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TOM TAT

Nghién clru nay trinh bay qua trinh thiét ké, ché tao va van hanh mot hé théng ma-no-canh toa
nhiét c6 kha nang mo phong sy phan bd nhiét d6 tai 15 vi tri trén co thé nguoi. Moi vi tri duoc gia nhiét
béng dién tré va diéu khién doc 1ap thong qua ph?ln mém SCADA, nho d6 nhiét do cai dat c6 thé duoc
diéu chinh phu hop véi timg ving co thé. Hé théng dong thoi thuc hién chitre ning giam sat, thu nhan
va luu trir dir liéu nhiét d0 trong subt qua trinh thtr nghiém. D li¢u dugc Xuét sang Microsoft Excel dé
phuc vu xtr Iy va phén tich, dong thoi co thé dugc theo ddi tir may tinh thong qua giao dién diéu khién.
Két qua van hanh cho thdy mé hinh dap tmg yéu cau diéu khién nhiét do theo timg vi tri va c6 thé dugc
str dung trong cac thi nghiém danh gia tién nghi nhiét cta trang phuc.

Tir khéa: SCADA, ma-no-canh téa nhiét, diéu khién nhiét d6, mé phong nhiét co thé, tién nghi nhiét.
1. PAT VAN BE

Céc nghién ctru md phong trao d6i nhiét cua co thé nguoi di duoc trién khai tir nhiéu thap ky
trude; nhitmg ma-no-canh toéa nhiét dau tién xuat hién vao khoang nhimg nam 1940 dé phuc vu nghién
clru truyén nhiét va tién nghi nhiét [1]. Hién nay, thiét bi nay dugc su dung trong nhiéu bdi canh khac
nhau. Trong bao hd lao ddng, ma-no-canh hd tro danh gia mirc 6 bao vé cua trang phuc chong chay &
moi trudng nhiét cao [2]. Trong nganh 6 t6, thiét bi dwoc dung dé khao sat an toan va cam giac tién nghi
clia ngudi ngdi trong khoang xe [3]. Ma-no-canh nhiét ciing dugc tmg dung trong nghién ctru sir dung
ning lugng ciia cong trinh dudi cac ché do diéu hoa khong khi hodc sudi 4m khac nhau [4]. Riéng trong
linh vyc dét may, thiét bj tao diéu kién danh gia kha nang cach nhiét va cac dac tinh lién quan dén tién
nghi cta vt liéu, san phim may mic [5].

CAu tao va ché do van hanh cua ma-no-canh toa nhiét phu thudc vao muyc ti€u cua tirng nghién
ctru. Nhiéu hé théng dang str dung mot gia tri nhiét d¢ chung cho toan bg bé mit co thé, thuong vao
khoang 34 °C. Tuy nhién, cach cai dat dong nhat nay chua thé hién dugc su khac biét nhiét do giira cac
ving trén co thé nguoi [6].

SCADA (Supervisory Control and Data Acquisition) dwogc sir dung dé két ndi hoat dong giam sat,
diéu khién va thu nhan dit liéu trong mot hé thdng k¥ thuat. Thong qua giao dién phan mém, ngudi van
hanh c6 thé theo doi thiét bi, thay ddi thong s cai dat, luu dir liéu va thue hién mot sé thao tac tir xa.
Viée tich hop cac chirc ning nay gitp giam khéi luong thao tac thu cong va hd trg hé théng van hanh
lién tuc, c6 kiém soét [7,8].

Mot céu hinh SCADA dién hinh gdm may tinh giam sat, bo diéu khién, cam bién, co cau chap
hanh, ha ting truyén thong va giao dién ngudi dung. Kha nang két ndi nhiéu loai thiét bi cho phép
SCADA duoc trién khai trong cac h¢ théng dién, day chuyén san xuét, ché bién thuc phém, ha tﬁng ky
thuat va an ninh [9].

Trong nghién ciru nay, SCADA dugc tich hop véi ma-no-canh téa nhiét dé diéu khién riéng 15
vung gia nhiét twong Gng vdi cac vi tri dac trung trén co thé. Nhiét d6 cai dat va nhiét d6 do thuc té tai
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timg ving dugc hién thi trén giao dién, dong thoi dir liéu duge ghi nhan trong sudt qua trinh thi nghiém.
Cach to chtre nay cho phép m6 phong sy phan bo nhiét do theo vi tri va cung cap dir liéu phuc vy danh
gia h¢ thong.

