Ung dung cdm bién IMU trong gidm sat hoat dong
dap xe can bang cua hai chan trén may tap dap xe
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Tom tit:

Nghién cttu nay trinh bay mot phuong phép tng dung mot cam bién quan tinh (IMU) duy nhét trong giam
sat hoat dong dap xe nhdm danh gid su can bang luc dap gitta hai chan thong qua chi s6 d6i ximg (SI). Cam
bién IMU dugc gén trén truc tay quay dé do van toc géc va gia toc, tir d6 woc lugng goc dap theo thoi gian
thuc va phan doan chu ky dap nh3m xéac dinh thoi gian hoat dong tuong tng cda ting chan. Dua trén céc
gia tri SI duoc tinh toan, hé théng c6 thé xac dinh tinh trang mat can bang luc dap gitta hai chan trong qua
trinh tap luyén. Phuong phéap dé xuét khong yéu cau cac cam bién lyc hay cong suat phtc tap, qua dé giap
don gian hoa hé théng nhung van cung cap duoc cac thong tin quan trong lién quan dén tinh d6i xing va
hiéu qua dap xe. Két qua nghién cttu cho thdy phuong phéap nay c6 tiém ndng tich hop vao céc hé thong tap
luyén dap xe thong minh nhdm hd trg giam sat, danh gid hiéu suat ciing nhu tng dung trong linh vyc phuc
hdi chuc ndng.

Tix khoa: chi s6'doi xiing; dap xe; IMU; mdy tdp dap xe; sy cin bang
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Application of An IMU Sensor for Monitoring Bilateral
Pedaling Balance on an Exercise Bike.

Le Duc Luyen?, Tran Minh Ho®, Le Duc Trong Nguyen®

Abstract:

This study presents a method that utilizes a single inertial measurement unit (IMU) to monitor cycling activity
and evaluate pedaling symmetry between the left and right legs through the symmetry index (SI). The
IMU sensor is mounted on the crank arm to measure angular velocity and acceleration, enabling real-time
estimation of the crank angle and segmentation of the pedaling cycle to determine the downstroke duration
of each leg. Based on the calculated SI values, the system is able to identify pedaling asymmetry during
cycling exercise. The proposed method eliminates the need for complex force or power sensors, thereby
simplifying the system while still providing essential information regarding pedaling symmetry and cycling
performance. Experimental results demonstrate that the proposed approach has strong potential for
integration into smart cycling training systems to support performance monitoring and assessment, as well
as rehabilitation applications.
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Dit van dé

Dap xe [a mét trong nhiing hinh thac luyén tap phé bién, mang lai nhiéu lgi ich cho
stic khoe tim mach va stc bén co bdp (Oja et al., 2011). Trong qua trinh dap xe, sw phdi
hop nhip nhang gitta hai chi duéi dong vai tro quan trong trong viéc ddm bao hiéu suét
van dong va t6i uu héa qua trinh truyén lyc. Sy mat can bang trong phan b6 luc gitta chan
trai va chan phai c6 thé lam gidm hiéu qua dap, gdy méi co khong dong déu va lam tang
nguy co chin thuong trong qua trinh luyén tap kéo dai (Holmes et al., 1994; Kotler et al.,
2016). Tinh d6i xtng gitra hai chan dugc xem la mot chi s6 quan trong phan anh chat luong
van dong trong chu ky dap xe. Trong diéu kién van dong binh thuong, hai chi dudi 6 xu
huéng tao ra luc va thuyc hién chuyén dong tuong doi can br?mg nhdm duy tri sy on dinh co
hoc cua h¢ thong. Nguoc lai, su sai 1éch vé mac d6 hoat dong gitra hai bén c6 thé phan anh
tinh trang mat can b?mg co bép, moi co cuc bd hodc sai 1éch ky thuat van dong, tir d6 dan
dén gia tang tai trong bat do6i xing va nguy co chan thuong do qué tai. Do d6, viéc theo doi
va danh gia tinh d6i xtng gita hai chan trong chu ky dap 1a moét van dé duoc quan tam
trong nghién cttu va tng dung thuc tién.

