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ANH HUONG CUA ANH SANG MOI TRUONG DEN
PO CHINH XAC HIEU CHUAN HE THONG PO 3D BANG ANH
SANG MA DICH PHA KET HQP MA GRAY

Nguyén Thi Kim Cuc'”, Nguyén Vian Vinh', Ngd Anh Vii>, Nguyén Viét Kién'

Tém tit: Hiéu chudn la mot qua trinh rat quan trong doi véi mot hé théng do 3D
bang dnh sdng md dich pha két hop ma Gray. Pé thu dwrgc mét két qua do chinh xdc
tht hé thong do phaz dwoc hiéu chudn tot. Qud trinh hiéu chudn phu thudc vao nhiéu
Yéu to: cdc thong s6 ctia hé thong, dnh sang méi truong xung quanh... Bai bao nay
quan tam dén anh hieong cia dnh sang méi truong dén két qua hiéu chuan. Hé
thong thuc nghiém dwoc hiéu chudn & 13 mirc do roi cia anh sang moi truong tu 0
dén 360 lux lén bé mat bang hiéu chuan. Két qua thuc nghiém da xac dinh duoc
quan hé cua anh sang moi tru*ong va két qua hiéu chudan. Két qua thwc nghiém da
chi ra trong qud trinh do néu diéu chinh dwoc do roi cia dnh sdang moi trirong nam
trong khoang tir 100 @én 200 lux thi sai léch hiéu chudn hé thong dat duwoc gia tri
nho nhat.

Tir khoéa: Higu chudn hé théng, Do 3D bang 4nh sang céu triic, M dich pha két hop Gray.
1. PAT VAN PE

Trong nhimg nam gan day, phuong phap do 3D quang hoc bién dang bé mit bang anh
sang ciu trac dang dugc thé gidi quan tam nghién ctru, phat trién va tmg dung rong rii.
Nguyén ly cua phuong phap do 3D bang anh sang céu tric 1a anh sang dugc ma hoa theo
ham cuong d6 hoac mau sac theo khong gian va thoi gian lén be mit vat thé can do. Chum
anh sang ma hoa duogc chiéu 1én khung hinh dugc goi 1a anh mau anh sang. Anh mau anh
sang xuat hién trén bé mat 3D chi tiét do duoc thu lai boi hé théng méay anh. Su bién dang
ctia anh mau anh sang trén chi tiét so v&i anh mau anh sang cho phép xac dinh duoc toa do
cla cac diém trén bé mit chi tiét thong qua phu(mg phap tam giac lugng [1]. Mbi tuong
quan vé vi tri hinh hoc giita may anh va may chiéu so véi d6i twong do dwgc hiéu chuén
chinh xac. Véi su tién bo cia khoa hoc k¥ thuat va cong nghe may tinh, phuong phap do
bién dang 3D quang hoc ngay cang tré nén dé dang hon, téc do do va do chinh xac ngay
cang cao, co thé do nhiéu chi tlet cung lic. Tuy nhién, phuong phap nay van con nhiéu han
ché do anh huodng cua nhleu yéu t6 dén qua trinh giai md anh sang nhu: dic tinh bé mit
dbi tuong do, cac thong s6 cua hé thong quang hoc quang sai, phuong phap hiéu chuan,
cuong do sang nén hay nhiéu moéi truong. Cac yéu to nay s€ anh huong den qua trinh dung
lai bién dang ddi twgng do. Dé giam thiéu cac sai s6 trong qua trinh do can phai hidu chuan
hé thong trude khi do. Muc dich cua hiéu chuan 1a xac dinh dugce sai léch gitia hé thong
thuc so véi hé théng 1y tudng. Thong s6 hiéu chuin dugc xac dinh voi cac ndi thong s6 va
ngoai thong sd cang chinh xac két qua do thu duogc s& cang chinh xac.

