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One of the most significant application of human skin simulation
technique is in preclinical medical practice. In many 3D modelling
methods used in present, skin color of simulated objects is oftens not
change at the point human body got external force automatically.
However, actual observation shown that, the human skin color is
changed a bit slower than the skin deformation under pressure. The
delay time between skin deformation and color is based on human
health condition such as blood pressure, ages, heart rate,... This
arcticle demonstrates a technique for simulation of skin deformation
and change of skin color caused by external force of solid objects.
When being applied to a 3D model of a shocked emergency one-year
old human, the proposed technique is proven to be effective and
appropriate in representing capillary refill time (CRT) of human skin
in real preclinical practices at medical training facilities in Vietnam.
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M6 phong da

Bién ddi hinh dang da

Thoi gian lam day mao mach
Thay d6i mau sic da

Tré em Viét Nam

Viéc md phong bé mit da ngudi ¢6 nhiéu tng dung, trong d6 phai ké
dén Tinh vuc thyc hanh tién 1am sang y té. Trong cac phuong phap
xay dung ddi twong 3D duoc st dung hién nay, mau sic da cua cac
dbi tuong dugc md phong khong thudng thay ddi tai diém tac dong
ngoai luc mot cach tu dong. Quan sat thuc té cho thiy, mau da cua
nguoi s& bién doi cham hon mot chit so véi hinh dang dudi luc an.
Khoang tré giira thay d6i vé& hinh dang va mau da dwa trén diéu kién
sic khoé cua d6i trong nhu huyét &p, tudi, nhip tim,... Bai bao dé
cap toi mot ky thuat bién dbi hinh dang va mau sic cua da dudi tac
dong cua ngoai luc do dbi trong rin tao ra. Ky thuat d& xuat dugc cai
dat trén mo hinh 3D mé phong tré bi shock 01 tudi va to ra cd hiéu
qua va phu hop trong viéc thé hién thoi gian 1am day mao mach dudi
da (CRT) trong thuc té thuc hanh tién 1am sang tai co s dao tao y té
Viét Nam.
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1. Giéi thiéu

Viéc mo phong da ngudi trong mdi trudng 40 ¢d thé chia thanh hai hudng chinh, d6 1a: Xay
dung 16p da cua dbi tugng ngudi trong méi trudng a0 [1] nhu duge md ta trong Hinh 1 va md
phong céc yéu t6 tac dong 1én 1op da cua ddi tuong ngudi trong moi truong ao [2]. Trong do, viéc
tao thanh 16p da ngudi hién nay dugc chia thanh hai truong phai chinh, md phong 16p bén ngoai
cua da thdng qua viéc dan cac l6p hinh anh 1én bé mat di twong 3D va md phong toan b hoic
mot phan cac thanh phan cua da nguoi theo cau tric thyc té. Loai md phong thar nhat thuong
dugc tng dung trong cac trd choi hodc cac san phiam (ng dung mang tinh chat minh hoa, con loai
md phong thir hai thi kho hon va duoc sir dung trong cac nghién ciru chuyén siu va ciing rat kho
dé thuc hién mot cach day du. Cac tuong tac thoi gian thuc véi da hién nay chi ¢ mét s6 nghién
ctru [3] da phan tich dén viéc bién do6i hinh dang cua da theo cac chuyén dong va dugc mo ta
thong qua viéc roi rac hoé cac 16p da thanh cac boundry curves. Pa s cac nghién ciu vé mo
phong trong khdng gian 3D mi chi dé cap dén viéc xa ly 16p bé mat cua ddi tuong véi cac tham
s6 duogc dua truc tiép vao bé mit ma chua c6 bo dir lisu md phong bé mat da.

Hinh 1. M¢t s6 tién bé trong viéc mé phong 16p da ngueoi dwoe thiee hién trong nghién civu ciia Eugene
d’Eon (2007)

