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ARTICLE INFO ABSTRACT

Received: 27/7/2021 The electronic walking aid device using ultrasonic waves and warning
of obstacles in Vietnamese was developed by our team in 2012.

Revised: 27/8/2021 However, actual usage shows that the device still has false waring,

Published: 27/8/2021 because the ultrasonic sensor control algorithm is still limited. This

study focuses on improving the algorithm to overcome false alarms.

KEYWORDS The hardware of the device is inherited, with the 89C2051
microcontroller, the SRFO05 ultrasonic sensor modules and the

Levenberg-Marquardt Vietnamese alarm module using the 1SD1420 chip. The embedded
Microcontroller software on the microcontroller is integrated with a sensor error
The Blind compensation function using the Levenberg-Marquardt non-linear

. least squares error algorithm. Testing experiments show that the
Ultra-sonic improved algorithm can measure obstacle distances with over 96%
Walking aid device accuracy, in useful distance ranges from 30 to 90 cm. Experimental

results at the Blind Association of Can Tho City and the Blind
Association of Duc Hoa District, Long An Province show that the
device meets the expectations of the blind community, as well as
giving them a lot of hope about a useful and low-cost product.
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TU KHOA phuc tinh trang canh béo gia. Phan cing cua thiét b duoc ké thira lai,
véi vi diéu khién 89C2051, cdc md-dun cam bién siéu &m SRFO5 va

Levenberg-Marquardt mé-dun canh béo tiéng Viét dung chip 1ISD1420. Phan mém hé thdng
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1. Giéi thigu

Theo T6 chuc Y té thé gioi, toan cau co khodng 2,2 ty nguoi bi mu 16a hogc suy giam thi lyc,
can duoc quan tam diéu trji va co giai phap hd trg tich cuc [1]. Trong d6, nudce ta hién c6 gan 3
triéu nguoi mu va thi luc kém, da phan la nhimg ngudi nghéo khong cé kha ning didu tri [2].
Ngudi mu hay nguoi khiém thi thuong khé hoa nhap véi cong dong, vi gap kho khan trong viéc
di lai. Viéc nghién ctiu, ché tao cac thiét bi, dung cu hé tro nguoi khiém thi di duong dugc nhiéu
nha khoa hoc quan tam.

Dong san pham kinh thong minh da dugc phét trién va thwong mai [3]. Noi bat trong sé d6 1a
kinh théng minh cua Google, dung céng nghé xtr ly anh. Kinh Google thuong dugc tng dung vao
céc trudng hop chuyén biét, chang han nhu trong hd trg phau thuat y té [4]. Nhiing ning gan day,
cong ty Envision ciia Ha Lan di hop tac véi Google dé phat trién kinh théng minh Envision ding
tri tué nhan tao, dé phan tich hinh anh xung quanh va mé ta lai bang 1oi cho ngudi khiém thi [5].
Tuy nhién, céc loai kinh cdng nghé cao nay khéng phi hop véi dai bo phan ngudi khiém thi, do
gia thanh cao va dé bi gy, v& [6]. Theo xu thé phat trién dong mat kinh théng minh, cdng nghé
anh sang hong ngoai di dwoc ung dung va ché tao thir nghiém thanh cong cho 1.000 mét kinh
MT2FX [7]. Tuy nhién, thi truong cho thiét bi nay gioi han, nén céc nha dau tu khong may guan
tam. D6 c6 thé 1a 1y do co ban ma mat kinh MT2FX Von dugc danh gia 1a ¢6 nhiéu tiém nang,
nhung sau khi két thdc du &4n nghién ctu [8], thiét bi nay gan nhu d bi quén lang.

