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NGHIEN CUU CHE TAO MAY PO MAU
KiCH THICH 3 THANH PHAN

DESIGN AND MANUFACTURE TRI-STIMULUS COLORIMETE

TOM TAT

Ngo Anh Tuén, Cao Xuan Vii
Truong Pai hoc Su pham Ky thugt TPHCM

Trong nghién ciru nay, nhom nghién ciu da thue hién thiét ké mé hinh dau do va hé thong
quang hoc cho may do mau. Phép do mau dwoc thiee hién trén diéu kién anh sang chuan D65
ciia hing Nichia va cam bién mau ciia hang TAOS. Nghlen civu tdp trung vao viéc xir Iy két
qua va img dung trong quan Iy chat lwong san pham in an.

ABSTRACT

In this study, we designed the model composed of measuring head and the optical system for
a colorimeter. The colorimetric is carried out in standard lighting condition D65 of Nichia
and color sensor of TAOS. The study focused on processing the measuring data and it is

applied to printing quality management.

I. GIOI THIEU

Mau sic 1a thudc do dé danh gia chat
luong san pham trong vai dét, son, san pham
in 4n, bé mit nhya... Viéc cam nhan mot
mau nao d6 bang mét phu thudc vao yéu tb
chu quan cua tung nguoi quan sat. Vi vay
can c6 mot chuan chung va mot thiét bi ¢
thé “doc” mot cach chinh xac mot mau bat
ki. Bén canh d6 nhu ta da biét, viéc do dac
dong mot vai tro quan trong trong tit ca cac
linh vuc cta Khoa hoc va Ky thuat. Chinh vi
vay do mau dang trd thanh mot phan khong
thé thiéu trong cic hé thong kiém soat chat
luong va cac cong ty san xuat hién dai.

O Viét Nam, mic du cac ung dung cua cac
thiét bi do mau vao trong cac linh vuc cong
nghé da rat phd bién tuy vay viéc ché tao van
it dwoc quan tdm. Hau nhu cac may do mau
duoc st dung & nudce ta cho dén thoi diém
hién nay 1a déu duoc nhép tir nude ngoai véi
gia thanh cao. Chinh vi vy vi¢c nghién ctru
ché tao mot may do mau trong nudc voi gia
thanh ré c6 do chinh x4c cao 1a can thiét.
Khi thiét ké mot may do mau, dé may cho ta

két qua c6 do chinh xéc cao thi viéc xac dinh
mot phuong phap hiéu chinh thiét bi dong
vai tro quan trong. Dé hiéu chinh thiét bi c6
nhiéu phuong phap nhu 1a cac phuong phap
ma tran do ASTM (American Society for
Testing and Material) cong bd va mang than
kinh nhan tao.

Trong bai bao nay, nhém nghién ctru s€
trinh bay qua trinh thiét ké, ché tao mot may
do mau kich thich 3 thanh phan va phuong
phap chuan hoa dé ting do chinh x4c cua
phép do mau.

II. CO SO LY THUYET
Co ché nhin mau ciia mdt

Mit nhin thdy mot vat khi c6 anh sang
phat ra tir vat d6 dap vao mit. Mau sic cua
vat ma ta cam nhan duoc 1a két qua cua su
két hop tir ba yéu t6 - ngudn sang, vat thé
va nguoi quan sat. Anh sang tir mat troi hay
ngudn sang khac chiéu vao cac vat thé xung
quanh chung ta sau d6 dugc phan chiéu va
b6 sung bai cac vat thé roi di téi cac thanh
phan thu nhan tin hiéu trong mat ctia nguoi
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quan sat, sau do cac tin hi¢u nay sé duogc
néo bo dién dich thanh nhitng thir ma ta goi
la mau.