Céc nghién ctu chi tiét v& viéc tao thanh 16p da cua dbi twong ngudi trong mdi trudng ao nhu
sau: Viéc tach texture cua da thanh nhiéu 16p dé xir 1y duoc dé cap dén boi 2004, Florian Struck
[4] hodc 2006, Ben Jones [5] bao gom céc 16p co ban trong viéc xay dung mo phong da théng
qua Shading: cac 1¢p co ban (luéi tao hinh, texture, normal maps va bumped maps), cac 16p thé
hién roi sang (illumiation skin: bao gdm céc I6p bong va roi sang), cac 16p hap thu anh séng
(ambient occlusion), cac 16p phan xa &nh sang va tan xa anh sang. Trong cac nghién ciru sau do,
céc dac tinh cia da nhu do trong sudt, viéc render thoi gian thuc ciing dugc nghién ctu thong qua
viéc phan tich s phan xa va xuyén thiu cua &nh sang qua nhiéu 16p da cua dbi tugng véi ky
thuat 4nh xa photon hoic xap xi khuyéch tan boi 2010, Jorge Jimenez [6]. Hién nay, viéc mo
phong da da duoc nghién ctu theo cac hudng chuyén sau hon nhu y té, thoi trang,... két hop Vi
cac phuong phap nhu hoc may, dir liéu 16n. Trong tai liéu 2018, Akinobu Maejima [7] phan tich
dit liéu hinh anh ciia da nguoi that nham xac dinh do cing ciia da nguoi va ap dung dé xay dung
I6p da cia mo hinh 3D nhu mo ta trong Hinh 2, tir d6 hd tro viéc thiét ké trang phuc thé thao cho
con nguoi.
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Hinh 2. Sir dung hoc may ghi nhédn dé cang cua da trong viéc mé phong 16p da nguoi trong moi
trirong 3D trong nghién citu cia Maejima (2018)

Céc nghién ctru chi tiét vé mo phong céc yéu td tac dong 1én 16p da cua ddi twong ngudi trong
mai trudng do nhu sau: Hanh vi co sinh hoc cua da ciing duoc dé cap dén trong tai liéu cua Elisa
Molinari [2], trong d6 dé ra mot phuong phap mo phong va mo hinh hoa mé mém trong viéc lap
ké hoach phau thuat dira trén phuong phap phan tir hiru han. Nghién cttu phan tich cac hanh vi
ctia da ving dau khi bi kéo cing. Trong nghién ciru dua ra giai phép cho phép xac dinh dong huc
ciia mot diém trén da ving dau sau khi tic dong mét luc; dy doan luc can thiét dé dich chuyén
mot diém; su bién dang cua cac diém trén da ving dau dua trén luc tac dong. Viéc xac dinh bién
dang cho da do cac luc tac dong vat ly cho nhan vat hoat hinh dugc dé xuét theo mot s6 hudng
nhu: biéu dién bé mat da bang hé thong Iudi va tinh toan bién dang trén hé thong lugi nay — day
1a phuwong phap phd bién nhat; biéu dién bé mat da va cac bién dang bang cac dudng cong bai
2009 dugc md ta trong Hinh 3, L.H.You [3] théng qua mot phuong trinh vi phan bac 4, nham
glam hao phi tinh toan theo phuong phap thong thuong. Viéc mé phong da nguoi trong y té ciing
dé cap dén trong tai liéu 2010, Weixin Si [8], trong d6 mé phong sur sut lGn va chuyen dong quay
cuia da bang md hinh 10 xo, tich hop Verlet dé cap nhat vi tri cac diém cua da va vé bién dang cua
da. Qua khao sat thuc té va céc tai liu y khoa [9], [10], da nguoi khi chiu tac dong cua ngoai luc
s& bién ddi vé ca hinh dang 1an mau sac, tuy nhién qua trinh phuc hdi lai cua hinh dang va mau
sic khong dong bo véi nhau ma chénh léch boi mot khoang thoi gian duoc dinh nghia 13 thoi
gian lam day mao mach (CRT). Khoang thoi gian nay bién thién dya theo cac tham sb vé siic
khoé cta con ngudi. Hién nay cac nghién ctu vé md phong da 4o trong y té bién doi vé hinh dang
va mau sac c6 tinh toan toi thoi gian 1am day mao mach 1a chua cé.
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(e) 63) (2) (h)
Hinh 3. Mgt sé phuwong phap biéu dién dwong bao cua da bang cdc dwong cong cua L.H.You (2009)
Trong bai béo nay, ching t6i dwa ra mot ki thuat mo phong hinh dang va mau sic cua da
nguoi dudi tac dong cua ngoai luc tac dong vao 16p da. Cac tham sé sinh 1y co ban ding cho viéc
lam day mao mach theo thoi gian duoc rit ra thong qua ki thuat hoc méay. Phan con lai cua bai
bao dugc thé hién nhu sau: Phan 2 trinh bay co so khoa hoc caa nghién ctru. Phan 3 1a thuat toan
md phong dé xuat. Tiép theo 1a thir nghiém va cudi cuing 12 két luan vé ky thuat dé xuat.

