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APPLYING TCS3200 SENSOR TO DESIGN
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TOM TAT

Tiéu chi danh gid mau sdc dong vai tro quan trong trong sdn xudt va nang cao chdt lirong
san pham nganh dét may. Viéc xdc dinh do léch mau, dg déu mau, dé bén mau... déu dan dén
do cuong do chim sang theo dai song. Pé thue hién do cwong dg chiim sang can nhitng dung
cu do chinh xdc, ddt tién va thuong vuwot qud kha nang dau tie ciia cdc doanh nghiép vira va
nho. Dé kiém tra chdt heong san pham trong san xudt may céng nghiép ciing nhu trong khdu
giao nhdn theo hop dong cdc loai nguyén liéu, ban thanh pham hay san pham cudi ciing,
mau sdc thuwong dwoc danh gid dwa vao gide quan con nguwoi nén dé xay ra riii ro va tranh
chdp. Néi dung nghién ciru dwoc trinh bay trong bai bdo nay la thiét ké ché tao mét loai dung
cu do mau khach quan, co cdu tao don gian va lam viéc twong doi tin cqy, do chinh xac co
thé chd’p nhan dwoc trong san xudt kinh doanh. Dung cu nhan dang mau sdc cua san phcfm
dét may theo nguyén ly phan xa anh sang ¢ goc do 45°, tin hiéu mau dwoc thu boi diode cam
bién thé hé méi TCS3200 vira xudt hién trén thi tru’d’ng nuoc ta. Cdc gid tri kl'ch thich mau R,
G, B cua cam bzen dwoc xu ly trén phan mém thong ké va xir ly dit liéu (phan mém SPSS) theo
cdc gid tri thue té do dwoc trén cac mau thi nghiém va chuyén déi sang don vi mau CIELab
bang phwong trinh héi quy da bién.

Dua vao cdc tiéu chuan kiém dinh vé do trcfng, dé bén mau cua vt liéu vai si, dung cu do
dd cho két qua danh gid khach quan, nhanh chéng va tin cdy. Dung cu do c6 thé ché tao
dige trong nude véi gid thanh thap nén phit hop dé img dung cho cac doanh nghiép dét may
hién nay.

ABSTRACT

Criteria for color evaluation has played important role in manufacturing and improving the
apparel product. The determination of color variation, uniform color scale, colorfastness,

etc. require precision measuring equipment and expensive and often beyond the capacity
investment of small and medium-sized manufacturing enterprises as. To check the quality of
products in the manufacture of garment industry as well as in the stage of the contractual
delivery of raw materials, semi-finished products and the final product, the colors are usually
based on the method of assessment experience, the owner should be risk-prone and conflict.

The contents of this study is to design and create a kind of measuring instrument is made
simple and relatively reliable, accuracy can be acceptable in business and manufacturing
field. Colorimeter is products according to the reflectance measurement with a 4570°
geometry, the color signal is collected by a color sensor TCS3200, which appears on the
market of our country. Stimulus color values R, G, B of the sensor is processed on SPSS
software on the actual values measured on the sample unit and converted to the CIELab
color by multivariate regression.

Based on the inspection standard of whiteness, colorfastness of textile materials, evaluating
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results of instrument are fast and reliable. Colorimeter can be manufactured at low-cost so
it is suitable for the production in the current textile business.

Keywords: Color sensor TCS3200, colorimeter, CIELab, colorfasteness.

I. COSO LY THUYET

Mau sic cua mot vat thé 1a két qua cia anh
sang phat di to vat do tao nén cam nhan
trong ndo nguoi thong qua mat, chung phu
thudc vao 3 yéu td: ngudn sang, vat thé va
mit nguoi. Pé nhan dang va do ludng mau
sdc, trong san xuit cling nhu trong nghién
ctru, hoc tap nguoi ta dung cac dung cu hay
thiét bi danh gia dinh luong duoc goi 1a may
do mau (colorimeter, spectophotometer). Vé
nguyén tic, dung cu do phai ghi nhan duoc
két qua twong tu cam nhan ctia mit ngudi
hay tién trinh cam

nhan mau phai dugc moé phong lai trong cac
dung cu do. Theo 1y thuyét mau da biét [1,
2, 3,4, 5], don vi mau dugc mo ta dua vao
tich cua hé s kich thich mau duge xac dinh
boi phan bd phd ning luong ctia ngudn sang
S(A) voi d6 phan xa R(A) cua bé mit do va
v6i hé s6 dap tmg phd G(X) cta cam bién.
Uy ban quoc té Ve chiéu sang CIE da dua ra
tiéu chuan nguon sang va tiéu chuan nguoi
quan sat dé xay dung mot hé toa do mau
XYZ theo céc cong thuc sau:

X =K J' SO TV R(L) dA
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Trong do:
S()) - Nang luong phd twong déiqcﬁa ngudn
sang dugc xac dinh theo ti€u chuan CIE;

G(A) = {X(A) y(A) z(A) Ham phbi
mau cua quan sat vién chuan dudi géc nhin
10° cua CIE 1964;

R(L) - Pho phéan xa ctia mau do.