2. POI TUQNG VA NQI DUNG NGHIEN CUU
2.1. Pbi twong nghién ctru

Dbi tugng nghién ctru gdm ma-no-canh toa nhiét, cum thu nhan va diéu khién tin hiéu, cing phan
mém SCADA phuc vu thi nghiém tién nghi trang phuc. Cum phan cling tiép nhan di liéu tir cam bién,
diéu khién cac phan tir gia nhiét va truyen thong tin ¢én may tinh. Phidn mém SCADA hién thi nhiét d¢
tai timg vi tri, luu dir liéu do va xuat két qua sang tép Microsoft Excel. Toan b cac thanh phan dugc
van hanh nhu mot hé thong thdng nhét dé giam sat va diéu khién qua trinh thir nghiém.

2.2. Noi dung nghién ciru

- Thiét ké va ché tao hé théng ma-no-canh téa nhiét.
- Xay dung phan mém SCADA dé giam sat va diéu khién nhiét do.
- Xay dung quy trinh thyuc hanh thi nghiém trén ma-no-canh téa nhiét.

3. PHUONG PHAP NGHIEN CUU
3.1. Nguyén ly va thiét ké ché tao h¢ thong ma-no-canh nhiét

Kién truc hé théng gdbm hai IoT Node va mot IoT Gateway. Gateway tiép nhan dit liéu tir cac
Node, xtr Iy va chuyén thong tin dén may tinh dé hién thi. Mdi Node c6 thé thu nhén tin hiéu cua ti da
tam cam bién, dong thoi diéu khién tam phan tir gia nhiét doc 1ap. Sau khi nhén gia tri cai dit tir Gateway,
Node diéu chinh cong suat gia nhiét &é duy tri nhiét d6 yéu cau. Vi hai Node, mé hinh quan 1y duoc
15 vi tri trén ma-no-canh. Trén may tinh, phﬁn mém giam sat hién thi déng thoi nhiét do cai dat va nhiét
dd thuc té cia toan bo cac diém do.

Dir ligu gitra Gateway va cac Node duoc truyén béng ESP-NOW trén nén tang ESP8266. Giao
thirc nay cho phép cac thiét bi da ghep ndi trao dbi truc tlep ma khong can b dinh tuyen Wi-Fi. Pac
diém truyén ‘ngang hang va do tré thap phu hop véi yéu cau cap nhat lién tuc cuia hé thong do nhiét do.
Khi mét thiét bj khai dong lai, két ndi vai cac thiét bi da thiét lap dwoc phuc hdi dé t1ep tuc qua trinh
truyén nhan di liéu [15].

ESP-NOW

ESP-NOW ESP-NOW

ESP-NOW

A

Hinh 1. Giao tiép hai chiéu giita cac thiét bi bing giao thirc ESP-NOW

ESP8266 NodeMCU dugc chon lam vi diéu khién cho cac module trong hé thong vi tich hop két ndi
Wi-Fi 2,4 GHz, ¢6 kich thudc gon va thuan tién cho viéc 1dp trinh. Phién ban ESP8266EX st dung bg xir
Iy Tensilica L106 32 bit, hd tro xung nhip dén 160 MHz. C4u hinh nay dap tmg yéu cu xt 1y tin hiéu tir
nhiéu cam bién va duy tri truyén thong khong day trong qua trinh thi nghiém [16].
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Hinh 2. Module ESP8266 NodeMCU

A;lg—ten‘2,4 GHz dam nhiém viéc phat va thu tin hi€u gitta Gateway v6i cac Node. B9 phan nay
duoc bo tri nham duy tri chat lugng két ndi va han che gian doan khi dit liéu nhiét d¢ dugc truyén lién tuc.

0

Hinh 3. Ang-ten 2,4 GHz Hinh 4. Module cam bién nhiét d6 DS18B20

Nhiét d6 tai mdi vi tri duge do béng cam bién sé DS18B20. Nho giao tiép OneWire, nhiéu cam
bién co thé duoc két ndi trén cling mot duong dir liéu voi vi diéu khién ESP8266. Tin hiéu s ciing gitp
han ché anh hudng ciia nhidu trong qua trinh truyén va phit hop véi yéu cau theo ddi nhiét do lién tuc
cua thi nghiém [17].

