BO GIAO DUC VIEN HAN LAM KHOA HQC
VA PAO TAO VA CONG NGHE VIET NAM

HOC VIEN KHOA HQC VA CONG NGHE

vU THI THUONG

NGHIEN CUU TRIEN KHAI HQC MAY TREN VI PIEU KHIEN HIEU
NANG THAP CHO HE THONG NHAN DANG HOAT PONG SU DUNG

CAM BIEN GIA TOC

TOM TAT LUAN AN TIEN Si MAY TINH
Nganh: Hé thong thong tin
Ma so: 9 48 01 04

Ha Noi - 2026




Cong trinh dugc hoan thanh tai: Hoc vién Khoa hoc va Cong nghé, Vién Han lam
Khoa hoc va Cong nghé Viét Nam

Nguwoi huwdng dan khoa hoc:

1. Nguoi huwdng dan: GS.TS. Tran Pic Tan, Khoa dién - dién ti Truong ki
thuat Phenikaa, Pai hoc Phenikaa.

2. Nguoi huéng dan: TS. Nguyén Nhw Son, Vién Cong nghé thong tin, Vién
Han lam Khoa hoc va Cong nghé Viét Nam.

Luan an dwgc bao vé treéc Hoi dong danh gia luan an tién si cadp Hoc vién hop tai
Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong nghé Viét Nam vao

C6 thé tim hiéu luan an tai:
1. Thw vién Hoc vién Khoa hoc va Cong nghé

2. Thu vién Quoc gia Viét Nam




MO PAU

Hé thong nhan dang hoat dong nguwdi (Human Activity Recognition - HAR) cho phép
tw dong theo doi, phan loai cac hoat dong hang ngay, mang lai nhiéu lgi ich thiét thyc
trong viéc cham séc strc khoe cong dong. HAR c6 thé dwgc (tng dung trong viéc theo doi
mutc do hoat dong thé chat cua bénh nhan sau phau thuat [2], [3], danh gia hiéu qua phuc
hoi chitc nang, canh bao nguy co té nga & ngudi cao tudi [4], [5] va theo doi hiéu suat tap
luyén cta van dong vién [6].

Muc tiéu chung cia luan an: Nghién cttu trién khai hoc may trén vi diéu
khién hiéu nang thap cho hé thong nhan dang hoat dong st dung cam bién gia toc
bdo dam khd nang phan loai chinh xac cac hoat dong co ban trong thoi gian thuc.
Cac dong gop cua luan an
Luan an nay phan biét véi cac nghién cttu khac bang cach tap trung vao viéc trién khai

hiéu qua cac thuat toan don gian vé mat tinh toan cho phan loai hoat dong theo thai gian
thue trén vi diéu khién hiéu nang thap. Nhitng diém mdi ctia luan an dwgc néu nhu sau:

- Lan dau tién chitng minh kha nang trién khai hoc may (Random Forest, KNN) truc
tiép trén vi diéu khién 8-bit PIC18F4520 (RAM 1,5KB) dé nhan dang hoat dong ngudoi
theo thoi gian thye véi d6 chinh xac trén 96%, chi dung 5 dac trung thong ké don gian

- Dé xuat va mé rong hé thong nhan dang sang dia hinh c6 thay doi do cao (1én/xudng
cau thang), véi thuat toan KNN cho phép phan biét o hai chiéu di chuyén ma cac nghién
cttu trwde trén vi diéu khién hiéu nang thap chwa thyc hién dugc.

B0 cuc cua luan an

Chuong 1: Trinh bay tong quan vé tinh hinh nghién citu HAR trén thé gigi va trong
nuwéc, cac phuwong phap nhan dang hoat dong, cac thuat toan hoc may, co sé ly thuyét vé
x@ 1y tin hiéu cam bién. Chi ra cac khoang trong nghién cttu va dinh huéng giai quyét ctia
luan an.

Chwong 2: Téc gia thiét ké hé thong RF4-HAR nhéan dang bon hoat dong co ban vdi
chi phi thap va kha nang phan héi theo thai gian thyc. Cac bude thu thap dit liéu, tién xi
ly, trich xudt dac trung va phan loai dugce thye hién tryc tiép trén vi diéu khién 8-bit
[CT1], [CT2], [CT5].

Chuong 3: Trinh bay chi tiét phwong phap nhan dang hoat dong & dia hinh c6 thay doi
do cao. Phuong phap dé xuat gom hai hé thong: RF5-HAR st dung thuat toan RF trong
treong hgp khong phan biét hoat dong 1én, xuong cau thang [CT3]; KNN6-HAR st dung
thuat todn KNN cho phép phan biét chinh xac hoat dong 1én hay xudng cau thang [CT4].

Cu6i cung, phan két luan néu cac dong gop chinh cua tac gia trong luan an va nhitng
huwéng phat trién nghién ciu [CT6].



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

Noi dung Chuong 1 gidi thiéu vé bai todn nhan dang hoat dong ngudi st dung cam
bién. Cac nghién cttu lién quan dwgc phan vao nhém nhitng phwong phap tiép can. Nhin
chung, trong bai todn HAR, c6 ba cach tiép can pho bién: dva trén thi gidc may tinh, dya
trén cam bién twong tac moi tredng va dya trén cam bién thiét bi deo. Mo6i cach tiép can
pht hop véi cac tinh huéng va méi trudng khac nhau. Cac thach thiéc ctia cac phuong
phap nhan dang hoat dong ngudi st dung cam bién cling dugc phan tich lam tién dé cho
viéc dé xuat cac thuat toan & cac chuong tiép theo. Bén canh d6, mét s6 kién thitrc nén
tang va cac chi so danh gia pho bién cho nhan dang hoat dong ngudi cling dwgc trinh bay
trong chvong nay.

1.1. Gioi thiéu vé nhan dang hoat dong nguoi

Ngay nay, HAR da tré thanh mot 1inh viee nghién cttu so6i dong trén toan thé gidi, vai
si phat trién manh mé ciia cong nghé cam bién va hoc may [1]. C6 nhiéu van dé thuc té
can giai phap dva trén nhan dang hoat dong nhw cham séc sttc khée [2], [3], phat hién té
nga cho nguoi gia [4], [5], cong nghiép [6], bAo mat [24], v.v. Cong nghé nhan dang hoat
dong thu thap thong tin hanh vi ctia nguwdi dung, cung cap nhiéu cach twong tac khac
nhau, tir d6 cho phép hé théng ho trg tich cuwc cho ngwoi dung trong cong viéc cta ho
[25].