Do cac ham S(X) va X(A) y(A) z(k) da
du’ac CIE cong bd véi do chinh xac dén 5
sO thap phan va liét ké theo timg gia tri ciia
A (thay doi trong pham vi tir 380 nm dén 780
nm). Do viy, cic may do mau trén thuc té
duoc thiét ké ché tao dung dé xac dinh phé
phan xa R(X) ctia mau do va sau d6 tién hanh
tinh cac toa d0 mau X, Y, Z. Nhitng dung
cu do mau dugc dung trong cac phong thi
nghiém hogc nha may dét may hién nay van
sir dung nguyén ly nay nén can phai trang bi
mot hé thong quang hoc c6 do chinh xac cao
dé tap trung ngudn sang phan xa, chia tdch
ching thanh cac tia don sac dé xir 1y, do d6
cac thiét bi nay (gia thanh qua 20.000 USD)
vuot qua kha nang ciia cac nha san xuat quy
mo vura hoac nho.

Trong nhitng nam gan day, cing voi su tién
bo cua khoa hoc k¥ thuat nguoi ta da tao
ra cac bo cam bién mau c6 do nhay cao va
gia thanh ré bao gém cac diode quang c6
bo loc anh sang duoc tich hop trong mot vi
mach dién hinh nhu cam bién mau ho TCS
cua hang Texas Advanced Optoelectronic
Solutions Inc [6]. Uu diém cua linh kién nay
1a ré (khoang 3 USD), nh6 gon, chuyén doi
tin hiéu cudng do cua timg phd mau thanh
tan s6 xung va co thé 1ap trinh tuwong thich
véi cac bd vi didu khién phé bién. Dua vao
nguyén ly xac dinh toa dd mau cua CIE nhu
da trinh bay ¢ trén, ching t6i nghién ctu
thiét ké mot dung cu do mau mdéi khong s
dung guong tach mau truyén
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thong ma chi can chon lay tin hiéu tir cac
photodiode dung cho tirng mau riéng biét cua
cam bién TCS3200 dé xir Iy. Vi phuong an
nay, cac bo phan quang hoc chinh xac trong
mot may do mau khong can thiét phai c6 nén
gia thanh dung cu tré nén thap dang ké.

Cam bién mau

MCU

Hinh 1: So do nguyén 1y lam viéc
dung cu do mau.

II. THIET KE MO HINH VA NGUYEN
LY LAM VIEC CUA DUNG CU PO

M0 hinh nguyén 1y 1am viéc cta dung cu do
dugc thiét ké theo hinh 1 bao gom:

° Nguon sang D 1a 8 dén led Smm mau trang
c6 tudi tho cao va quang thong On dlnh
Chung duoc lap dat trén mat Vong tron nam
cung mit phang song song véi miu vai va
duoc b tri trong mdt vé nhya PES mau den,
dé chiéu 1én manh vai mau & cac goc 45°
so v6i mit phiang ngang. Anh sang phan xa
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Hinh 2.a

Ham S(2) theo % phoé nang luong twong

doi tinh theo CIE (D65 va Illuminant A).
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khuech tan theo nguyen 1y 45°/0° tir mau Va1
truyén dén cam bién mau bang duO'ng ong
dudi gbéc nhin 10°. Véi 8 den led nam cach
nhau 45° cho phep khir duoc phan 16n su
khong dong nhat vé cau trac kiéu dét cua vat
liéu do canh soi doc, canh sgi ngang va soc
45° ctia vai van chéo tao ra. Phd ning luong
anh sang S’(A) cua ching dugc md ta trén
hinh 2.b va c6 thé kiém dinh chinh xéc trong
phong thi nghiém chuyén dung;

e Cam bién mau TCS3200 ciing duoc dat
trong 6ng bao vé nén chi nhan dugc anh sang
khuéch tan tir vai do cac tia mau tring cia
cac dén led tao ra. Cam bién mau duoc han
chdt trén mdt board mach, trong d6 cé lép
mot vi diéu khién ATMEGA 32 cta hing
ATMEL, man hinh LCD dé hién thi két qua
va cac nut bAm tao 1énh.

e Phan mém nhung duogc phan tich thiét ké
va 1ap trinh dé nap vao vi diéu khién nham
xtr 1y tin hiéu tir cac diode cam bién mau
va xung dap ung ciia TCS3200 phat ra. Sb
luong xung nhan duoc trong mét don vi thoi
gian sé ti 1& v6i cudng d6 cua phd mau anh
sang t6i timg nhom diode cam bién tuong
ung.

