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TOM TAT— Thiét bi Microsoft (MS) Kinect ngay cdng duoc sit dung rong rai trong cdc irng dung thi gidc mdy, twong tac
nguwoi mdy, robot dan duong... Khac voi cac thiét bi Time-of-flight camera ddt tién truée ddy, Kinect c6 wu diém la gia ré nhung
van cung cap dir liéu vé do sau dong thoi véi anh RGB ¢ do phan gidi chdp nhdn dugc. Tuy nhién Kinect duoc thiét ké déng kin ca
vé phan cimg va phan mém, do dé phat trién ving dung trén Kinect thwong gdp mot sé van dé kho khan nhu: khong twong ig giita
toa do hinh dnh va dé sdu, nhleu va 16i do trong dnh dé sau... Bai bdo ndy sé trinh bay mét s6 hidng giai quyét nhung van dé can
ban nay, tao nén tang phdt trién cdc iing dung trén thiét bi Kinect. Pdu tién, ching t6i gici thiéu vé phan cimg Kinect va cdc bé thu
vién mé hé tro Kinect, ddc biét la bg thir vién mé OpenKinect. Tiép theo, chiing t6i trinh by phwong phdp can chinh, sita méo, lam
khép (Kinect Calibration) dit liéu hinh anh va d6 sdu. Khai thac thong tin vé dg sdu la mot trong nhitng diém manh ciia Kinect,
chung t6i sé trinh bay phuong phdp s dung anh do sdu dé tach nén, vmg dung trong bai todn phdt hién cir chi tay nham hé tro
trong viéc nhdn dang trong cac bai todn tiép theo. Két qua tach duoc so sanh danh gid voi phicong phdp sir dung dit liéu anh RGB
truyén thong, cho thay wu viét vieot tréi ciia thiét bi Kinect trong gidi quyét van dé tach doi twong ra khéi nén trong cdc vmg dung thi
gi&c may tinh.

Tir khéa— Kinect, Computer Vision, Detect hand, Gesture Recognition, ROC curve, histogram

I. GIOI THIEU CHUNG

Cam bién Kinect ra doi ¢d mo ra mot linh vuc méi trong nganh khoa hoc thi gidac may tinh, linh vuc ma cac ndi
dung nghlen ctru tir trude dén nay chi tap trung ¢ anh don sac (Gray scale) hoac anh mau (RGB). Microsoft Kinect
(MS Kinect') ngoai kha ning cung cap anh mau thi no con cung cap ca anh d sau. Ung voi mdi pixel trén anh mau
RGB, anh d9 sau cho khoang cach tir d6i tugng dén thiét bi. Cac ung dung khoa hoc thi gidc méy tinh gan ddy dua trén
phan tich dit liéu anh d¢ sdu da 1a cam hing dé phat trién rit nhiéu linh vuc nhu: nhan dang hoat dong ctr chi nguoi
[11], phat hién sy kién bat thuong [13], hd tro robot di chuyén [14], nhan dang dbi twong trong khong gian 3-D ....
Hién nay, & Viét nam da c6 mot $6 nhom nghién ctru st dung Kinect nhu: phat hién sy kién nga [12], nhan dang hoat
dong ctia ngudi [15]... Trong nghién clru nay chung t6i tip trung phan tich mot sb van dé thudng gap khi khai thac dit
lidu anh d6 sau nhu lam khép (joint) dir liéu d6 sau va anh mau; sira nhidu trén anh d6 sau. Ching t6i ddng thoi trinh
bay mot phuwong phap hiéu qua trong bai toan trir nén chi sir dung anh d6 siu, tng dung trong bai toan nhan dang phat
hién ctr chi tay.

A. Cdc thanh phan phdn cieng ciia Microsoft Kinect

Hinh 1 gidi thi¢u vé cac thanh phﬁn ciia mot cam bién Kinect va mot vi du vé dit liéu hinh anh, do sau thu tir cam bién
nay.
Dén trang thai Cim bién d6 sdu 3D

: Miv inh miu RGB

Miy anh hong ngoai

Diay microphone

Miy chiéu hong ngoai

B0 phin xoay
Hinh 1. Camera Kinect
Céc thanh phan bao gom:
Dén béo trang thai: 1a dén LED nhd, khi thiét bi hoat dong c6 mau xanh.