Dé dinh lugng mitic do ddi xtng trong van dong, nhiéu nghién ctu da st dung chi
s6 d6i xting SI nhu mot thude do danh gia su khac biét gitra hai bén co thé (Ro et al., 1987).
Trong do6, gia tri tuyét do6i cia SI cang nho cho thady muc do doi xing cang cao, trong khi
gia tri 16n phan anh sy mét can bﬁng rd rét hon. Thong thuong, |SI| 16n hon 15% dugc xem
1a ddu hiéu ctia sy mat d6i xing dang ké va cé thé lién quan dén nguy co chan thuong cao
hon doi hoi phai c6 céac bién phap can thiép thong qua tap luyén diéu chinh hodc phuc hoi
chtc nang (Bishop et al., 2018; Parkinson et al., 2021). C4c nghién cttu trudc day thuong st
dung cdm bién luc, cdm bién mod-men hodc hé thong do cong suat dé phan tich hoat dong
dap xe va danh gia sy phan bd lyc gitta hai chan (Chen et al., 2016; Stefanov et al., 2020;
Sweeney et al., 2026). Tuy nhién, cdc phuong phép nay thuong c6 chi phi cao, hé thong
phtic tap va kho trién khai trong cac thiét bi luyén tap thong thuong. Trong nhitng nim
gan day, cdm bién quén tinh (IMU) dugc tmg dung rong rai trong phan tich chuyén dong,
danh gia mdi co, phan tich dang di va diéu khién robot nho kha nang do gia téc, van toc
goc theo thoi gian thuc voi kich thude nho gon va chi phi thap (Hwang et al., 2025; Samatas
& Pachidis, 2022; Shiao & Bhagat, 2023; Shiao & Hoang, 2022). Viéc tmg dung IMU trong
phén tich dap xe méd ra kha ndng xay dung cac hé thong giam sat don gian nhung hiéu qua,
ddc biét phut hop vai cac thiét bi xe dap tap thong minh. Tuy nhién, cac nghién ctu tng
dung IMU @é danh gi4 tryc tiép tinh d6i xing trong dap xe van con han ché. Phan 16n cac
phuong phép hién nay chua khai thac day du ddc trung chu ky quay cda ban dap dé suy
ra sy phan bo thoi gian hoat dong gitra hai chan.

Trong nghién ctru nay, cam bién IMU khong day duoc stt dung dé thu nhan chuyén
dong quay cta ban dap thong qua viéc gan truc tiép 1én truc tay quay. Tir tin hiéu thu dugc,



goc quay cua ban dap dugc uéc lugng va chu ky dap duoc phan doan theo ting vong quay.
Dua trén dac trung dong hoc ctaa chu ky, thoi gian hoat dong tuong tng cua tung chan
duogc xac dinh nham phuc vu danh gia mac do d6i xtng gitra hai chan. Phuong phap dé
xudt huéng dén mot gidi phap don gian, chi phi thap nhung van dam bao kha ning giam
sat lién tyc va hiéu qua trong diéu kién thuc nghiém. Déc biét, nghién ctu dé xuét hai ché
do danh gia tinh d6i xtmg, bao gébm danh gia theo thoi gian thuc nhdm theo doi sy thay ddi
ttc thoi trong qua trinh dap xe, va danh gia tong thé sau khi két thic bai tap nhdm phan
&nh mutc d6 mat can bﬁng van dong toan cuc gitta hai chan.

Doi tugng va phuong phap nghién ctru
B6 tri thuc nghiém

Trong nghién ctru nay, hé théng thuc nghiém duoc xay dung nham thu nhan va phan
tich chuyén dong dap xe trén may tap c6 dinh, phuc vu danh gia tinh d6i xtng gitta hai
chan dya trén dit liéu cdm bién IMU. Hé thong bao gdm mady tap dap xe c¢6 dinh, cam bién
IMU BNOO055, mo-dun truyén di liéu Bluetooth va mdy tinh trung tam cai ddt phan mém
LabVIEW dé xtt Iy tin hiéu theo thoi gian thyuc. May tap dap xe st dung trong nghién ctru
c6 kha nang diéu chinh mtc tai nham tao ra cac diéu kién khang lyc khac nhau trong qua
trinh luyén tap. Nguoi tham gia thuc hién bai tap trong hai muc tai gom tai thip va tai cao,
nham déanh gia kha nang hoat dong ctia hé théng trong cac diéu kién van hanh khéc nhau.
Hinh 1 mo6 ta bé tri thuc nghiém dap xe trén may tap.