Module AC-DC Hi-Link HLK-PMO1 duoc st dung dé chuyén d6i ngudn dién xoay chiéu thanh
ngudn mot chiéu cho mach diéu khién. Thiét ké dang module kin va kich thudc nho giup linh kién d&
bb tri trong khong gian gidi han bén trong ma-no-canh [18].

Fuse
- = P -Vo e Lo —d T A\
Hi-Link A -
-
pRCCHSA TS GE ac 4
INPUT:100-240Vac Input Varistor = —_— Fower mod == RIL
0.2A 50-60Hz @ 003461 O.LUE2 TSV uF
OUTPUT:5V==0.6A 3W RoHS l’/mL ) 4
P/N:HLK-PMO1  oe MO Lo N Noe

Hinh 5. Module ngudn AC-DC Hi-Link HLK-PMO01 va mach tmg dung

Ngudn cap cho relay dugc cach ly véi ngudn cua vi diéu khjén bang module DC-DC B0505S-1W.
Giai phap nay han ché nhi€u phat sinh khi relay dong hodc ngat tai, qua do cai thién do on dinh cua
mach diéu khién [19].

Hinh 6. Module cach ly DC-DC B0505S-1W

Mach diéu khién stir dung AMS1117 @ 6n dinh dién ap cAp cho cac linh kién dién tir. Day 1a IC 6n
ap tuyen tinh cé nhiéu mirc dién ap dau ra, dong cung cap t6i da khoang 1 A va dién ap roi thap. Trong
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mb hinh, linh kién nay gop phan duy tri ngudn cap 6n dinh khi hé thong van hanh [20].

3 AMS1117 2
N ouT [—

Input

ADJ/Ground Output

Hinh 7. Hinh dang va so d6 chan cia IC AMS1117

Mach dugc thiét ké dé thu nhan dir liéu cam bién, diéu khién trang thai dong/ngat cua relay va
chuyén dit liéu dén giao dién nguoi dung. Gateway va cac Node dung chung mot cau tric phan clng,
gitp giam s6 loai bo mach can ché tao va thuan tién hon cho viéc bao tri hodc mé rong hé thong.

Hinh 8. Vi tri cam bién va so d6 dau n6i mach

Hé théng phan cimg gdm mét module trung tim ndi véi may tinh va hai module dit trong thin ma-no-canh.
Module trung tim trao doi dir liéu véi phan mém giam sat; mbi module bén trong quan 1y ti da tim ving
gia nhiét. Khi nhan yéu cau tir my tinh, cac module doc gia tri cta cam bién va gui dir liéu vé Gateway
dé hién thi. Nguoc lai, gid tri nhiét d6 do nguoi diung thlet 1ap trén giao dién dwoc chuyén den tung module
dé diéu khién phan tir gia nhiét twong tng. MG&i vi tri gdm mot dién tro gia nhiét cong suat 10 W va mot
cam bién DS18B20. Cong suit duoc diéu chinh bang phuong phap diéu ché do rong xung (PWM) nham
han ché dao dong quanh gia tri nhiét do cai dat.

3.2. X4y dung hé théng giam sat nhiét dd bing SCADA

Trong mé hinh nghién ciru, SCADA 1a 16p phan mém lién két nguoi sir dung véi phan cimg do va
diéu khién. Giao dién cho phép theo ddi nhiét do theo thoi gian thyc, giri gia tri cai dat dén timg ving
gia nhiét va ghi lai dit liéu van hanh. Nho d6, nhidu diém do c6 thé dwoc quan ly dong thoi trén cliing
mot man hinh.

HMI (Human-Machine Interface) 1 thanh phan truc quan ctia hé théng SCADA, noi ngudi ding
quan sat thong so, thay doi gia trj cai dat va kiém tra trang thai thiét bi. So v6i bang diéu khién co hoc
dung nat nhin va dén bao, giao dién d6 hoa trén méy tinh hodc man hinh cam tng gitp viéc thao tac va
theo doi dir liéu thuén tién hon [10,11].