Trong bai toan HAR, c06 hai cach tiép can pho bién: cach tiép can dya trén thi gidc may
tinh, cach tiép can dva trén cam bién (bao gom: cach ti€p can dva trén cam bién tirong tac
moi truong va cach tiép can dya trén cam bién thiét bi deo) [7], [8], Hinh 1.1.

Nhan dang Hoat déng Con nguoi

Nhéan dang Hoat déng Con nguoi =
Dua trén Thi giac

Nhan dang Hoat déng Con ngudi
Dua trén Cam bién

Cam bién Moi truging

Cam bién Con quay

Cam bién Peo dugc

LN
N,

Cam bién Gia téc ké

Hinh 1.1 Phan logi phuong phap nhdn dang hoat dong nguoi
S so sanh cac phuwong phap nhan dang dugc thé hién trong Bang 1.1.



Bdng 1.1 So sdnh cdc phuong phdp nhdn dang hoat dong
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1.2. Tong quan vé hé thong nhan dang hoat dong sit dung cam bién.
1.2.1. Hé thong nhan dang hoat dong st dung cam bién

Nhan dang hoat dong nguwdi (HAR: Human Activity Recognition) nham muc dich
nhan ra hoat dong da, dang xdy ra cua ngudi tir mét loat cac quan sat vé hoat dong cta
nguoi va diéu kién moi truong xung quanh. Phan loai hoat dong stt dung cdm bién mang
trén nguoi dang la hudng tiép can thu hit dwgc nhiéu s quan tam. Nguyén nhan la do sy
tién bo manh mé cia céng nghé, dac biét 1a cdc cam bién ngay cang c6 kich thwdc nho,
trong lvgng nhe nhung kha nang lam viéc, thu thap dit liéu kha manh mé, cho phép hoat
dong lién tuc khong han ché.

1.2.2. Cac nghién citu dién hinh nhan dang hoat dong dwa trén cdm bién mang trén
nguoi.

Cam bién mang trén ngudi c6 thé dwgc gan trén co thé con nguwdi va phan bo tir dau
dén chan, hoat dong trong mot khu vire rong vira phai trong khi nguwai deo thue hién cac
hoat dong nhw di b6 va chay. Cac cam bién mang trén ngudi nhw gia toc ké va con quay
ho6i chuyén thwong dwoc nhiing trong dién thoai thong minh, dong ho thong minh, vong
deo tay thong minh, quan 4o, that lvng, kinh, mii bado hiém hoac giay.

Phan tich hoat dong st dung cac cam bién gia toc két hgp thuat toan hoc may da tré
thanh mot lya chon tot va la bai toan tac gia dat ra, vGi yéu cau hé thong chi phi thap, dé
stt dung va c6 thé trién khai trén vi diéu khién hiéu nang thap.

1.3. Hé thong nhan dang hoat dong sit dung cam bién gia téc

1.3.1. Cac nghién citu dién hinh vé nhan dang hoat dong st dung cam bién gia toc

Béng 1.2 trinh bay tong quan vé HAR duya trén cam bién gia toc.



Bdng 1.2 Tong quan vé HAR dva trén cam bién mang trén nguoi
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1.3.2. M6 hinh hé thong nhan dang hoat dong st* dung cadm bién gia toc

Cam bién gia t6c thu thap di liéu chuyén dong va giti thong tin dit liéu vé hé thong. Hé
thong nhan dir liéu (Hinh 1.3) tir cdm bién dé c6 thé phan loai cac hoat dong nguoi
thuwdng trdi qua nhitng budc sau: thu thap dit liéu (thu thap dit liéu tho va tién xi¢ ly), chon
loc ddc trung (phan doan, trich chon dac treng), phan loai hoat dong (huan luyén, sau do
c6 thé hoat dong phan loai).
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Hinh 1.3 M6 hinh hé théng phdn logi hoat dong nguoi

1.3.3. Phuong phap danh gia mo6 hinh

Hiéu suat cia m6 hinh phan loai thuwong duge danh gia bang cach st dung tap dit liéu
thr nghiém. Phuwong phap dwoc st dung pho bién nhat dé do hiéu suat la ma tran nham
lan, so sanh dau ra thue té v4i dau ra du doan dé danh gia do chinh xac ciaa phan loai. Mot
sO chi s6 pho bién dwgc st dung gom do chinh xac tong thé, do nhay, PPV (gia tri dy
doan duong) va NPV (gia tri dy doan am).

1.4. Két luan chwong 1

Chuong nay da gidi thiéu tong quan vé cac hé thong nhan dang hoat dong twr dir liéu
cam bién mang trén nguwdi. Nhan dang hoat dong st dung cam bién mang trén nguoi da
va dang thu hut nhiéu sy quan tdm cua cong dong nghién citu va duge ng dung vao
nhiéu linh viec khac nhau: tr an ninh, cong nghiép dén thé thao, nghé thuat, dac biét la
ttng dung trong y té, ho trg cham séc sitc khoe. Trong do6, cam bién gia toc duwgc st dung
nhiéu nhat trong cac céng trinh nghién citu nhan dang hoat dong va cho hiéu suat phan
loai cao. Bong thoi, Chwong 1 ciing trinh bay tong quat vé mot hé thong gom 3 budc
chinh dé nhéan dang hoat dong ttr di¥ liéu cam bién mang trén nguoi.

CHUONG 2: NHAN DANG HOAT PONG CO BAN BANG RANDOM FOREST
TREN VI PIEU KHIEN 8-BIT (RF4-HAR)

Trong chwong nay, luan an trinh bay chi tiét phwong phap dé xuat dé nhan dang bon
hoat dong co ban ctia con ngwoi (ditng, ngoi, di bg, chay bg) stt dung dit liéu tir cam bién
gia toc 3 truc va thuat toan hoc may Random Forest. N6i dung chiong bao gom: thiét ké
hé thong thai gian thuc trén vi diéu khién PIC18F4520; thiét ké phan citng hé thong IoT
v&i cac module cam bién, x¥ ly, truyén thong va nguén; mo ta dir liéu st dung, quy trinh
xt ly va phan loai dé xuat, cac tham s6 danh gia hiéu suat, két qua thwc nghiém véi bon
thudt toan hoc mdy va phan tich két qua dat dwgc. Co s thuat toan va tap dac trung ban
dau da dugc cong bo tai [CT1]; viéc trién khai trén phan citng nhing



v&i bon hoat dong cia hé thong RF4-HAR dugce cong bo tai [CT2]; mot phan két qua lién
quan duwgc cong bo tai [CT5].

