moi, thich tmg tot
v6i ranh gidi quyét dinh phi tuyén giita Lén va Xudng cu thang, va chi phi tinh toan
khi suy luan chi 13 O(n-d) (n = s6 miu huan luyén duoc luu, d = s6 chiéu dic trung =
12). Trén PIC18F4520, véi tap huan luyén dugc nén xudng 200 mau dai dién/16p luu
dudi dang look-up table trong Flash 32 KB, KNN cho thoi gian suy luan khoang 82

ms/phan loai.
3.2. Buée Thiét 1ap (Setup), KNN6-HAR

- Khéi tao cam bién ADXL345:
adxl.setRange(ADXL345 RANGE 4G), // +4g, 128 LSB/g, nhiéu 150 pg
CAu hinh +4g t6i uu cho bai toan cau thang: du rong dé thu xung luc cao khi Chay
(4g peak) ma khong bi bdo hoa (saturation) nhu cdu hinh +2g, d6ng thdi phan
giai (128 LSB/g) du tinh dé phan biét gia toc thang dimg khi Lén (az trung binh
0.88g) v4i Xudng cau thang (az trung binh 0.419¢ theo Bang 3.7).

- Ap dung bd lgc thong thap IIR bic mét (trung binh trugt ham mii):
ax_f[i] « K-ax[i] + (1-K)-ax_f[i-1], // K = 0.1 (hé s6 lam min)

B0 loc thong thap IIR bac mét (trung binh trurot ham mii) véi hé s6 K = 0,1 lam
min nhiéu cam bién tin sé cao. V&i fs = 50 Hz, tan sb cat xap xi fc = K-fs/(2n) ~
0,8 Hz; do d6 bo loc lam suy giam mot phén thanh phén tan sd bude chan (1-3
Hz) va anh hudng dén bién d6 cta Var, P2P. Dé bao toan thanh phén budc chan,
c6 thé chon K ~ 0,45-0,5 (fc = 5 Hz). Bo loc duogc thuc thi béng 2 phép nhan va
1 phép cong, phu hop véi PIC18F4520 (khong co FPU).

- Nap tap huin luyén dai dién vao Flash:
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INCLUDE “knn_lookup.h” // 1200 mau * 12 chiéu * 4 byte = 57.6 KB
KNN 1a thuét toan “hoc ludi” (lazy learning): khong huin luyén mé hinh, chi luu
tap dir li¢u huin luyén. Pé vira Flash 32 KB, tap huin luyén duoc nén béng k-
means clustering: tir hang ngan mau gdc - chon 200 mau dai dién/16p * 6 16p =
1200 mau. Mdi mau gdm 12 dic trung * 2 byte (fixed-point) = 24 byte - 1200 *
24 =28.8 KB <32 KB Flash.
- Cai diit tham s6 KNN:
k =5, metric = EUCLIDEAN, weight = DISTANCE;
k=5 duoc xac dinh qua thtr nghiém: k<3 giy nhiéu boi outlier, k>7 lam md ranh
gidi gilta Lén va Xudng cau thang. Trong s6 “distance” (wi = 1/di, diing v6i tham
sO weights = “distance’ cia scikit-learn) uu tién lang giéng gan hon, giam anh
hudng cia cic mau khong dién hinh & bién ranh gidi hai 16p cau thang.
3.3. Budéc Vong lap chinh (Loop), KNN6-HAR
- Phén doan cira s6 trwot va thu thip dir liéu (frame = 300 mau (= 6 gidy * 50
Hz)):
for i=1 to 300: {ax[i],ay[i],az[i]} < adxl.read()
Cira s6 frame = 300 mau (= 6 gidy * 50 Hz), stride = 120 méu (chdng l1ap 40%).
Dir liéu dugc chia theo train_test split(test size=0.4, random_state=42), dam
bao ty 18 60% huén luyén va 40% kiém tra. B loc thong thap bac mot (K = 0,1)
duoc ap dung dé 1am min nhidu cam bién trude khi trich xuét dic trung.
- Tinh 4 dic trung thong ké trén mdi truc (X, Y, Z):
feat « [Var X, SAV_X, Skew X, P2P X, ..., P2P Z]// 12 chiéu
Bén dic trung Var, SAV, Skew, P2P dugc chon vi dédc bi¢t phan biét Lén/Xuéng
cau thang: Skew (d6 1éch phan phdi) khac du giita Lén (+0.19, 1éch phai) va
Xubng cau thang (—0.46, 1éch trai) theo truc X (Bang 3.19), phan 4nh sy bat dbi
xung trong lyc tac dung khi nang chan 1én v6i ha chan xuéng. Var do muc do
dao dong, phan biét cac trang thai tinh v6i cac trang thai dong.
- Tinh khoang cich Euclidean dén tit cd mau huin luyén:

FOR j=1 to 1200: d[j] « sqrt(X(featfm] — train[j][m])?), m=1..12
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- Tong chi phi: ding sé nguyén déu phay tinh 16 bit va so sanh binh phuong
khoang cach (khong can khai cin), mdi lan phan loai can 1.200 x 12 = 14.400
phép trir va nhan-cong. PIC18F4520 chay 40 MHz tuong tng 10 MIPS (4 chu
ky xung nhip/lénh), c6 bo nhan phan cimg 8x8 bit nén mot phép nhan-cong 16
bit tbn khoang 40-50 chu ky 1€nh; téng khoang 0,6-0,72 tri€u chu ky 1énh, tuc
60-72 ms, phu hop véi thoi gian suy luan do dugc khoang 82 ms (Bang 3.27,
3.29). Néu dung sb thyc ddu phiy dong bang phin mém (khong c6 FPU), mbi
phép nhan t6n hang traim chu ky 1énh va khong dap tmg rang budc 100 ms.