Pé x4c dinh mbi quan hé cia cac diém trén toa do thuc va anh thu duge dung hai thong
s6 chinh 1a: cuong d6 sang va toa do diém anh. Cudng do sang cia cac diém anh phy
thuoc vao cudong do sang ciia ngudn chiéu, hé sé phan xa cua bé mit dbi twong do va
cuong d¢ anh sang moi truong xung quanh. D6 chinh x4c cua toa do diém anh phu thudc
vao do chinh xac ctia cac thong s0 quang sai hé quang [2]. Cac nghién ciru duogc cong bd
trén the gidi da ching minh mét sb yéu t6 anh huong dén do chinh xac hiéu chuan, nhung
yéu t6 anh huong cta anh sing moi trudng chua dugc dé cap rd rang va cu thé [2]. Trong
bai bao nay, anh sang moi trudng dugc xac dinh 1 ¢6 anh huong dang ké dén do chinh xac
hiéu chuén thong qua cac sai s6 hiéu chuin va hé sé méo anh.
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2. NGUYEN LY HOAT PONG CUA HE THONG

’Dé Xdc dinh sy anh hudng cua énh sang moéi truong toi do chinh xdc hi¢u chuén hé
thong can phai hi€u hinh anh vat thé hinh thanh trén cam bién cia mdy anh thé nao théng
qua cuong do sang va cac thong s6 anh hudng dén do chinh xac cia toa dd di€ém anh thu
duoc.

2.1. Nguyén Iy dich pha két hgp Gray
Nguyén Iy cia phuong phap dich pha la chié'u’ tudn ty mau chiéu anh sang theo ham
cuong do va dich pha v6i chu ky 7. Cac hudng chiéu dugec ma hoa theo gia tri pha [3]:

Ly, ) =1"(xy) 1" (x,y) cos [ }(xy) + 8(1)] (1

Trong d6: I; (x,y,¢) 1a cuong d6 sang ciia cac anh mau chiéu dwoc chiéu bang may
chiéu; I’(x, y) 1a cudng do anh sang nén; I”’(x,) 1a cuong do anh sang diéu bién; @(x, v)
ban do pha cta séng; 8(t) = T‘T i 1a hing s goc dich pha, i=1, 2, 3, 4 1a thi ty ma dich

pha. Giai phuong trinh véi dich pha 4 budc ciia anh pha thu dugc gia tri pha twong d6i
nhu sau:

. _ Iy () =l ()
¢ _(xy) = arctan [m] ()

Theo cong thirc (2) ham arctan gian doan theo chu ky -m dén +r, dung thuat toan Gray
dé g& pha thoi gian loai bo sy gian doan pha (-m,+7). Phuong phap Gray cho phép mo ta 2"
hudng chiéu khac nhau ciia may chiéu. Voi n méa Gray, khong gian do dwoc chia thanh 2"
khong gian con duy nhat ¢6 gia tri kg [4], mot chu ky ma dich pha tuong ing véi mot ma
Gray duy nhat. Viéc két hop ma Gray s& don gian héa qua trinh g& pha bang cach xac dinh
vi tri gian doan va sau d6 di chuyén chung bang cach thém hodc bot di mot lwong kg
modul pha tir qua trinh g& pha tuong ddi. Pha tuyét d6i co thé xac dinh thong qua g& pha
bang mi Gray [5] dugc thé hién thong qua cong thirc sau:

&, = 2uk, + D, 3)

Pha lién tuc @, sau d6 c6 thé dugc sir dung dé xay dung lai toa do (x,v,z) cla chi
tiet do.

Gia str cuong d6 sang thu dugc bang may anh 1a I, (x, y) va cuong do sang chiéu tir
may chiéu la 1, (x, y). Trong hé thdng str dung anh sang mé dich pha va Gray cac yéu t6
anh huong den sy hinh thanh céc van cua anh bao goém: (1) Anh sing méi trudng xung
quanh chiéu tryc tlep dén cam bién anh voi cuong d6 L,; (2) Anh sang xung quanh va anh
sang chiéu tir cac phan bé mat khac co hé sb phan xa R, td1 bé mat ddi twong I,= (@ +
Rpl,); (3) Anh séng cau trac véi cuong 40 1, chiéu tir may chiéu va phan xa tir cic phan bé
mit dbi twong c6 hé sb phan xa R, twong Ung 1a R, I,. Gid st d phoi sang ¢ cuia mdy anh
duogc giit khong dbi trong qua trmh do. Cuong d6 sang cua anh I, (x, y) ¢6 mdi quan hé
tuyén tinh véi hé sO phan xa nhu vay d¢ nhay & cuia cam bién anh ciing s€ khong doi.
Cuong do anh sang ma mot phén ttr anh thu duge tir mot diém co hé sb phin xa R _ trén
dbi twong do duogc trinh bay trong phuong trinh sau [6]:

I, =tAR, (1 +R,) + 1, (R, +1)] ©)

Phuong trinh (4) cho thiy cuong do anh sang thu dugc cua mot diém anh do phu thudc
vao cuong do chiéu sdng cua may chiéu toi bé mat dbi tuong /,, cuong do anh sang tir cac
vung xung quanh cua dobi tuong phan xa dén may anh va cuong do anh sang moi truong
chiéu tryc tiép vao cam bién anh 7,. Dé don gian phuong trinh (4) gia sir cac thong sd
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cuong do 1, cua may chiéu 1a c6 dinh, dic tinh phan xa ctiia bé mat dbi tuong do R, cling
khong d01 trong qua trinh do. Trong phuong trinh (4) chi xét dén anh huong cua 1, dén L.
Thong s6 I,, cang 6n dinh thi 7, cang 6n dinh. Tuy nhién, gi4 tri cua thong s6 7, 6n dinh
trong mirc nao thi thu dugc két qua hiéu chuan tét nhét thi chua dwoc nghién ctru. Trong
nghién ctru nay sé nghién ctru anh hudng cua anh sang moi truong chiéu tryc tiép vao may
anh théng qua do chinh xac cta cc thong s hiéu chudn va do chinh xac hinh dang d6i
tugng do. Cac két qua hiéu chuan s& dugc thu va phan tich danh gi4 trong diéu kién anh
sang moi truong thay doi tir 0 dén 360 lux.
2.2. Hiéu chuén h¢ théng

Mot hé théng do chinh xac yéu cau phai duoc hig¢u chuén chinh x4c. Qua trinh hiéu
chuén la qué trinh xac dinh cac ngi thong s6 bao gém chiéu dai tiéu cy, hé sb do nghiéng
diém anh, toa do tdm ctia cam bién kich thudc diém anh va ngoai thong sb 1a ma tran quay
R va véc to tinh tién # cua hé toa d6 may anh {o¢; x°, y¢, z°} sang hé toa do may chiéu {o";
x, y*, Z°}. Hiéu chuan xac dinh

/Oi—é dugc cang nhiéu thong s6 va chinh
Ty xac thi hé thong hoat dong cang

chinh x4c.

Truc quang 2 4 n 2 , A 4 5
Truc quang my chida bé hi€u chuan cac thong so cua
may anh — h¢ thong, phuong phap hiéu chuin
X o XP cia Zhang [7] dugc d€ xuat su

p 4 A
v° bl Z dung. Theo phuong phap hiéu
o° chuan nay may anh dugc mo ta boi

Thau kinh

mo hinh 16 nhoé co tinh dén quang
sai v&i ndi théng sd va ngoai thong
sO. Hinh 1 mo ta hé toa do hé thong
dugc thiét 1ap dua trén bang hiéu
chuén trén mat phang o"x"y". Trong
Cimbiée  h¢ thong nay may chiéu cung duoc
© m& A 0oi 1a mOt md hinh may anh nguogc

Hinh 1. So d6 quang ciia hé thong do. nén viéc hiéu chuén cac thong sd
clia may chiéu ciing twong ty nhu hiéu chuin may anh. Bang hiéu chuan 1a mot bang
phang va dugc chia thanh cac 6 vuong den tring xen k& déu nhau. May chiéu chiéu anh
mau 1én bang hiéu chuén thyc, may anh thu lai anh ctia bang hiéu chuan sau d6 kiém tra
kich thudc va su thiang hang cia diém goc cac 6 vudng. Néu kich thude cua cac 6 vudbng
nam trong gi6i han cho phép [8] va su thang hang 1a tét, nghia 14 hé thong dugc hicu
chuén chinh xéc.

may anh

X (U5 Vo)

UC

Cam bién
may anh O

Mdi quan hé gitra mot diém trén vat thé va phép chiéu ctia n6 trén cam bién anh la:
s.I = A.[R,t].X", Q)