2.1. Mo hinh hé thong RF4-HAR

2.1.1. Kién tric m6 hinh phan loai hoat dong

Luén an st dung hoc c6 gidm sat. Cach tiép can tong thé bao gom ba giai doan trong
van dé HAR nay: thu thap di liéu thd, phan tich m6 hinh va cac hoat dong phan loai
(trién khai va danh gia), nhw trong Hinh 2.1.

- DIEN THOAI
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Hinh 2.1 So d6 khoi cua qud trinh phan logi hoat dong

Hé thong dwoc dé xuat tich hgp cdm bién, IMU chi phi thap va bo truyén/thu dit liéu
khong day cho thiét bi deo dé ho trg cac hoat dong phan loai. Cau tric hé thong dé xuat
dugc minh hoa trong Hinh 2.2.

Yy’ Module
SIM808

(b)

Hinh 2.2 M6 hinh thiét bi hé thong dé xudt (a) va tinh nguyén vién deo thiét bi (b).



Gia toc ké 3 DOF ADXI.345 dugc két noi vai vi diéu khién PIC18F4520 bang giao
dién I2C dé thu thap dir liéu doc theo ba truc; Chwong 2 st dung mo-dun SIM808
(GSM/GPRS) giao tiép vdi MCU qua UART. PIC18F4520 dwoc lwa chon c6 cha dich dé
chitng minh tinh kha thi trén vi diéu khién 8-bit chi phi thap nhat (2 USD): xung nhip 40
MHz, RAM 1,5KB, Flash 32KB. Thtt nghiém dwoc trién khai v&i may tinh xach tay Dell
E6540 c6 bo xw ly 2,7 GHz va RAM 8GB.

2.1.2. Tap dit liéu

Luan an nay st dung hai bd dit liéu vé hoat dong ctia con ngudi, bao gom mot bo di
liéu rieng tap trung vao cac hoat dong co ban ctia nguwoi va mot bo dit liéu cong khai chira
cac hoat dong tuong tu.

Tap dit liéu thu thap

Tac gia da tién hanh ghi dit liéu thyc nghiém vdi tong cong 16 tinh nguyén vién gom
hai nhém: nhém sinh vién 14 ngwoi (7 nam va 7 nit), do tudi 18-22, chiéu cao 1,56-1,8 m,
can nang 43-72 kg; nhém ngudi cao tudi 2 ngwoi (1 nam va 1 nif), 65 va 72 tuoi, chiéu
cao 1,4 m va 1,46 m, can nang 42 kg va 46 kg. Thiét bi dugc tinh nguyén vién gitt trén
that lung véi tan s6 1dy mau la 50 Hz, ghi lai bon trang théi: Piéng trong 40 phut, Ngoi
trong 30 phut, Chay trong 10 phtt va Bi bo trong 22 phut.

MG ta chi tiét va mot s6 minh hoa vé cac hoat dong dugc trinh bay trong Bang 2.1 dudi
day.

Bdng 2.1 Dién gidi khdi niém cdc hoat dong

Hoat dong Dien giai
Nebi Pau va luvng khong cham nén va doi chan nghi, luvng hoi nga
8 phia sau
bitng Nguoi thang, d6i chan khéng di chuyén
. Nguoi thang va di chuyén cham dén vi tri khac nhau, c6 it nhat
bibo o ~
1 chan cham dat
Chav bb Nguai thang va di chuyén nhanh dén vi tri khac nhau, 2 chan
Ay e khéng cham dét vio 1 thoi diém

Ngoai ra, dé kiém tra hiéu suat ctia thuat toan, tap dir liéu cong khai WISDM da duoc
st dung [15].

2.1.3. Quy trinh xr ly dit liéu
Phan doan dit lieu cho cac hoat dong
Luan an chon cach tiép can ctra so trugt dé phan doan dit liéu vi tinh don gian va phu

hop vdi cac itng dung thoi gian thue; kich thuwde cira so 1a siéu tham s6 can duge khao sat
thue nghiém [15], [48].



Vi tap dit liéu cong khai, s6 lvgng quan sat hoat dong st dung kich thuwéc ctra s6 10
gidy (v6i 40% trung lap) dwoc trinh bay trong Bang 2.2. B0 dit liéu trich xuat chita tong
cong 10482 quan sat tir 36 nguwoi tham gia.

Bdng 2.2 Thanh phan ctia Quan sdat Hoat dong Dir liéu Cong khai

Hoat dong S6 quan sat
Ding 445
Ngbi 548
Chay 3258
bi 6231
Tong 10482

Trong thir nghiém, c6 16 tinh nguyén vién deo thiét bi ¢ that lung (Hinh 2.2) trong khi
thue hién mét loat hoat dong cu thé. Bang 2.3 trinh bay so6 lwgng quan sat hoat dong st
dung kich thwéc cira s6 10 gidy (vGi 40% chong chéo). Tap dit liéu dugc trich xuat chita
tong cong 1283 quan sat.

Bdng 2.3 Thanh phan ctia Quan sdt Hoat dong Dir liéu tu thu thap

Trich chon dac trung

Hoat dong S0 quan sat
Ding 517
Ngoi 383

Chay bo 60
bi 265
Téng 1283

Dé hiéu suat phan loai cao, viéc Iiwa chon cac dac trirng ho trg cho cac hoat dong la vo
cung quan trong. Lira chon dac trieng dwoc thwe hién truede khi trich xuat dac trung. Dé
lwa chon ddc trng, mot phan dir liéu (200 mau dau tién) thu dwgc tir gia toc truc X cta
tirng hoat dong dugc biéu dién dwdi dang Hinh 2.4 dé xac dinh pham vi va dac diém
twong &ng vai ting hoat dong.
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Hinh 2.4 Phadn phéi dir liéu gia téc theo truc X cta cdc hoat dong

Tt Hinh 2.4, c6 thé thdy rang trang théi tinh (Pitng, Ngo6i) c6 cac gia tri trong mot
pham vi nhé cu thé. Vi du, Bing c6 gia tri tap trung tai ax =~ 0g (1g=9,8m/s2), ngoi c6 gia
tri doc theo truc X c¢6 tam la (0,12g, 0,36g). Do do, c6 thé chon hai dac trung, trung binh
va trung binh, dé do mitc do tap trung cua dir liéu nham phan biét trang thai tinh vai trang
thai dong va phan loai trang thai tinh v&i nhau. Ngoai ra, cac trang thai dong nhw Chay
bd, Di bo c6 dai gia tri rong hon trang thai tinh. Do d6, pham vi da dugc chon dé xac dinh
si khac biét giita cac gia tri cao nhat va thap nhat cua cac trang thai nay.

