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TOM TAT

Chuwong trinh xac dinh gia tri toa do mau cua anh sang phat quang dva trén ngén ngii lgp
trinh C# dd duwoc xdy dung va ddp iing moi yéu cau dat ra. Sau khi tinh todn gid cdc tri toa
d¢ mau chicong trinh c6 thé hién thi nhiéu két qua trén cing mét gian do mau. Cu thé, anh
sdng phdt quang tir vt liéu thiy tinh phét phdat pha tap Th (PCN:Th) ¢é toa dé mau
x=0.276, y=0.512; tir vit liéu pha tap Eu (PCN:Eu) la x=0.255, y=0.163; tir vdt liéu dong
pha tap Eu, Tb (PCN:Eu,Th) la x=0.298, y=0.329; x=0.308, y=0.364 va x=0.288, y=0.363
twong 1ng véi nong dé Eu, Th: (0.4%mol - 0.2%mol), (0.4%mol - 0.3%mol) va (0.4%mol -
0.4%mol). Tir do co thé thuc hién sw diéu chinh thich hop cho quy trinh ché tao dé thu duwoc

vat lieu phat anh sang cé mau sac mong muon. Bai bao trinh bay ket qua nghién curu do.

Tir khoa: CIExyY1931, phat quang, toa do mau.

1. MO PAU

Anh sang kha kién hay 4nh sang trong thiy 1a thuat ngit chi cic birc xa dién tir nim
trong ving quang phd ma mat nguoi binh thuong co thé cam nhan dugc (c6 bude song trong
khoang 400nm-700nm). D6 1a tap hop vo sb birc xa dién tir don séc, khi tac dong 1én mat timg
buc xa d6 gy cam gidc mau sic khac nhau. Cac buc xa do ton tai khong phu thudc vao thi gidc
cua con nguoi va tu nd khong co tinh chét goi 1a mau sdc, mau sdc chi xudt hién khi birc xa tac
dong vao mat. Nhu vay, mau sdc 1a mot thudc tinh cia bire xa duge danh gia theo sy tdc dong
ctia birc xa d6i v6i mat ngudi va d6 khong phai 1a dai lugng vat Iy hoan toan khach quan, khong
thé do mau sac ctia 4nh sang khi tach rdi khoi mat nguoi quan sat [1, 2, 3, 4].

Su cam nhén anh sang xuét phat tur cAu tao tu nhién cta mat, hién nay ta xac nhan rﬁng
co quan cam nhdn anh sing cua méit ngudi 14 véng mac, ciu tao boi hai nhom té bao cam nhan
anh sang, d6 1a té bao hinh que va té bao hinh nén. Céc té bao hinh que cam nhan toan b ning
lwong cta anh sang (tuc 1a do sang, téi), céc té bao hinh nén duge chia thanh ba loai, cam nhan
anh sang trong ba ving phd khac nhau va chinh cac té bao hinh non nay giy cam giic mau sic
clia 4nh sang. Hinh 1 m6 ta d6 nhay twong dbi ciia ba loai té bao hinh non déi véi anh sang kha
kién. Ta thay, t& bao hinh nén cam nhan anh sang mau lam trong mot ving budc song khé tach
biét thi t& bao hinh nén cam nhan 4nh sang mau lyc va mau do trong hai ving budc séng co su

chdng 14n rat manh. Sy tic dung dong thoi ciia cic birc xa don sic c6 ning lugng khac nhau
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trong ba viing phé mau lam, mau luc va mau d6 cta anh sang s& gay nén cam giac mau sac khac
nhau cho con nguoi. D6 chinh 14 nguyén tic tao ra cic mau sic khac nhau tir viéc phéi hop ba
mau co ban (co sd): mau lam (B), mau luc (G) va mau dé (R) thuong dung trong k¥ thudt hoi

hoa, in an, dét nhuém, v.v...

g 361

[CIE Y
—
|
| —

?
]
R

0.8

0.6
L/ )

0.4 —7——— e e e e B e !

