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Electromyography (EMG) is a medical technique to measure and
record the electrical activity released by skeletal muscle, in order to
detect heart abnormalities. Electromechanical measuring devices
(EMG) used in hospitals with high cost, difficult operation, not
suitable for learning, research and development of application
platforms. In order to overcome this limitation, the authors decided to
design a small product, It is suitable for many users, allowing to read
electromechanical signals (EMG) and display data on the screen
(computer screen and smartphone). Data on EMG received, is the
basis for analysis, diagnosis, treatment, rehabilitation assistance,
neuromuscular diseases, monitoring the movement of people while
playing sports. or used as control signals for simulated robots,
simulating human gestures, to aid in the development of controllable
prostheses. The research results are the internal reference for the
electronics,  mechatronics, embedded systems, biomedical
engineering, information technology.
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Dién co d6 EMG (Electromyography) 12 mét ki thuat y hoc dé danh
gid va ghi lai hoat dong dién dwoc tao ra boi co xwong, nham phat
hién cac bat thuong, mirc d6 kich hoat hodc dé phan tich co ché sinh
hoc chuyén dong cuia con ngudi hay dong vat. Cac thiét bi do luong
EMG chu yéu duoc st dung trong céc bénh vién chuyén khoa, cé gia
thanh cao, van hanh phuc tap, khéng phu hop cho hoc tap, nghién
ctru va phat trién wng dung nén tang. Nham khéc phuc han ché thuc
tai, nhém tac gia dé xuat thiét ké mot san pham c6 kich thuéc nho,
phu hop véi nhidu déi tuong sir dung, cho phép doc tin hiéu EMG va
hién thi gia tri thu dwoc 1én giao dién ngudi dung (phan mém méy
tinh va tng dung trén smartphone). Dit liéu vé EMG nhan duoc, 1a co
s& dé phan tich, chan doan, diéu tri, phuc hdi chirc ning, cic bénh
lién quan dén than kinh co, theo dbi su van dong cua ngudi luyén tap
thé thao, hoic sir dung lam tin hiéu diéu khién cho robot gia lap, mo
phong theo cir chi ctia ngudi, hd trg trong phat trién chi gia co thé
kiém soat. Két qua nghién ctru 1a tai liéu tham khao trong cho cac
nganh dién tir, co dién tir, hé thdng nhing, k¥ thuat y sinh, céng nghé
théng tin va cac chuyén nganh lién quan.
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1. Giéi thigu

Tin hiéu y sinh 1a mét tin hiéu dién thu nhan dugc tir bat ky cac co quan nao ma ¢ su thay doi
dac tinh vat ly. Tin hi¢u nay thong thuong la mot ham thoi gian va dugc mo ta trong gidi han cua
bién d, tan s va pha [1]. Tin hiéu dién co EMG (Electromyography) duoc do bang dong dién
dugc tao ra trong sudt qua trinh co, gidn co. Hé thdng than kinh ludn ludn kiém soét hoat dong co
bip. Do d6 tin hiéu EMG la mét tin hiéu phuc tap, né duoc kiém soat bai hé théng than kinh va
phu thudc vao cau tric giai phau va dic diém sinh ly cua co. Tin hiéu EMG bao gom nhiéu khi
truyén qua cac mo. Bic biét néu thu nhan trén bé mat cua da, tin hiéu thu dugc tir cac don vi van
dong khac nhau ¢ cing mot thoi diém c6 thé tao ra sy tuong tac 1an nhau [2]. Tin hiéu EMG
dugc ung dung nhiéu trong y hoc nhu gitp danh gia mirc d6 ton thuong than kinh co gitp bac si
dua ra phac dd diéu tri pht hop [3]. EMG con sir dung trong phat trién chip EHW, twong tac may
tinh v&i con nguoi, [4] v.v.