Mau sic cua mot vat ma méat ngudi cam
nhéan duoc 1a do diac tinh cua vat thé 1a hép
thu hay phan xa cac budc song (trong vung
birc Xa kha kién) ctia 4nh sang chiéu toi né.
Néu tit ca cac budc song (trong ving birc
xa kha kién) bi vat thé hap thu, vat thé s& c6
mau den. Néu tat ca cac budc song (trong
ving buc xa kha kién) bi vat thé phan xa,
vét thé s& c6 mau tréng. Néu vat thé hép thu
tat ca cac budc séng ngoai trir budc song
mau dé (hodc cam, hodc vang...) thi vat s
c6 mau do (hoac cam, hodc vang...). Hay
no6i cach khac, vat c6 mau gi 1a do n6 hip
thu 4nh sang nao, phan xa anh sang nao?

Chicu [i? 5( Cam nhan

Hinh 1. Co ché nhin mau ciia mat.
Co ché hoat djng ciia mdy do mau

May do mau kich thich 3 thanh phéan
hoat dong cdm nhan mau theo co ché giong
mat nguoi.

Chiéu sang

/

B& phén thunhan
May tinh

X=21.21
> ¥=13.37
Z=9.32

[ B& cam bign x(3)
0 B cdm bién y(k)
[l BO cam bign Z{x)

Mau do (qua tdo)
Hinh 2. Nguyén ly hoat dong cua may do mau.

Nguon sang chuan cua may do mau

Co6 3 yéu t0 chinh dnh hudng dén vicc
cdm nhan mau do 1a mat d¢ cong suat pho
(SPD) cua nguon sang, pho phan xa va ham

tong hop mau CMFs (Su phan ung cua cac
té bao cam nhén trong mat nguoi).

Chi c6 mdt vai loai anh sang dugc dinh
nghia dé quan sat sy vat méi duoc goi la
loai 4nh sang chuan. Uy Ban do ludng quéc
té vé chiéu sang CIE di dé nghi mot sb
ngudn sang chuin nhu sau:

2007

00
Budc séng (nm)

Hinh 4. M{t s6 nguoén chiéu sang chuan.

(1) Nguén chiéu sang chudn D65: Anh
sang ban ngay (bao gdm cac ving budc
song cuc tim) véi nhiét do mau 1a 6504K,
nén dung dé do cac mau do, thuong dugc
thidy dudi anh sang ban ngay bao gém ca
burc xa cua tia cuc tim.

(2) Nguon chiéu sing chuan C: Anh
sang ban ngay (khong c6 vung budc song
cuc tim) véi nhiét do mau la 6774K, nén
dung dé do cac miu do thudng duoc thiy
dudi anh sang ban ngay trong vung quang
phd kha kién khong co birc xa cua tia cuc
tim.

(3) Nguon sang tiéu chudn A: Anh sang
cua den nong sang voi nhiét do mau 2856K
nén dung dé do cac mau do thuong dugc
thay dudi 4nh sang ctia dén nong sang.

(4) Anh sdng tring diu.(5) Anh sang ban
ngay.(6) Anh sdng trdng diu 3 bang hep.

Trong nghién ctru nay, dé dam bao tinh
chinh xac cua tin hiéu thu nhan duogc tur
mau do nhom nghién ctru da sir dung ngudn
chiéu sang chuan D65 cta hang Nichia va
goc quan sat 20 voi cac thong sb sau:



Tap Chi Khoa Hoc Gido Duc Ky Thudt (27/2014)
Trwong Pai Hoc Sw Pham Kj Thugt Tp. Ho Chi Minh

« Thong luwong chiéu sing (Luminous
Flux): 25 Im

« Cudng do chiéu sang: 8.5 cd

« Chi s6 hoan mau CRI: 85

» Toa d0 mau theo CIE 1931: x=0.344,y
=0.355

Bén canh d6 dé khic phuc dugc hién
tuong meta (cung mdt mau s& cam nhén
khac nhau duéi cic ngudn sang khac nhau),
nhém nghién cru con sir dung thém ngudn
sang chuén A do dén soi d6t tao ra.