0.2

0.0

380 420 460 500 540 580 620 660 700

Dé nhay twon,
5

L N I~

budc song (un)
Hinh 1. Do nhay tuong di ciia cac té bao hinh nén [3].
Chung ta biét, anh sang phat ra tir ngudn sang va vé ban chit c6 hai loai ngudn sang: so
cip (hay ngudn birc xa) va thtr cip (hay ngudn phan xa). Ngudn sang so cép 1a cac vat tu no

phat ra anh sang dudi tac nhan kich thich nao do, con ngudn sang thir cap chi la sy phan xa anh
sang tir cac ngudn sang khéc chiéu tdi.
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Hinh 2. Khong gian mau CIE xyY 1931.

Tir d6, su phdi mau duoc chia lam hai loai: phdi mau birc xa dya trén cac ngudn sang so
cip va duoc ing dung trong k¥ thuat chiéu sang, hién thi va phdi mau hép thu dua trén cac
ngudn sang thir cap va duoc tng dung trong cac linh vuc nghé thuat, in 4n, kién tric, thoi trang
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[3, 4]. Nam 1931 Uy ban Qudc té vé chiéu sang (International Commission on Illumination -
CIE) dua ra tiéu chuin vé quan st mau sic goi 1a khong gian mau CIExyY 1931 (hay gian dd
mau CIExyY 1931), moi mau sic quan sat dugc trong thuc té déu phai thudc khong gian mau
nay, xem hinh 2 [3].

DPong thoi, CIE di thong nhat dua ra phuong phap do mau va biéu dién mau dua trén co
s& ba ham d6 nhay ciia mit X(A1), (A1), Z(A) . Pay 1a ba ham s theo budc song, xac dinh
trong khoang 380nm dén 780nm, dugc dinh nghia dya trén co s¢ quan sat thyc nghiém cua mit
ngudi & goc quan sat nho hon 4°. Theo tiéu chuan nay, moét mau C nao dé c¢6 phan bd phd P(L)
biéu dién theo ba mau co ban B, G, R va duoc biéu dién theo ba gia tri kich thich ng véi ba
mau co ban nhu sau:

P(A).C =~ X(O).R + ¥(A).G + Z(1).B
X= | x(Wdr= | P()x(1)dA

Y= | Y(D)dri= | P(D)y(A)dA
Z= | zdr= | P(W)z)dA

Nhu da néu, cac ham P (A)J 3((/1), :_V(A)' _Z(/l) khong co biéu thire cu thé ma duge
xac dinh bang thyc nghiém, thé hién dang bang dit liéu véi cac gi tri gian doan tuong tng voi
cac gia tri A [5], luc d6 cac tich phan co thé duoc tinh gan dung (cong thic hinh thang, phuong
phap Simpson, ...) trong khoang budc séng tir 400nm dén 700nm.

Két qua, cac toa d6 mau ctia mau C trong khong gian XYZ la:

o X . B Y _ L Z
X+Y+2Z’ Y xiv+z’ X+Y+Z

Vix+ y+ z= 1 nén chi cin biét hai trong ba gia tri X, ), Z taco thé x4ac dinh
duoc toa d6 mau cua mau C, CIE chon X, ydé biéu dién, nhu mo ta trén hinh 2.

V6i 4nh sang trang i tuong (anh sang mit troi - vat den tuyét ddi c6 nhiét do khoang
6600K) khi tuong tac 1én ba loai té bao hinh nén trén vong mac s& gy cac gi tri kich thich tng
v6i ba mau co ban twong duong nhau, tirc 14 X = Y = Z. Tuong tng trén gian dd CIE c6 toa do
x =y =0.333, nguoi ta goi do la diém can b&ng bire xa, mot diém nam trén quy tich buc xa cia
vat den tuyét d6i (BBL).