B6 phan xoay: gitp cho cam bién quay ngang 75°, doc 43° va nghiéng + 27°. )
May anh mau (RGB): cho anh mau 8 bit va c6 hai ché do thu nhan anh c6 d6 phéan giai twong tng vai toc do thu nhan
nhu sau:

* Microsoft Kinect — MS Kinect : Trong bai béo nay ching toi goi tét la cam bién Kinect. Mac du thyc té khong chi
Microsoft phat trién Kinect; M0t s6 san pham Kinect khac nhu Asus, Primsense, SoftKinect.
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e Tbc do thu nhan 30 anh/gidy cho anh c6 do phan giai 640 x 480 diém anh.

e Tbc do thu nhan 10 anh/gidy cho anh c6 do phan giai 1280 x 1024 diém anh.
Cam bién d0 sdu 3D: gdm may chiéu hong ngoai va may anh hong ngoai két hop cho ra anh do sau 11bit trong d6 3bit
déu dinh dia chi va chi c6 8 bit sau la dir liéu anh. Khoang cach cho phép 0.8-3.5m. Ciing nhu mdy anh mau, thiét bi
kinect thu anh d6 sau ¢ hai ché d9 c6 d6 phan gidi tuong tng véi toc d¢ thu nhan nhu sau:

e Tdc do thu nhan 30 anh/gidy cho anh c6 do phan giai 640 x 480 diém anh.

e Tdc do thu nhan 10 anh/giay cho anh c6 do phan giai 1280 x 1024 diém anh.
Day microphone: gdm cac microphone bd tri doc thiét bi MS kinect. Mdi thiét bi c6 4 bo thu am va xir Iy 4m thanh
16bit cho moi kénh, voi toc do lay mau 16kHz. Day microphone nay dugc st dung cho cac Gng dung am thanh nhu
giong noi.

B. Cdc bg thw vién lam viéc vdi Kinect

Thiét bi Kinect dugc thiét ké 1a mot san pham tro choi ctia Microsoft, né dugc dong goéi kin ca vé san pham phan cling
va phan mém. Tuy nhién cac tinh nang uu viét cua nd da thu hut dwoc sy quan tdm cua déng dao cac nha khoa hoc
cling nhu cac nha phat trién phan mém trong linh vuc xir 1y anh. Cho dén nay di c6 mot s6 thu vién ndi bat hd tro phat
trién ng dung Kinect:

e Microsoft Kinect SDK: Pay 1a bo cong cu phat trién phan mém Kinect cung cip béi hing Microsoft, duoc
cong ddng sir dung thiét bi kinect str dung hiéu nhit, phat hanh phién ban dau vao 16/6/2011 chi st dung dugc
trén windows 7 va chi cung cip cho cic muc dich phi thuong mai, v&i cdc muc dich thuong mai thi phai st
dung phién ban Kinect for Windows (K4W). Hon nira, day cting khong phai la ma ngudn mé va né chi hd trg
viéc theo ddi toan bo ddi twong ma lai thiéu nhiéu tinh ning co ban hd trg trong xur ly anh khi theo ddi tirng bo
phan nhu nhén dang ctr chi, phat hién tay, .... B cong cu nay cho phep truy xuit nhiéu Kinect ciing mot liic.
Dia chi web truy cap dé tham khao thong tin vé by thu vién nay tai http://www.microsoft.com/en-
us/kinectforwindows/. Phién ban ciia bd cong cu niay cho dén 2/2014 1a v1.8 véi mdi b cong cu gom
KinectSDK-v1.8-Setup va KinectDeveloperToolkit-v1.8.0-Setup. Bén 10/2014 s& c6 phién ban 2.x