Cac nghién ctu ung dung song siéu am dé dinh vi chudng ngai vat [9]-[11], c6 thé 1a giai
phap phu hop dé ché tao thiét bi hd tro ngudi khiém thi mot cach don gian va ré tién. Trong do,
nghién cau trong [9] méi dung lai & mic dd6 mo hinh kiém ching giai thuat trong phong thi
nghiém. Trong khi, san pham ciia [10] va [11] sir dung cdng nghé tuong ddng, da phat trién thanh
san pham thir nghiém thuc té. Dac biét, san pham cua [11] da duoc thir nghiém tai Hoi nguoi mi
thanh ph Can Tho. Qua trinh thir nghiém cho thay, véi gia thanh ché tao re, nguoi khiém thi dé
tiép can, nhung thiét bi nay thinh thoang lai “canh bao gia” hoac “canh bao qua xa”, lam cho
nguoi sir dyng kho di chuyen Nguyén nhan cua hién tugng nay 1 do thiét bi [11] sir dung mo-
dun cam bién siéu &m phé thong SRFO5, thuc té khao st (vi nha san xuat khong cung cap so dd
dic tuyén cua mo-dun nay) cho thay day do tuyén tinh ciia md-dun cam bién nam trong khoang
tir ~0,5m dén ~1,5m, trong khi yéu ciu tng dung cua thiét bi trong khoang tir 0,3m dén 0, om.
Tuc 1a cam bién ludn van hanh trong tim do phi tuyén cia nd, nén két qua thu duoc c0 sai sb.
Ngoai ra, giai thuat doc cam bién trong [11] khdng cd kha ning loai trir dwoc mau nhiéu c6 gié tri
I6n bat thuong so véi mau dit liéu trude do, ciing gop phan gay ra canh bao gia.

Nghién ctu tap trung vao viéc cai thién giai thuat kiém soét cac md-dun cam bién siéu am
SRF05, nham muc tiéu cai thién thiét bi hién c6 cia nhém, dé nang cao do tin cay canh béo, dya
theo y kién phan hoi ciia ngudi ding. Phan cing cua thiét bi [11] co ban dugc ké thira lai, tuy
nhién, phan mém hé thdng s& dwoc nang cap tinh ning khic phuc sai s6 cho cac cam bién siéu
am. Dé thyuc hién dugc yéu cau nay, cac thi nghiém thu thap dir liéu do khoang cach caa cam bién
dugc thiét lap, dé so sanh véi dir lieu khoang cach tuong tng, dugc do thii cong bang thudc,
nham danh gia sai s6. Giai thuat binh phuong téi thiéu Levenberg-Marquardt [12] duoc 4p dung
dé xay dung ham bu sai s6 cho cam bién. Ngoai ra, giai thuat doc cam bién con so sénh mau doc
hién tai voi mau doc trude do, dé phat hién mau nhidu co gia tri bat thuong dé loai bo.

Phan con lai cua bai bao duoc trinh bay nhu sau, muc 2 giéi thiéu so lugc vé phan cing, phan
mém cua thiét bi, ciing nhu giai thuat cai thién sai s6 cam bién dwoc bd sung; muc 3, trinh bay vé
két qua thir nghiém va thuc nghiém thuc té; va muc 4 1a phan két luan cua bai bao.

2. Phuong phap thiét ké

Nhu d3 dé cap, phan cang thiét bi dugc ké thira tir mot nghién ciru trude ddy cia nhom, da
dugc gisi thiéu trong khudn khd Hoi nghi Co dién tir toan qudc lan thir 6 (VCM2012). Do vay,
phan ndy chi trinh bay mot s6 diém co ban vé phan ciing va phan mém, dé tién theo dai, chi tiét
vé thiét bi xin xem thém tai [11]. Trong tdm cua ndi dung nay 1a trinh bay phuong phap khac
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phuc hién tuong “canh bao gia” va/hodc “canh béo qué xa” theo phan hoi ctia ngudi dung, théng
qua viéc nhan dang mé hinh sai sb va cai tién giai thuat doc cam bién.

2.1. Yéu cdu kyj thudt

Thiét bi can c6 kha ning canh bao bang tiéng Viét dé nguoi khiém thi nhan biét vat can bén
tréi, bén phai va phia trudc, Iic ho deo thiét bj ¢ that lung va di chuyén. Tir yéu cau do, cac tiéu
chi ky thuat cua thiét bi gom: (i) Gon nhe, ding pin, gia ré; (ii) Phét hién chuéng ngai vét phia
trudc, bén trai va bén phai nguoi st dung, ¢ khoang cach phu hgp; (iii) Canh bao chudng ngai vat
bang tiéng Viét véi cac 4m twong tmg 13 “trai”, “phai” va “trudc”, dung headphone; (iv) Han ché
t6i da tinh trang “canh béo gia” hogc “canh bao qua xa” 1am cho ngudi khiém thi kho di chuyén.

2.2. Thiét ké phan cing

Phan ciing cua thiét bi [11] gém 3 khdi chirc ning co ban sau: (i) Khéi diéu khién trung tam
ding Atmel 89C2051 kiém soat toan bo thiét bi, cd thé nap lai chuong trinh d& dang; (ii) Khoi
thu - phét song siéu &m dung 03 mé-dun SRF05 (Hinh 1), duoc phét trién bai Devantech Brand
Robot Electronics [13], dé dinh vi chuéng ngai vat; (iii) Khéi phat am thanh canh bao str dung
chip ghi/ phat &m thanh 1SD1420 [14].

