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TOM TAT

Bai bdo trinh bay giai phap bu sai s6 cam bién siéu 4m cho thiét bi deo ¢ chirc ning
phat hién chudng ngai vat phia trudc, bén trai va bén phai bang song siéu am, dong thoi
canh bao cho nguoi khiém thi bang tiéng Viét. Phan mém hé thong trén vi diéu khién
duoc tich hop ham bu sai s6 cam bién, nhan dang duoc tir dit liéu thuc nghiém, bang giai
thuat binh phuong téi thiéu Levenberg-Marquardt. Thtr nghiém thiét bi v6i ngudi khiém
thi cho thay giai thuat bu sai s6 hoat dong hiéu qua va kha ning hoan thién san pham gia
ré 1a hoan toan kha thi.

Tur khéa: Giai thuat Levenberg-Marquardt, vi diéu khién, nguoi khiém thi, cam bién
siéu am, thiét bj hd tro di duong.

ABSTRACT

This paper presents a method of error compensation of ultrasonic sensors on
a wearable device that has funtions of detecting obstacles ahead, left and right by
ultrasonic waves, and create alerts in Vietnamese for the blinds. The operation system of
microcontroller is integrated with the sensor error compensation function identified from
experimental data, using the Levenberg-Marquardt least square algorithm. Experiments
on the blinds indicate that error compensation algorithm can opererate effeciently in real
conditions, and the ability on development of a low-cost device is absolutly feasible.

Keywords: Levenberg-Marquardt algorithm, Microcontroller, the blind, ultrasonic
sensor, walking aided device.

1. Giéi thi¢u ngai nhu: mét phuong hudng khi di vao ngd

Hién nay, trén thé gioi c6 khoang 314 ¢t khilién tuc thay doi hudng di do khong
triéu ngudi ma va thi lyc kém, trong do, biet dugc phuong an toi wu dé né tranh
Viét Nam c6 khoang 2 triéu ngudi va 1/3  chuong ngai vat [2]. Nhimg nam qua da c6
trong s d6 khong c6 kha niang diéu tri [1].  nhiu thiét bi duoc nghién ciru va ché tao dé
Ngudi mu hay nguoi khiém thi gip nhidu  hd tro nguoi khiém thi, nhu: gdy, cac phan
kho khan trong di lai. Da s8 ho phdi st dung  mém mdy tinh, sach chit n6i,...[3]. Nhiing
gdy do dudng thu cong von c6 nhiéu tré  thiét bi nay c6 gia thanh cao, 1am cho ngudi
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khuyét tat thu nhap thap kho tiép can [2].

Nhom nghién ctru da phat trién thiét
bi hd tro nguoi khiém thi di duong [3].
Tuy nhién, qua trinh thir nghiém thiét bi
[3] cho thiy thinh thoang thiét bi c6 hién
tuong “canh bao gia” hodc “canh bao qua
xa”, 1am cho nguoi str dung kho di chuyén.
Nguyén nhan cta hién trong nay 1a do thiét
bi [3] st dung cam bién phd thong SRFO05,
thuc té khao sat cho thay diy do tuyén tinh
ctia mo-dun cam bién ndm trong khoang tur
~0,5m dén ~1,5m, trong khi yéu ciu ng
dung cua thiét bi trong khoang tir 0,3m dén
0,9m. Ttc 1a cam bién ludn van hanh trong
tam do phi tuyén cua no, nén két qua thu
dugc co sai sd. Ngoai ra, giai thudt doc cam
bién trong [3] khong c6 kha ning loai trir
duoc méiu nhiéu c6 gia tri 16n bat thuong
s0 v6i mau dir liéu trude do, cling gop phan
gy ra canh bao gia.

Nghién ctru ndy nham cai thién giai
thuat kiém soat cdc mo-dun cam bién siéu
am SRFO05, dé nang cao d tin cay canh bao.
Phén ctng cua thiét bi [3] co ban duoc ké
thtra lai, tuy nhién, phﬁn mém hé théng s
duoc ning cép tinh nang khic phuc sai s6
cho céc cam bién siéu am. Giai thuat binh
phuong tbi thiéu Levenberg-Marquardt [4,
5] duoc 4p dung dé xay dung ham bu sai s6
cho cam bién. Ngoai ra, giai thudt doc cam
bién con so sanh miu doc hién tai v&i mau
doc trudc do, dé phat hién mau nhiéu co gia
trj bt thuong dé loai bo.

Phan con lai cua bai bao duoc cau tric
nhu sau: Phan 2 trinh bay vé phuong phap
thuc hién; Phan 3 trinh bay két qua thuc
nghiém va phan 4 12 két luan ctia nghién ctru.