Hinh 1. B6 tri thuc nghiém



Dt liéu thu dugc duoc st dung dé trich xu4t cac chu ky dap va phuc vu phéan tich
tinh d6i xting gitta hai chan theo hai huéng ti€p can la danh gia theo ting chu ky trong thoi
gian thuc va danh gia tong thé sau khi két thuc bai tap. Trong nghién ctru nay, hé théng xt
ly trén nén tdng LabVIEW duoc thiét k& v6i hai ché do hoat dong song song c6 thé bat tét
tuy chon tuong tng v6i hai phuong phéap danh gia néu trén nhu trong Hinh 2. Ché d6 tha
nhat thuc hién tinh todn chi s8 SI theo thoi gian that trong timng chu ky nham theo dbi su
bién thién theo thoi gian thuc. Ché do thi hai thuc hién téng hop toan bo dit liéu sau khi
két thtc bai tap dé danh gia mtc do mat can bang tong thé gitra hai chan. Trong qua trinh
thuc nghiém, ca hai ché d¢ dugc kich hoat dong thoi nhdm dam bao kha nang gidm sat tac
thoi va phan tich hau xt Iy mot cach toan dién.

TIME SPEED
Real Time

Om 65 | 60

Hinh 2. Giao dién nguoi dung duogc xay dung tir LabVIEW
Quy trinh thuc nghiém

Sau khi hé thong duoc thiét 1ap va hiéu chuén, cac thi nghiém duoc tién hanh trén
mady tap dap xe cd dinh. Thi nghiém dugc thyc hién trong hai diéu kién tai gom tai thap va
tai cao, nhdm tao ra su khéac biét vé muc khang luc trong qua trinh dap xe. Biéu nay cho
phép danh gia tinh 6n dinh va kha nang thich tmg ctia hé thong trong cac diéu kién van
dong khac nhau. Trong qua trinh thuc nghiém, ngudi tham gia dugc yéu cau duy tri nhip
dap 6n dinh. Truong hop xuat hién mét médi, nguoi tham gia c6 thé gidm nhe nhip dap, tuy
nhién can nhanh chéng quay lai trang thai nhip dap 6n dinh nhdm dam bao tinh lién tuc
caa dix liéu.

Quy trinh thyc hién nhu sau:

- O mtc tai thap nguoi tap dap trong 5 phut, van téc dap 1a 70 vong/phut néu cam
thdy modi co thi gidm xudng 65 vong/phut va do sai léch khi duy tri hai van toc trén 1a 2
vong/ phat.



- Sau khi két thtic dap 6 muc tai thdp nguoi dap nghi 15 phat va ti€p tuc thyc hién dap
xe 0 muc tai cao trong 2 phut.

- O mc tai cao nguoi tap dap trong 2 phat, van téc dap 1a 60 vong/phat néu cam
thdy moi co thi gidm xudng 55 vong/phut va do sai léch khi duy tri hai van toc trén 1a 2
vong/phut.

Xdc dinh goc dap tir tin hiéu IMU

Trong qua trinh dap xe, cam bién IMU lién tuc ghi nhéan di liéu gia téc tuyén tinh va
van toc goc theo ba truc toa do. Cac tin hiéu nay phan anh dic diém Chuyén dong quay
tuan hoan cua ban dap va su thay doi dong hoc cua chan nguoi tap trong tung pha dap.
Tuy nhién, dit liéu do tir cdm bién IMU thuong chiu dnh hudng cda nhiéu yéu t6 nhu nhiéu
dién tt, rung dong co hoc va sai s6 tich liiy theo thoi gian. D4c biét trong cac chuyén dong
tuan hoan lién tuc nhu dap xe, hién tugng troi tin hiéu cia con quay héi chuyén c6 thé lam
giam do chinh xac ctua phép do géc néu khong duge xt Iy phu hop. Do d6, nghién ctru tién
hanh két hop dit liéu gia toc va van toc géc thong qua bd loc Kalman nhdm cai thién do on
dinh cua tin hiéu goc quay. Bo loc nay két hop dix liéu gia toc tir truc X va Y véi véan toc goc
tlr con quay héi chuyén truc Z bién dién nhu trong hinh 3, tir d6 tao ra qua trinh wéc luong
goc dap xe muot ma va lién tuc.

