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NGHIEN CU’U MO HINH MANIKIN TOA NHIET MO PHONG
CO THE NGUOI

RESEARCH OF THERMAL MANNEQUIN MODEL SIMULATING
HUMAN BODY
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'Khoa Co khi, Truong Pai hoc Bach Khoa, Pai hoc Quoc gia Thanh phé HO Chi Minh
*Truong Pai hoc Cong Thuong Thanh pho H6 Chi Minh

TOM TAT

M6 hinh ma-no-canh téa nhiét dwoc g dung réng rdi trong nghién ciru dé danh gia nhiét
dé va twong quan giita co thé nguoi voi moi truong. Ma- no-canh téa nhiét ciing duwoc irng dung dé
danh gid cdc dac tinh y sinh cua quan do nhu do thoai mai, an toan khi su dung. Trong nghién curu
nay tdp trung xdy dung va phdt trién mé hinh ma-no-canh mé phong trang thdi téa nhiét ciia co thé
nguoi ¢ 15 vi tri khac nhau.

Tir khéa: Manikin téa nhiét; M6 phong co thé.
ABSTRACT
Thermal manikin systems have been applied widely in research to investigate temperature

and relationship between human body and environment. Thermal manikin also used to evaluate
biomedical properties of clothing and textiles such as comfortable, safe levels when wearing. This

study focuses on build and develop manikin model simulating thermal body in 15 positions.

Keywords: Thermal manikin,; Simulated human.

1. GIOI THIEU

Hé théng ma-no-canh téa nhiét hay h¢
thdng ma-no-canh mé phong nhiét do ra doi tir
nam 1940, va tr¢ thanh mot cong cu phuc vu
nghién ciru vé qua trinh chuyén doi nhiét do
tir co thé nguoi ra mdi trudng [1]. Ma-no-canh
téa nhiét dugc ung dung rong rai trong cac thi
nghiém mo6 phdéng nguforl Vi du: thi nghlem
mod phong ngudi ngodi trong xe hoi nham thir
nghiém d¢ thoai mai ctia diéu kién noi that xe
[2]. Mot nghién ctru khac cling ing dung ma-
no-canh nhiét dé thir nghiém quén 4o chira chay
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[3]. Tuwong ty, moi trudng diéu hoa khong khi
khac nhau (ching han nhu hé thong suéi san
bang birc xa va hé thong sudi khong khi ddi luu
str dung mo phong s6 dé danh gia kha nang tiét
kiém nang lugng trong cac toa nha dan cu cling
duoc dung thuc nghiém bfmg mo hinh ma-no-
canh toa nhiét [4]. Ngoai ra, c6 cac phép do da
duoc thuc hién trén mot mo hinh nhiét ngéi Vo1
nhiéu tiy chon khac nhau vé thiét bi dau cubi
khong khi, nhiét do moi truong va nguén cung
cap khong khi dé nghién ctru dnh huéng cia
qué trinh tho dén nhan thirc vé moi truong nhiét
trong qua trinh st dung hé théng thong gi6 ca
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nhan hoéa [5]. Ma-no-canh toa nhiét con duoc
g dung trong cac nghién ctru vé cac tién nghi
vé nhiét (d6 bén kéo, do gidn dai, kha nang chiu
nhiét, d§ thoang khi) khi dung ma-no-canh thir
nghiém trén céc vat li¢u khac nhau [6].

Cac md hinh ma-no-canh ciing duogc
xdy dung va phat trién kha da dang. Vat liéu
sir dung trong cac thiét k& ma-no-canh nhiét
cling phong phu, tir vat liéu gd [7], nhua [8],
phé bién nhit 1a vat liéu téng hop [9, 10].

Thiét ké ctia ma-no-canh ciing thay doi
lién tuc tuy thudc vao muc dich str dung. Thong
dung van 1a cac loai ma-no-canh mo phong
nhiét d6 co thé nguoi ¢ muc 34°C, mo phdéng
trén toan bo vi tri co thé [11].

Trong nghién clru nay, muc ti€u s& tap
trung vao xay dung va phat trién hé thdng ma-no-
canh toa nhi¢t, mé phong 15 vi tri téa nhiét dac
trung trén co thé ngudi. Tuy nhién, mdi vi trf trén
co thé nhiét d s& khong dong nhét hoan toan. Mo
hinh xay dung mong mudn mé phoéng gan nhu
giéng hoan toan nhiét do timg ving co thé.