Ca 2 ngudn sang D65 va A dugc thiét ké
lap dat xen k& trong dau do va dugc diéu
khién doc 1ap. Tuy vao chirc ning lua chon
khi do ma ta c6 thé su dung 1 ngudn sang
hodc két hop ca 2 ngudn sang.

III. PHUONG PHAP NGHIEN CUU -
CHE TAO

Thiét ké mdy do mau

May do mau VLO5 duoc thiét ké gém 2
phan: dau do va mach xu ly két qua.

Thiét ké ddu do may do mau: Pau do cia
may do mau dugc thiét ké nhu trong hinh 3
goém: h¢ thau kinh (1), dau ga nguodn sang
(2), vi tri diém do (3) va cac bd phan khac.

Hé thiu kinh (1): gdm 2 thau kinh dat
song song trong mot dng kim loai va cach
nhau 10mm, ¢6 nhi¢m vu gidi han chum tia
sang phan xa tu bé mat vat thé trong ban
kinh 1.5mm va hdi tu tai vi tri cam bién
mau.

Pau ga ngudn sang (2): duoc thiét ké
gdm 6 vi tri ga dén LED (3 dén LED ngudn
sang chuan D65 va 3 dén soi dot ngudn sang
A). Goc chiéu sang ciia 2 ngudn sang A va
D65 dugc thiét ké 1a 450 so véi phuong

chum sang phan xa.
Vi tri diém do (3): duoc thiét ké v6i dién
tich bé mat mau do ¢6 ban kinh 1a 1.5mm.

Véi thiét ké cia dau do, may do mau
VLO05 do nhém nghién ciru ché tao s& lan
lugt nhan chum sang phan xa tir bé mit
vat liéu qua thau kinh dén bo loc mau Red,
Green, Blue. Gia tri nhan duogc 1a tan s
tuong ung véi cac bd loc mau Red, Green,
Blue. Gia tri nay s€ dugc dua vao b vi xur
1y PIC18F465 va tién hanh xir 1y.

(1) HB
thzu =
kinh

b ga
nguln
sang (2)

verf
difim —
do (3)

Hinh 5. M6 hinh thiét ké dau do may do mau.

Xdc dinh ma tran chuyén doi

bé chuyén d6i ta dya trén co sO cac
phép chuyen d6i glua cac khong gian mau
1a phép bién ddi tuyén tinh.

Pé thuc hién diéu nay, cong viéc ciatala
s& di tim mot ma tran chuyén d6i bang cach
s€ dung 2 may do, 1 1a may do mau do nhom
nghién ciru ché tao va con cai con lai 1a may
do chuén SpectroEye - Gretagmacbeth. Ca
hai may s& cing do ciing mot tdp mau gdm
3 mau: Cyan, Magenta va Yellow (Pantone
2013).

Gia tri do thé hién tan s6 ctia 3 mau Red,
Green va Blue do dugc bdi may do VLO5
va gia tr1 RGB do dugc bdi1 may SpectroEye
thé hién ¢ bang sau:

Mau May do VLO5 May do SpectroEye
R(Hz) G(Hz) B(Hz) R G B
Cyan 33290 50776 165633 88 162 206
Magenta 80563 23130 30530 168 83 121
Yellow 115879 144565 30784 239 216 56
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Thuc hién tinh toan ta xac dinh dugc ma
tran chuyén doi la:

—0.0149 0.002  0.003
T'={ 0.0391 0.0123 0.0065
0.0074 -0.0116 0.0182

Két qua chuyén doi tir cac gia tri RGB
(tan s0) do may VLO5 do trén mot sO mau
thé hién ¢ bang 2.

+ R’=255/299 =0.851920513
(G’=255/376 =0.710052449
+  B’=255/307 =0.830748782

Céc hé s6 mau nay s& dugc nhan véi cac
thanh phan mau R, G, B trong qua trinh do
mau va nhan dang mau theo cam bién mau
tuong Ung.

Bang 3 thé hién cac gia trj mau cua céc
tap mau sau khi can chinh mau tring.