Trong cic may do mau truyén théng nguoi
ta xac dinh phd phan xa R()) cia mau vai
thong qua cuong do dong dién nhan tir cdm
bién anh sang tir cic tia don sic khuéch
tan. TUr d6 dua vao cac ham chuan S(A),

X(A),y(A)vaz(h)dugc mo ta trén hinh 2.a

Ta=25TC

400 450 500 550 600 650 700

Hinh 2.b
Ham S'(2) pho nang luong cua
dén led mau trang thi nghiém.
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Hinh 2.c
Ham phoi mau doi voi quan sdt vién
chuan theo CIE 1964.

va 2.c dé tinh céc toa do X, Y, Z cua khong
gian mau CIE. Trén dung cu do mau duogc
thiét ké, cling co thé tim duoc mot toa do
mau méi clia mau vai tinh theo cac cong
thirc (1.1) - (1.4) nhung cac ham chuan dugc
thay thé boi ham S’(X), Red(}), Green()) va
Blue()) dugc md ta ¢ hinh 2.b va 2.d, hé sb
phan xa cua vat thé duoc thay thé bai tan s6
xung dap tmg do dugc tir cam bién TCS3200
do tirng nhém photodiode tao nén. Tuy nhlen
viéc tinh toan s& kha phuc tap néu mudn
chuyén doi qua céc toa do cua khong gian
mau CIE.

Toa dd mau trong thiét bi do méi nay la R,
G, B duoc vi diéu khién dém theo tan sb cac
xung nhan dugc tur tin hiéu dap ung cua tung
nhom diode ctia cam bién d6i voi tia phan
xa tlr mau vai v6i ngudn sang 1a cac dén led,
ching s€ tao nén mot khong gian mau, trong
do6 cac toa do R, G, B s& co gia tri tdi da
1a 255 bang cach hiéu chuan cudng d6 sang
ctia cac led (thong qua bién trd - phan ctng)
hay dat lai thoi gian dém xung (thong qua
giai thudt phan mém) khi cho dau do chiéu
1én mau chuén 13 bot BaSO, nén phang (vat
chuén trang phu bcn MgO hoac BaSO, phan
xa khuyech tan gan nhu 100%) [10] luc do
tan sb xung dém duoc coi nhu téi da.

V& khia canh 1y thuyét, néu c6 cac biéu dd
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Hinh 2.d
Ham dap trng mau cua cac diode
trong cam bien TCS3200.

trén Hinh 2.b, 2.d chinh xac, nguoi ta co thé
tinh chinh x4c dugc moi quan h¢ gitra X, Y,
Z cua khong gian mau CIE theo R, G, B cua
khong gian mau dung cu do. Tuy nhién tim
chinh x4c mdt phép anh xa tir khong gian
mau nay qua khong gian mau kia bang toan
hoc voi cac dic tinh cua phd ning luong va
ham phdi mau phi tuyén, khong thé hién
duoc dudi cac dang twong minh s& twong d6i
khé khan nén chung t61 dung phuong phap
thue nghiém theo cong thirc chuyén doi tong
quat nhu sau [7]:

Trong do:

R
=M|G
B

2.1)

N < X

e M la ma tran chuyén doi, co kich thudc
(3x3) gdm céc hé s6 1a nhitng ham tong quat.
Trong bal todn nay ta coi chung la nhiing
hang s6 can tim

e Cacgiatri X, Y, Z latoa dd mau cua CIE
do tirng mau vai trén may ColorEye 7000A
spectrophotometer cua hang X-rite (Gretag
Macbeth) tai Phan Vién Nghién ctu Dét
May Thanh phé H6 Chi Minh.
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e Céc gia tri R, G, B 1a toa do mau trén
dung cu do thiét ké nhu d3 mo ta & trén do
cing mau vai da dugc do trén may X-rite.
S6 R tuong tng véi tin hiéu dua ra tir 16
photodiode d6; s6 G tuong tng tin hiéu cua
16 photodiode xanh lyc va B tuong tng tin
hiéu cua 16 photodiode xanh lam ctia cam
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bién dudi dang tan s6 xung.