Hé théng SCADA trong nghién ciru dugc phat trién dé theo ddi lién tuc nhiét do cua ma—nor—canh
Céhu hinh duoc lwa chon theo huong gon, chi phi thap va c6 thé bd sung thém diém do khi can. Kién
trac tong thé, gdm cac khéi thu nhén dit liéu, truyén thong va didu khién, dwoc trinh bay trong Hinh 9.

Cac chue nang chinh dugc trién khai bang phin mém nén c6 thé diu chinh hoic mé rong ma
khong phai thay d6i dang ké ciu trac phan ctmg [12]. Nhém nghién ctru khao sat cac phuong an truyén
nbi tiép, truyén khong day va két ndi may tinh trude khi hoan thién phwong thic trao ddi dit liéu. Trén
co 80 do, giao dién SCADA dugc xay dung dé hién thi di¥ li¢u theo thoi gian thuc va cai dat nhi¢t do
ddc lap cho tung vi tri trén ma-no-canh.
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Hinh 9. So a6 khéi cac thanh phin cua hé théng SCADA

3.3. Xiy dung quy trinh thwe hanh thi nghiém trén ma-no-canh téa nhiét

Trong thi nghiém, ma-no-canh dugc thir & diéu kién mic 4o so mi dai tay bang vai 100% cotton
ctia thwong hiéu Tommy, nhu minh hoa trong Hinh 10. Nhiét d6 cua timg ving duoc diéu khién dén gia
trj cai dat twong ing voi vi tri trén co thé ngudi. Khi tit ca diém do dat yéu cau véi sai sb cho phép +1
°C, hé théng nging gia nhiét va bt dau ghi nhan qua trinh giam nhiét trong 75 phut.

Hy

Hinh 10. Trang phuc st dung trong thir nghi¢m

Gid tri cai dat tai timg vi tri duoc x4c dinh gin v6i nhiét 6 tham chiéu cua ving co thé tuong Gng.
Céac muc nhiét d¢ sir dung trong thi nghiém dugc trinh bay trong Bang 1.

Bang 1. Nhiét d6 co thé tham chiéu va nhiét do cai dit tai 15 vi trf trén ma-no-canh

Vi tri téa

A 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
nhiét

Cothé | 352|351 344|344 |33.7(33.8|34.8|323(33.0]33.7]32233.033.2|34.033.8

Caidat | 35 35 34 34 34 34 35 32 33 34 32 33 33 34 34

Téng cong 16 lan thir duge thyc hién, gém 8 14an v6i ma-no-canh khong mic do va 8 lan v6i ma-
no-canh méc 4o 100% cotton. Hai diéu kién duoc so sanh dé danh gia sy khac nhau ctia qua trinh giam
nhiét. Phan tich tap trung vao sdu vi tri & vung than (P3-P8) va hai vi tri ¢ tay 4o (P13, P14).

Trong mdi lan thtr, cac vung duoc gia nhiét dén gia tri da cai dat, véi sai $6 chép nhan =1 °C. Sau
khi toan bo diém do dat yéu cau, b gia nhiét dugc ngit va quat thong gié dwoc dat & mirc cao nhit dé
lam nguoi. Phin mém SCADA tu dong ghi nhiét d6 lién tuc trong 75 phut, tao bd dir li¢u dung cho phan
tich thuc nghiém.
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4. KET QUA VA THAO LUAN
4.1. Két qua thiét ké va ché tao hé thdng ma-no-canh téa nhiét

He¢ thdng sau ché tao gdbm 15 viing gia nhiét doc 1ap va c6 thé van hanh trong khoang 28-40 °C.
Céac module diéu khién dugc b tri bén trong than ma-no-canh dé thuan tién khi lip dat, di chuyén va
béo tri. Hinh dang ciia m6 hinh twong ddng véi co thé ngudi nén c6 thé mic nhiéu loai trang phuc trong
cac thi nghiém tién nghi nhiét. Vi tri va sb thir tu cua 15 vung gia nhiét dugc trinh bay trong Hinh 11.

Hinh 11. Vi tri 15 vung gia nhiét trén ma-no-canh
4.2. Két qua xay dung hé thong giam sat nhiét dd bang SCADA

Phan mém SCADA Temperature Software duoc phat trién dé giam sat va diéu khién hé théng ma-
no-canh téa nhiét.