STT R G B STT R2 G2 B2
Red 162 69 87 Red 138.1882 | 49.02841 | 70.70387
Green 49 81 38 Green | 42.02379 | 58.29637 | 25.09925
Blue 48 46 68 Blue 35.63328 | 34.36178 | 56.62085
Cyan 88 161 206 Cyan 74.96909 | 115.0286 | 171.1347
Magenta 165 83 121 Magenta | 143.1226 | 58.93435 | 100.5206
Yellow 245 213 62 Yellow | 208.1488 | 151.4367 | 51.52678
Black 22 18 16 Black | 22.29519 | 19.64531 | 19.62686

White 299 376 307 White 255 255 255

Cin chinh mau tring:

Ta thiy trén bang két qua ctia mau trang,
cac gia tri thu dugc la (299, 376, 307)
nhitng gia tri nay vugt qua gia tri 255.

Do d6 nhay ctua cam bién d6i v&i mdi
mau thanh phin khac nhau khéng tuong
duong véi CMFs cua khong gian mau RGB.

Bén canh d6, nhu ta biét vé nguyén tic
mau tring 1a két qua tir viéc tong hop cac
mau thanh phén (Red, Green va Blue) voi
cudng do bang nhau (R=G=B= =255). Tuy
nhién trong thyc té, do vét tring chuan
khong phat ra cac thanh phan mau co ban
v6i cong suat bang nhau va bén canh d6 do
nhay ciia cam bién mau ddi voi cac mau
thanh phan ciing khong bang nhau. Diéu
nay lam cho 3 gié tri kich thich cua mau
trang khong bang nhau.

Chinh vi vay, dé can chinh tao ra su can
bang cho ciia cac gid tri R, G va B ma may
do VLOS5 thu dugc sau khi chuyen d6i sang
cac gia tri kich thich thanh phan ta s& tién
hanh can chinh mau tring bang cach xac
dinh céac hé sé mau cho 3 mau co ban nhu
sau:

Xdc dinh d¢ sai léch mau Delta E

V61 may do mau VLOS, viéc xac dinh sai
léch mau Delta E dé kiém soat chat lugng
san phém in dugc thuc hién doc lap va hién
thi trén man hinh GLCD64x128 hoac trén
phan mém Color-M.

Trudce tién ta dung may do mau VLOS
chon ché d6 do “Reference” dé xac dinh gia
tri La*b* cua bai mau va luu gia tri mau
nay lai.

Tiép dén, ta cling st dung may do mau
VLO05 dé do t& in hoan chinh tai vi tri ta
da 14y mau. Két qua ta nhan duoc 1a gid tri
La*b* (hinh 6).

SamFle Fiaferamnse

N —
Hinh 6: Gid tri CIE-Lab ciia mdu va
gid tri tham chiéu.
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Tur 2 gia tri nay, chuong trinh trong may do mau s€ tinh toan va cho ta dg sai lIéch mau

Delta E.

=& 820122203 Color-M

Wednesday, Apd 16,2014 [~

(oo =]

QUAN LY CHAT LUONG SAN PHAM IN

com - BAI MAU (D65, 20) TO IN (D65, 20)
il e i L*: 86.86 L*: 88.85

. a*: -9.15 a*: -9.81
utn Etx b*: 90.91 b*: 90.11
Parity >
e = BAT DAL BAT DAL

Ngét SAl LECH MAU DELTA E
Xéa 240 LUU LAI

Hinh 7: Giao dién phan mém Color-M.

Thiét ké mach diéu khién va xiv Iy két qui:

Véi tin hiéu cdm bién mau TAOS sau
khi nhan chum sang phan xa tir mau do 1a
cac tan s twong Gmg voi cac mau co ban,
mach diéu khién va xir Iy két qua duoc thiét
ké nhu hinh 4.