Tir tom tit Iy thuyét vira néu trén chung ta thay viéc tinh toan gia trj toa d6 mau cta anh
sang noi chung 1a cong viéc phuc tap, nang nhoc khi thuc hién theo phuong phap thu cong. Nhu
cau xac dinh gia tri toa d6 mau ciing nhu gian dd mau dbi voi timg loai 4nh sang nhd cic phan
mém, chuong trinh tinh toan c6 san 1a mot doi héi thuc té, phuc vu cho cac nghién ctru ctia linh
vuc quang phd hoc tmg dung. Hién nay, cac chuong trinh, phan mém vi tinh dugc xay dung dua
trén nhiéu loai ngdn ngir 1ap trinh khac nhau, mdi loai ngon ngir c¢6 thé manh riéng. Ngon ngit
C* duoc phat trién boi doi ngii k§ su cua Microsoft, duge xdy dung trén nén tang cla cic ngdn
ngit hién dugc dung rat phd bién 1a Delphi, C** va Java. Dy 1a mot ngdn ngit 1ap trinh véi cac
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cong cu lap trinh rat manh, co thé viét chuong trinh trén cac h¢ diéu hanh Microsoft Windows,
Linux va Microsoft.NET [6, 7, 8, 9]. Vi vay, dé khac phuc cac nhuoc diém cua chuong trinh xac
dinh toa d mau ctia anh sang phat quang dya trén ngdn ngit 1ap trinh Delphi da xay dung trudc
day [10], ngdn ngit 1ap trinh C* dugc lwa chon dé xay dung chuong trinh mai.

2. XAY DUNG CHUONG TRIiNH XAC PINH TQOA PQ MAU
2.1. B6 cuc chwong trinh

Muc tiéu dat ra 1a xay dung chuong trinh xac dinh toa do mau cua anh sang phat quang
- 4nh sang phat ra tir ngudn so cip, dua trén ngén ngit l4p trinh C*, chuong trinh phai hién thi
duoc nhiéu két qua khac nhau trén cung mot gian dd toa d6 mau CIE. Noi dung lap trinh bao
gdém céac budc: thiét 1ap gian @6 CIE Lab 1931; tinh cc gia tri toa do mau tir dir liéu dua vao;
hién thi gia tri tinh duoc trén gian d6 CIE Lab 1931. Cuy thé, dé thiét lap gian d6 CIE Lab
1931truée hét vé dudng mong ngua tir bude séong 400-700nm, tiép theo kiém tra timg diém mau
(pixel) trong dién tich bao boi duong méng ngua va chim mau cho mdi pixel theo mau twong
ung duoc tinh tr cong thirc 1y thuyét. Dé tinh cac gia tri toa do mau tur dir li€u dua vao dau tién
xay dung ham tinh toa d6 mau dya theo cong thirc 1y thuyét, tiép theo loc dit liéu dua vao véi do
phan giai 1nm trong khodng budc séng tir 400-700nm va tinh gia tri toa do mau tir dit liu da
loc theo ham tinh da xay dung. Cudi cung, dua theo toa d§ da tinh duoc hién thi toa d6 mau trén
gian do, xem so d6 biéu dién ¢ hinh 3.

M6 file dit liéu
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Hinh 3. So db biéu dién cac budce thuc hién cua chuong trinh.

Két qua do phd phat quang thuong thu dugc dudi dang file dir liéu, gdm mot cot cac gia
tri budc song va mdt cdt gia tri cudng do dnh sang phat quang tuwong tng, do vdy chuong trinh
phai doc dugc cac file dir li€u c6 dinh dang “*.txt” hoac “*.dat”.
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Sau khi mo file, chuong trinh s€ thuc hién qua trinh kiém tra dit liéu, chi chép nhan file
dir liéu thoa man: bao gém hai cot gia tri; cOt gia tri bude song khong cé gia tri am va 0, budc
thay d6i phai nho hon 1.5nm; cot gia tri cudng do anh sang khong co gia tri am. Khi file dit liéu
thoa man yéu cau thi chuong trinh khong béo 16i va chuyén sang thyc hién budc tiép theo.

Luu dit li¢u vao bo nhéd chuong trinh dudi dang hai mang mot chiéu: mot mang chira
gia tri budc song, mot mang chira gia tri cuong do. Loc dit li€u, vi dit li€u dua vao la két qua do
phé trén cac hé do khac nhau, v6i ché d6 do khac nhau nén trong timg file dit liéu gia tri budc
song thay d6i khong gidng nhau, dong thoi c6 thé co gia tri ndm ngoai ving 400nm - 700nm, vi
véy chuong trinh phai ¢6 qua trinh loc dir liéu véi khoang cach dich chuyén budc song 1a 1nm

va hoan toan nam trong vung kha kién.