Bdng 2.7 Cdc ddc trung tinh theo truc X

Pac trung Cong thirc
Mean-Gia trj trung ux y=Ls N, )
binh i

SD-D0 1éch chuan . (L eN (. 2
“x ) -J,-,.Er-zl'i”' “H) 2)

Median-Trung vi LR
mediam(X ) =——————— (3)
2 , X; dugc sap xép
Range-Pham vi range(X ) =| min,, (| ,max, | x| (4)

RMS . 2
RMS =’hi 3 (5)
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St dung nam dac trung trén, tap dit liéu dugc chia thanh hai phan: tap huan luyén va
tap kiém tra lan luot 1a 60% va 40%.

2.2. Thyc nghiém va két qua

Hiéu sudt cda tirng bo phan loai dwgc so sanh dira trén do chinh xac (acc) tong thé cua
ching (Hinh 2.7) va d6 nhay (Hinh 2.8) trén tap dir liéu cong khai v&i cac kich thudc clra
so (5 gidy, 8 gidy, 10 gidy, 12 gidy, 15 gidy). B0 phan loai RF cho két qua tot nhat trén ca
hai phép do: do chinh xac 95,3% va do nhay 94% & ca kich thudc cira s6 10 giay.
2.2.1. Két qua thyc nghiém trén cac thudt toan
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B e ——m—  eET RV
R [ 2T i O = ——— - e
= 9251 :_ ————
SO
x
£ 90.0
£
=
G 875 -
e
Q
85.0 - -8 GBDT
& SUM
82.5 - - RF
KNN
80.0

5s 8s 10s 12s 15s
Kich thuéc clra s6 trugt

Hinh 2.7 D6 chinh xdc acc cua dir liéu céng khai

100 q

B =

(& X ]
1

1

1]

L

1

»

90 -

Do nhay (%)

85 4

-8~ GBDT

80 1 @ SVM

—e— RF
KNN

75

5s 8s 10s 12s 15s
Kich thuéc clra sé trugt

Hinh 2.8 B¢ nhay cua dir liéu cong khai

Twong ty nhu tap dit liéu cong khai, trén tap dit liéu tw thu thap véi cac bo phan loai va
cac kich thudc cira so6 khac nhau, phwong phap KNN cho do chinh xac cao nhat (100%)
va bo phan loai RF cho do nhay cao nhat (99,8%) vdi kich thwdc cira so 8 giay.

2.2.2. Trién khai m6 hinh RF trén vi diéu khién

Cac két qua chi tiét khi stt dung bo phan loai RF dwgc biéu thi bang ma tran nham lan
(Confusion matrix) cta dit liéu cong khai (Bang 2.8) va dit liéu dugc ghi lai (Bang 2.9).
Qua Bang 2.8, hau hét cac mau test hoat dong déu c6 d6 phan héa twong doi tot (166/177
mAu ditng, 208/218 miu ngdi, 1137/1302 méu chay, 2481/2491 mAu di). Nhung ciing
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6 thé thay rang 173 mau bi phan loai sai gitta Chay b va bi bo. Giita Bitng va Ngoi, chi
c6 12 mau bi phan loai sai.
Bdng 2.8 Ma trdn nham lan (Confusion matrix) b¢ dir liéu cong khai

Hoat dong Hoat dong Du doan
Quan sat | Pién | Ngbi | Chay | bi
8
Ding 166 7 0 2
Ngoi 3 208 0 24
Chay 0 0 |1137 | 165
bi 0 2 25 | 2481
Bdng 2.9 Ma trdn nham lan (Confusion matrix) bo dit liéu ty’ thu thdp
Hoat Hoat dong Dy doan
dong bitng | Ngoi | Chay | Bi
Quan sat
Pitng 206 0 0 0
Ngoi 0 151 1 0
Chay b0 0 0 44 2
bi 0 0 1 [104

2.2.3. DBanh gié hiéu suat cia mo6 hinh phan loai RF

Hiéu sudt tong thé cua tap dit liéu st dung hai so liéu (trung binh vi mé va trung binh
vimo) duwgc thé hién trong Bang 2.12 vdi bo phan loai RF hoat dong tot nhat. Két qua dat
dwgc twong doi cao v6i phuwong phap wdc lwgng trung binh vi mo6 (>95% trén tap dit liéu
cong khai va > 99% trén tap dit liéu cua tac gid). Do6i vai danh gia trung binh vi mo dua
trén tinh toan doc 1ap cua tirng 16p va tinh trung binh, tac gia nhan dugc két qua thap hon
mot chut: > 94% trén tap dit lieu cong khai va > 98% trén tap dit liéu cua tac gid).

Bdng 2.12 Cdc phép do dé danh gid hiéu sudt cua mé hinh phan logi

Trung binh vi mo Trung binh vi mo

Phuong Tap dit Tap dir liéu Tap di Tap dt lieu

phap danh gia | liéu cong | dugc ghi lai caa | lieu cong | dugc ghi lai cta
khai tac gia khai tac gia

bo chinh 97,7% 99,6% 97,7% 99,6%
xac

D0 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%
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2.3. Két luan chuwong 2

Chuong 2 da trinh bay chi tiét phwong phap dé xuat dé nhan dang bon hoat dong
co ban cta con nguai (ditng, ngoi, di bg, chay bo) st dung dir liéu tir cam bién gia toc 3
truc ADXL345 va thuat toan hoc may. Cac két qua chinh ctia chwong bao gom:

Tac gia da nhing thanh cong thuat toan cé do phitc tap tinh toan thap vao vi diéu khién
hiéu nang thap. Két qua thit nghiém cho thay bo phan loai RF hoat dong t6t hon GBDT,
SVM va KNN khi st dung kich thwéc civa s6 10 gidy, vdi kich thuwde mo hinh ~1,2KB
Flash, thoi gian suy luan ~45ms/phan loai va do chinh xac 97,7%. Hoat dong hang ngay
cta cac ca nhan khac nhau c6 thé dwgc phan loai chinh xac bang mot b nam dac trung
don gian.

Dé nhan dang hoat dong lau dai, thiét bi duwgc dé xuat khong gay khé chiu hodc han
ché dang ké khi thyc hién cac hoat dong. Cam bién gia tdc c6 chi phi thap, kich thuéc
nho va thiét bi dé xuat chi c6 gia 15 USD. Dé giam mitc tiéu thu dién nang, toc do lay
mau thap (50 Hz) duoc st dung dé kéo dai tuoi tho pin; thiét bi cling dé cai dat va dé st
dung. Cong bo khoa hoc lién quan tGi chwong nay la cong trinh [CT1] va [CT?2].