2. Co sé khoa hoc ciia k§ thuat 1am day mao mach dwéi da CRT

Capillary refill time (CRT) la mét thuat ngir dwoc sir dung rong rai trong Y khoa cho phép
danh gia nhanh tinh trang tim mach caa bénh nhan nang (Hinh 4). Khéi niém nay lan dau duoc
dua ra vao nam 1947 boi Beecher va dugc dinh lwrgng ¢ ba mic binh thudng, cham va rat cham.
Dé do luong CRT ngudi ta sir dung &p luc dé 1am trdng mao mach, thong thuong la bang cach 4n
ngon tay vao phan da cua bénh nhan trong it nhat 5s dé toan bo mau tai phan da bi 4n dugc bom
ra ngoai c4&c mao mach. Sau do, bac si bo ngon tay 4n trén da va ghi nhan thoi gian méu dugc
bom diy vao cdc mao mach. Pic diém dé nhan dién qua trinh ndy 1a mau sic cua ving da bi 4n
chuyén tir mau tring (mau dugc bom ra ngoai mao mach) vé lai mau sic twong ty cac ving da
bén canh (méau duoc lam day trong cac mao mach). Gi6i han trén binh thuong cua CRT 12 2s dya
theo cac quan sat ciia nhan vién y té 1am viéc v6i Bac st Champion va cac tham sé cua viée do
luong CRT duoc tranh luan trén 30 nam qua.

n |
4 Blood returned
1/ to tissue
]
2d B

41

Pressure is applied ‘
to nail bed until it j
turns white

Hinh 4. M6 ta cho viéc lam day mao mach duwéi da
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Viéc danh gia CRT trén ngudi ching toi dua theo c4c tai liéu md ta vé CRT trén danh gia thuc
nghiém quan sat tai bénh vién Nhi dai hoc British Columbia, Vancouver, Canada [9] va phuong
phap duoc sir dung dé xdy dung may do CRT duoc thuc hién tai dai hoc Mugla Sitki
Kocman,Thé Nhi Ky [10]. Tong hop cac danh gia trén hai tai liéu trén, cac yéu to tac dong dén
CRT bao gom:

e Tudi: 2s la gisi han binh thuong dbi véi tré em, ting 3,3% cho 10 tudi, muc chénh léch &
nix cao hon & nam, c6 thé dat t6i 2,9s

e Nhiét do: Trung binh CRT giam 1,2% mdi °C khi ting nhiét d6 méi truong. CRT giam
5% cho mdi lan tang nhiét do cua tam vi.

e Anh sang méi trudong xung quanh: Trong diéu kién anh sang ban ngay (~4000 lux), CRT
dugc danh gia chinh xac khoang 94,2% so véi 31,7% trong diéu kién anh sang yéu (anh
sang trang, dén dugc, ~3lux)

e Ap luc tac dong vao da: Ap luc tac dong vao da hién tai duoc xac dinh & mic hec 4n binh
thuong cia nguoi va thoi gian tac dong tir 3 dén 5 gidy. Khong c6 ghi nhan nao vé sy
khac biét nhiéu trong viéc tac dong vao da tir 3 — 7s.

e Sai s6 do ngudi thuc hién phép do: Viéc tinh toan CRT chii yéu thuc hién boi con nguoi,
do d6 dd tin cay cua két qua tinh toan 1a mot han ché cua phép do.

Nhu véy c6 thé thay, vé mat bién dbi lop da dugc tac dong, CRT chi ra thoi gian bién doi cua
hinh dang I6p da bi tac dong an 1a khong dong bo véi thoi gian bién d6i mau sic. Thoi gian bién
ddi hinh dang 1an xubng va tro v& hinh thai cii 1a rit nho so voi thoi gian bién di mau sic va
dugc dai dién bai CRT. Phuong phép sir dung cac tham sb co ban dé tinh toan CRT mét céach
chinh xéc trén co thé nguoi hién nay 1a chua thé xac dinh. Tuy nhién, mot s6 nghién ciru hién nay
d3 ghi nhan mot tap cac gia tri CRT duoc khao sét trén cac bénh nhén [3]. Céc tham sé dugc xem
xét toi & day 1a xét nghiém mau cua bénh nhan. DSi véi nhom bénh nhan nay, CRT c6 lién quan dén
huyét 4p tam truong. Ty 1é nay duoc mé ta trong tai liéu [11] 1a 1s CRT cho 10 lan giam &p luc mau.
C6 thé tam hiéu Ia nhip tim théng thuong cua bénh nhan 1a 120 — 130, huyét ap thong thudng 1a 60,
néu huyét ap cua bénh nhan & dudi muc trung binh (<60), nhip tim 140 — 150 thi CRT ctia bénh nhan
sé la 3s; nhip tim 160 — 170 thi CRT cua bénh nhén la 4s; nhip tim 170 tré 1€n thi CRT cua bénh nhén
1a 5s; vai truong hop ngirng tim CRT cua bénh nhan la trén 5s.