Trén giao dién, nguoi dung co thé cai dat nhiét do riéng cho tirng vi tri, theo doi gia tri do theo
thoi gian thyc va kiém tra trang thai van hanh. Dit liéu dugc thé hién dudi dang s6 hodc dd thi va c6 thé
xudt sang Microsoft Excel dé tiép tuc xu 1y.

Man hinh diéu khién hién thi dong thoi 15 vi tri do. Gia tri cai dat dugc nhép truc tiép tai timg vi
tri va dat canh nhiét do thuc té, gitp nguoi dung theo doi sai 1éch trong qua trinh van hanh. D li€u thu
nhén dugc luu ty dong theo thoi gian vao tép Excel dé phuc vu théng ké va phan tich sau thi nghiém.

1 SCADA Sotware - o x

" Hé Théng Gidm Sat Nhiét Do

& Théng Giam Sat Nhiét Do
P1 P2 P3 P4
Set EC] Set 28 @ Set 28 © Set 28 °C
Read 265 °C Read 266 °C Read 27 © Read 273 °C
s 3 P7 P8
set | 2 | °C Set 28 | *C Set 28 | *C Set 28 | °C
Read 262 °C Read 264 °C Read 273 °C Read 27,1 °C
Py P10 P11 Pz
Set °c Set © Set 28 [IEE Sel 23 |NNG
Read 264 °C Read 26 °c Read 268 °C Read 268 °C
P13 on P15 Room temperature
set | 2 | € Set @ Set 28 | Set 30 |G

Read 273 -C Read 262 °C Read 258 °C Read 127 °C

Sefing Data Reporter

Communical tion port M2 ¥ Fom: [2u032024 5] [ssor3s 3] To [uoseoze G| [seoiss
nterval (s) 5 ]

— s

Change Setting Chart

Hinh 12. Giao dién diéu khién cta phan mém SCADA
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Phan mém con biéu dién nhiét d cta timg vi tri theo thoi gian dudi dang d thi. Cach hién thi nay
ho trg nhan biét xu hudng tang hoac giam nhiét va kiém tra dién bién van hanh cta hé thong. Mgt man
hinh do6 thi theo doi dugc minh hoa trong Hinh 13.

2 SCADA Seftware - o x

P1-2 P3-4 P5:6 P7-8 P9-10 P11-12 PI3-14 PI5-16
»

-

i= ~ Soo1]
» ~ Rood(01]
»

o

0
D RNNON RONUNALN  VOVOGN,_BTRVAAM  BOIVBMI WO VNI

1
ROEIROU  RORUWLN  ROBNGN_BEBNNGN  DODVBUL B BINGI

Setiing Dota Regorter

Comunicaton port o v from (0072023 @] [saoem 3] To poman @-] [saonem

Roading data interval ()
Chango seting Data

Hinh 13. Db thi theo dbi nhiét do theo thdi gian

Dir liéu trong moi 14n van hanh duoc luu tu dong vao thu muc Report dudi dang t&€p Microsoft
Excel. Céc t€p nay co6 thé dugc st dung truc ti€p cho budc ki€ém tra, tong hop va phan tich so li¢u.

30 Jul 2023k - Microsoft Excel T m - &°X
PAGELAYOUT  FORMULAS  DATA  REVIEW  ViEW Microoft sccount = |1 1|
A = ] Y & Sy 29 | Z AutoSum - A,
n <A B v | Bwepwen General - B B 8 X e by
BIU- - &-A- =8= &E EMege&Cente - « 9 » %4 & Condtional Formatas Cell | Insert Delete Format Sort & Find &
4 i Maye - S Formatting = Table~ Stylest |+ . + | & Clear~ Filter - Select *
Font " Ahgnment ’- Number " Styles Cets Eating -~
A2 M E £ | 30/07/2023 - 00:50:23 v
4 A 8 c D E F 6 H ! J X L M N o L Q R s T v v

REPORT

1

2

3 [ 30/07/2023 - 00:50:23
4 [30/07/2023- 005123
13 2
6
7

Hinh 14. Dit liéu nhiét d§ duoc ghi nhan va luu trir
4.3. Két qua xay dung bai thwe hanh va thir nghi¢m trén ma-no-canh téa nhiét

Mai thir nghiém kéo dai 75 phut trong diéu kién nhiét do méi truong duge duy tri 6 27 °C. SCADA
thq n}}an Vfl luu dir liéu nhiét do theo chu ky 5 giay/lan, sau d6 xuat truc tiép sang Microsoft Excel. Tan
suat lay mau nay cho phép ghi lai lién tyc dién bién ha nhiét cia ma-no-canh trong toan bd thoi gian do.