Dé hd tro cho viéc do luong EMG, trén thi trudng ¢ nhiéu san pham tir co ban dén hién dai,
tuy nhién da s6 may moc déu duoc nhap khau tir nude ngoai, gia thanh 16n, cong suét, kich thudc
cdng kénh phai dat ¢ dinh, v.v, chii yéu danh cho cac bénh vién chuyén khoa vé than kinh, co,
van dong [5]-[7]. Diéu nay khién cho cac thiét bi nay khéng phd bién nhu céc thiét bi dan dung
dé theo doi sirc khoé tai nha, gay kho khan trong viéc sir dung lam thiét bi hd tro hoc tap, thuc
hanh cdc nhom moén hoc thugc nganh, chuyén nganh lién quan, hay khong phu hgp cho nghién
clu, cai tién, phat trién cac tng dung nén tang, v.v.

Nhan thay vai tro quan trong cia EMG, cuing nhitng han ché thuc tai, xuat phat tir nhu cau cap
thiét ma xa hoi hién dai dat ra, nhom tac gia dé xuat thiét ké mot san pham phu hop véi nhiéu déi
tuong sur dung, cho phép doc tin hi¢u EMG va hi¢n thi gia tri thu dugc Ién giao di¢n nguoi dung
(phan mém may tinh va gui dit liéu khong day dén ung dung trén smartphone). V¢i kich thudc
nho, gia thanh hop Iy khi st dung cac linh kién dién tur c6 san trén thi trudng hoac tai ché tir cac
bang mach cii, thiét bj c6 tinh tng dung véi hiéu qua cao, Ia san pham hitu ich cho con nguoi,
g6p phan vao viéc tng dung khoa hoc ky thuat vao thuc tién. Két qua nghién ciru cé thé st dung
lam tai liéu tham khao cho cac nganh dién tir, ki thuat may tinh, co dién tir, hé thong nhing, ky
thuat y sinh, cdng nghé thdng tin va cac chuyén nganh lién quan.

2. Co s6 sinh hoc cia b do lwong EMG

Hé van dong & con ngudi gdm cd hai phan: Phan thu dong gom bo xuong va hé lién két cac
xuong (khdp xuong), phan van dong gom cd hé co, hoat dong phu thudc hoan toan vao hé than
kinh. Co thé ngudi ¢ 3 hé co chinh, dwoc minh hoa trong Hinh 1, d6 1 co van (hay co xuong),
co van dong noi tang (co tang hay co tron) va co van dong tim (co tim) [8].

;:W Khéi ngudn
=/
mm Khéi cam Khéi diéu Khéi truy

co xu‘dng bién khién cdp mang

co tang Khéi hién thi
Hinh 1. Cac hé co chinh ciia co thé nguwoi  Hinh 2. Sor do khoi hé thang thu nhdn tin hiéu dién co EMG
Co xuong hay duoc gan vao bai cac gan vao xuong va duoc sir dung dé tac dong dén chuyén
dong cua xwong nhu van dong va duy tri tu thé.
Co tron duoc tim thiy trong thanh cia cic co quan va céu triic nhu thuc quan, da day, ruét,
phé quan, tir cung, niéu dao, bang quang, mach mau, v.v.
Co tim (myocardium) c¢6 cAu tric giéng co xuong va duoc tim thay & tim.
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Trong pham vi nghién ciru va trién khai thuc nghiém, nhom tac gia sé gigi han thiét bi trong
viéc do luong va xir ly tin hiéu co xwong. Dién cuc (Pu do) dwoc gén trén ving canh tay nhu
Hinh 2, dé thuan loi cho qué trinh thu thap dir liéu. Pién cuc sir dung 1a bé mat (sunface
electrode), dugc dan bén ngoai da (qua cac pad), ngay phia trén ciia co can do.

3. Co sé thiét ké bd thu tin hiéu dién co EMG
3.1. Y&u cau thiét ké

Muc tiéu xay dung hé thdng thu nhan tin hiéu dién co EMG duoc nhém tac gia huéng téi
dugc mo ta trong Hinh 2. Trong d6 cac khdi c6 chirc ning nhu sau:

- Khéi cam bién: C6 nhiém vu doc cac gia tri 1a cac bién ddi vé co, chuyén doi sang tin hiéu
dién va gui dix liéu dang analog vé Khéi diéu khién.