90°

180°

Hinh 3. Vi tri lip cdm bién IMU

Khdi tao goc tir cdm bién gia toc ké:
B, = —arctan2(ay, ay) (1)

Du doén goc tir con quay héi chuyén:
Dsji-1 = 051 + @y ;- At (2)



Cap nhat hiép phuong sai cta sai s6 du doéan:

Piy =P +0Q (3)
P..
. iji-1
K, = P—q Yy (4)

Tinh toan goc tir cam bién gia toc ké:

Doeei = a’rcmnz(am, “x,:‘) (5)

Cap nhat goc uéc luong;:

0; = 01 + K; - (E}acc,i - E]'ﬂi—l} (6)

Cap nhat hiép phuong sai cta sai s6 u6c luong;:
Pf = l[l_Kf).Pflf—l {?}

Trong d6, ay, ay lan luot la gia toc duoc do theo céc truc Y va X caa IMU; @, la goc
ban dau; Eﬂ'ﬂ i—11a goc du doan tai budce i trudc khi hiéu chinh; @;_, la géc uéc luong tai budc
thoi gian trudc do; wz ;:1a van téc goc tir con quay hodi chuyén theo truc Z tai thoi diém i; At
1a khoang thoi gian gitra hai lan do; P;_, 1a hiép phuong sai sai s6 udc lugng trudc budc i;
P;j;_1 la hiép phuong sai ctia sai s6 du doan tai budc i; @ 1a hiép phuong sai nhiéu qua trinh;
K; 1a hé s6 khuéch dai Kalman tai budc thoi gian i; R 1a hiép phuong sai nhiéu do luong;
D aeei 1a goc duoc tinh tir dix liéu cam bién gia toc tai budce i; 0; 1a goc ude luong cudi cung
tai bude i sau khi két hop gitra gia tri du doén va gia tri do va P; 1a hiép phuong sai cda sai
s0 udc lugng duoc cap nhat tai budce i biéu dién do khong chic chdn méi sau khi hop nhat
dit liéu cadm bién. Hinh 4 biéu dién goc dap do duoc theo thoi gian.
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Hinh 4. G6c dap theo thoi gian



Phan doan chu ki va xdc dinh pha dap

Mot chu ky dap hoan chinh bao gém hai pha chinh: pha dap xuéng va pha kéo 1én.
Trong d6, pha dap xuéng la pha tao luc chinh, tuong tmg véi chuyén dong di xudng cta
ban dap tir vi tri goc 0° dén 180°. Nguoc lai, pha dap 1én 1a pha hoi phuc, dién ra tur -180°
dén 0°.

00

Pha dap Pha 'dap
l1én xuong

180°

Hinh 5. Cac pha dap trong chu ky dap xe

Trong nghién ctru nay, dé danh gia s mat can bang luc dap gitta hai chan va xac dinh
chan c6 hiéu suét van dong thap hon, nghién ctu st dung phuong phap gian tiép duya trén
thoi gian thuc hién pha dap xudng cua timng chan. Thoi gian nay duge xéac dinh thong qua
sut thay déi goc quay ctia ban dap trong timng chu ky dap xe. Vi cdm bién 1dp bén trai nén
do6i voi chén trai, thoi gian pha dap xudéng duge xac dinh tir 0° dén 180° va déi véi chan
phai, thoi gian dugc xac dinh tir -180° dén 0° nhu mo6 ta trong Hinh 5.

Trich xudt thoi gian pha dap xuong

Sau khi xac dinh dugc pha dap xudng trong timng chu ky, thoi gian thuc hién pha nay
cua timg chan dugc trich xuat tuong tmg. V6i mdi chu ky tha j, thoi gian pha dap xudng
ctia chan trai va chan phai lan luot dugc ky hiéu la t; ; va tp ;.