Trong d6: s 1a hé ) ty1&; 1= [u, v, I ]T la toa do déng nhét cua diém anh trong h¢ toa
d6 hinh anh; A 1a ma tran ndi thong sb cua may anh va may chiéu
fu ¥V uy
A=10 f, v, (6)
o 0 1
V6i: (g, vy) 1a toa do cua diém gbc; £, £, 1a chiéu dai tiéu cy ciia may anh doc theo
truc u va v ciia mat phéng anh theo don vi diém anh; y1a thong s6 biéu thi do nghiéng cia
hai truc hinh anh; /R, E] 12 ma trdn ngoai thong s6 dugc thé hién:
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o0 Tor Toz
R=rp T1 T2, t={tx & &}, (7
T2 T Taz

X' =[x"y" 2" 1]"1a toa d cua diém do.

Tuy nhién, cong thirc (5) chi dai dién cho mé hinh tuyén tinh ciia may anh va may
chi€u. Trong thuc t€, cac ong kinh nay c6 thé tao ra méo anh va mé hinh may anh 16 nhé
s€ khong dai dién dugc cho hé thong do chinh xac néu khong tinh dén quang sai méo anh
cta ong kinh. Quang sai méo anh 1a yéu t0 anh hudng l6n nhat dén ti 1€ tao anh va do
chinh x4c tao anh trong may anh. Quang sai méo anh gém hé s6 méo hudng tdm va hé so
méo hudng kinh dugc hi€u chuan thong qua cong thirc sau:

{u’ =u+ (u—up) (kg +kr* + ks ) + [2puv +p, (7% +249)]) ®
. i . - 8
v =v 4 (v - (ke + ko vt ke ) + [2pyur + 2, (77 + 209)])

Trong d6: (u, v) va (u', v") biéu thi toa do diém anh 1y tudng, toa do diém anh thuc
clia may anh va may chiéu; r = vu? 4 2 biéu thi cho khoang cach tuyét dbi giita diém
4nh va diém goc trén may anh, mdy chiéu; k; ,k; k3 12 hé sO méo anh hudng tam va py
P, 1a hé s6 méo anh tiép tuyén cia may anh va may chiéu.

Nhu vay, qua trinh hiéu chuén hé théng chinh 1a qua trinh xac dinh cac hé $6 tuyén
tinh: f,, f Ug. Vg, R, ¢ va cac hé sO phi tuyen: ky, k, ks p, p, mot cich chinh xac.
Tuy nhién, qua trinh hi¢u chuan cac hé sb nay dua vao cudong do sang ctia anh /. va toa do
cua diém anh thu dugc nén yéu to anh sang moi truong can dugc khao sat dé lam giam anh
hudng cua nd dén do chinh xac xac dinh cac thong s h¢ thong.

3. KET QUA THUC NGHIEM VA THAO LUAN

Thiét bj do 3D thuc nghiém st dung phuong phéap dich pha két hop ma Gray gém: mét
may chiéu InFocus N104 sit dung cong
ngh¢ DLP véi @6 phan giai (1280:£960),
mot miy dnh DFK 41BU02 c6 d6 phan  ELESECIRSMER
giai (1280%960) va mot may tinh. R

Tir cac thong sb ciia may anh, may
chiéu, khoang cach gitta chiung b =130

mm va khoang cach dat vat do L= 500 Ban quay ek c'h,iéh
mm xac dinh dugc giéi han vung do : g
Rong x cao x sdu =245 x 182 x 90 (mm). e

Bang hiéu chuan duoc dit trong ving do
voi kich thude 180 x 1’80 mm chia thanh Hinh 2. Hé théng do 3D sir dung anh Sdl’lg
12 x 12 6 vudng den trang xen k& nhau c6 ma dich pha két hop Gray
kich thudc 15 mm. : i '