2. PHUONG PHAP
2.1. Nguyén 1y hoat dong ciia hé thong

Trong hé thdng duoc thiét ké hai bo
diéu khién déng vai tro 1a IoT Gateway (1 bo)
va cac [oT Node (2 by). Cac IoT Node lam
nhiém vu thu thap dit liéu tir cdc cam bién nhiét
do gui dén IoT Gateway thong qua giao thirc
giao tiép ESP-NOW. IoT Gateway lam nhiém
vu tiép nhan cac dir liéu tr cac IoT Node, phan
tich cac dir liéu va gui dir liéu 1én may tinh.

IoT Gateway sé& duoc két ndi véi may
tinh da cai giao dién hién thi trén man hinh.
Giao dién s& hién thi 15 diém do trén mo hinh,
bao gdm phan cai dit nhiét d6 va phan hién thi

nhiét do.

Ddi voi cac 1oT Node, mdi IoT Node s&
quan 1y va diéu khién 8 cam bién nhiét do va
8 b gia nhiét. [oT Node s€ nhan Iénh cai dat
nhiét 6 va tu diéu khién nhiét 46 cho timg bod
gia nhiét. Trong hé thong nay c6 2 IoT Node
quan 1y 15 diém do trén m6 hinh thi nghiém.

2.2. So' @6 khdi mach diéu khién

Thiét ké mach diéu khién bao gém céc
chtic ning nhu: dong/cit relay diéu khién tai,
thu thap dir lidu tir cam bién dua 1én giao dién
nguoi dung thong qua giao thuc MQTT. Céc
mach nay dong vai tro 1a Gateway va cac Node
trong hé thong, nén vi vay Gateway va Node s&
sir dung chung mét phan cimg v6i nhau.

el NG Wi

Hinh 1. So dé khéi mach diéu khién

Khéi ngudn sé& cung cap dién 4p 6n dinh
cho cac khéi vi diéu khién (ESP8266), khbi
cam bién, khdi hién thi, khdi nat nhan, khéi
dong luc. Khéi nay sé& bao gdm cac bd phan
nhu: Module nguon AC — DC Hilink HLK —
PMO1 5VDC 3W, Module ngudn cach ly DC
—DC B0505S 1W va IC 6n 4p AMS1117 3.3V,

Khéi nut nhan s& dua tin hiéu vao khdi
vi dieu khién (ESP8266) dé cap tin hi¢u dicu
khién khoi dong luec.

Khéi cam bién s& thu thap gia tri tur
cac cam bién nhu: cam bién nhiét do, d0 am
DHTI11,...
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Khéi dong luc s& nhan tin hiéu tir khbi
vi diéu khién (ESP8266) dé diéu khién bat/tit
cac relay. Khéi ndy s& bao gom cac linh kién
nhu trd, BJT, Opto quang, led, relay.

Ngoai ra, Gateway con c¢6 khéi hién thi
s& hién thi cac thong tin nhu: trang thai két ndi
Wifi, trang thai Relay, gia tri thu thap tor cam
bién, trang thai két ndi cua cac Node.

2.3. Thiét ké ciia mach diéu khién

Mach dugc thiét ké bao gém cac linh
kién nhu: Module vi diéu khién ESP8266 (ESP-
07), Module nguén AC — DC Hilink HLK —
PMO1 5VDC 3W, Module ngudn cach ly DC
— DC B0505S 1W, IC 6n 4p AMSI1117 3.3V,
Opto quang PC817, BJT NPN C1815, relay 5V,
diode, dién tro, tu va led.

2.3.1. Chon linh ki¢n va gidi thich khéi nguén

KHOI NGUGON
i ' .
==y
] i
-

Hinh 2. So' d6 nguyén 1y khoi nguon
Ta c6 cong sudt tong cta toan mach 1a:
P =Pt Prpay> Vi cac phan khac c6

cong suat rat nho, khong dang ké nén khong
can tinh toan.