e Maiu vai voi kich thudc 100x100 mm
nhudém déu mau, thu thap tir thi trudng. Co
tat ca 301 mau dung dé do duoc danh s tir
1 dén 301.

o Két qua nhan dugc khi do trén ca 2 dung
cu duogc liét ké & bang dudi day:

o, Do trén may X-rite Po trén TCS3200
Mau so
X Y Z R G B
001 11.697 14.747 37.260 17.36 43.88 72.74
002 14.490 15.040 10.898 36.25 30.89 25.14
003 72.411 74.335 105.309 175.31 174.33 180.69
299 4.786 5.195 6.177 23.76 17.32 17.22
300 7.002 10.850 17.453 14.55 29.80 34.15
301 20.277 31.116 11.367 67.07 83.98 45.38
Sau khi chuyén céac dir liéu trén vao xir Iy & Z =-0,015R - 0,176G + 0,794B - 0.085
phén mém SPSS, loai bo céac sb lac, ching (2.4)
t6i tim dugc cac phuong trinh hoi qui du bdo  Két qua cho cac hé s6 tuong quan Ryras =
nhu sau: 0’995;,RY,R,G,B =0,998; RZ’R,G’B =0,987 va cac

X = 0.171R +0.122G + 0,126B - 0.025
(2.2)

biéu do hoi qui hién thi ¢ hinh 3, c6 thé thdy
ton tai moi lién hé twong doi chat theo mo

Y = 0,052R +0,378G + 0,002B - 0.018

Normal P-P Plot of Regression
Standardized Residual

Dependent Variable: X

Expected Cum Prob

0.0

0.2 0.4 0.5 0.8
Observed Cum Prob

1.0

(2.3)

Normal P-P Plot of Regression
Standardized Residual

Dependent Variable: Y
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hinh tuyén tinh giita cac thong sd trén.

Normal P-P Plot of Regression
Standardized Residual

Dependent Variable: 2
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Hinh 3: Cdc biéu do hoi qui tuyén tinh X = X(R,G.B); Y = Y(R,G,B) va Z = Z(R,G.,B)
vé trén phan mém SPSS.



74

Céc phuong trinh (2.2), (2.3), (2.4) cho phép
chuyén d6i toa d6 mau tir RGB cua TCS3200
sang XYZ cua CIE. Diéu nay dugc thuc hién
dé dang bang phin mém nhing vao vi diéu
khién.

1. KET QUA PO VA THAO LUAN

Dé kiém tra d6 bén mau va do tréng cua vai
theo c4c tiéu chuan TCVN 5466 - 1991 va
TCVN 5236 - 1990 [8, 9], dung cu do mau
dugc nghién ciru thiét ké ¢ day c6 thé xac
dinh duoc su khac nhau vé mau sic cua 2
mau thir theo don vi ctia khong gian mau
L*a*b*, trong d6 L* chi do sang t6i mau
mau do co gia tri tir 0 (den) dén 100 (tring),
a* chi mirc bao hoa clia mau mau do di tir
luc dén do, b* chi murc bdo hoa ciia mau mau
do di tir xanh lam dén vang. Do d6, sau khi
c6 gia tri do X, Y, Z tinh theo cac phuong
trinh hoi qui tim dugc trén, ching toi con
phai xay dyung cac chuong trinh bién doi toa
d6 dwa vao cac cong thirc da biét trong 1y
thuyét mau:

% 1/3
L*= 116(—} - 16
Yn

(3.1)

a* = 500 (1] - (l] (3.2)
Xn Yl‘l

b* = 200 (lj - (Ej (3.3)
Y[l ZI]

Véi ngudn sang chuan S(L) 1a anh sang ban
ngay D, va goc nhin cta quan sat vién 10°
thiY = 100 X =9483vaz =107,38.

Khi xur 1y tin hleu tir bd cam bién, vi diéu
khién phai c6 chtic ning tinh toan, chuyén
doi, luu trit thong s6 mau ctua mau chuan,
so sanh thong s6 mau ciia mau do véi mau
chuan theo gia tri

AE*=JAL* +Aa* +Ab* . Dya vio
AE* nguoi ta 601 chiéu dugc d6 bén mau, do
léch mau ctia mau th.