- Khéi diéu khién (MCU): MCU dugc ghép ndi véi khdi cam bién do ludng EMG dau vao,
thuc hién tinh toan, xir ly céc tin hiéu nhan dugc va gui Iénh didu khién, hién thi ra khéi chap
hanh dau ra (Khéi hién thi, Khéi truy cap mang).

- Khéi truy cap mang: C6 chirc niang nhan dir liéu tir dau ra Khéi diéu khién, sau d6 truyén tin
hiéu 1én méy chu. Gia tri nay duoc hién thj trong tng dung trén smartphone, khi c¢6 két ndi vé
mang (internet hodc wifi).

- Khéi hlen thi: Giao dién giam sat ngudi dung (Giao dién Nguoi — May: HMI)

- Khéi ngudn: C6 vai tro cung cap niang lugng cho cac thiét bi dién tu.

3.2. Phan tich cong nghé va lwa chen thiét bj

Khéi cam bién c6 thé duoc thi cong theo so dd nguyén 1y nhu Hinh 4 gdm cac mach dién: Thu
thap sy bién doi tin higu dién co cia co bap thdng qua cac dién cuc (a) va gui toi dau vao bo
khuéch dai (b), bo (b) giup tang cong suat dam bao cho tin hiéu dau ra dua dén bo chinh luu (c),
tai day, tin hiéu duoc chuyén d6i sang mot chiéu (thuan loi cho vi diéu khién xtr ly) truyén dén bo
loc (d) nham loai bo di dai tin hiéu khong duge chon (thuong rat hep, thuong 1a tir 59 + 61 Hz) va
cudi cling qua mach xuét trich tin hiéu (e) dau ra.

Céc mach dién tir nay duoc lap rap boi céc linh kién vai gié tri dwoc dua ra nhu Hinh 3. Tuy
nhién nhom tac gia sir dung module cam bién EMG vi n6 da tich hop toan céc chirc nang ciia mot
khdi cam bién trong 1 bo mach c6 kich thudc nho, gon va tham my.

Hinh 4 13 Muscle Sensor thyc té, véi céc thdng sb ky thuat [9]: Kich thuéc bo mach: 33,5 mm
X 26 mm x 12 mm; Chiéu dai cable dién cuc: 1 m; Puong kinh cua Pad dién cyc: 52 mm; Jack
cam chuan 3,5; Dién 4p hoat dong: 3,5 V + 18V.

Khéi diéu khién (MCU) sir dung board Arduino Uno nhu Hinh 5 (a), véi dién ap dau vao: 6 +
20V DC, 14 chan digital 1/0; ADC 10 bit, dong ra tir 30 mA + 500 mA, v.v. [10]. Arduino gom
c6 phan cang mach dién tir c6 thé l1ap trinh duoc va cong cu phat trién tich hop Arduino IDE dé
soan thao, g& 16i, bién dich va nap chuong cho board.

Khéi truy cdp mang str dung Node MCU ESP8266 phién ban nhu Hinh 5 (b) 13 module truyén
théng wifi 2,4 GHz hé tro chuan 802.11 b/g/n, phét trién dua trén chip ESP8266EX bén trong,
tich hop IC CP2102, gilip giao tiép v4i may tinh théng qua Micro USB, dién &p hoat dong: 3,3 V
+ 5V, sb chan 1/0: 11, flash: 4 MB, hd trg bao mat: WPA/WPA2, sir dung giao thac TCP/IP,
kich thudc: 48,26 mm x 25,4 mm, vv [11].
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Hinh 3. So @6 mach di¢n trong khéi cam bién: (a) B4 thu tin hiéu qua cdc dién cuc, (b) B khuéch dai,
(c) Bé chinh luu, (d) Bé loc, (e) Bé trich xuat tin hiéu dau ra

BIGITAL (P

UNO

e

(@) (b)
Hinh 5. Module mach di¢én ti: (a) Arduino Uno, (b) Node MCU ESP8266
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'Khéi hign thi gom den LED béo hiéu hoat dong cuia tin hiéu thu nhan dwoc; Gia tri analog
hién thi trén may tinh va dit liéu ADC cia EMG trén ung dung cua smartphone.
Khoi nguon 1 chieu cung cap cho h¢ thong da dang tr 5 V + 18V, ¢6 the st dung Pin, bo
chuyén doi adapter AC-DC, v.v.
4. Trién khai thuc nghiém san pham