Tt dit liéu da loc chuong trinh tién hanh tinh toan va xac dinh gia tri toa d6 mau, dya
trén viéc st dung cong thirc tinh tich phan Simpson va cac cong thirc xac dinh gia tri toa d6 mau
X, V, Z trong khong gian mau CIE 1931 da néu ¢ trén. Cac gid tri toa d6 mau vura tinh dugc sé
gan cho tén cua file dit lidu (twong Gmg v6i tén mau do phd phat quang) va luu vao bd nhé.

Cubi cung, chuong trinh s& xuét két qua 1én cira s6 (table box) gém: tén file (tén mau),
gié tri toa d0 mau x, y, z, gi4 tri thong s6 mau co ban B, G va R va vé diém mau tuong tng trén
gian d6 CIE 1931. Bén canh cac gia tri toa d6 mau va diém mau trén gian do CIExyY 1931
chwong trinh ciing v& va hién thi phd anh sing phat quang twong tmg khi cin bang cach nhap
con tro vao timg tén file dir liéu. Cac két qua xac dinh toa d6 mau dugc luu giit trong 6 cing va
c6 thé truy xuit dudi dang file hinh anh dinh dang jpeg, bitmap hoic gif.

2.2. Chay chwong trinh

Dé thyc hién tat ca cac nhiém vu dit ra, sau khi cai dat va khoi dong, chuong trinh duoc
chay bang cac nut 1énh diéu khién trén giao dién ciia chuong trinh, twong tmg véi timg nhiém
vu, nhu biéu dién trén hinh 4.

- Mo céc file dir liéu dung 1énh File\Load hodc tr ban phim nhap 1&€nh Ctrl+O, luc do6
xuét hién cira s6 chira toan bd thu muc cia may tinh, nhap duong din dén thu muc chta cac file
dir lidu két qua do phé phat quang, lya chon mot hodc nhiéu file theo N mudn va két thic bﬁng
nut 1énh Open.

- Sau khi mo cac file dit li¢u chuong trinh tu dong loc dit li€u, tinh toa d60 mau, lvu vao
6 ctmg va hién thi két qua trén Table box. Cong viéc con lai 1a truy xudt két qua theo ¥ mudn.
Poc cac gia tri toa dd mau x, y, z va B, G, R trén cac cot tuong tng. Pé hién thi toa d0 mau trén
gian d6: dat va click con tro vao cac 6 tréng trén cot Name Items. Dé hién thi pho phat quang &
cira sd bén dudi dat va click con tré vao cac 6 mau trén cot Color.
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Hinh 4. Anh chup giao dién ciia chwong trinh.

- Pé luu file anh gian d6 toa d6 mau dung 1énh File\Print hodc tir ban phim phim nhap
1énh Ctrl+P, lac d6 xudt hién cira s6 chira toan bo thu muc cia may tinh, nhap duong dan dén
thu muc mudn luu file anh, Iya chon dinh dang file anh ¢6 san va két thiic bang nut 1énh Save.

- Dé loai bo tht ca cac file dit lidu da dung, thuc hién lai toan bd tinh toan vai céc file div
liéu mai, dung 1énh Edit\Reset list hodc tir ban phim phim nhap 1énh Ctrl+R.

- Bé dong va thoat khoi chuwong trinh dung Iénh File\Exit hodc tir ban phim phim nhap
Iénh Ctrl+X.

3.MQT SO KET QUA THUC NGHIEM XAC PINH TQA PQ MAU
CUA ANH SANG PHAT QUANG

3.1. Anh sang ciia di6t phat quang - dén LED

bé danh gia do chinh xac, sy tin cdy cta cac Kkét qua xac dinh toa d§ mau ctia anh sang
phat quang do chwong trinh dem lai, chung t6i thuc hién do phd phat quang ciia mét s6 dén LED
thong dung phat anh sang mau lam, luc, d6 mau va mau tra"mg, tir d6 xac dinh toa d6 mau anh
sang cua chung.