e OpenNI (Open Natural Interaction): OpenNI la thu vién hd tro da ngdn ngi trén nhiéu platform khac nhau, do
d6 n6 cho phep chay trén nhidu hé diéu hanh, gitp cho cac viéc viét cac tmg dung trén Kinect thuan tién hon.
Cho phép truy Xuét nhleu kinect cung mot lic. Dy co thé dugc coi nhu 13 mét bd cong cu trung gian dé giao
tiép voi Kinect cung cép boi mot td chirc 1am viée voi muc dich phi loi nhuén, cho phép xay dung cc tng
dung thuong mai héa. Bo cong cu nay hd trg theo cho viéc ddi nguoi ciing nhu viéc theo ddi cir chi ban tay va
nhan dang cir chi ban tay, hd trg bam co thé ngudi. Tuy nhién, diy khong phai 1a ma ngudn mé. Dia chi web
truy cap dé tham khao thong tin vé bo thu vién nay tai http://www.openni.org/. Phién ban cho b thu vién nay
dén thang 2/2014 12 2.2.0.11. Bén thang 4/2014 thudc so hitu ciia hang Apple.

e LibFreeNect: la thu vién duogc tao ra va duy tri boi mot cong dong mé ngudi ding thiét bi Kinect
(OpenKinect) dé sir dung cho cac tmg dung str dung thiét bi Kinect. Cong dong OpenKinect lam viéc hoan
toan ty nguyén va khong vi muc dich lgi nhuén, ho phat trién Libfreenect thanh mot thu vién ma nguén mo
cho céc hé didu hanh khac nhau sir dung cho thiét bi Kinect trong cac ng dung xtt 1y anh nhu: Windows,
Linux va OS X. Hién tai, Libfreenect dugc dong goi cho viéc str dung trén Python, C, C++, C#, Java INI, Java
INA, Javascrlpt Hon nira 1ap trinh vién c6 thé st dung thu vién ma ngudn mo nay cho bét cir dy 4n nao, nd
ciing hd tro nhiéu tinh ning trong xtr Iy anh, cho phép truy xuat nhiéu Kinect cing mot liic. Dia chi web truy
cap dé tham khao thong tin vé bd thu vién nay tai https://github.com/OpenKinect/libfreenect/ hoic
http://developkinect.com/tags/libfreenect.

C. Co ché hinh thanh dnh dj sdu va cdc van dé voi anh dp sau

Co ché hinh thanh anh d6 siu ctia Kinect 1a n6 sur dung cap gom camera hong ngoai (IR camera) bo phat anh sang hong
ngoai (IR Projector) phét ra anh sang c6 céu trac (structured light) dé tao ra gia tri do sdu bang cong nghé Light coding
cta PrimeSense. Ky thuét light coding dung nguon sang hong ngoai ctia bo phat anh sang hong ngoai chiéu lién tyc vao
mdi truong xung quanh két hop véi viée sir dung may anh hdng ngoai chyp lai, sau d6 tinh toan dé thu duoc anh do
sau. Bang viéc so sanh gilra mau quan sat duoc va mau tham khao biét trude, Kinect dy doan vé khoang cach tir Kinect
dén dbi twong. Kinect c6 thé cung cip anh d6 sau trong didu kién anh sang rat ti va it chiu anh hudng cua chat luong
bé mit vat thé. Hon nita, thiét bi Kinect c6 gi4 thanh ré, nho gon va rat d& sir dung, do phan giai va tbc d6 thu nhan anh
chdp nhan dwoc (1280 x 1024 diém anh hoidc 640 x 480 diém anh). Tuy nhién, trong thuc té, phwong phap do d6 sau
cta Kinect thuong gip mot sb 131, hodc sai sé do phu thude khoang cach [9]. Vi du, khi Kinect do anh do sau véi dbi
tugng la mot bé mat phéng, mot ) luong nhiéu dang ké trén anh d0 sau co thé quan sat dugc. Mot véAn dé khac 1a phéi
ghép cac két qua anh d¢ siu thu duoc tir cac Kinect khac nhau. Cac van dé vé sira 16i va Calib Kinect d6i v6i anh do
sau dugc trinh bay trong phan dudi day.


http://www.microsoft.com/en-us/kinectforwindows/
http://www.microsoft.com/en-us/kinectforwindows/
http://www.microsoft.com/en-us/kinectforwindows/
http://www.openni.org/
http://www.openni.org/
https://github.com/OpenKinect/libfreenect/
https://github.com/OpenKinect/libfreenect/
http://developkinect.com/tags/libfreenect
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Hinh 2. Phuong phap do gia tri d§ sau cua Kinect
I1. CAN CHINH DU LIEU PO SAU (DEPTH) VA ANH (RGB)
A. Kinect Calibration