Thoi gian trung binh ctia pha dap xudéng cta chan phai T, va chan trai T, qua s6 chu
ky thtt N dugc tinh theo cong thic:
J.r'.r

1
T, :EZ L.j (8)

i=1

N

1
Tq :EZ R.j (9)

i=1
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Sau khi xéac dinh duoc thoi gian trung binh ctia pha dap xuéng cho ting chan, nghién
ctru st dung chi s6 d6i xtng SI dé danh gia mic dd mat can bang gitra hai chan trong qua
trinh dap xe.

tr : —to
Sl {L,_: R,;)

— - 100% (10)
1 GE " (tL_.j'+ tﬂ,j)

O ché d6 danh gia sau bai tap, chi s6 d6i xtng trung binh SI dugc tinh:

_ (I -Ty)
0.5-(T, + Tg)

SI - 100% (11)

Néu tri ISI| > 15% duoc xem la biéu hién ctia s mat can bang van dong dang ké gitta
hai chan. D4u ctia chi s6 SI ciing dugc st dung dé xéac dinh chan c6 hiéu suat thap hon.
Trong trudong hop nay néu SI > 0, diéu nay cho thdy chan trai mat nhiéu thoi gian hon dé
hoan thanh pha dap xudng, dong nghia véi kha ndng tao lyuc thap hon so v6i chan phai.
Nguogc lai, néu SI < 0, chan phai dugc xem 1a chan c6 hiéu suat thap hon.

Két qua va thao luan
Két qua thoi gian pha dap xudng ciia hai chdn trdi va phdi qua moi chu ky

Hinh 6 va Hinh 7 14n lugt thé hién thoi gian pha dap xudng ctia chan trai va chan phai
tai hai muc tai khac nhau. Két qua cho thay thoi gian pha dap xuéng cta hai chan duoc xac
dinh cho ting chu ky dap dua trén tin hiéu goc tir cam bién IMU. Mic du thoi gian gitra
hai chan c6 su dao dong nhat dinh theo timg chu ky, xu huéng thay d6i nhin chung van
6n dinh trong sudt qua trinh tap luyén. Su chénh léch thoi gian gitta chan trai va chan phai
phén 4nh mac do mat can b:?mg trong qua trinh dap xe va dugc st dung lam co so dé tinh
toan chi s6 doi xang SI.

0.6 T T T T T T T

I Chan trai (0° - 180°)
I Chan phai (-180° — 0°)

0.5 1

o o
w i
i

Thoi gian pha dap xuéng (s)
o
N

0.1

10 20 30 40 50 60 70 80 90 100
Chu ky

Hinh 6. Thoi gian pha dap xudng ctia chan trai va chin phai & mic tai thap
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Hinh 7. Thoi gian pha dap xuéng ctia chan trai va chan phai ¢ mic tai cao

Két qud chi sé doi xitng pha dap xudng theo theo thoi gian thuc

Hinh 8 va Hinh 9 14n lugt trinh bay tin hiéu chi s6 d6i xtng (SI) ctia pha dap xudng
theo thoi gian thyc tai hai muc tai nhe va tai ndng. Chi s6 SI dugc tinh sau mdi chu ky dap
va cap nhat lién tuc trong sudt qué trinh tap luyén. Két qua cho thdy gia tri SI dao dong
theo thoi gian, phan anh su thay d6i mtc do d6i xting gitra hai chan trong ttmg chu ky dap
dudi cac diéu kién tai khac nhau. Trong nghién ctru nay, tin hiéu SI dugc ghi nhan trong
diéu kién nguoi tham gia dap xe tu nhién, khong st dung chtic ndng phan hoi thoi gian
thuc cda hé thong. Do d6, su bién thién cta SI phan anh khach quan kha ndng phdéi hop luc
dap gitta hai chan ctia nguoi tap. Tuy nhién, khi ép dung ch€ d6 hd trg thoi gian thuc, néu
gid tri |SI| vuot qua ngudng 15%, hé thong sé kich hoat den canh béo tuong tng véi chan
dang tao luc dap 16n hon, nhic nguoi tap diéu chinh dé tang luc 6 chan con lai va dua chi
s6 SI tré vé viing can bang. Khi |SI| nhé hon hodc bang 15%, dén canh bao sé tét, cho thay
luc dap gifta hai chan dang & trang thai tuong d6i can bang. Chtic ndng nay gidp nguoi tap
chu dong diéu chinh ky thuat dap xe trong qua trinh luyén tap, thay vi chi danh gia két
qua sau khi bai tap két thuc.
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Hinh 8. Tin hiéu SI theo thoi gian dap ¢ mixc tai thap

50 T T T T T T T T T

40 .