M6-dun thu - phét séng siéu am SRF05 [13] duwoc minh hoa trén Hinh 1, véi cac thong sb ky
thuat nha san xuat cung cap trong Bang 1. Theo [13], SRFO05 can cung cip mét xung ngan 10ps
dé kich hoat. Khi d6, n6 phat 8 chu ky song am & tan sb 40KHz va dat chan tin hiéu phan hoi
(echo line) Ién murc cao. Sau @6, SRF05 cho tin hiéu phan xa. Ngay khi phat hién phan xa, no dat
chan phan héi xudng mic thap. Bang cach do do rong xung phan hoi, ta ¢ thé dé tinh khoang
cach tir SRF05 dén vat phan xa. Khi khéng c6 phan xa, SRF05 giam dong phan hdi sau khoang
30ms. SRF05 xac lap xung phan hdi ty I vai khoang cach [13], theo (1), trong do, W 1a do rong
xung phan xa (us); L 1a khoang céch tir SRF05 dén vat phan xa (cm).

] S

Bang 1. CAc chite ndng ciia cam bién siéu &m SRF05

Chirc ning Gia tri
Tam hoat dong 1- 400cm
Cuodng do song am 65dB
Nguon cip dién +5VDC
Dong dién hoat dong 4mA
Kich thudc (DXRxC) 43x20x17mm
Tan s6 séng am 40KHz

Hinh 1. M6-dun thu - phat séng siéu am SRF05

Khéi canh béo bang &m thanh sir dung chip ISD1420. Chip nay duoc phat trién boi hing
Winbond, c6 kha niang thu - phat thoai mot cach don gian, tién lgi va chat luong cao [14].
ISD1420 duoc sir dung dé phéat 3 4m thanh canh béo , gdm “trai”, “phai” va “truéc” [11].

2.3. Phan mém h¢ thong

Vi didu khién AT89C2051 duoc sir dung dé quan ly toan bo hoat dong cua thiét bi. Phan mém
hé thng s& tham do cam bién sau mdi chu ky ldy mau. Tai thoi diém tham do, cam bién siéu &m
SRF05 s& duoc kich hoat. Sau do, cam bién s& phat mot chudi siéu &m tan s6 40KHz. Néu cam
bién nhan dugc séng phan xa, AT89C2051 s& kich hoat chip 1SD1420 phéat &m canh bio tuong
mg. Nguoc lai, néu SRF05 khong nhan duoc séng phan xa, AT89C2051 s& do dén cam bién ké
tiép. Qua trinh duoc lap lai sudt thoi gian hoat dong cua thiét bi. Truong hop c6 nhiéu cam bién
dong thoi nhan dugc song phan xa, b xir 1y s& wu tién canh bao vat can & gan thiét bi nhat [11].

Viéc x4c dinh khoang céch phu hop dé canh bao da duogc thir sai nhiéu 1an theo gop y cia Hoi
ngudi mi thanh phé Can Tho. Ngoai ra, dé khao sat pham vi nhan biét vat can cua thiét bi,
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nghién ctiru nay dung mot hinh hop co6 kich thude 5x5x5 cm dit trong tam quan sat cua thiét bi,
dé x4c dinh pham vi phu song cua 3 cam bién. Két qua khao sét cho thay, tim hoat dong cua thiét
bi nhu trén Hinh 2. Di chuyén vat can trong khoang 30 cm dén 90 cm, trong viing mat phang
180°, dé xac dinh tam hoat dong cua bo cam bién. Thuc nghiém cho thiy, véi tam hoat dong nay,
phan mém hé thdng cd thé loai trir dwoc tin hiéu phan xa do thao tac danh tay luc budc di gy ra.
Ddng thoi, thiét bi ciing kip thoi canh bao cac chudng ngai vat ¢ khoang cach 80-90 cm, tuong
ung ¢ bén trai, bén phai va phia truéc cEa ngu:c‘yﬁ(hiémithj [11].