Két qua ctia cac lan thir duogc tong hop trong Bang 2.

Bdng 2. Két qué thir nghiém ctia ma-no-canh & diéu kién mic 4o va khong mic 40

Bt dau — 1s 15 phat - 900s 30 phut - 1800s 45 phut - 2700s 60 phut - 3600s 75 phuit - 4500s
Mean | STD | P-value | Mean | STD | P-value | Mean | STD | P-value | Mean | STD | P-value | Mean | STD | P-value | Mean | STD Sa;lue
P3 | Khong | 33.52 | 0.07 2791 | 1.44 26.85 | 0.84 26.42 | 0.79 26.33 | 0.85 26.37 | 0.81
Co ao 33.7 023 0.0933 2965 | 1.6 0.0775 28.78 | 1.03 0004 28.36 | 0.7 | 0.0003 | 28.16 | 0.5 | 0.0003 | 28.03 | 0.43 0.001
P4 | Khong | 33.55 | 0.57 28.58 | 2.13 27.62 | 1.68 27.12 | 14 27 | 116 26.9 | 0.95
Coao | 3378 | 036 | 0.3506 | 29.68 | 1.22 | 0.2834 | 28.87 | 0.81 0.075 | 28.58 | 0.55 | 0.0157 | 28.46 | 0.48 | 0.0065 | 28.42 | 0.46 | 0.0022
P5 | Khong | 33.35 | 0.27 26.58 | 2.1 25.53 | 1.49 25.16 | 1.19 25.07 | 0.97 25.05 | 0.82
Co ao 33.6 | 022 | 0.1204 | 27,52 | 1.18 | 0.3081 | 26.96 | 0.63 0.031 | 26.77 | 0.46 | 0.0051 | 26.75 | 0.47 | 0.0015 | 26.78 | 0.49 | 0.0012
P6 | Khong | 3325 | 0.17 27.63 | 2.12 26.55 | 1.58 26.1 | 1.34 2596 | 1.08 25.93 | 091
Coao | 3351 | 035 | 0.1184 | 2857 | 1.21 0.336 | 27.83 | 0.74 0.067 | 27.61 | 0.49 | 0.0165 | 27.55 | 0.46 | 0.0042 | 27.53 | 0.49 | 0.0025
P7 | Khong 342 026 2791 | 2.03 26.87 | 148 2647 | 1.19 2632 | 0.96 26.28 | 0.82
Codo | 3437 | 0.26 | 0.19962 | 28.95 | 1.19 | 02654 | 282 | 0.68 | 0047 28 | 0.47 | 0.0079 | 27.95 | 0.48 | 0.0021 | 27.92 | 0.48 | 0.0012
P8 | Khong | 31.13 | 0.81 27.11 | 1.46 26.36 | 1.11 26.08 | 0.94 26.02 | 0.84 26.05 | 0.72
Coao | 31.78 | 0.61 | 0.10565 | 28.33 | 0.9 | 0.0935 | 2793 | 0.65 0.01 | 27.82 | 0.51 | 0.0018 | 278 | 0.5 | 0.0011 | 27.81 | 0.54 | 0.0011
P13 | Khong | 32.86 | 0.59 28.82 | 1.83 27.75 | 1.59 27.25 | 1.38 27.02 | 1.15 26.85 | 0.97
Codo | 33.27 | 0.79 | 0.28555 | 29.3 | 1.17 | 0.6392 | 28.62 | 0.73 0.267 | 28.38 | 0.51 | 0.1004 | 28.26 | 0.47 | 0.0397 | 28.25 | 0.46 | 0.0138
P14 | Khong | 3345 | 041 27.56 | 1.88 265 | 14 26.05 | 1.19 25.92 | 0.99 25.85 | 0.83
Coao | 33.58 | 0.27 | 0.35062 | 28.47 | 1.27 | 0.3198 | 27.77 | 0.76 0.064 | 27.51 | 0.52 | 0.0148 | 27.41 | 0.47 0.005 | 274 | 0.44 | 0.0022
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. Dé so sanh hai diéu kién, dit liéu duoc trich tai sdu médc: thoi diém bat dau (gia tri trong 10 gidy
dau), 15 phuat, 30 phut, 45 phut, 60 phit va 75 phuat sau khi ngirng gia nhiét. Cac vi tri dugc phan tich

gdm P3-P8 ¢ ving than va P13-P14 ¢ tay 4o, 1a nhitng ving dugc trang phuc che phi.