2. Két qua nghién ciru va thio luin

2.1. B6 tri thi nghiém

Nhiém vu cua nghién ctru nay 1a khic
phuc sai s6 ctia cam bién siéu am SRF05,
bang cach wdc lugng ham bu sai sd giita
khoang cach do bang cam bién va gia tri
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do dugc bang thudc chuan. Thyc té ngudi
khiém thi di chuyén cham nén c6 thé xem
cam bién siéu 4m hoat dong trong trang thai
tinh. Dé c6 thé nhan dang dugc ham quan
hé giita gia tri khoang cach doc tir cam bién
va gia tri khoang cach chudn, mo hinh thi
nghiém dugc bd tri nhu Hinh 1. Trong do,
mdi phép do dugc tién hanh nhu sau: (i)vat
thé kich thudc 5x5x5cm duoc di chuyén trén
thanh truot, doc theo mot thudc chuan, dén
khoang cach y, thi dung lai; (ii)sau do, vi didu
khién sé& kich hoat mo-dun cam bién SRF05
dé do khoang cach x, tur vat thé dén cam bién.

Thude do cd dinh
e L L e O p T O oo PR WO oo |

o ]

CB: Cam bién siéu am SRF03

Thanh trupt

VT: Vit the Sx5x5em

Hinh 1: B6 tri thi nghiém

)
(cam bien) (thwede chudn)

Hinh 2: Quan hé vao ra cdm bién - thuéc chudn

Bang 1: Dir liéu do dac biang cam
bién va thuéc chuan

Mau Do bing Po bing
do SRF0S x (m) | thwécy, (m)
1 0.1342 0.05
2 0.0023 0.06
349 3.6943 3.49
350 3.6794 3.50

Tap hop 350 diém do & bang 1, ta thu
dugc 2 véc-to dir liu (1) va nhan thay
khoang cach do dugc bang cam bién x, bi
sai I¢ch so voi khoang cach do thu cong
bang thudce y..
X = [xl:xz)'“’xsso]; y= [ypyz’---’yaso] (1)
2.2. Gidi thudt bi: sai sé cam bién
Muc tiéu cta viéc bu sai s6 cam bién

SRFO05 1a xay dung ham quan hé vao ra,
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nhu mo ta trén Hinh 2. Tuc 1a ude lugng
quan hé y = f{x) dé bu duoc sai s6 cua
cam bién, dua theo khoang cach chuén
dugc do dac bang thudc. Giai thuat binh
phuong t6i thiéu Levenberg-Marquardt
dugc  MATLAB tich hop vao Curve
Fitting Toolbox [6], cho phép st dung 1énh
truc tiép hodc cong cu cfiool dé xac dinh
quan hé nay. St dung cong cu cftool [6] v
ham quan hé (2) ta s& tim dugc bo tham sb
p = [a b, ¢, d] voi giai thuat Levenberg-
Marquardt, dugc minh hoa nhu trén Hinh 3.

- b
y=f(x,1’)=a+m (2)

Ele it ols Desktop Window Help lax
~&H =1 YA
| Xac dinh quan hey=f() 3 | +

| Custom Equation <
Fit name: [Xac dinh quan he y=(x)
y =tx ) Fit

= [1 asb/ (1+crexp (-arx)) Stop

it Options...

Xdata: | cambien vl
Ydata: [thuoc

Zdata: [ (none) v

Weights: | (none)

4779 (-5.061, -4498)
= 02944 (0.2491,03398)
= 1073 (1345, 41)

Goodness of fit:
SSE:2.183
R-square: 09938

<

>

cambien

Table of Fits ®
o~ Fittype  SSE Resquare  DFE AdjRsq RMSE  #Coeff  Validatio.. Validatio.. Validatio..
[ Xac din..|thuoc vs. ... [a+b/(1+c*..[21820  [09938  [345 loses7  Joores |4 | | |

Hinh 3: Céng cu cftool ciia MATLAB

V61 bd tham s6 tim dugc bang cong cu
cftool, ham bu sai sO cam bién dugc udc
luong la:

4.78
1+0.29¢"

Hinh 4 minh hoa két qua kiém ching
ham (3) véi dir liéu do dac (1) cho két qua
khop véi dir liéu do, dat R>=0.99. Tir két
qua ndy, phan mém thiét bi [3] duoc cai
tién lai nhu sau: Ung v6i mdi gid tri cam
bién SRF05 do dugc 14 x, thi vi diéu khién
s& hiéu khoang cach wéc lugng 14 y, sau khi
cap nhat gia tri x vao ham (3).