Do str dung vi diéu khién ho AVR, 1a bo xtr
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Iy RISC véi kién tric Harvard, ching t6i ¢6
thé tinh dugc thoi gian thuc hign timg 1énh
chinh xac den 1 phan mudi triéu glay Do d6
viéc dém sb xung phat ra hay tin sb xung
trong mot don vi thoi gian twong ddi chinh
xac, do 1ap lai trong cac lan do cao, thoi gian
do mot mau vai nhé hon 0,1 gidy. Mic du
hiéu qua nay khong co ¥ nghia nhiéu ddi véi
nganh may mac nhung v0 cung quan trong
cho cac img dung do mau cac ddi twong khac
nhu trong may lwa hat cia nganh xuit khau
nong san.

Sau nhiéu lan thu nghiém, do 1dp lai cua
dung cu do: AE* = 0,1. So v&i may do mau
cua hang X-rite c6 AE* = 0,01 nén do chinh
xac da giam khoang 10 lan, tuy nhién & pham
vi gia tri AE* = 0,2 thi mét thuong van kho
phan biét dugc va su thay ddi d6 van nam
trong gi¢i han bén mau cip 5, cip bén cao
nhit. Vi vay dung cu do c6 thé dung dé kiém
tra dd bén mau vai theo cac tiéu chuan hién
hanh [8, 9].

IV. KET LUAN

Viée tim ra nguyén 1y méi dé thiét ké cac
dung cu do mau ré tién, nhanh va c6 do lap
lai cao dang tr& nén cap thiét ddi voi cac
cong ty kinh doanh va san xudt nganh dét
may hién nay, chiing 1 céng cu dé kiém dinh
vai ddu vao va tao su tu tin khi ky cac hop
ddng bao dam chat luvong san pham dau ra vé
tiéu chi mau sic.

Dung cu do mau da ché tao dugc trong nudc
v6i gia thanh thap hon hang tram 1an so véi
dung cu ngoai nhap do str dung cac cam bién
va vi diéu khién thé hé méi, thong dung, dé
mua va ¢6 nhiéu tinh nang wuu viét. Mac du
d6 chinh x4c thua kém 10 lan nhung van
thich hop cho cac doanh nghi¢p chua tung
tiép can k¥ thuat do mau khach quan. Dung
cu c6 thé dung O tat ca cac noi can kiém tra
chat lugng mau nhu tai xuéng san xuat, &
ctra hang kinh doanh, trong kho nguyén phu
li¢u, ngoai thyc dia noi truc tiép giao nhan
hang hoa.

Qua qua trinh thuc nghiém, do nhiéu lan trén
1 san pham, két qua do cta dung cu c6 tinh
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lap lai tuong ddi cao, hé sb phan tan tuong t6t phuong phap kiém tra do bén mau bang
doi thap (< 0,5 %). Dung cu c6 thé thay thé thudc xam.

TAI LIEU THAM KHAO
[1] Bernd Utter, Dr. Werner Huber. Introduction into Colorimetry and Spectrophotometry.
http://www.heidelberg.com/h/www/en/binaries/files/prinect/user guide colorimetry en pdf

[2] Steven K. Shevell. The Science of Color (Second Edition). Optical Society of America,
Elsevier, 2003.

[3] Janos D. Schanda. Colorimetry. OSA/AIP handbook of Applied Photometry. http://www.
knt.vein.hu/Tantargyak /Szinmeres/Colour.pdf .

[4] http://www.hunterlab.com/pdf/color.pdf
[5] Genot Hoffmann. CIE Color Space.
http://www.thomben.de/~hoffmann/ciexyz29082000.pdf.

[6] Texas Advanced Optoelectronic Solutions. TCS3200, TCS3210 Programmable color
light-to-frequency converter. July 2009, http:// www.taosinc.com/tcs3200/ TCS3200-E1.pdf.

[7] Mark Seelye, Gourab Sen Gupta, Donald Bailey. Low Cost Colour Sensors for Monitoring
Plant Growth in Laboratory, http://sprg.massey.ac.nz/pdfs/2011_IMTC _pdf.

[8] TCVN 5466 - 1991 (ISO 105-A02-1987). Vit liéu dét - Phuong phap xéac dinh d bén
mau. Thang mau xam dé danh gia sy thay doi mau.

[9] TCVN 5236 - 1990 (ISO 105-J02-1987). Vit liéu dét - Phuong phap danh gia do tring
trén may.

[10] Arthur D Broadbent. Nhiing nguyén 1y co ban ciia tao mau hang dét. Tong cong ty dét
may Vi¢t Nam, 2005.