3. Ky thuat moé phéng dwoc xay dung

- Xay dwng m6 hinh tinh toan CRT

Céc thtr nghiém vé CRT thong thuong duoc xac dinh & ngén tay, nguc, got chan. Do do, trong
bai b4o viéc md phong s& khong thyuc hién trén toan bo co thé ma tap trung & nguc va ngén tay
ctiia bénh nhi 40. Tuy nhién do ngdn tay cua bénh nhi ao thuong duoc dit cac thiét bi do SpO2,
kim truyén tinh mach nén viéc do CRT s& thuc hién tai phan nguec.

Céc diéu kién chii yéu anh huong dén CRT caa bénh nhi gom: Huyét ap trung binh cua bénh
nhi dugc goi la x; nhip tim cta bénh nhi dwoc goi lay; CRT cua bénh nhi la T.

Diéu kién bién: huyét 4p bang 0 CRT = v cling

Theo khao sét tai Bénh vién Nhi Trung wong trén 168 bénh nhi, bang thong sé vé x, y va T
duogc ldy mau

Ham sb dua duoc xay dung cho T dua trén tng dung mang noron lan truyén nguoc da 16p véi
s6 l6p & day 1a 02

X =x/(max(x) + 1)

Y =y /(max(y) + 1)

Input = [);]
0.32422353 —0.05110842 0.12191785 —1.3876337 —0.69105127]

W= —1.21640765 —0.16265489 —0.23517743 1.97950055 -—1.30505081
B1=[-0.95928808 0.27223396 1.30599414 —0.6886827 —0.5166293 ]
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—1.80774069 0.20668852 —1.25494885

—1.13879382 —1.15811616 —0.36092524
W, =1-0.51860212 0.40749863 —0.11655671

—0.53091182 3.08650312 —1.40884999

L—0.09172276  2.40834059 —1.51453333
B2=[-0.17608438 2.35359258 0.5869556]
[—0.01816311

W3 =| 3.75916594

| —0.2066619
Bs = [—0.94526942]

OutputLayerl = Tanh( Input * Wy + By)
OutputLayer2 = Sigmoid( OutputLayerl * W, + B;)
OutputLayer3 = Sigmoid( OutputLayer2 * W3 + B3)

Sigmoid(x) = ———
1+ e™*
Tanh(x) = &
anh(x) = e?* +1

Refill = OutputLayer3 * (max(t) + 1)

- K§ thuat mé phéng bién d6i hinh dang va mau sic da dwéi tac ddng ngoai luc

Phép do CRT dugc thyc hién nhu sau: i tugng md phong — nguoi dugc xay dung trong moi
truong ao vai cac 16p da dugc tao thanh tir cac ludgi tir gidc théng qua dung hinh. Viung da dugc
4n dé xac dinh thoi gian CRT dugc lya chon ngau nhién trén ving nguc cia déi tuong ao. Thoi
gian CRT cua bénh nhan dugc xac dinh théng qua tap dit liéu dau vao la céc tham sé cua bénh
nhan thyc va thoi gian CRT twong tng. Mé phong dugc thuc hién gdm cac bude: mod phong sy
bién dang cua ving da dugc tac dong tuong tng véi hinh dang cua vat tac dong; qua trinh bién
d6i mau cua ving da duoc tac dong twong tng voi qué trinh rGt méau ra ngodi mao mach da caa
bénh nhan thyc té; qué trinh phuc hdi lai hinh dang ban dau cua ving da duoc tac dong sau khi
luc tac dong bién mét; thoi gian bién d6i mau cua vang da duoc tac dong tré lai mau binh thuong
tuong @ng V4i thoi gian 1am ddy mao mach ciia bénh nhan thuc té.