Cac hoat dong co ban cta con ngwoi (ditng, ngoi, di bo, chay bd) & Chwong 2 dugc
nhan dang trong moi treong bang phang. Vi két qua dat dugc, bon thuat toan (GBDT,
SVM, RF, KNN) tiép tuc dugc thit nghiém dé mé rong nghién citu sang dia hinh c6 thay
do6i do cao la toa nha cao tang, nhan dang thém hoat dong 1én va xuéng cau thang, trién
khai hé thong thoi gian thue trén vi diéu khién PIC18F4520, dwoc trinh bay chi tiét trong
Chuong 3.

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 citu tir 4 hoat dong co ban trén dia hinh bang phang l1én 5-6
hoat dong trong toa nha cao tang. Nhan ra sy nham lan tiém an gitta Lén cau thang va
Xuobng cau thang trong dit liéu, hé thong RF5-HAR gop hai hoat dong nay thanh mat
danh muc DPi cau thang, nang cao do chinh xac va do tin cay ctia hé thong phan loai, dat
ty 1é nhan dang vugt qua 98% [CT3]. Tiép theo, hé thong KNN6-HAR st dung thuat
toan K-Nearest Neighbors (KNN) cho phép phan biét hoat dong 1én, xudng cau thang
[CT4]. Qua trinh lya chon hoat dong va trich xuat dac trung dugc téi wu hda va diéu
chinh phu hop véi cac rang budc cta vi diéu khién hiéu nang thap.

3.1. Phwong phap cai thién hé thong theo d6i hoat dong ¢ toa nha - RF5-HAR
3.1.1. Mo t& phvong phap

Thudt toan Random Forest (RF) dugc nhiing trurc tiép vao vi diéu khién, cho phép
phan loai hoat dong theo thoi gian thue. RF duwgc lwa chon do su can bang gitra do chinh
xac va hiéu qua tinh toan, khién n6 phu hgp véi cac thiét bi c6 tai nguyén han ché. Bang
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cach tan dung tinh don gian cta dit liéu gia toc ké va hiéu qua cta RF, hé thong dat dugc
kha nang nhan dang hoat dong hiéu qua va tiét kiém chi phi, ngay ca trén cac vi diéu
khién gia thanh thap.

MO hinh hé théng va cac thiét bi dugc st dung twong tw nhw trong hé thong RF4-
HAR da dugc trinh bay ¢ chuwong 2.

3.1.2. Tap dit liéu va thuat toan cai tién

Nam hoat dong Pitng, Ngoi, Chay b, Di bo va Di cau thang dwoc thu thap tir 16 tinh
nguyén vién vai thiét bi deo & that lwng (tan s6 1dy mau 50 Hz). M6 ta chi tiét vé cac hoat
dong dugc trinh bay trong Bang 3.1 dudi day.

Bdng 3.1 Gidi thich cac hoat dong

Hoat dong Giai thich
Ditng Ditng ti nhién, 6n dinh
Ngoi Ngoi trén ghé
Chay b0 Chay déu dan va cham
bi bo bi bg binh thuong
bi cau thang bi 1én hodc xudng cau thang tirng budc

So d6 quy trinh cho thudt todn ritng ngau nhién dugc dé xudt dé phan loai thai gian
thue dwge minh hoa trong Hinh 3.1 dwéi day.

Init device variables

Hinh 3.1 Chwong trinh nhiing dé phan loai hoat déng thoi gian thuc
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3.1.3. Quy trinh x ly dit liéu
Phan doan dit liéu cho cac hoat dong

Sau khi nhan dit liéu tr gia toc k€, viéc tong hgp dit lieu da duogc thyc hién va dir liéu
nay dwoc st dung dé phan tich cac déc trung cia hoat dong. Dit liéu dugce chia thanh cac
phan nhd, moi phan chita thong tin lién quan dén hoat dong. Viéc phan doan nay la can
thiét do ban chat tuan ty ctia cac hoat dong, lam phttc tap viéc dinh nghia ranh gi6i hoat
dong.

Vi kich thude ctra so6 8 gidy (chong lap 40%), tap dit lifu WISDM gom 16381 quan
sat (Bang 3.2).

Bdng 3.2 Dir liéu hoat dong tir tdp dir liéu WISDM

Mo hinh hoat dong Tong s0 quan sat
bung 695
Ngbi 857
Chay bd 5093
Pi bo 6355
bi cau thang 3381
Tong cong 16381

Trong giai doan tht nghiém, 16 tinh nguyén vién da thyc hién cac hoat dong trong
Béng 3.1 trong khi thiét bi dwgc deo & that lvng. Bang 3.3 cho thay so6 lwgng cac hoat
dong tir tap dit liéu thu thap st dung kich thuwdc ctra s6 8 gidy (vdi chong lap 40%). Tap
dir liéu duoc trich xudt bao gom tong cong 6.299 quan sat.

Bdng 3.3. Dir liéu hoat dong tur tdp dir liéu thu thdp

Mo hinh hoat dong Tong so quan sat
Diing 1459
Ngoi 1179
Chay bo 989
Pi bo 1459
bi cau thang 1213
Tong cong 6299

Lya chon dac treng nang cao hiéu suat
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Bdng 3.4. Cong thifc cdc ddc trung cua div liéu gia toc trén truc X

Pac trung Cong thirc
AAD i (1)
- - M
. é' X, - Mean(x)
STD _ r—J N 2 (2)
“{'}:j} = NE_'Ii:li.tJ -4
IQR Q3-Q1 (3)
Range range(X, ) = min., x| ,max], | x| “)
RMS L wn 2 (5)
RMS ='iﬁ-}:: X
10 - i’ 4 2;2?
o i e
57 . f':‘: - .gf gi :éu thang
s | s
5
i
o"’?‘
=15 4 é

T
—-20

10 0 10 20
Thanh phan t-SNE 1

T
30

Hinh 3.4. Tap dir liéu WISDM dugc biéu dién trong khong gian 2 chiéu: (a) khéng cé
cdc ddc trung va (b) co cdc ddc trung
Nam ddc trung AAD, STD, IQR, Range va RMS cling dugc st dung véi tap dit lieu
thu thap nhuw tap dit lifu WISDM. Biéu dién t-SNE cho thay cac hoat dong trong tap dir
liéu thu thap dugc phan tach r6 rang, mdc du van con mot chit chong chéo gitta Chay bo,

bi bo va bi cau thang.
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3.2. Thuc nghiém va két qua cua hé thong RF5-HAR

3.2.1. Két qua thyc nghiém trén cac thudt toan

Trén tap dit liéu WISDM, b phan loai RF hoat dong t6t nhat véi do chinh xac 96,5%
va do nhay 96,4% & kich thuwdc ctra s6 8 gidy; trén tap dir liéu thu thap, RF dat do chinh
xdac 98,3% va do nhay 97,5% vdi cung kich thuwdc ctra s6.