Do anh thu thap tir 02 cam bién dat ¢ cac g6c nhin khac nhau lam cho dir li¢u thu thdp c6 su 1éch toa do gifra anh mau
va anh d6 sau. Calibration 12 phuong phap tim mot bién d6i gdm: dich chuyén — translation va xoay (rotation) gitra cac
anh mau va do sau vé cung mot h¢ toa do. Mot ) phuong phap nghién ciu vé Calibration dé joint dit liéu do séu va
anh RGB da dugc nghién ciru boi Herrera et al [7], Yamanazoe [6]. Herrera et al. [7] sir dung hinh anh d¢ phan giai
cao thu dugc tir mot camera gén ngoai. Herrera et al. sau d6 str dung mot mo hinh khong tham s0. Trong phuong phap
nay, mot s6 luong 16n tham sb can phai du doan trude. Do d6, [7] st dung phuong phéap tdi ru hoa dé tim ra bo tham
s6 nay. Hidu qua cua phuong phap calib [7] thé hién trong Hinh 3. Néu khong c6 qua trinh calib, toa do trén anh d¢ sau
va anh RGB 1a khéng tuong Gmg. Diéu ndy duge minh hoa trén Hinh 3(c), noi cic dudng bién cua anh do sau khong vé
dung trén anh RGB. Sau khi stra dit liéu depth bang phuong phap Calib [7] (Hinh 3(d)), duong bién cua dir licu depth
da Calib dugc v& trung khdp trén anh RGB (Hinh 3(e)) Céc phuong phép calib dong thoi ciing duoc sir dung khi phbi
ghép cac dit lidu thu tir nhidu cam bién Kinect. Didu ndy dic biét c6 ¥ nghia khi dung Kinect dé tao tap cac diém 3-D
point cloud data; thuong sir dung trong cac bai toan phat hién va nhan dang ddi twong 3-D

Hinh 3. Anh d6 sdu va anh mau sau khi hi€u chinh. (a) Anh d6 sau, (b) Anh mau tuong tng, (c) Puong bién cta anh d6 sau vé trén
anh mau, (d) Anh d¢ sau da duogc calib, (¢) Puong bién cua anh d6 sau da calib v€ trén anh mau.

B. Khii nhiéu véi KINECT

Céc cam bién do do sau (Time-of-flight) camera va Kinect déu c6 nhitng vin dé vé& nhidu trén dir liéu do. C6 mot sb
nguyén nhén chinh gay ra nhidu trén anh d6 sau nhu: chat luong cam bién, phuong phéap setup cach do, thudc tinh trén
bé mat cua ddi ‘tuong do. Ngoai ra d6 chinh xac cta phuong phap do d6 sau cting phu thuge vao khoang cach [9]. Hinh
4 (a) thé hién 15i trén cam bién IR, ving ddi twong ndm trong ving dién tich & tim cua khung anh trong ban kinh xung
quanh 0,005mm thi khong bi méo, cang ra ngoai bién anh thi d0 méo cia hinh anh d¢ sau cang tang; va Hinh 4(b) thé
hién 16i do phu thudc vao khoang cach, cang & khoang cach xa thi 16i do cang tang lén.



DPoan Thi Huong Giang, TS.V Hai, TS.Tran Thi Thanh Hai 4

I carmas s lema daloron j=m)]

Vg v oy E"'
5 .Q.':-f e ﬂ‘__._y b '$ L] stel pulnmie fitting resiclunls
T e B - "
t'a,;:l_‘ N = ap=ad o f #
AT LM A Eg
.00 d?“ .-q'{ ® £ Lo
& Ay
;o £ sl f'-
B Yy e 8
% : L .
. okl
14 T4
- % i
~ -
& <= i
&, n
. Ei "
O o i __0":'."5 = - ]
: pra). P —
25 . " : L . 1 . 1 ! 1 |
3 3 1 [} 1 2 3 o 50 00 150 il 50 300 350 &0 450 500
From it juerf Destarce ko plane fom|