- Chon k=5 lang giéng gin nhat va bé phiéu:

sort(d[1..1200]), neighbors «— top k(5), label «— weighted vote(neighbors,
1/d)

Bo phiéu c6 trong s6: mau gan hon c6 anh huong 16n hon. Vi du: néu 3 trong 5
lang giéng gan nhét 1a “Lén cau thang” (d=0.12) va 2 1a “Di bo” (d=0.35), phiéu
Lén = 3/0,12 = 25, phiéu Di bo = 2/0,35 ~ 5,7 - nhin = “Lén cau thang”. Co ché
nay dic biét hidu qua & ving bién giita Di bo va hai hoat dong cau thang.
- Truyén két qua va cip nhit ting:

ESP8266.send(TCP, {label, floor estimate, timestamp})

Thong tin ting (floor estimate) dugc udc tinh két hop nhin hoat dong
(Lén/Xudng cau thang * s6 budc) véi dir liéu cam bién khi ap (néu c6) hodc dém
chu ky hoat dong cau thang. Ngudi giam sat nhan thong tin ddy du vé vi tri va
trang thai cia ngudi dung trong toa nha.

3.4. Bang dac trung KNN6-HAR va kha niang phan bi€t 6 hoat dong

Bang 3. Bon ddc trung KNN6-HAR: cong thire va vai tro phdn loai (truc X)

Dac Cong thire (truc Vai trd phan loai va gia tri dién

trung X) hinh

Do muc d§ dao dong cua tin hiéu,
v (UN)Z(xi—5)? phén biét cac trang thai tinh (Var

ar Xi—X
nhd) véi cac trang thai dong (Var

16n)
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Phan biét Chay bo (SAV=286.15)
v6i Pimg (0.43), phan anh bién d6
SAV ¥ |xil tuyét ddi, Lén cau thang (8.7) voi
Xubng (14.3) giup phan biét hai hoat

dong cau thang

Dic trung then chét phan biét Lén
(+0.19, léch phai) voi Xudng cau
Skew (I/N)Z[(xi—x)/c]* | thang (—0.46, I¢ch trai) truc X, phan
phéi lyc bat dbi ximg khi nang véi

ha chan

Phan biét Chay (P2P=3.99g) voi
Pung (0.02g), Lén cau thang (0.30g)
P2P Xmax — Xxmin o '
voi Xuong (0.37g), bién d dinh-day

phan anh cudng d6 chuyén dong

3.5. So dd giai thuat dang ma gia (KNN6-HAR)
BEGIN KNN6-HAR Embedded()
/| === SETUP ===
INCLUDE <ADXL345.h>, INCLUDE <knn_lookup.h>
adxl.setRange(+4g), adxl.setOutputDataRate(50Hz)
K 1p « 0.1 // hé sb bd loc thong thap
k « 5, weight «— DISTANCE // tham s6 KNN
train_set « load(knn_lookup.h) // 1200 mau * 12 chiéu
/| ===LOOP ===
WHILE true DO
// Thu thap va loc thong thap
FOR i < 1 TO N: // N=300 (6 giay * 50 Hz), stride=120 (chong lap
40%)
raw «— adxl.read()

{ax f, ay f, az f} « LowPass(raw, K=0.1) // loc IIR bac mot
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END FOR
// Tinh 4 dac trung * 3 truc = 12 chiéu
FOR EACH axis IN {X, Y, Z}:
feat[axis].Var « variance(data[axis])
feat[axis].SAV « X[xi|
feat[axis].Skew «— (1/N)Z[(xi—X)/c]* // KEY: phan biét Lén/Xudng
feat[axis].P2P «— max(data[axis]) — min(data[axis])

END FOR // - vector feat[12 chiéu]

// Tinh khoang cach Euclidean dén tit ca mau huan luyén
FOR j « 1 TO 1200:

d[j] « sqrt(Z(feat[m] — train_set[j][m])?), m=1..12
END FOR // = 60-80 ms trén PIC18F4520 (dau phay tinh)

// Chon k=5 lang giéng gan nhat va bo phiéu co trong s6
neighbors « sort(d)[1:5] // 5 mau gan nhat
label «— argmax_c X (1/d) for ¢ in neighbors // bo phiéu o« 1/d
// Uéc tinh tang va truyén két qua
IF label IN {Lén cau thang, Xubng cau thang}: floor «
update floor(label)
ESP8266.send(TCP, {label, floor, timestamp})
END WHILE
END KNN6-HAR Embedded()