Céc két qua dugc trinh bay trén hinh 5 duéi day.
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Hinh 5. Phd anh sang phéat quang ciia cac dén LED va toa d6 mau tuong tmg xac dinh duoc.
Chung ta thiy:
- V6i LED phat anh sang mau lam: cyc dai phé 0 khoang 460nm, toa d0 mau x=0.221,
y=0.176 — vung mau lam; gia tri mau co ban B=255, G=101, R=52.

- V6i LED phat 4nh sang mau luc: cuc dai phd ¢ khoang 530nm, toa do mau x=0.293,
y=0.502 — vung mau lyc; gia tri mau co ban B=109, G=255, R=85.

- Voi LED phat anh sang mau do: cuc dai phé 0 khoang 643nm, toa d6 mau x=0.425,
y=0.326 — vung mau do; gia tri mau co ban B=126, G=134, R=255.

- V6i LED phat anh sang trang: gdm dai phd hep cuc dai & khoang 447nm va dai phd
rat rong cuc dai & khoang 575nm, toa d0 mau x=0.364, y=0.382 — nam kha gﬁn diém céan béng
birc xa thudc viung mau tréng vang; gia tri mau co ban B=176, G=245, R=255.

Céc két qua dé cho thy c6 su phi hop rt tdt gitra mau sic 4nh sang quan sat bang mit,
cuc dai phd phat quang va toa d6 trén khong gian mau CIExyY 1931 d6i véi timg loai dén LED.
3.2. Anh sang phit quang ciia mdt s6 vat liéu ché tao dwoc

Tir két qua do phd phat quang cua cac vat liéu thuy tinh ¢6 hop phan P,Os, CaO, Na,O
(PCN) pha tap cac nguyén t6 dat hiém (RE) do chiing t6i ché tao [11], toa d6 mau cta anh sang
phat quang ciing da dugc chwong trinh xac dinh. Két qua nay trinh bay trén cac hinh 6 va 7.

Tir cac két qua dua ra trén hinh 6 va 7 ¢ thé dua ra nhan dinh rang: ciing giéng nhu dbi
v6i anh sang dén LED, d6i v6i 4nh sang phat quang ctia mot sd vat lidu thay tinh PCN pha tap
va dong pha tap cc nguyén td dat hiém ciing co su phu hop rat tdt gitta mau sic anh sang phat
quang, cuc dai phd phat quang va toa do mau xéac dinh duoc.
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Hinh 6. Phé anh sang phat quang kich thich bang birc xa tir ngoai 365nm ciia vat liéu PCN:Eu (0.4%mol)
va PCN:Tb (0.4%mol) va toa do0 mau twong tng xac dinh duogc.
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Hinh 7. Phd 4nh sang phét quang cta vt liéu PCN:Eu,Tb c6 ndng d6 pha tap tuong tmg 0.4%mol Eu, tir
0.1 dén 0.4%mol Tb, kich thich bé’mg btrc xa tr ngoai 365nm va toa d§ mau twong ng xac dinh dugc.

Cu thé chung ta thiy:

- Vit liéu PCN:Tb (0.4%mol) phat anh sang mau luc, nhd chuyén doi 4f-4f dic trung
ctia tim ion Tb*, cho céc dai phd hep va dai co cuc dai & khoang 545nm (btc xa mau luc) manh
nhét. Lac nay, toa d0 mau xac dinh duoc nam trong vung mau luc, co6 gia tri la: x=0.276,
y=0.512.