Hinh 4. Mot sb 151 dbi voi anh d6 sau. (a) Ldi méo trén anh do sau, (b) Li do theo khodng cach

Ngoai 18i ¢6 tinh hé thong trén anh do sau, dit liéu do sau df)ng thoi con gap mot sb lugng 16m 161 ¢6 tinh ngau nhién.
bic biét ¢ vung bién cua a6i tuong. Vidy: hinh 5 thé hién nhidu 16n khi do trén dbi tuong 1a mot mat phing. Hinh 5(b)
thé hién nhiéu v6i cudong d6 rit manh xung quanh ¢ cdc duong bién cua check-board. Mot s6 phuong phép sita nhidu
da dugc dé xudt (vi du [12]). Két qua sira nhiéu theo phwong phéap [12] dugc thé hién & Hinh 5(d).

100 200 300 400 500 600

Hinh 5. Co ché giai nhiéu anh d¢ sau. (a) Anh d¢ sau v6i nhiéu. (b). Phong to ving nhiéu gan sat bién ctia doi tugng. (c). Anh mau
RGB tuong tng. (d). Anh d¢ sau da dugc khir nhicu

111. SUDUNG ANH PQ SAU TRONG BAI TOAN TRU NEN
A. Gidi thi¢u bai todn trir nén
Bai toan trir nén nhim muc dich tach dbi twgng quan tim ra khoi ngit canh 1a mot trong nhitng bai toan rat quan trong
trong cac tmg dung xir Iy anh nhu: phat hién, theo bam ngudi,... Dé giai quyét nhitng bai toan nay, nhitng nha khoa
hoc ¢6 thé sir dung ddi twong 1a anh mau, anh d6 sau, anh 3D, ... Véi mdi loai anh d3 c¢6 nhiéu k¥ thuat khac nhau nhu:
dwa vao diém anh tuong Ung trén hai anh, dya vao viéc chia anh thanh cac khdi sau d6 so sanh cac khdi tuong tng, st
dung dic trung phan bd cac thudc tinh cua a6i tuong trong anh, hoac két hop cac thude tinh nay cing dem dén nhiéu
cac k¥ thuat khac nhau dé trir nén. Cac bai toan trir nén st dung anh mau dang gdp mot s6 van dé han ché 46 la cac dac
trung néu trén khong bat bién véi sy thay doi cua diéu kién chiéu sang, hay sy giong nhau cua dbi tuong va nén,... Gan
day, dir liéu anh d6 su cta camera TOF hay Kinect da dem dén nhiéu thuan loi cho bai toan trir nén khac nhau va dac
biét 1a bai toan trir nén v6i ngir canh trong nha.
O déy, chung t6i thiy rang, anh do sau thu dugc tir Kinect dem dén thong tin rat tot vé khoang cach tir cac dbi twong
dén camera. Hon nira, v6i hinh dnh ma ching t0i nghién ctru, thong thuong thi a6i tuong nguoi thuong gin camera hon
va tay lai gdn camera hon ngudi (do tay & phia trude nguoi). Do do, luge dd cua dbi tuong nguoi cling nhu dbi tuong
tay s& co ddc trung riéng trong anh. Vi vay, chung t6i dé xut phuong phap st dung dé tach nén 1a sir dung dic trung
phan bé cac thude tinh cua cac ddi twong trong anh.

B. Phwong phdp thwc hién

Chung t6i da nghién ctru nhiéu phwong phép khéc nhau khi sir dung anh d¢ sdu cho bai toan trir nén. O ddy ching 0
dé xuat phuong phéap voéi cac budc nhu so do khoi trong hinh 6 dudi day:

=" | Khir nhidu | =" | Cin chinh || Tach ngudilc"> | Tich tay

Anhmin | [Anh 35 siy)

Hinh 6. Qua trinh tich hinh dnh ban tay tir anh thu thap tir cam bién Kinect

Céc budc hiéu chinh dnh d¢ sau nhu khir nhidu va cin chinh anh (calibration) da dwgc mé ta ¢ phan trén.
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1. Tach anh ngudi ra khoi nén