3.2.2. Trién khai thuat toan RF trén vi diéu khién
bimg - 277 0 0 0 2

Ngéi- 2 337 0 1 4

Chay bd - 0 0 2014 10 14

Di cau thang - 0 0 45 97 1211

Hoat dong guan sat

: & O
o P A e ,owa“g
¢

Hoat déng du dodn

Hinh 3.6 Ma trdn nham lan cua thudt todn RF trén tdp dir liéu WISDM vdi kich thudc
cira s6 8 giay.

3.2.3. banh gia mo6 hinh phan loai RF

Hiéu suat tong thé dugc danh gia bang ca hai phwong phéap trung binh vi mo va trung
binh vi mé6. Két qua trong Bang 3.15 cho thay bo phan loai RF 1a m6 hinh c6 hiéu suat t6t
nhat: phwong phap trung binh vi mo6 cho hiéu suat viegt qua 96% trén tap dit lieu WISDM
va vuot qua 98% trén tap dit liéu thu thap.

Bdng 3.15 Bdnh gia mé hinh phan logi RF véi kich thudc cira s6 8 gidy

s Trung binh vi mo (%) Trung binh vi mo ((%)
Chi so
danh gia Tap dir liéu Tap dir liéu Tap dir liéu Tdp dir liéu
cong khai thu thdap cong khai thu thap
Do chinh xac | 96.51 98.03 98.61 99.21
D06 nhay 96.71 97.54 96.71 97.13
PPV 96.71 97.54 97.48 97.09
NPV 98.90 99.52 99.07 99.52
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3.3. Danh gia hé théng RF5-HAR
3.3.1. So sanh vdi cac nghién cttu truéc

So vdi cac nghién citu st dung tdi 43 hoac 64 dac trung [18], [23], hé thong RF5-HAR
chi str dung nam dac tring thong ké nhwng van dat do chinh xac cao. M6 hinh CNN cua
Chen va cong su dat do chinh xac trung binh 93,8% [50] nhung doi hoi tai nguyén tinh
toan 16n; Vavoulas va cong sy [18] dat do chinh x4c cao hon trén WISDM nhung dung
64 ddc trung va thyc thi trén PC.
3.3.2. Banh gi4 tinh tng dung va trién khai hé thong RF5-HAR

Trong cac hé thong ho tro sinh hoat, dat dugc sy chdap nhan cia nguoi dung la mot
thach thitc quan trong. Mac du cac phwong phap tiép can thi gidc may tinh cung cap cac
tng dung day hita hen, viéc trién khai chiing c6 thé bi can tré béi cac moi quan ngai vé
quyeén riéng tw. Nguoi dung cao tudi c6 thé mién cudng dé hinh anh caa ho dugc theo doi
hodc ghi lai. Vé van dé nay, thiét bi deo & that lwng vGi cac cam bién nhing cung cap mot
giai phap thuc té; két qua phan loai dugc hién thi trén dién thoai thong minh (Hinh 3.8).

Enter server IP address 192.168.137.1

Value X X(g) -5.1
Value X Y(g) 5.49
Value X Z(g) -4.02

Hinh 3.8 Phan loai dugc thuc hién bdi vi diéu khién thoi gian thuc va hién thi trén
dién thoai thbng minh.
3.4. Hé thong KNN6-HAR nhan dang hoat dong phan biét trang thai 1én, xuéng
cau thang
3.4.1. Kién tric mo6 hinh phan loai hoat dong
Mo hinh hé thong va thiét bi deo duwgc bo tri twong ti hé thong RF4-HAR. Cac budc
trong nhan dang hoat dong dwgc mo ta trong Hinh 3.9.
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Us Cac md hinh hoc may
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Hinh 3.9. Cdc buéc trong nhdn dang hoat dong.
3.4.2. Tap dtt liéu
Tap dit liéu thu thap

Hé thong st dung gia toc ké 3-DOF ADXL345 dé thu thap dir liéu chuyén dong, duoc
cdu hinh ¢ mic +4 g toan thang do, d6 nhay 128 LSB/g va mitc nhiéu 150 pg. Cam bién
ADXIL345 két noi vai vi diéu khién PIC18F4520 thong qua giao dién I12C; viéc truyén
di¥ liéu dugc thuc hién béi mé-dun ESP8266 giao tiép véi MCU qua UART.

Dt liéu thyc nghiém dwoc ghi tir 16 tinh nguyén vién (14 sinh vién 18-22 tudi va 2
nguoi cao tudi 65, 72 tudi), thiét bi deo c6 dinh trén that lwng, tan s6 1dy mau 50 Hz. Sau
hoat dong da dugc ghi lai: Bing (40 phut), Ngoi (30 phut), Chay bo (10 phuit), Bi bo (22
phut), Xuéng cau thang (20 phit) va Lén cau thang (20 phut).

Tap dit liéu cong khai

Tap dit liéu cong khai WISDM [15] dwoc thu thap tir 36 ngwoi tham gia, gom sau hoat
dong: Bung, Ngoi, Chay bo, Di bd, Xudng cau thang va Lén cau thang. Mo ta chi tiét vé
cac hoat dong dugc cung cap trong Bang 3.16.

Bdng 3.16. M6 ta cdc hoat dong

Hoat dong Giai thich
Ping Ping tw nhién, 6n dinh.
Ngoi Ngoi trén ghé.
Chay bo Chay véi toc do déu va cham rai.
bi bo bi bo binh thwong.

bi bo xuéng cau thang bang cach

Xubng cau thang budc titg bac mot

bi bo 1én cau thang bang cach buéc

Lén cau thang titng bic mot
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Trong nghién citu nay, trong tam la nhiing thudt toan tryc tiép vao thiét bi dé nhan
dang hoat dong theo thai gian thuc. KNN c6 thé thich (tng tot véi dit liéu phi tuyén tinh
va dé dang cap nhat khi c6 dir liéu méi, gitp cai thién do chinh xac va do 6n dinh ctia mo
hinh. Do d6, thuat toan phan loai hoat dong dwgc dé xuat dé nhing vao thiét bi deo la
KNN.