«Tacdcongsuitciarelay SRD-05VDC-
SL-C theo datasheet cia nha san xut 1a 0,36W,
ma mach sir dung 2 relay nén ta c6 tong cong
suat cua relay 1a: Py ., =0,36%2=0,72W

« Ta ¢6 dién ap cap vao Module vi diéu
khién ESP8266 (ESP-07) 1a 3,3V va dong dién
khi hoat dong téi da 1a 170mA.

P, =3,3%0,17=0,561W
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Suy ra, tong cong suit cua mach la:
+P =0,561+0,72=1,281W

RELAY

P =Py

Vi vay, lya chon Module nguén AC —
DC Hilink HLK — PMO01 5VDC c6 cong suat
3W lam nguon chinh dau vao 1a hop ly, dap
g duogc yéu cau cung cip ngudn dién 6n dinh
cho mach.

Module nguén cach ly DC—DC B0505S
1W ¢6 nhiém vu cach ly ngudn dién giira vi
diéu khién ESP8266 (ESP-07) véi relay, nhim
dé chong nhiéu vi diéu khién. Module nay c6
thé cung cip ngudn dién c6 cong suit toi da
1W, ma theo tinh toan bén trén thi vi diéu khién
ESP8266 (ESP-07) chi sir dung cong suét tbi
da 13 0,561W, nén Module ngudn nay dap Gmg
duogc yéu cau thiét ké vé ngudn dién cho vi didu
khién.

IC 6n 4p AMSI1117 3,3V ¢6 nhiém
vu ha mérc dién 4ap tir Module nguédn céach ly
DC — DC B0505S 1W cip vao xudng 3,3V, dé
cung cip ngudn dién 6n dinh cho vi diéu khién
ESP8266 (ESP-07).

Cac tu C1 =220 uF, C2=10uF, C3 =
22 uF va C4 = 100 nF c6 gia tri dugc lya chon
theo dé xuét cua nha san xuit, cac tu nay co tac
dung loc nhidu va lam phang ngudn dién cap
vao mach.

2.3.2. Chon linh ki¢n va gidi thich khéi dong
luc (Relay)

KHOIBOMG LG

NG % ||
v e o

Hinh 3. Khoi déng lc (relay)
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Khéi dong lyc (Relay) duogc thiét ké
bao gdm cac linh kién nhu: Opto quang PC817,
BJT NPN CI1815, Relay 5V, dién tro, led va
diode.

+ Cac dién tré6 R6 va R9 s€ dugc tinh
toan dé BJT bén trong Opto din bdo hoa thi
dong dau vao I = 20mA va dién 4p dau vao 1a
V.= 1,2V. Suy ra:

3.3-1,2
Re=Ro="002

* Chon dién tr¢ co gia tri chuan la:

=105 Q

R,=R,=100 Q.

+ Vi mach thiét ké chi can dong/cit
relay nén BJT NPN C1815 s& hoat dong & ché
do bao hoa. Vi vay, ta chon dién tr& RB cua
BJTla: R, =R, = 1kQ.

+ Chung minh BJT NPN CI1815 hoat
dong & ché do bdo hoa: Dya vao Hinh 3.17 thi
BJT NPN C1815 dugc st dung trong dé tai c6
mi 12 GR331, nén s& c6 hé s6 khuéch dai dong
dién hy 13 tir 200 dén 400, V. tr 0,1V dén
0,25V, VBE(Sao toi da 1V. Con di¢n trd cudn day
cua relay 5V la 70€Q2 nén suy ra R =70 Q.

« Gia sir BIT hoat dong ¢ ché do bao
hoa nén:

Vo= Vg 5-1
VCE:VCE(sat):O’IVIB: BBRB = :1000:4mA
1o = e~ Ver _ 200 J0ma

R, 70

* Kiém tra lai:

Ie ko) = g * 1, = 200%4mA = 800mA

* Ta co e 70mA, nén suy
ra véi R, = 1 kQ thi BJT s€ hoat dong ¢ ché do
bao hoa.