Ta goi chu trinh ndy 1a Pcrr - Chu trinh md phéng bién déi hinh dang va mau sic da duéi
tac dong cuia ngoai lwe cé tinh toan dén qua trinh lam diy mao mach & ngudi — Skin
simulation process with capillary refill time. Chu trinh nidy duwoc mé ta chi tiét
nhu sau:

Bugc 1: Tinh toan luc tic dong

Ap dung thuat todn Raycast bat dau tir vi tri con tro chudt dé xac dinh toa do diém dit ngon
tay va hudng cua luc tac dung. Cac tham sé nay duoc dung trong viéc md phong hién twong da bi
16m xudng khi dat tay vao. Diém xuét phat lyc duoc tao ra bang viéc dich diém dat tay ra khoi bé
mit da theo hudng cua luc tac dung. Hinh dang cua ving tac dong dugc thuc hién bang cach iy
duong bao cua vat ran gay ra ngoai luc.

Luc tac dung Ién cac vertex trong vung bi anh huéng dugc xac dinh theo cdng thac:

Fi = Fo * cos?(xi)

Trong do

Fo 12 luc tac dung 1én diém dit tay
Fi 12 luc tAc dung 1én diém i

Xi la goc tao boi vector Fova Fi

Cong thirc trén dam bao lyc tAc dung 1én diém i s& cang nho khi diém i nam cang xa diém dat tay.

Buoc 2: Tinh toan vung dnh hwong

Do 16m sau cua ving da bi tac dong, bi gigi han boi tham sé Boundary, tham sé nay giap dam
bao céc vertex s& khong bi dich xudng quéa mot do sau nhat dinh trong khi bé mat da bi bién dang.
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Khi nhic ngon tay ra khoi nguoi bénh nhan, bé mit da cua bénh nhan s& phuc héi lai hinh dang
ban dau trong mot khoang thoi gian ngan. Thoi gian ving da khéi phyc lai hinh dang ban dau
(Recover Duration) theo thoi gian duoc thiét 1ap va cé thé tiy chinh khi can thiét.

Mau sic da tai ving bi bi an xudng sau khi nhéc tay ra sé& trd nén nhot nhat va dan hdng hao
tro lai sau mot thoi gian. Mau sic caa vang da nay duoc thé hién bang cach vé 1én texture da cua
bénh nhan tai vi tri bi nhian mot viing mau sic khac thdng qua shader.

Buwdc 3: Thuc hign viéc bién déi theo thoi gian

Trong shader trén, Print Shape Ia hinh anh du vao s& duogc ding dé iy hinh dang can vg,
Print Color 1a mau sic nhot nhat khi da bi 4n. Tham sé hit chinh Ia gi tri uv tai vi tri 4n ngon tay,
c6 thé lay duoc bang thuat toan Raycast. Chiéu dai va chiéu rong cua ving da bi d6i mau duoc
diéu chinh théng qua RadiusX va RadiusY.

Thoi gian dé da hong hao trg lai chinh 1a gia tri CRT dwoc dé cap o trén. Gia tri nay sé& duoc
tinh toén khi thiét 1ap chi sé nhip tim (Heart rate) va huyét 4p (Blood Pressure) cho bénh nhan.

Mao mach s& lam day theo hudng tir ngoai vao trong va tir dudi 1én. Hién tuong lam day tir
ngoai vao trong duoc md phong lai biang cach scale dan ving di mau trén da theo thoi gian. Mo
phong hién tuong lam day tir dudi 1én bang cach diéu chinh opacity cua ving d6i mau trén da
giam dan theo thoi gian. Toc do 1am day mao mach tir dudi 1&n va téc do 1am day tir ngoai vao cé
thé duoc thiét 1ap qua cong cu.

4. Thuc nghiém

Viéc mb phong ddi véi bénh nhi ao dugc thuc hién vai nguyén mau 1a bénh nhi 1 tudi nguoi
Viét Nam. Bénh nhi ao duoc khoi tao trong méi trudng 40 ¢6 cac tham sé thiét ké nhu sau: S6
ludi (Tris): 64004; Chiéu cao tham chiéu: 80cm; Chiéu dai dau: 20 cm; Chiéu dai sai tay: 63cm.
MBS hinh duoc thiét ké dua trén dic diém sinh Iy cua tré em Viét Nam 1 tudi. Hinh anh bénh nhi
4o duoc thé hién trong Hinh 5.