3.4.3. Quy trinh x ly di¥ liéu
Phan doan dit liéu cho cac hoat dong

Bang 3.17 trinh bay tong s6 quan sat hoat dong thu duoc tir dit liéu cong khai va dit
liéu thu thap. Dai vai dir liéu cong khai, st dung kich thwdc ctra s6 trwegt 15 gidy va ty 1€
chong chéo 40%, bo dit liéu dwgc trich xuat gom 10.476 quan sat. D6i vGi dit liéu thu
thap, vai kich thwdc ctra s6 8 gidy va chong chéo 40%, s6 quan sat la 9.745.

Bdng 3.17 Dt liéu hoat dong tir tap dir liéu cong khai va thu thdp

Mau hoat déng | Téng cong khai | Tong thu thap

Dirng 445 2271
Ngoi 548 1769
Chay bo 3253 1563
bibo 4067 2209
X“tf:;i gca“ 978 905
Lén cau thang 1185 1028
Tong 10476 9745

Trich chon dac trung

Dé dat dugc hiéu suat phan loai cao, viéc lya chon cac dac trung chita thong tin hoat
dong la cuc ky quan trong. Phan phéi dit liéu cia 400 mau dau tién thu dugc tir gia toc
truc X ctia moi hoat dong ho trg viéc xac dinh pham vi va lya chon cac dac trung phu
hgp. Phan tich trirc quan nay da hwdng dan viéc lya chon bon dac trirng thong ké chinh:
Phwong sai (Var), Gia tri tuyét doi trung binh (SAV), B0 léch (Skew) va Pinh-tGi-Dinh
(P2P, twong duong véi dac trung Range trong Chuong 2).

Béng 3.18 trinh bay cac c6ng thitc cia bon dac trung Var, SAV, Skew va P2P duoc
tinh trén truc X; cac truc Y va Z st dung cac cong thic twong tu.
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Bdng 3.18 Céng thirc ddc trung cho dir liéu gia toc trén truc x

Pac trung Cong thirc

Y 1 X -

sT=—— M (x-x)
Var N 1;( - X) (1)
SAV s =2, ()

N ” —y 3

ol X=X
Skew D0 2]% 5 (3)
P2P Xmax B Xrn.in (4)

3.5. Thyc nghiém va két qua cia phwong phap nhan dang hoat dong phan biét
trang thai lén, xudng cau thang

Hinh 3.13 va Hinh 3.14 lan lugt mo ta do chinh xac tong thé va do nhay ctia moi thuat
toan DT, KNN, SVM va LR trén tap dit liéu cong khai. Hiéu suat caia moi bo phan loai
thay ddi theo cac kich thuwéc ctra s6 thdi gian khac nhau (5 gidy, 10 giay, 15 giay, 20
gidy). Trong s0 cac bo phan loai nay, bo phan loai KNN dat hiéu suat phan loai vugt troi,
dat do chinh x&c 96% véi kich thwdc ctra s6 thoi gian 15 gidy va do nhay 87% vdi kich
thuwdc ctra so thoi gian 5 giay.
3.5.1. Két qua thyc nghiém trén cac thuat toan

100 -

95 { O=— —
-
£ 90
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3 &
= 859 © Ttrteal...
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<O 4 Y T ———— Ty enpe—— ] -
R 80 gem=—=—=— - o T
-= DT
75 4 @ SVM
== KNN
LR
70 T T T T
5s 10s 15s 20s

Kich thudc cla sé truot

Hinh 3.13 B¢ chinh xdc cia DT, SVM, KNN va LR trén tdp dir liéu cong khai.
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Kich thudc clra s6 truot
Hinh 3.14 B¢ nhay cua DT, SVM, KNN va LR trén tdp di¥ liéu cong khai.

3.5.2. Trién khai mo hinh KNN trén vi diéu khién

Béng 3.22 cho thdy két qua chi tiét ctia viéc st dung thuat toan KNN dé phan loai cac
hoat dong trén tap dit liéu cong khai. M6 hinh phan biét t6t cac hoat dong Pirng, Ngoi,
Chay bo va Bi bg, nhwng con nham lan giita Xudng cau thang va Lén cau thang do di
liéu gia toc cda hai hoat dong nay twong dong.

Bdng 3.22 Ma trdn nham lan ctia thudt todn KNN trén tdp div liéu cong khai

Hoat dong du doan
- Ié
Quansat | pipng | Ngoi Y | pibo g cau
bo than
thang
g
Ding 43 1 0 0 5 2 149
Ngbi o | 181 | 1 0 0 2 | 184
Chay bo 0 0 1014 54 13 4 1085
Pi bo 1 0 19 1264 22 17 1356
Xudng cau
5 0 31 71 175 48 327
thang
Lén ca
encatt 13 0 | 27 | 53 | 34 | 236 | 396
thang
Tong 150 182 1112 | 1478 258 317 | 3497
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3.5.3. Banh gia hiéu suat cia mé hinh phan loai KNN
Dbanh gia hiéu suat tong thé cia tap dit liéu bang ca phwong phap trung binh vi mo va
trung binh vi m6, Bang 3.26 cho thady bo phan loai KNN la bo phan loai c6 hiéu suat cao
nhat: d6 chinh x4c trung binh vi mé dat 86,1% (cong khai) va 96,03% (thu thap), do nhay
dat 82,1% (cong khai) va 95,06% (thu thap).
Bdng 3.26 Banh gia mé hinh phan logi KNN

Trung binh vi mo Trung binh vi mo
(%) (%)
Cacchisé | Tgp dir Tap dir
heis | ol Tapda | R
danh gia lieu o lieu Tap dir lieu
. lieu thu . .
cong th cong thu thap
khai P | khai
Accuracy 86.1 96,03 85.4 95.1
Sensitivity 82.1 95.06 82.1 95.06
PPV 85.4 95.1 85.4 95.1
NPV 85.4 95.1 82.1 95

3.6. Panh gia hé thong KNN6- HAR dang hoat dong phan biét trang thai lén,
xuong cau thang ¢ dia hinh toa nha cao tang.
3.6.1. So sanh vdi cac nghién cttu trude

Trong khi cac nghién cttu khac dung t6i 43-64 ddc trung trén PC, smartphone hodc
Raspberry Pi, KNN6-HAR trién khai trurc tiép trén MCU 8-bit PIC18F4520 véi 12 dac

trung. Biiber va Guvensan [53] dat 91,06% trén smartphone, thdp hon hé thong dé xuat
(96,03% trén tap thu thap).