30 -

Sl (%)

-10 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100 110 120
Thoi gian (s)

Hinh 9. Tin hiéu SI theo thoi gian dap 6 mic tdi cao

Két qud chi s6 d6i xitng pha dap xuéng sau bai tdp

Hinh 10 va Hinh 11 trinh bay két qua danh gia thoi gian pha dap xu6ng trung binh
ctia hai chan va chi s6 d6i xtmg trung binh sau khi két thiic bai tap tai hai mic tai. O mic
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tai thap, thoi gian pha dap xuéng trung binh cta chén trai va chan phai 1an luot 1a 0,464 s
va 0,400 s, twong ting véi chi s6 d6i xtmg SI dat 15,07%. Gia tri |SI| vugt ngudng 15% cho
thdy su mat can bang gitta hai chan trong qua trinh dap xe tuy nhién khong qué lon. Péng
thoi, SI duong cho thdy chan phai 1a chan tao lyc dap 16n hon chan trai, phan anh nguoi
tap c6 xu huong phu thudc nhiéu hon vao chan phai d muc tai nay. Trong khi d6, & muc tai
ngng, thoi gian pha dap xudng trung binh cta chén trai va chan phai lan luot 1a 0,532 s va
0,464 s, v6i chi s6 SI trung binh dat 13,639%. Mic du thoi gian pha dap xudéng cta hai chan
c6 sirkhac biét, gid tri |SI| nhd hon 15% cho thay mtic do mat can bang da gidm va luc dap
gifta hai chan dat trang thai tuong d6i can bing theo nguong danh gia ctia hé thong. O ché
do nay chi s6 SI c6 kha ning phan dnh truc quan muac d6 d6i xang gitta hai chan sau bai
tap, dong thoi cung cap co sé dé nguoi tap hodc chuyen gia danh gia hiéu qua van dong va
xay dung chuong trinh tap luyén pht hop trong tap luyén hodc phuc héi chic ning.
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Hinh 10. Thoi gian trung binh pha dap xu6ng va chi s6 d6i xttng cta hai chan khi dap
& mirc tai thap. Hinh 10a biéu dién thoi gian trung binh pha dap xu6ng ctia chan trai va
chan phai. Hinh 10b biéu dién chi s6 ddi x@ng SI cta hai chan sau bai tap
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Hinh 11. Thoi gian trung binh pha dap xu6ng va chi s6 d6i xtrng ctia hai chan khi dap
& miic tai cao. Hinh 10a biéu dién thoi gian trung binh pha dap xudng ctia chan trai
va chan phai. Hinh 10b biéu dién chi s d6i xting SI cta hai chan sau bai tap

Thao ludn

Thong qua chi s6 d6i xang SI duoc tinh tir dt liéu IMU. Gia tri SI trung binh sau khi
két thac bai tap cho phép ngudi tap danh gida mac dd mat can bang luc dap gitra hai chan &
cac muc tai khac nhau, tir d6 c6 co s diéu chinh chuong trinh tap luyén hoéc bd sung cac
bai tap ting cuong cho chan yéu hon. Bén canh d6, hé thdng con hd trg theo doi chi s6 SI
theo thoi gian thuc sau moéi chu ky dap dé dua ra canh bao khi mtic 46 mat can béng vuot
qua ngudng cai dit. Chiic ndng nay gitp nguoi tdp diéu chinh lyc dap ngay trong qua trinh
luyén tap, gop phan cai thién sy phoi hop van dong gitrta hai chan. Két qua nghién cttu cho
thay viéc st dung mot cam bién IMU duy nhét van c6 thé cung cap thong tin hitu ich vé
tinh doi xting trong qua trinh dap xe, mo ra tiém nang tng dung trong cac thiét bi tap luyén
thong minh va ho trg phuc hoéi chiic ning.
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