- Vat ligu PCN:Eu (0.4%mol) va PCN:Eu,Tb (0.4%mol - 0.1%mol) phat quang mau
lam, nho chuyén doi 4£-5d cua tdm ion Eu?*, cho dam phé manh, rong c6 cuc dai 6 khoang
435nm, chiém wu thé hon so vdi cac dich chuyén 4f-4f ciia cac tdm ion Eu* va Tb3* lan luot
cho cac dai phd hep dic trung & khoang 615nm va 545nm. Toa d6 mau xac dinh dugc nim
trong vung mau lam, c6 gia tri twrong ung cho hai truong hgp la: x=0.255, y=0.163 va x=0.237,
y=0.213.
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- Cac vat liéu dong pha tap PCN:Eu, Tb (0.4%mol - 0.2%mol), (0.4%mol - 0.3%mol) va
(0.4%mol - 0.4%mol) phat quang mau xanh lo. Day ciing 1 két qua cua sy dong gop cac buc xa
dic trung cia ca ba tim phat quang ion Eu?*, Eu3* va Tb*, tuy nhién lic nay do ting ndng do
tap Tb nén cac dich chuyén 4f-4f ciia cac tim ion Tb3* chiém wu thé hon, dai phd hep dic trung
¢ khoang 545nm luén cé cuong d6 manh nhét. Toa d mau xac dinh duoc nim trong vung ranh
gidi gitta mau lam va mau luc, kha gan diém cin bang birc xa, véi cac gid tri twong tmg, 1an lugt
la: x=0.298, y=0.329; x=0.308, y=0.364 va x=0.288, y=0.363. R rang la nong d6 pha tap Tb
cang 16n, toa d6 mau cang léch vé ving mau luc va dé co thé thu duoc vat liéu phat anh sang
trang can gia ting su dong gop burc xa mau doé cua tim Eu3* trong cac vt liéu dong pha tap nay.

4. KET LUAN

Chuong trinh xac dinh toa d0 mau cua anh sang phat quang da dugc xay dung hoan
chinh dya trén 1y thuyét vé su phdi mau burc xa, cac ham s d6 nhay ctia mét nguoi c6 san va sir
dung ngdn ngir 1ap trinh C*. Viéc cai dat chuong trinh kha dé dang, giao dién cta chuong trinh
than thién, d& st dung va cho két qua nhanh chéng. Chwong trinh c6 thé 1am viéc véi cac file dit
lidu phd c6 dinh dang “*.txt” hodc “*.dat” duoc do theo cac ché do do, trén cac hé do phd khac
nhau.

Sy phu hop giita 1y thuyét va két qua thuc nghiém xéc dinh gia tri toa d6 mau cua cac
anh sang phat quang khic nhau cho thiy chuong trinh di lam viéc tt, hoan thanh duogc tat ca
cac muc tiéu dé ra. Dac biét 13 viéc dong thoi hién thi nhiu két qua trén gian dd toa d6 mau
gitip cho viéc dinh huéng, didu chinh va xac dinh hop phan vt liéu ban diu trong quy trinh ché
tao vat liéu dé nhanh chong thu dugc vat liéu phat quang phat anh sang c6 gia tri toa d§ mau
nhu mong muén. C6 thé xem day 1a wu diém vuot troi so voi chuong trinh xdy dung dua trén
ngon ngit Delphi trudc day va chuong trinh s€ 1a mot cong cu tbt phuc vu cho viéc danh gia chét
luong 4nh sang phat quang trong cac nghién ctru tim kiém, ché tao vét liéu phat quang méi dap
tmg nhu cau tng dung.
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ESTABLISHMENT OF A PROGRAM TO DETERMINE THE COLOR COORDINATE

VALUES FOR LUMINESCENT LIGHT BY C# LANGUAGE

Le Van Tuat*, Doan Nhat, Do Thanh Tien
Department of Physics, Hue University of Sciences

*Email: tuatlevan@husc.edu.vn
ABSTRACT

The program determining the color coordinate values of luminescent light based on C#
programming language was established and it has met all the requirements set out. When
the color coordinate values were calculated, the program can display the results on the
same color diagram. For example, the color coordinate values of luminescent light from Tb
doped phosphate glass (PCN:Tb) were x=0.276, y=0.512; from Eu doped phosphate glass
(PCN:Eu) were x=0.255, y=0.163; from Eu, Tb co-doped phosphate glass (PCN.:Eu,Tbh)
were x=0.298, y=0.329; x=0.308, y=0.364 and x=0.288, y=0.363 corresponding to
concentration of Eu,Tb were (0.4%mol - 0.2%mol), (0.4%mol - 0.3%mol) va (0.4%mol -
0.4%mol). Since we can make the appropriate adjustments for the manufacturing process
to obtain a light emitting material with the desired color. The paper presents the results of

that study.

Keywords: CIExyY1931, luminescent, color coordinate.
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