Lop da dugc xay dung bao gom ba l6p chinh: 16p luéi md ta hinh dang déi twong; l6p texture
mo ta mau sic doi tugng va 16p map dé mo ta do sau cua doi tuong. Viéc mo hinh hoa dbi twong
duoc thuc hién trén phan mém Maya. Vit liéu 1a Base Skin dé xac dinh 16p da gbc, d6 mau don
sic R: 0.639 - G: 0.364 - B: 0.197. Toan bo phan da khdng c6 tinh kim loai setup Metallic =0, 6
bong bé mat Roughness = 0.36. Chi tiét nhan bé mat va ndt trén da c6 ving anh hudng toan than,
hoa tron ché do hoan tron Overlay dé gitr duoc mau sac gita cac 16p. Long may va téc sir dung
cac texture thyc té va ding cong cu Brush két hop Projection dé &p 1én vi tri chinh xéc trén khudn
mat, ché d6 hoa tron cong don sic toi Multiply. Mot layer dugc phu trén Cung bang mau doé tap
trung vao cac vang ¢ nhiéu mach mau nhu 2 bén ma, dau miii, 2 tai, moi, phan ¢o va ving trudc
nguc, long ban tay, ban chan...

Hinh 5. Thiét ké da bénh nhi do 3D mét tuéi
Khoang thoi gian giit ngon tay, ching toi thiét lap & ddy 1a 5 gidy thong qua tham s6
Deformation Duration. Thoi gian vung da khoi phyc lai hinh dang ban dau (Recover Duration)
trong md phong cua chang toi thiet 1ap 0,5s. Mau sac da tai vung bi an xuong sau khi nhac tay ra
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s& trg nén nhot nhat va dan hong hao tré lai sau mot thoi gian. Mau sic cua ving da nay duoc thé
hién bang cach v& Ién texture da cia bénh nhan tai vi tri bi nhin mot ving mau sic khéc théng
qua shader.

Trong shader trén, Print Shape Ia hinh anh diu vao s& duoc ding dé lay hinh dang can Vg,
Print Color 1a mau sic nhot nhat khi da bi 4n. Tham sé hit chinh Ia gid tri uv tai vi tri 4n ngon tay,
c6 thé 1y duoc bang thuat toan Raycast. Chiéu dai va chiéu rong cua ving da bi d6i mau duoc
diéu chinh thdng qua RadiusX va RadiusY. Téc d6 lam day mao mach tir duéi 1&n cao hon so véi
tdc do lam day tir ngoai vao. Sau qua trinh hiéu chinh va ddi chiéu, ching t6i dat két qua dau ra
t6t nhat khi ti 1& gitra 2 dai lwong ndy 1a 4 1an. Hinh anh thé hién két qua thuc nghiém duoc thé
hién trong Hinh 6 véi cac khoang thoi gian Idy mau 1a nira gidy 1 1an.

C4u hinh may tinh thuc hién moé phéng:

Vi xtr ly: Intel® Xeon® CPU E5-2630 v2 @ 2.60GHz 2.60GHz

RAM: 16 GB

Hé diéu hanh: Window 10 Pro 64 bit

Nhiét 6 moi treong thuc hién 20 — 25°C

S6 lugng lan thyuc hién test: 200 lan
Hinh anh thu duoc khi tién hanh thir nghiém:

Hinh 6. M6 phdng thay déi hinh dang va mau sdc cua da khi cé tac dong tai 0s; 0,5s; 1s; 1,5s; 2s
5. Két luan

Trong bai bao di nghién cttu mdi quan hé cua hai van dé trong ky thuat mé phong da nguoi 6
tinh toan dén thoi gian 1am day mao mach duéi da: md phong bién ddi hinh dang cua phan da
chiu tac dong cua ngoai lyc va md phong bién d6i cua mau sic tai phan da do. Trong thuc té,
khoang thoi gian dé bién doi hinh dang cua da tré vé vi tri ban dau va khoang thoi gian dé bién
d6i mau sac vé gia tri ban dau 1a khong dong bo nhau. Bai bao da dé xuét thuat toan mé phong lai
qua trinh bién d6i cia da dudi tac dong cua ngoai luc Pcrr. Ky thuat da duoc trién khai thir
nghiém trong viéc md phong biéu hién cia da tré bénh nhi mot tudi va to ra higu qua doi véi viéc
md phong thoi gian phan tng lam diy mao mach trong kham chira bénh nhi.

Trong cac nghién ctu tiép theo, viéc tinh toan CRT cho d6i twong bénh nhi dwa trén cac dit
liéu vé stic khoé cua bénh nhi nhu huyét 4p, nhip tim s& dugc mo rong thém céc tham sé dau vao
khéac nham ting tinh chinh xac ctia thuat toén.
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