4.1. Tich hgp phan cieng dién tir

+9V

e

Hinh 6. So do nguyén ly mach thu nhan va xaz Iy tin hiéu dién co EMG
Bang 1. Chan két nai giiza cac linh kién dién tir trong mach do va xir Iy EMG
ARDUINO UNO MUSCLE SENSOR NODE MCU ESP8266 LED

GND GND GND CATHODE
VCC Vin

Al SIG

D2 RX

D3 TX

D4 ANODE

So db mach dién tir thu nhan tin hiéu dién co EMG dugc thé hién trong Hinh 6. Hoat dong cua
thiét bi duoc mo ta nhu sau: Cam bién Muscle Sensor ghi lai su bién ddi cua co bip qua dién cuc
gan trén bé mit cua da, & viing co van can do (cong nghé khong xam Ian), khuéch dai tin hiéu va
gui dén vi diéu khién trung tam Arduino Uno R3. MCU s& doc tin hiéu analog xir ly cac tin hiéu
dién co va dua ra hién thi trén may tinh, diéu khién bat tit LED va théng qua kit wifi NodeMCU
ESP8266 giri dit liéu I&n trng dung cua dién thoai thdng minh.

Ky hiéu cac chan giao tiép cua Arduino véi cac mach ngoai vi dugc mé ta trong Bang 1, véi
cac 6 dé trong 1a khong co két ndi.

4.2. Thiét ké phan mém

Khi chuong trinh duoc khoi chay. Tin hiéu dién co dugc hinh thanh sau khi co thé tién hanh
van dong, diéu khién. Tin hiéu analog nay s& duoc thu lai bai cam bién gan trén da. Dir liéu s&
dugc arduino doc va xir Ii tin hiéu. Két qua sau khi xir 1i s& duoc hién thi trén Serial va App
Blynk tirc thoi thuan tién cho viéc chan doan ciing nhu theo ddi tir xa.

Toan bo chwong trinh diéu khién chi tiét cho MCU duoc lap vo han theo thuat todn mo ta nhu
Hinh 7, gém céc budc:

- Budc 1: Bét dau chuong trinh diéu khién can khai bao chi thi tién xir ly gom:

+ Khai bao cac thu vién cta cac ngoai vi sir dung.

+ Pinh nghia cac bién, cai dat cac két ndi, truyén thong.
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v

Khai tao ban dau

o
3

Doc dir liéu sdatal tir cam bién

L3

Hién thi dix liéu sdatal 1én Serial

v

Gt dit li¢u sdatal lén app Blynk

p /———7
Sdatal <= 100 ’! Led tat /
! S

Led sang

Hinh 7. Luu dé thugt toan cho bg MCU

- Bué6c 2: Lién tuc nhan dit liéu (sdata) tir dau ra SIG cua cam bién, sir dung cac lénh dé doc
tin hiéu va xir Iy bang bo ADC 10 bit (c6 gié tri tir 0 + 1023).

- Bu6c 3: Hién thi dir liéu sdata 1én may tinh qua giao dién Serial Plotter (46 hoa), Serial
Monitor (dang s6) cua phan mém Arduino IDE.

- Budc 4: Gui dir liéu sdata Ién tng dung Blynk cua smartphone ¢ dang twong tu analog tic
thoi va biéu d6 theo thoi gian thuc.

- Budc 5: Kiém tra gia tri sdata < 100 (1a gia tri nhdm tac gia thir nghiém, c6 thé 1a 1 ngudng
trén dé canh bao co van dong qua murc, hoic chi Iy cac mau SIG Ién hon con s nay, hay la tin
hiéu cho phép kich hoat co cau diéu khién nao d6 nhu chi gia, robot phong sinh, v.v.), néu:

+ Sai: LED séng va quay lai Budc 2.

+ Ping: LED tat va quay lai Budc 2.