+ Tinh toan dién tré cho R8 cho Ledl
va R11 cho Led2.

e Ledl va Led2 la loai led d6 3mm nén
c6 muc dién 4p 1a 2V va dong dién 1a 10mA,
nén ta c6 thé tinh toan dién trd cho led 1a:

5-2
=——=300Q2
0,01

* Chon dién tr¢ c6 gia tri chuan la:

Rs =R},

R,=R, =330Q

+ Diode D1 va D2 c6 tac dung bao v¢
cho BJT QI va Q2, vi khi c6 dong dién chay
qua cudn day cua relay thi cudn day s€ co6 kha
nang tich trlt nang lugng. Nang luong nay co
kha nang sinh ra dong dién cdm tng khi khong
c6 dong dién nao chay qua cudn day lam danh
thung BJT, vi vay D1 va D2 s& phan cyc thuan
dan dong dién cam tng vé duong ngudn dé bao
vé cho BIT.

2.3.3. Khéi nit nhin

KHOI NUT NHAN

Ty T T P R _L-.-ﬁ:-- + R

Hinh 4. Khoi ddng lec (relay)

Nut nhan BT1 duge ndi GPIO 0 co tac
dung config Wifi va vao ché do BOOT d¢ nap
code cho Module vi diéu khién ESP8266.

Nut nhan BT2 va BT3 1a cac nat nhin
cap tin hiéu diéu khién dong/cat cac Relay 1 va
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Relay 2 cho Module vi diéu khién ESP8266.

2.3.4. Khéi vi diéu khién
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Hinh 5. Khoi vi diéu khién ESP8266

Khéi nay duoc thiét ké két ndi giira
Module vi diéu khién ESP8266 (ESP-07) véi
cac Opto quang va cac header.

+ Cac chan GPIO 4 va 5 dugc ndi véi
chan cathode ctia Opto quang PC817, dung dé
cap tin hiéu mirc 0 dé dong dién chay qua lam
sang bong led bén trong Opto quang kich md
BJT bén trong Opto quang tir d6 kich m& BJT
C1815 dé dong/cit relay.

+ Céc chan GPIO 12 va 13 dugc két ndi
v6i header, tac dung ciia header nay 14 ndi thém
nat nhan bén ngoai, nit nhin nay ciing chirc
ning v6i cac nit nhan BT1 va BT2 déu 1a cac
nat nhan diéu khién relay.

+ Cac chan GPIO 14 va 16 dugc két ndi
v6i header, tac dung ctia header nay 1a dé két
ndi va doc dir liéu cua cac cam bién co giao
thire giao tiép 1a Onewire hodc 1a digital.

+ Hai chan TX va RX dugc ndi voi
header, muc dich dung dé nap code cho vi diéu
khién, 2 chan nay ciing c6 thé cdu hinh 1am hai
chan SDA va SCL dung dé giao tiép 12C véi
man hinh Oled hoic cac cam bién st dung giao
thire giao tiép I°C.
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+ Chan GPIO 0 dugc két ndi véi nit
nhan ding dé cau hinh Wifi hoic dé vao ché do
BOOT nap code cho vi diéu khién.

+ Chan GPIO 2 s& dugc két nbi véi mot
bong led bao trang thai két noi gitta cac Node
hodac két no1 Wifi ciia Gateway.

+ Hai chan ADC va GPIO 15 s€ khong
duoc su dung.

+ Cac dién tré R1, R2, R3 va R5 1a cac
dién tr¢ Pull-Up, dién tré R4 1a dién trd Pull-
Down. Céc dién tré nay co6 tdc dung xéac dinh
mtrc logic cho cac chan GPIO va cac chan chirc
nang, vi néu khong c6 cac dién trd nay thi cac
chan GPIO va céac chan chirc ning cia vi didu
khién s& & trang thai floating, tirc 13 muc tin
hiéu trén cac chan nay s€ ¢ trang thai khong
xac dinh, phu thudc vao bén ngoai nén vi diéu
khién s& khoi dong khong thanh cong.

Tu C5 ¢6 tac dung khai dong mém cho
vi diéu khién. Khi ngudn duoc cap vao vi diéu
khién thi ty s& dugc nap, ¢ dong dién chay qua
tu kéo chan Reset xudng murc thap 1am Reset vi
diéu khién, tu nay muyc dich nham dé doi nguén
dién on dinh roi méi khoi dong vi diéu khién.