Tach ngudi ra khoi nén 1a mot bai toan rat phd bién trong cac ing dung nhu theo bam ngudi trong hé thong giam sat,
nhan dang hoat dong cia nguoi (human activities). Mic dit da c6 nhidu huéng tiép can st dung cac phuong phép tach
nén truyén thong nhu so sanh khac biét giita frame va mé hinh nén, mé hinh nén sir dung ky thuat GMM (Gaussian
Mixture Model). Cac phuong phap nay thuong gip phai van dé kho khan vi phin co thé ngudi khong phai 1a dang bat
bién (non-rigid object). Trong nghién ctru nay, ching t6i khai thac khoang dit liéu hiéu qua cia anh do sau vi théng
thuong d6i trong nguoi thuong gan camera hon va tay lai gin camera hon nguoi (do tay ¢ phia trude nguoi).

Pua vao mot anh d6 sdu D(x,y), lugc do (histogram) anh d¢ sau duoc xay dung nhu sau:

Py(0) = w (1)
Trong do:
e M,N: la kich thudc cua anh do sau
e L:la gid tri &6 sdu 16n nhat ctia anh
e n:latong sd cac diém anh cuia anh d¢ sau
e D(x,y): 1a anh d¢ sau

Hinh 7 minh hoa qua trinh xay dung lugc dd tir anh d6 sau cho trude.

Hinh 7. (a) - Anh do siu thu thap tir camera kinect. (b) — Luoc db dit liéu anh do séu;

Dé xé4c dinh khoang dit liéu anh d6 sau hiéu qua cho viée tich nguoi ra khoi nén, chung t6i tim kiém trén lwoc d6 muc
xam (hinh 7(b)) mét ngudng vai tiéu chuan lya chon nhu sau:

S=Ymp@i)<area (2)

.. (P(k)>0
Vet {P(k‘ +m)=0
k 1a gia tri bin bat dau cua vung dién tich
m 1a khoang cach tir k dén gia tri cudi cua vung dién tich

Viéce kho nhét 1a phai lya chon dugc ngudng area dé co thé thu duoc hinh anh nguoi tach khoi nén chinh xac nhét. Va
dé chon tham s6 d6, ching t6i ti€n hanh so sanh anh thyc té phan co thé nguoi ma ching toi da tich nén voi anh
Ground True co thé ngudi dua vao nguyén tac cua dudng cong ROC (receiver operating characteristic).

2. Tach tay ra khoi ngudi

Trir nén bé‘mg cach st dung dac trung phan bd céc thudce tinh cua cac dbi tugng trong anh dya vao lugc dd anh do sau
dé thu dugc hinh anh chi ¢6 nguoi. Sau do6 tao lugc d6 cua anh co thé nguoi da trir nén ¢ trén. Hinh 8 minh hoa qua
trinh xay dyng lugc do tir anh da tach ngudi khoi nén ¢ phan trudce:

Hinh 8. (a) - Anh tach ngudi khoi nén; (b) — Luge do dit liéu anh co thé ngudi da tach nén
Tach tay bang cach st dung dic trung phan b cac thudc tinh cua cac dbi twong trong anh dya vao luge dd va tim kiém
gia tri vung dién tich hi¢u qua dé co thé tach dugc hinh anh ban tay ra khoi nguoi cling twong tu nhu phuong phép tach
nguoi khoi nén. Hinh vé sau day minh hoa hinh anh tach tay khoi nguoi:
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Hinh 9. Anh ban tay tach tir dnh co thé ngudi

C. Pdnh gid két qua

Chung t6i tién hanh thir nghiém trén nhiéu video khac nhau va danh gia két qua trén cac video sb 5, 27, 56 va 58 cua
b co s¢ dir li¢u cua Chalearn2013. Trong moi video c6 khoang 20 khung hinh, ching t6i lay ngau nhién 20% s6
khung hinh ciia moi video. Dong thoi st dung mét tlp céc gid tri ngudng trong cong thuc [2]: [0,004; 0,005; 0,015;
0,03; 0,035; 0,05; 0,1; 0,15] va so sanh v&i anh Ground Truth bang cach thuc hién viéc tinh cac gia tri nhu bang 1 dudi
day:

Bang 1. Béng cac tham sé TP (True Possitive), TN (True Negative), FP (False Possitive), FN (False Negative)

Anh ban tay tich dugc thyc té

\ung ban tay

Vung ngoai ban tay

Anh Ground True

Vung ban tay

TP

FP

TN

Vlng ngoai ban tay FN

Sau khi ¢6 duoc cac tham s6 TP, TN, FP, FN trén cho mdi khung hinh, chung t6i tién hanh tinh toan cc tham sb cua
sensitivity va speciticity cong thirc sau:

e TN
TPIFN 3) speciticity=q—— 4)

sensitivity=
Sau d6, tinh trung binh cac két qua cip tham sd trén va vé duong cong ROC trong d6 gia tri truc hoanh 1a sensitivity va
truc tung la 1-speciticity. Mot phuong phap trir nén tot khi ca gia tri Sensitivity va Specivity gan sat véi 1. Két qua
tinh trung binh céc gia tri va v& duong cong ROC thu dugc nhu hinh 9 nhu sau:

senizitivity Bring cong ROC

1 7 — B

0.95

0.2

0.85

0.8

0.73

0.7

0.65 &%

0.6

0 0.05 0.1 0.15
1-zpeciticity

Hinh 10. B} thi dwong cong ROC

V6i bo tham sb thuc hién thi gia tri dat dwoc két qua duoc xem 1a t6t nhat d6 1a gia tri area = 0,035. Va v6i bo tham sd
nay, két qua tach tay thu dugc 6n dinh hon, dat dugc két qua tich tay tot hon so véi phuong phap chi sir dung anh
RGB truyén thong. Véi phuong phap téch tay chi st dung anh RGB nhu truée day gip rat nhidu kho khan véi bai toan
diéu kién chiéu sang thay ddi, do bong ctia ngudi hodc diéu kién nén phuc tap va nén thay doi.
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IV.THAO LUAN VA KET LUAN

Bai bdo nay trinh bay vé viéc khai thac dit liéu anh do sau tir Kinect: ching toi phan tich 18i va mot sb phwong phap
stra 16i anh d sau cia Kinect. Chung t6i dé xuét phuong phap tach ban tay khoi nén st dung dit ligu anh do sau da
dugc hi¢u chinh truge d6. Phuong phap tach ma ching t6i dé xuét tuong d6i don gian, nhanh chong va rat hiéu qua khi
chung t6i t1en hanh thu nghlem trén mot s6 bd co so dit liéu c6 sdn. Trong thoi gian t6i, ching toi s& tiép tuc nghién
clru va cai tién, ciing nhu két hop v6i anh mau dé co thé trién khai bai toan nhan dang cir chi dong cua tay sir dung
Kinect.
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ULTILIZING DEPTH IMAGE FROM KINECT SENSOR:

ERROR ANALYSIS AND ITS APPLICATIONS
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ABSTRACT— Microsoft (MS) Kinect widely used in machine vision applications: interactive robotics, navigation robot...
Kinect device, which is different from the expensive time-of-flight camera, is low cost and the ability of both depth and RGB data
acquisition. However, Kinect is designed closedly in both hardware and software, thereby developing Kinect applications still has
some troubles such as: no correspondence between depth and RGB image coordinates, noise and measurement errors in depth
image. In this paper, we propose some solutions for these and create a platform to develop applications on Kinect. First, the Kinect
hardware and the Kinect support libraries, especially OpenKinect are introduced. Next, we present the calibration, distortion
correction, fitting methods for color and depth image. Exploiting depth information is one of the strength of Kinect sensors, we will
present a background substraction method for depth image, applied to detect hand gestures and support for later identification
problem. The experimental results shows that it overcomes to other traditional methods in background substraction.


http://nicolas.burrus.name/
http://www.microsoft.com/en-us/kinectforwindows
http://link.springer.com/search?facet-author=%22Ahmed+Elgammal%22
http://link.springer.com/book/10.1007/978-0-85729-997-0
http://link.springer.com/book/10.1007/978-3-642-44964-2
http://link.springer.com/book/10.1007/978-3-642-44964-2