N \ ] p
e
~ o5 N \ / P
A2 o
) e >y, \ / A
K4 < o \\ N\ \§ ) ,\// - 2 A
I AN N, < _L,/’/’mn/

S _ Bl V. k/ém/p/ . S
Hinh 2. Tam hoat déng cua thiét bj

Tuy nhién, do SRFO5 Ia loai cam bién phd thdng, ré tién nén viéc doc séng &m phan Xa tir vat
can thinh thoang bj sai. Nha san xuat mé-dun SRFO5 khong cung cép so do dac tuyén cia né, nén
nghién ctru phai tién hanh khao nghiém thyc té. Két qua cho thay, day do tuyén tinh cua mo-dun
cam bién nam trong khoang tir ~0,5 m dén ~1,5 m. Trong khi d6, yéu cau wng dung cua thiét bi
can doc song phan xa trong khoang tr 0,3 m dén 0,9 m. Tuc 1a cac md-dun cam bién phai van
hanh trong tam do phi tuyén cua né. bay co thé 1a mot nguyén nhan lam cho két qua do dugc cod
sai sb. Ngoai ra, giai thuat doc cam bién trong [11] khéng c6 kha nang loai trir dugc mau nhiéu
c6 gid tri 16n bat thuong so véi mau dir liéu trude do, cling gop phan gay ra canh bao gia. Nhiém
vu co ban cua nghién cau nay la cai tién phan mém hé thong bing céch tich hop thém giai thuat
bu sai s6 va phat hién mau nhidu cé gid tri lon bat thuong.

2.4. Kiém soat cam bién siéu am
2.4.1. Bé tri thi nghi¢m

Thude do ed dink
| I I II LT l | 1 ‘
O =
CB VT
(@) Thanh truoct
CB: Cam bién siéu am SRF035 VT: Vat thé 5x5x5cm

Hinh 3. Luu do chirong trinh chinh

Thuc té cho thy, nguoi khiém thi di chuyén rat cham, cho nén c6 thé xem cam bién siéu am
hoat dong trong trang thai tinh. Dé cd thé nhan dang dugc ham quan hé gitta gia tri khoang cach
doc tir cam bién va gié tri khoang cach chuan, mé hinh thi nghiém duogc bé tri nhu Hinh 3. Trong
thi nghiém Hinh 3, mdi phép do duoc tién hanh nhu sau: (i) vat thé kich thudc 5x5x5 cm duoc di
chuyén trén thanh truot, doc theo mét thude do, dén khoang cach yi thi ding lai; (ii)sau do, vi
diéu khién s& kich hoat mé-dun cam bién SRFO05 dé do khoang cach x; tir vat thé dén cam bién.

Tap hop tit ca cac diém do, ta thu dwoc 2 véc-to dit liéu:

X=X %X J5 Y =[ Y1 Y20V s )
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Vé6i n=350 mau. Biéu dién 2 véc-to dir liéu (x, y) trén Hinh 4, ta thiy khoang cach do dugc
bang cam bién x; bi sai léch so vai khoang cach do thu cong bang thuéc yi. Nhu vay, khoang cach
do bang cam bién can phai duoc hiéu chuan theo gia tri do bang thudc, dé khic phuc sai s6 cua
SRFO05.

4 Uoc luong ham y=f({x)
35
35
. 3
£ s —~
) E25
8 25 §
= e 2
g 2 S
=] c
215 815
3 2 Du lieu do
i 1 }! 1 Ham voc luong
0.5 . w—y(do_thuoc) 05
x{do_cam bien)
0
0
0 50 100 150 IZDD 250 300 350 o 0.5 1 15 2 25 3 9.5
Mau du fieu n x_do cam bien {m)
Hinh 4. Di liéu khodng cdch dwoc do dac Hinh 5. Kiém chizng ham bu sai s6 cam bién

2.4.2. Gigi thudt bu sai sé6 cam bién
Muc tiéu cua viéc bl sai sé cam bién SRFO05 Ia xay dung ham quan hé:
y="fxp), ©)
V6i p 13 véc-to tham sé cia ham f(.).

Taphopn mau dir liéu do dac (xi, yi) duoc sir dung dé nhan dang ham (3), bang giai thuat binh
phuong t6i thiéu Levenberg-Marquardt [12]. Goi Err?(p) la sal s6 binh phuong tdi thiéu:

ErrZ(p):Z Yi - f(xivp)

ay
Trong d6, ovyi la sai s6 phép do khi 14y mau dir liéu yi. Nhiém vu cua giai thuat binh phuong

(4)

tdi thiéu 1a tim véc-to tham s6 p cia ham f(.) dé ham muc tiéu dat duoc:

min Err? (p)—mlnz M (5)
in
Dé Err?(p) dat cuc tiéu thi:
0
@—pErrz(p)—>O, (6)
Hay
0 A T 0 R
—Err*(p)=2 y-f(p) W—_— y-f(p)
ap ap )
2 f (p) _f T ,
_y()W P =2 y-f(p) WI—0