3. KET QUA NGHIEN CUU

Co thé ngudi co nhiét do trung binh
la 98,6°F hay 37°C. Tuy nhién, nhiét d§ nay
khéng nhu nhau tai cac vi tri trén co thé. Tuy
thudc vao vi tri do nhiét do, diéu kién nhiét do
phong ma ta théng ké dugc 16 diém nhiét dic
trung cho co thé dugc mé ta theo cac vi tri trong
Hinh 6 [12]. Nhiét d co thé thuc té 1a khong
nhu nhau tai moi vi tri va c6 xu huéng giam
dan theo chiéu tir trén Xuéng. Cu thé, dau nhiét
d6 s& cao nhat, va ban chan nhiét do s& thap
nhét. Céc vi tri trung gian tu ¢, nguc, bung,
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hong, bap dui, bap chan... nhiét do s€ c6 xu
hudng gidm dan tir trén xuong dudi.

Trong nghién clru nay tap trung khao
sat nhiét do tai cac vi tri c6 s dung trang phuc
quan 4o, mil (nén). Do d0, vi tri ban chan s&
dugc bé qua. Ngoai ra, vi muc dich can thiét
ké 15 thong dé thoat nhiét tong thé tai vi tri bap
chan dudi va ban chan, vi vay nghién ctru s¢ tap
trung mo phong tong 15 vi tri toa nhiét, bo qua
vi tri ban chan.

Hinh 6. 15 vi tri nhiét dac trung cua co thé

Mo hinh ma-no-canh hoan chinh duoc
thiét ké véi 15 diém toa nhiét. Vi tri diém téa
nhiét s6 1 nam tai vi tri dau trén tran trai. Vi
tri toa nhiét s6 2 nam trén cd. Vi tri toa nhiét
s6 3 nam gitra nguc trai. Vi tri tdéa nhiét s6 4
nam trén ngyc phai. Vi tri toa nhiét s6 5 nam ¢
suon phai. Vi tri toa nhiét s6 6 nam dudi nguc
phai. Vi tri toéa nhiét s6 7 ndm trén bung trai
(trén ron). Vi tri téa nhiét sé 8 ndm dudi bung
phai (dudi rén). Vi tri toa nhiét s6 9 nam trén
dui trai. Vi tri toa nhiét s6 10 va 11 nam trén

dui phai. Vi tri toa nhiét s6 12 nam trén bép
chan trai. Vi tri téa nhiét sd 13 nadm trén canh
tay trai. Vi tri toa nhiét s6 14 nam tai khop gap
tay trai. Vi tri toéa nhiét s6 15 nim tai long ban
tay trai. Cac vi tri nay dugc mo ta trong Hinh
7. Tét ca céc vi tri toa nhiét nay dugc khao sat
& phan mit trude ctia ma-no-canh. Mit sau cta
ma-no-canh tap trung lap dat cac bo phan thoat
nhiét va co cdu tiép ngudn dién cho hé thong.

Hinh 7. M6 hinh manikin toa nhiét mat truoc va
mat sau

4. KET LUAN

Nghién ctru da xdy dung va phét trién
duoc mo hinh ma-no-canh toéa nhiét. Hé théng
mo phong 15 vi tri toa nhi¢t khac nhau trén co
thé. Tung vi tri nay dugc quy dinh nhiét do
va cai dit thong sb cu thé cho ting vi tri khac
nhau. Cac cam bién nhiét do s& thu thap nhiét
do va truyén vé hé théng, nhiét d6 s& dat dén
mirc yéu cau va hé thong s& tu ngit cung cap
nhiét va lam ngugi. Trong qua trinh nay, ching
ta c6 thé thu thap thong s6 vé nhiét do va thoi
gian bién doi nhiét. Hé théng ma-no-canh lam
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ra c6 ing dung rat hiru ich cho tit ca cac nghién
ctru mo phong nhiét do co thé nguoi. Bac biét
1a cac nghién ctru vé mdi lién hé giira trang
phuc va quin 4o (chit liéu, kiéu dang, kich
¢d...). Két qua ciia nghién ciru nay s& 1a tién
dé cho cac nghién ctru rong hon trong twong lai
¢6 lién quan dén sir dung mo hinh ma-no-canh
toa nhiét, m6 phdong nhiét do co thé nguoi theo
ting vi tri cu thé.
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