Thyc nghiém voi su thay dobi gia tri d0 roi do anh sang moi truong xung quanh lén
bang hiéu chuan trong mdi 1an hiéu chuan va dugc lip lai 5 1an. Mdi 1an hiéu chuén st
dung 10 vi tri, goc bat ky ctia bang hiéu chudn nam trong giGi han ving do. Diéu kién anh
sang moi truong trong thyc nghiém dugc xiy dung giéng voi diéu kién chiéu sang cong
nghiép. Gia tri do roi do 4nh sang moi truong dugc chia thanh 13 mirc trong khoang tir 0
dén 360 lux ldy theo tiéu chuén chiéu sang cong nghiép TCVN 7114-1:2008 va duoc do
bang Lux ké (LX1010 BS). Cac thong s6 khac nhu vi tri gitta may anh va may chiéu, hé s6
phong dai tiéu cy cua hai thiét bi khong thay doi.
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Két qué thuc nghiém hiéu chuin v6i mdi gia tri d6 roi thu duoc ndi thong s, ngoai
thong s6 va cac h¢ sb méo anh cia hé théng. Véi k¢, ks, k5, p{, p; la thong s méo
anh ctia may anh dugc xac dinh theo cong thirc (8) trong mdi lan hiéu chuin may anh va
gia trj trung binh ctia 5 1an higu chuan twong ng 1a & th, k5 tb, k5 tb, p{tb, psth.. Véi
kP, kP kP, p!', p? 14 thong s6 méo anh ctia may chiéu dugc x4c dinh theo cong thirc (8)
trong mdi 1an hiéu chuin may chiéu va gié tri trung binh ctia 5 1an hiéu chudn tuong tng 1a
kP th, kP tb, kP th, p!tb, p?tb. Hinh 3 thé hién mbi quan hé cta cac thong s6 méo anh

trung binh do d6 roi ciia anh sang moi trudng.
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Hinh 3. Do thi moi quan hé giita anh sang moi truong xung quanh
va cac hé so méo anh cua may anh a, va may chiéu b.
Hinh 3a biéu thi hé s6 méo anh huéng tdm va tiép tuyén trung binh ctia may anh trong
5 lan hi€u chuan so véi d6 roi mdi tudong thay doi. Hinh 3b bi€u thi hé s6 méo anh hudng
tdm va tiep tuyén trung binh ctia may chicu trong 5 lan hi¢u chuan véi do roi moi tuong
thay do6i. Trén d6 thi hinh 3a va 3b céac thong soO méo anh hudng tam bac 1 va 2 cua may
anh va may chiéu: k{ tb, k tb, va k' tb, k! tb trén d6 thi thé hién r6 anh huéng cta ching
dén sai léch hiéu chuan ctia may anh va may chiéu. Cac thong sé méo anh tiép tuyén
pith, psth, plth, p!tb, cia miy anh va may chiéu gan bang 0 chimng t6 sai sé higu

chuan ctia may anh va may chiéu khong bi anh huong boi cac thong s6 nay. Theo cong
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thic (8) thong s k5 th va k! tb 1 h¢ sb méo hudng tim bic cao ciing sip si bang 0 nén
khong anh huéng dén do chinh xéac hiéu chuan ctia may anh va may chiéu.

Két qua thyc nghiém moi quan hé gitra sy thay doi do roi 4nh sang mdi trudng va dé
chinh xac hiéu chuin tong hop theo cong thirc (8) duoc thiét lap nhu hinh 4. Thong sO
CE, PE, SE tuong (mg biéu thi sai s§ hiéu chuin trung binh ciia may anh, may chiéu va
hé thong.

Tir d6 thi hinh 4 nhan thay néu thay doi do roi tir 0 dén 100 lux va tir 200 dén 360 lux
thi d6 chinh xé4c hiéu chudn ciing bién thién 16n: CE tir 0.202 dén 0.354 diém anh (pixel);
PE tir 0.071 dén 0.132 (diém anh); SE tir 0.222 dén 0.345 (diém anh); V&i d6 roi trong
khoang 100 lux dén 200 lux thi sai s6 hiéu chuan bién thién nho: CE tir 0.202 dén 0.215
(diém anh); PE tir 0.070 dén 0.087 (diém anh); SE tir 0.222 dén 0.244 (diém anh). Nhu
vdy, do roi cua anh sing méi truong c6 anh hudng dén cac thong sd quang sai ciia hé
thdng do ma trong do sai s6 chinh 13 quang sai méo anh hudng tdm bac 1 1a k; va bac 2 1a
k, ctia thiu kinh méay anh va may chiéu tinh theo cong thirc (8).
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Hinh 4. Do thi moi quan hé gitva anh sang moi truong xung quanh
va do chinh xdc hiéu chuan.