Véi W la ma tran duong chéo cac trong s6 W, =1/ 02 va J = [c‘)f / 3p} Ia ma tran Jacobian [12].

bé tim kiém cuc tricua Errz(p) ta dinh nghia tham sb h 1a budc di chuyén cua tham sé p theo
huéng xudng déc vé gid tri cuc tiéu. Gia tri cap nhat tham sé h dé Err?(p) dat cuc tri dwoc xac

dinh tir OErr*(p + h) / Oh , tic 1a:
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0 2 ~ _f T TqT
%Err (p+h)~2 y-f(p) WI+hJ'WJh, (8)

Giai thuat Levenberg-Marquardt [12] cap nhat (8) theo:
[IWI +A1]h=3"W y-f(p) 9)

Trong d6, hé s6 A duoc khoi tao du 16n dé dam bao h di chuyén theo hudng xudng déc; |1 1a
ma tran don vi dong cap vai J. Trong qué trinh 13p, néu xay ra tinh trang Err?(p+h) > Err?(p) thi
tang \. Nguoc lai, néu Err®(p+h) < Err?(p) thi giam . Theo Marquardt [15], cac gié tri cua A
dugc chuan héa thanh céc gia tri cua J'WJ, tic 1a:

[JTWJ + \diag J™WJ ]h:JTw y-f(p), (10)

Giai thuat binh phuong téi thiéu Levenberg-Marquardt dugc MATLAB tich hop vao Curve
Fitting Toolbox [16]. Ap dung cong cu nay vao bai toan wéc lugng ham b sai s6 cam bién, ta dé
dang nhan duoc:

478

1+0.29e*™’

Hinh 5 minh hoa két qua kiém chitng ham (11) véi dix liéu do dac (2). Két qua cho thay, ham
nay khép véi dir liéu do, dat R2=0.9937. Tir két qua ndy, phan mém thiét bj duoc cai tién lai nhu
sau: Ung vai mdi gié tri cam bién SRF05 do dwoc 1a x thi vi diéu khién s& hiéu khoang cach wdc
luong lay, sau khi cap nhat gia tri x vao ham (11).

Do Atmel 89C2051 khong hd tro 1énh tinh todn ham e* nén ham e* trong (11) c6 thé viét trén
ngdn ngit C, véi thu vién todn phong phu, roi bién dich cho vi diéu khién. Tuy nhién, nghién cau
nay st dung phuong phép khai trién Taylor quen thudc, dé tinh gan dang ham e* nhu (12). Giai
thuat tinh e* dugc minh hoa trén Hinh 6, trong d6, cac khdi mau xanh 14 (green) dung dé tinh liiy
thira X" va cac khéi vang (yellow) ding dé tinh giai thira n!, trong (12).

y=f(x,p)=3.69— (11)

- X—I=1+x+x—+—+..., (12)

Thong sé kj thugt ciia sdén pham:

S6 hieong cam bién: 03; Kich thuwéc vdt nhé nhat cé thé
phat hién: 5x5x5 cm; Khodng cach cam bién trirée: 30-90
cm; Khodng céch cam bién tréi, phai: 30-80 cm; Kich
thwoc thiét bj: 30x50x120 cm; Trong heong: 0,15 kg;

n=n+1l;

T Nguén/ pin: 6VDC/900mAh; Thoi gian hoat dong lién
. tuc: 18 gio/lan sac; Ddy deo dieu chinh: 0-120 cm
Hinh 6. Luu dé giai thugt tinh toan ham e* Hinh 7. San pham mau
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2.4.3. Gidi thudt logi mdu nhiéu

Viéc loai mau nhidu co gié trj 16n bét thuong duoc thyc hién bang mot giai thuat rat don gian,
nhu (12). Trong do, s(k) la gia tri khodng cach do dugc ¢ thoi diém hién tai va s(k-1) la gia tri
khoang cach do dugc ¢ thoi dieém lay mau trudce do.

s(k —=1), if s(k)=ns(k -1
S(k):{( ) if s()zns(k~1)

s(k),  otherwise (12)

Trong d6, 7 € R* 1a h¢ s6 thuc nghiém (trong nghién ciru, nay 7 = 5).
3. Két qua va ban luan
3.1. Sdn pham