Nhiét d6 ¢ tung thoi diém duoc so sanh gitta ma-no-canh khér}g mic 40 va ma-no-canh mac qéo
100% cotton. Bang 2 trinh bay gia tri trung binh (Mean), d9 1éch chuan (SD) va p-value cua phép kiém
dinh t. Ngudng p < 0,05 dugc str dung d€ xac dinh su khac biét co y nghia thong ké giira hai diéu kién

thir nghiém.

Hinh 15 thé hién sy thay d6i nhiét d6 theo thoi gian tai ting vi tri. Cac duong biéu didn cho phép

quan sat va doi chicu xu hudng ha nhiét cia ma-no-canh khi cé va khong cé 16p 4o bao phu.

35

Bigu d6 ha nhiét vij tri P3

30

35

25

20+

1 Biéu d6 ha nhiét vi tri P4

30+

Bt dau

15phat 30 phdt 45 phdit 60 phat 75 phit

Bat dau

W P3Khéng P4 Khng
W P3Codo 154 W P4 Co do
Batdau 1Sphat 30phit 45phut 60 phut 75 phat Batdau 1Sphit 30phut 45phat 60 phdt 75 phat
35 R Y A 0 7 15
Biéu do ha nhiét vi tri P5 Biéu d6 ha nhiét vi tri P6
M P5 Khéng M P6 Khong
W P5 C6 do M P6 C6 4o
Bitdau 15phit 30phit 45phat 60phat 75 phut Bitdau 15phit 30phit 45phat  60phat 75 phit
Biéu d6 ha nhiét vi tri P7 s . P
- - Biéu do ha nhiét vi tri P8
W P7 Khéng W P8 Khéng
W P7C6 d0 W P8 C6 do
Bitddu 15phit 30phit 45phit  60phit 75 phit Bitddu 15phit 30phit 45phit 60phat 75 phit
35 g e 35 e e A
Biéu do ha nhiét vi tri P13 Bieu do ha nhiet vi tri P14
M P13 Khéng M P14 Khéng
W P13 Céd0 W PLACH 40

15phuat 30 phut 45 phuit 60 phut 75 phut

Hinh 15. D thi ha nhiét tai cac vi tri thir nghiém
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4.4. Panh gia ciia nguoi sir dung ddi véi hé thong téa nhiét va phan mém SCADA

Phan hdi cta ngudi sir dung duoc thu thap dé danh gia mirc d6 phu hop ciia phan mém SCADA
va xac dinh nhimng noi dung can cai tién. Bang hoi sir dung thang Likert 5 mtc, tir 1 - hoan toan khong
ddng ¥ dén 5 - hoan toan dong ¥, va duoc xay dung tham khao nghién ctru ciia Hakim va cong su [13].
Két qua khao sat dugc xem xét & cac khia canh nhu mirc d9 16 rang ciia huéng dn, tinh tryc quan cia
giao dién, tdc d6 thao tac va kha nang ho tro giam sat nhiét do.

Ngoai cac muc danh gia theo thang do, bang hoi c6 cau hoi mo dé ngudi tham gia gop ¥ vé giao
dién va cach thao tac. Nhitng phan hoi nay cung cap thém can cur cho viéc diéu chinh chuong trinh va
nang cao sy thuan tién khi van hanh hé thong.

Theo Hai’r Vé{ cong sy, thang do co thé duogc phép nhan khi Cronbach's Alpha 16m hon 0,6 va hé sb
tuong quan bién-tong 16n hon 0,3 [14]. Cac chi so thu dugc trong nghién ciru du dap Gmg hai ngudng
ndy, cho thay thang do c6 d6 nhat quan ndi tai phu hop. Gia tri trung binh cua cac tiéu chi déu trén
3,20/5,00, thé hién xu hudng danh gia tich cuc doi véi phan mém SCADA.