3.6.2. So sanh v@i hé thong RF5-HAR

RF5-HAR phan loai 5 hoat dong trong khi KNN6-HAR phan loai 6 hoat dong, do do
muitc do kho khac nhau va khong thé so sanh tryc tiép. Bang 3.27 so sanh tong hgp vé
hiéu qua cta hai hé thong.
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Bdng 3.27 So sdnh tong hop vé hiéu qua cua hé thong RF5-HAR va KNN6-HAR

Tiéu chi so sanh | RF5-HAR KNN6-HAR Nhan xét

5h A
S0 hoat dong 5 hoat dong 6 hoat dong KNN6 nhiéu hon 1HD
nhan dang
Phan biét
lén/xudng cau Khong Cé - chinh xac KNNG6 vuot troi
thang
Acc tong (dit lié

ccong (dirliew | o6 ooy 86,1% RF5 cao hon
CK)
Acc tong (dit lié !

ccong (dirliew | gg 39, 96,03% KNNG khé tot
TT)
Acc Ién / xudng N R

R N/A, gop chung | 95,1% /96,2% KNNG6 chuyén biét
cau thang
Thei o

LSS soms 82ms RE5 nhanh hon 39%
luan
Thoi gian thy .

!+ glan thire Dat Dat Ca hai dat yéu cau
(<100ms)
Kich thudc model = 1.3KB 0.1KB KNN6 nho hon 13 Ian
Dia hinh bang

; hu hang hodc kho ia hinh th oi
Ung dung phu p :ilng ! AoacA ong D;a‘ in : thay 1101 KNNG6 phit hop hon
hop phan biét 1én (Toa nha cao tang)

xuong
3.7. Két luan chwong 3

Chuong 3 da thye hién thanh cong ba muc tiéu 16n: mé rong so lwgng hoat dong
nhan dang, trién khai thuat toan trén vi diéu khién hiéu nang thap va danh gia tong hgp so
sanh vadi cac nghién cttu quoc té. Cac dong gop chinh bao gom:

(1) Tiép tuc m& rong theo doi hoat dong trong toa nha bang hé thong RF5-HAR hoat
dong co ban bao gom di cau thang [CT3], dat do chinh x4c trén 98,3% trén tap dit liéu thu
thap mang lai lgi ich 16n vé mat &ng dung.

(2) Phan tich chi tiét cac diém han ché ctia hé thong RF5-HAR va dwa ra phwong phap
cdi tién véi hé thong KNN6-HAR [CT4], cho phép phan loai 6 hoat dong vdi do chinh
xac 96,03% trén tap dit lieu thu thap.

KET LUAN VA KIEN NGHI

1. Két luan

Luan an da hoan thanh muc tiéu nghién ctu va phat trién hé thong nhan dang hoat
dong nguoi (HAR) st dung cam bién gia t6c va thudt toan hoc may, c6 kha nang
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phan loai chinh xac cac hoat dong co ban trong thdi gian thwe vGi chi phi thap. Qua ba
chwong nghién ciru, luan an da dat dwoc nhitng két qua quan trong sau:

Chwong 1 da hé thong hoa co sd 1y thuyét vé HAR va cac phuwong phap hoc may.
Phan tich chi tiét cho thay phwong phap sit dung cam bién deo la phu hgp nhat cho ng
dung theo dai sttc khoe ca nhan do tinh di dong, khong xam pham quyén riéng tw va chi
phi thap.

Chuong 2 da xay dung thanh cong hé thong nhan dang 4 hoat dong co ban (Ding,
Ngoi, Bi bg, Chay bd) vdi do chinh xac 97,7% (WISDM) va 99,6% (dit liéu thu thap),
vuot trdi so vdi cac nghién citu trede day; dé xuat tap dac trung toi wu chi véi 5 dac trung
thong ké don gian (Mean, STD, Median, Range, RMS); xay dung b0 dit liéu tir 16 tinh
nguyén vién véi quy trinh chuan hoéa; danh gia toan dién v&i nhiéu chi s6 (Accuracy,
Sensitivity, PPV, NPV).

Chuong 3 da mé rong va trién khai hé thong 1én mitc cao hon: hé thong RF5-HAR
nhan dang 5 hoat dong vai do chinh xac 96,5% (WISDM) va 98,3% (dit liéu thu thap)
trong thai gian thuc, tng dung theo doi trong toa nha; hé thong KNN6-HAR nhan dang 6
hoat dong (phén biét 1én va xudng cau thang) v4i do chinh xac 86,1% va 96,03% trén tap
cong khai va tap thu thap; thiét bi thu thap dir liéu chi phi thap (<20 USD) st dung
ADXL345 va PIC18F4520.

2. Kién nghi

2.1. Ung dung trong y t& va cham séc sitc khoe

Theo doi hoat dong thé chat ctia bénh nhan man tinh: bénh nhan tim mach, tiéu
dwong, huyét ap cao can duy tri mitc do hoat dong thé chat nhat dinh theo chi dinh cta
bac si. V@i do chinh xac trén 96% va kha nang phan biét cwong do hoat dong (di bo va
chay bo, 1én va xudng cau thang), hé thong cung cap thong tin dé bac si danh gia tién
trién va diéu chinh phac do diéu tri.

Phat hién nga cho nguai cao tudi: té nga la nguyén nhan hang dau gay t& vong va
thuwong tat & nguwdi trén 65 tudi. Hé thong c6 thé md rong dé phat hién nga bang cach
nhan dang mau bat thuong (gia toc dot ngot cao, sau do la tw thé nam kéo dai).

Panh gia kha nang van dong va phuc hoi chitc nang: kha nang 1én xudng cau thang
la chi s6 quan trong danh gia sitc khée tim mach va xwong khép. Hé thong co thé theo doi
tién trién cua bénh nhan sau phau thuat hodac chan thwong, cung cap dir liéu khach quan
cho bac si vat ly tri liéu.

2.2. Ung dung trong an ninh va giam sat

Giam sat nhan vién lam viéc doc lap, citu nan citu h¢: nhan vién cttu nan, phong
chay chita chay, bao vé, tuan tra, kiém lam thwong lam viéc m6t minh trong khu vy
rong. Hé thong c6 thé theo doi hoat dong dé bao dam an toan; néu phat hién bat dong kéo
dai hoac mau hoat dong bat thuong, hé thong tw dong giti canh bao dén trung tam diéu
hanh [CT6].
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