San pham mau cta nghién ciu ndy la thiét bi ho tro nguoi khiém thi di dudng dugc ché tao
nhu Hinh 7, dugc ke thua tir [11], dong thoi dugc cai tien cac giai thuat kiem soat cam bién siéu
am, dé han ché hiép twgng canh bao gié cua nd. Két qua thir nghiém do6 chinh xac cua cam bién
sau khi dugc cai tién giai thuat, dugc tién hanh nhu thi nghiém Hinh 3. Vi d{?ly khoang cach do
tr 30 cm den 90 cm (theo yéu cau cua thict bi), cho ket qua ¢ Bang 2. Tur ket qua nay ta thay,
cam bién sau cai tién dat ty ,Ié chinh xdc hon 96%. Tuy nhién, do‘ han ché vé diéu kiér] tri{an khai
nghién cuu, nén cic cam bién hién van dang dugc xtr ly trong dieu Kién tinh, chua thé trién khai

Bang 2. Cdc tinh nang ky thudt cua thiét bj

S(‘;r:z;m Kl}oﬁng cach (cm) Y I¢ diing

nghiém Chuan Po (trung binh) (%)
100 30 31,13 96,23
100 40 39,07 97,68
100 50 51,04 97,92
100 60 59,18 98,63
100 70 70,86 98,77
100 80 79,14 98,93
100 90 91,04 98,84

Hinh 8. Tinh nguyén vién Hai ngieoi mi Can Tho
3.2. Thuc nghigm

Thiét bi nay da dugc kiém nghiém trén 3 hoi vién tinh nguyén thuoc Hoi nguoi ma thanh phd Can
Tho (Hinh 8). Sau khi cai tién, thiét bj tiép tuc dwoc kiém nghiém trén 3 hoi vién Hoi nguoi mu huyén
Puc Hoa, tinh Long An (Hinh 9). Két qua thir nhiém cho thay, thiét bi phat hién va canh béo kip thoi
cac chudng ngai vat phia truéc, bén trai va bén phai, hd tro hiéu qua cho qua trinh di chuyén cua
nguoi khiém thi (xin quét ma QR-Code Hinh 10 dé xem clip thuc nghiém thiét b).

Theo tinh toan va thuc té ché tao, thiét bi nay c6 gia duéi 1,5 triéu dong. Ngoai ra, néu san
xut hang loat va sir dung vo hop nhya thay cho inox thi gia thanh pham hoan toan phu hop véi

i - s ' 4 —. (Quét ma& QR-Code)

2
R $.4A

o :
Hinh 9. Tinh nguyén vién Hgi nguroi mu huyén Puc Hoa Hinh 10. Clip thic nghiém
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4. Két luan

Nghién ciru nay tap trung cai thién phan mém kiém soat cam bién siéu &m cho thiét bi hd trog
nguoi khiém thi di duong do nhom da xay dung trude do, dé khic phu hién twong canh bao gia.
Giai thuat binh phuong tdi thiéu Levenberg-Marquardt dugc sir dung dé nhan dang ham quan hé
giita gia tri khoang cach doc dugc bang cam bién va gia tri tiéu chuan. Ngoai ra, giai thuat loai
trir mau nhiéu c6 gia tri 16n bt thuong ciing dugc &p dung, bang cach so véi mau dir lidu trudc
d6. Thiét bi sau cai tién c6 thé phét hién va canh bao chuéng ngai vat & khoang cach tir 30 dén 90
cm bang séng siéu &m, trong pham vi 150° phia trudc thiét bi. Ty 1¢ chinh xac cua cam bién sau
cai tién dat trén 96%, trong diéu kién phong thi nghiém. Thiét b ciing duoc thuc nghiém tai Hoi
ngudi mu thanh phé Can Tho va Hoi ngudi mu huyén Bac Hoa tinh Long An. Két qua thuc
nghiém cho thay, thiét bi dd dap tng dwoc sy mong doi cia cong dong nguoi khiém thi, voi
nhitng wu diém sau: (i) nhé gon, dung pin va cé thé deo quanh that lung; (ii) canh béo kip thoi
chudng ngai vat phia trudc, bén trai va bén phai nguoi str dung bang tiéng Viét; (iii) sir dung dé
dang vei thoi lugng pin st dung lién tuc khoang 18 gio cho mot lan sac. Thoi gian toi, nhom ky
vong s& phdi hop véi cac doanh nghiép dé san xuét, dong thoi tim kiém sy hd tro tir cac to chirc
qudc té cho mot chuong trinh tai trg nhan dao va phi loi nhuan.
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