Céc ndi dung nhan dugc danh gia tich cuc gém:

- Huéng dan sir dung rd rang va hd tro nguoi dung thyc hién thao tac thuan tién.

- Giao dién duoc bd tri truc quan va dé sir dung.

- Phan mém dap tng yéu cau theo ddi nhiét do tai cac vi tri dic trung trén ma-no-canh.
- Thao tac cai dat va theo doi nhiét @0 dugc thuc hién nhanh.

- Trang thai van hanh dugc hién thi rd, gitp ngudi ding dé kiém tra hé thong.

- Chirc nang xuét dir liéu va chuyén doi gitra bang s6 liéu voi do thi hd trg qua trinh phan tich
két qua.

5. KET LUAN VA KIEN NGHI

Nghién ctu da thiét ké va ché tao mot hé théng ma-no-canh toéa nhiét gém 15 vung diéu khién doc
lap. Két qua thtr nghiém cho théy hé théng vén hanh 6n dinh trong pham vi khao sat va ghi nhan dugc sy
khéc nhau vé qua trinh ha nhiét giira hai diéu kién méc 4o va khéng méc 40. M6 hinh vi vy ¢6 thé duoc
str dung 1am thiét bi thyc nghiém cho cac nghién ctru tiép theo vé trao ddi nhiét va tién nghi trang phuc.

M hinh hién méi tap trung vao qua trinh gia nhiét va giam nhlet O trang thai tinh. Trong cac nghién
ctru tiép theo, hé thdng co thé dugc bd sung kha ning mo phong tiét md hoi, trao 601 4m, Iuu thong khong
khi hoic chuyén dong co thé. . Nhiing chtrc nang nay s€ gitp diéu kién mo phong gan hon véi qua trinh st
dung trang phuc trong thuc té.

Phan mém SCADA di thuc hién dugc cac chirc nang giam sat, diéu khién va luu dit liéu tai 15 vi tri
trén ma-no-canh. Nhiét do dugc theo di theo thoi gian thuc, ty dong ghi vao tép Microsoft Excel va trinh
bay bang do thi. Cac chirc nang nay gitip giam thao tac ghi chép thu cong va tao thun loi cho viée kiém
tra, Xt ly dit liéu sau thi nghiém.

Hé¢ thong c6 cau triic gon va con kha ning mé rong. Tuy nhién, phan mém can duoc danh gia véi
nhiéu nhom nguoi dung va trong cac diéu kién thir nghiém khac nhau trudc khi khing dinh hiéu qua sir

dung rong rai. Y kién cua chuyén gia tai co s¢ dao tao, vién nghién ciru va doanh nghiép dét may ciing
can dugc bo sung dé tiép tuc hoan thién giao dién va chiic ning van hanh.

Loi cam on: Nghién ctru nay duge Truong Dai hoc Cong nghiép Thyc phim Thanh phé HS Chi Minh
(nay 1a Trudong DPai hoc Cong Thuong Thanh phd H6 Chi Minh) ho trg kinh phi theo hop dong so
31/HDB-DCT ngay 01 thang 3 nam 2022.
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ABSTRACT

DESIGN OF A THERMAL MANIKIN SYSTEM WITH SCADA-BASED TEMPERATURE
MONITORING AND CONTROL

Nguyen Thi Kim Thanh', Nguyen Thi Nhu Lan?, Hoang Dac Huy',
Le Thanh Toi!, Van Tan Luong!, Pham Ho Mai Anh'*
'Ho Chi Minh City University of Industry and Trade
’Ho Chi Minh City University of Technology
*Email: anhphm@huit.edu.vn

This study presents the design, fabrication, and operation of a thermal manikin system that
reproduces body-temperature distribution at 15 locations. Each location is equipped with a resistive
heating element and is controlled independently through SCADA software, allowing the setpoint to be
adjusted for the corresponding body region. The software monitors the measured temperature in real
time, records the data throughout the experiment, and exports the results to Microsoft Excel for
subsequent analysis. Experimental operation showed that the system could regulate the temperature of
individual locations and continuously capture their cooling profiles. The developed model provides a
practical experimental platform for further studies of heat transfer and clothing thermal comfort.

Keywords: SCADA, thermal manikin, temperature control, body-temperature simulation, thermal
comfort.
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