May do mau hoat dong theo nguyén tic
sau: khi ta xac dinh va dua vi tri diém do
(3) cta dau do vao bé mit miu do, ta tién
hanh gap dau do dé ngudn sang va hé thau
kinh tap trung vao vi tri miu can do. Sau
do, ta nhdn nat nhan “START” trén dau
do, qua trinh do dé xac dinh mau bat dau.
Tt mach diéu khién sau khi nhan tin hiéu
“START”, bat dau bat ngudn sang D65
(hodc ngudn sang A) “ON” va doc lan luot
cac gia tri mau phan xa qua kinh loc Red,
Green, Blue. Gia tri thu dugc 1a tan sd va
duoc luu & cac bién trong bo xir 1y.

Tir gia tri tAn s§, nhom nghién ciru da sir
dung ma tran chuyén doi dé dwa vé 3 gia tri
mau co ban (Red, Green, Blue) nam trong
khoang 0-255. Céc gié tri thu dugc cua 3

anh sang co ban nay du dé mo ta bat ki mau
nao nam trong ving phd kha kién. Va tir 3
gia tri co ban nay, nhém nghién ciru tién
hanh hié¢u chuan theo may do mau chuan
SpectroEye.

Két qua thu duoc s& st dung ham tong
hop mau CMFs cua CIE va anh xa qua cac
khong gian mau khéc nhau. Trong nghién
cuu nay, nhom nghién ctu da anh xa qua
khong gian ma La*b* dé xac dinh sai léch
mau Delta E. Pong thoi két qua nay ciing
g6i vé may tinh c6 cai phan mém Color-M.

Két qua La*b* s& duoc hién thi trén
man hinh GLCD64x128 dugc tich hop trén
mach diéu khién.

V6i phan mém Color-M dugc thiét ké
tap trung vao quan 1y chit lugng san pham
in nén viéc chuyén d6i khong gian mau sé
dugc thyc hién dé dang. Ta c6 thé cai dat
2161 han sai 1éch cho phép véi mdt mau bai
mau va mau cua to in, néu gia tri sai léch
nam ngoai giéi han cho phép thi phan mém
s€ canh bao nguoi s dung...
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Hinh 8. So do6 nguyén Iy mach diéu khién va xir Iy két qud may do ma.

III. KET QUA

May do mau do nhom nghién ctru thiét ké va ché tao hoan chinh duoc minh hoa trén
hinh 5

Same 1 Feferanoe |
S |+ 5586
1 Sk =915
+ SE, 91

...............

-

Hinh 5: May do mau VL05.
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V6i phan mém Color-M do nhém nghién
ctru thiét ké, viéc kiém soat chét luong to
in c6 thé thuc hién trén ting ving muc. Va
c6 thé sir dung cac thu vién mau c6 sin (thu
vién mau Pantone Pallet 2013).

IV. KET LUAN

Nhém nghién ciru da ché tao thanh cong
may do mau kich thich 3 thanh phan VLO5
va phan mém quan 1y chat luong san pham
in Color-M c¢6 dic diém sau:
« May do mau VLO5 sir dung 2 ngudn
sang chuan song song cho két qua voi do
chinh xac cao va c6 thé khac phuc duogc
hién tugng meta.

« May c6 thé do, xur Iy két qua doc lap va

TAI LIEU THAM KHAO:

hién thi trén man hinh GLCD.

« Phan mém Color-M két hop v6i may do
mau co thé ing dung kiém soat chat lugng
td in cho may in dén 6 don vi in.

« Két qua nghién ciru ndy mo ra cho ta kha
ning thiét ké mot may do mau nho gon céd
gia thanh ré, do chinh xac cao ngay trong
nuéc thay thé cho cac san pham ngoai nhap
dat tién.

Vi két qua dat duogc tir viéc nghién ctru
ché tao may do mau VLO5 két hop vai khao
sat nhu cau thyc té, nhém nghién ciru ky
vong chung loai mdy do mau mang thuong
higu Viét Nam sé& ra doi, dong gop mot phan
nho vao su phat trién nganh céng nghé ché
tao may nudc nha.
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