y=f(x)=3.69— (3)

Mot van dé phat sinh 1a vi diéu khién

ISSN 261 5-9945

Atmel 89C2051 cua thiét bj [3] khong hd
trg Iénh tinh todn ham e, nén ham e* trong
(3) c6 thé viét trén ngdn ngir C, v6i thur vién
toan phong pht, roi bién dich cho vi diéu
khién. Tuy nhién, nghién ctru nay str dung
phuong phéap khai trién Taylor quen thudc,
dé tinh gan ding ham e* nhu (4). Giai thuat
tinh e* dugc minh hoa trén Hinh 5, trong
d6, cac khdi mau xanh 14 (green) dung dé
tinh Idy thira x" va cac khéi vang (yellow)
dung dé tinh giai thira n!, trong (4).

n x2 x3 (4)

-
o

y_do bang thuoc (m)

s

0.5

0 0.5 1 15 2 25 3 35
x_do cam bien (m)

Hinh 4: Kiém chimng ham bu sai sé cdm bién

E=E + ex/fac;
n=n+1;

No

Hinh 5: Luu d6 gidi thudt tinh todn ham e*
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2.3. Gidi thudt logi mau nhiéu

Viéc loai mau nhiéu c6 gia tri 16n bt
thuong dugc thuc hién béng mot giai thuat
rat don gian, nhu (5). Trong d6, mau s(k)
1a gia tri khoang cach do duoc & thoi diém
hién tai va mau s(k-1) 1a gia tri khoang cach
do duogc ¢ thoi diém 1dy mau trude do.

s(k—1), if s(k)=ns(k-1)
s(k),

trong d6, € R* 1a hé s thyc nghiém
(trong nghién ctru, nay # = 5).

()

otherwise

s(k)z{

3. Két qua va ban luin

3.1. San pham

San pham méu ctia nghién ctru nay la
thiét bi hod tro nguoi khiém thi di duong
dugc ché tao nhu Hinh 6, véi céac tinh nang
ky thuat cua thiét bi mau duge mo ta trong
Bang 2.

Béang 2: Cac tinh nang ky thuat cua

thiét bi
Tinh niing ky thuat Théng sb
S6 cam bién siéu am 3
Kich thudc vat nho nhét 5x5x5cm
c6 theé phat hién dugc
(DxRxC)
Khoang cch cam bién trudc ~ 30-90cm
Khoéng cach cam bién trai, 30-80cm
phai
Kich thuée thiét bi 30x50x120cm
(DxRxC)
Trong luong 0,15kg
Ngudn cip dién/Dung 6VDC/900mAh
luong pin

Thoi gian hoat dong lién tuc 18 gid/lan sac

Ngudn nudi b sac pin 220V/50Hz
Day deo co thé diéu chinh 0-120cm
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Hinh 6: San phdm mau
3.2. Thuc nghiém

Thiét bi nay da dugc kiém nghiém trén
3 héi vién tinh nguyén thudéc Hoi ngudi mu
Thanh phd Can Tho. Sau khi cai tién, thiét
bi tiép tuc duoc kiém nghiém trén 3 hoi
vién HOi ngudi mu huyén Puc Hoa, tinh
Long An (Hinh 7). Két qua thir nhiém cho
thay thiét bi phat hién va canh bao kip thoi
cac chudng ngai vat phia trudc, bén trai
va bén phai, hd tro hiéu qua cho qua trinh
di chuyén cua ngudi khiém thi (xin quét
mi QR ¢ Hinh 8 dé xem clip thuc nghiém
thiét bi).

Hinh 7: Tinh nguyén vién Héi nguoi mi
huyén Bi'c Hoa

7 ]

S e, )

Hinh 8: Clip thuc nghiém
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4. Két luan

Giai phap bu sai sb cam bién siéu
am SRFO05 da dugc trién khai thanh cong
trong nghién cru nay. Ham bu sai s6 dugc
xay dung tu dir li€u thuc nghiém, dung
cong cu cftool cita MATLAB. Ham bu sai
s6 nay thuc chat 12 hiéu chinh mém két
qua do dugc tir cam bién von sai 6, do
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dugc khai thac ngoai tim do tuyén tinh
ctia n6. Ngoai ra, giai thuat loai mau nhiéu
¢6 d6 16n bat thuong cung duoc ap dung
nham han ché tinh trang canh bao gia trén
thiét bi hd trg nguoi khiém thi di chuyén.
Két qua cho thay ham bu sai s6 dat do tin
cay R?=0.99 va hoat dong tt trén thiét bi
thuc nghiém.
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