5. Két qua va danh gia

/ (’ {
Wi

(L .4[//’ ’)1/ \ g v ’ ‘J

Hinh 8. Thao tdc dé do dac EMG: Gdn pad |én tay va két ndi véi may tinh
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Hinh 9. Gia tri EMG thu nhdn dwoc trén: (a) Serial Plotter, (b) Serial Monitor
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Hinh 10. Diz liéu EMG duwoc hién thj trén #ng dung ciia Smartphone (a) Mach dién ti thuc té

Tién hanh gan cac pad cua dién cuc 1én ving co can do can than, dam bao mat tiép xUc giira
dién cuc va bé mat da l1a tét nhat va két ndi bo MCU véi may tinh nhu Hinh 8, cip ngudn, két ndi
mang, chay san phim va thu duoc céc dit lidu theo thoi gian thuc gém: Biéu d6 trén Serial Plotter
& Hinh 9 (a), gia tri twong ty analog trén Serial Monitor & Hinh 9 (b), s6 liéu tuc thoi va do thi
trén tng dung blynk sin cé trénn google play cua smartphone android nhu Hinh 10 (a). Phan
ctimg duoc két ndi va dong goi lai sau khi nhdm nghién ciu nhing thuat toan diéu khién cho
MCU Hinh 10 (b).

Luu y: Gié tri doc vé trén giao dién nguoi — may la gia tri analog 10 bit (0 + 1023), nén khi
mubn sir dung thang do nao, can ddi sang don vi d6, cing véi cac gia tri bu phu hop, dé phép do
chinh x4c hon thi ¢6 thé sir dung bd ADC Ién hon 10 bit.

Panh gia két qua: Trong pham vi thir nghiém san pham, vé co ban da giai quyét duoc yéu cau
dit ra 1a thu thap va xu ly tin hiéu EMG nhung hé théng do luong nay con mot s han ché vé do
tin cay. Dé cd thé khic phuc mot sé han ché dwoc phat hién trong qué trinh nghién cuu, trong
thoi gian téi nhom téc gia s& khao sat cac két qua do thuc nghiém vai su hd trg cua cac chuyén
gia y sinh dé tiép tuc cai tién cac giai phap, thir nghiém va trién khai thyc té dé t6i wu hoa thiét bi.

6. Két luan

Tin hiéu dién sinh hoc dudi dang analog dugc truyén vé arduino qua bo cam bién. Tin hi¢u
EMG sau d6 duoc xur li va hién thi theo thoi gian thue dong thoi trén Serial Plotter va smartphone.
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Két qua nghién ctru dong gdp mot giai phap hitu ich cho cac bénh xa nho khi khdng co sin
trang bj chuyén dung, dé phan tich, chan doan, diéu tri, phuc hdi chtc ning, cac bénh lién quan
dén than kinh - co, hd trg cho nguoi rén luyén thé thao theo di tinh trang co thé dé c6 ké hoach
tap huan hiéu qua, an toan, hoic st dung 1am tin hiéu diéu khién cho robot gia lap, mé phong
theo cir chi cia nguoi, hd tro trong phat trién chi gia c6 thé kiém soét.

Tuy thiét bi con ton tai mot s6 han ché vé @6 chinh xéac cao do chit lugng linh kién di kém
theo gia thanh. Vuéng mac vé sai s6 trong qua trinh thu thap dir liéu do dac nhu: dung sai ctia cac
linh kién dién ttr, nhiu do méi truong bén ngodi va cac thanh phan bén trong mach dién tir, sai s6
khi dién cuc gan trén da (da khéng dong nhat vé do day, mong, da kho hay khi d6 mo héi, v.v).

Tuy nhién, no ciing hira hen cho ra doi nhiing wng dung thuc su thiét thuc trong tuwong lai.
Mot trong s6 d6 c6 thé ké dén nhu:

- Ghi do truong lyc co tir d6 danh gia ton thuong than kinh co. Hd tro hitu ich trong chan
doan va phan hdi liéu phap diéu tri.

- Pé tai hira hen mo ra hudng di 1am chi gia cho nguoi khuyét tat.

- Tang tAm van dong, phuc vu cong tac rén luyén thé thao cho van dong vién. ..

- Piéu khién robot.
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