Dé kiém tra d6 chinh xac hiéu chuan anh huong dén két qua xay dung lai bién dang 3D
ctia chi tiét do. Tir hinh 4 xét hai trudng hop hiéu chuan véi do6 roi anh sang méi trudong
khac nhau: Truong hop 1(a) khi d6 roi do anh sang méi trudng 1a 160 lux nam trong ving
sai sO hiéu chuan bién thién nho. Truong hop 2(b) khi d6 roi do 4anh sang méi truong 1a
300 lux ndm trong ving sai s6 hiéu chuin bién thién 16n. Két qua hiéu chudn cua hai
truong hop duge thé hién trong bang 1.

Bing 1. Két qua hiéu chudn trong hai truong hop.

Thone sé/ Sai s6 hiéu chuan
Troone to | Mayanh | My chiéu | Hg thong
£19P | (piém anh) | (Diém anh) | (Diém anh)
a 0.206 0.077 0.229
b 0.305 0.083 0313

Pé xac dinh sai s6 do, mat phang Iy tuong dugc xdy dung phu hop nhit v6i dam may
diém 3D mit phang di dung. Két qua dyng hinh mat phang do va mit phang 1y tuong thé
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hi@n & hinh 5. Hinh 5 1a két qué dung hinh mat ph:fmg do vé6i d6 chinh xac hiéu chuin hé
thong trong hai truong hop.

Mat phang IV tuéng

I e Mt phang 1 trong |
o
= 0
E L TOa -
A5 W
0a o, A -
2} a |D r n"  1- 2 | -‘__.a 100
5 600 el am may diem do -
wo - . -200 i el &
ke " B =100 T L~ a
e a e .--"" i
2 1K 00 P S =0 ;
(it An Yirmm) ximen) s 100 ¥{mmj
a, b,

Hinh 5. Sai léch bé mat do véi bé mat ly twong trong hai truong hop voi do roi
anh sang moi truong la 160 lux va 300 lux.

Hinh 5 cho thdy d6 phang ctia dam may diém do & d6 roi 160 lux c6 sai 1éch nho
khoang 0.242 mm. Con dam may diém do trong truong hop do roi 1a 300 lux c6 xu huéng
cong nhiéu vé phia xa va c6 sai léch 0.432 mm. Ching té quang sai méo anh lam sai léch
két qua hiéu chuin va anh hudng truc tiép dén toa do cua cac diém 3D gdy sai sb dung
hinh 3D d4m may diém.

4. KET LUAN

Thyc nghiém da ching minh d9 roi do anh sang moéi trudng c6 anh hudng tdi két qua
hi¢u chuan Véi gia tri I, str dung trong thi nghiém néu trén, khi d6 roi do anh sang moi
truong nam trong khoang 100 lux dén 200 lux thi 6 chinh x4c hiéu chuin may anh, may
chiéu, va hé thong bién thién nho khoang 0.017 (diém anh). D6 roi do anh sang madi trudng
nho hon 100 lux hogc 16n hon 200 lux thi két qua hi¢u chuan kém chinh xac do bién thién
16n hon 0.062 (diém anh). Két qua thyc nghiém con cho thdy trong 5 hé s6 méo anh dugc
nghién ctru, hé s6 méo anh hudng tdm béc 2 va béc 4 c6 anh hudng lon dén ket qua hi¢u
chuan. Két qua do nay co thé dugc sir dung cho hé théng do bang anh sang ciu truc sir
dung mét may anh va mot may chiéu.
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ABSTRACT

EFFECTS OF AMBIENT LIGHT TO THE CALIBRATION ACCURACY OF 3D
MEASUREMENT SYSTEM BASED ON PHASE SHIFT COMBINED WITH GRAY
CODE PATTERNS PROJECTION

Calibration is an important process for a 3D structured light measurement
system. In order to obtain an accurate measurement resul, the system must be
calibrated well. The calibration process depends on many factors: system
parameters, ambient light... In this paper, a study on the effect of ambient light on
the accuracy of system calibration is presented. The experimental system is
calibrated at 13 illuminance levers of 0 to 360 lux on the calibration target.
Experimental results have determined the relationship of ambient light and
calibration results. Experimental results show that the ambient light in the range of
100 to 200 lux, the system calibration error is the smallest.

Keywords: System calibration; 3D structured light measurement; Phase shifting and Gray code.
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