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L& néi dau

Hién nay Cong nghiép hoa - Hién dai hoa dang dong mot vai tro rat quan trong
trong Vviéc ning cao ning suat lao dong. Nhirng thanh tyu cia cudc cach mang
khoa hoc k¥ thuat duoc ap dung rong rai vao nén kinh té dua dén nhiing doi thay
chua timg c6 trong lich st loai ngudi. Nhan thire dugc tim quan trong cua khoa
hoc cong nghé c6 anh huéng quyét dinh dén chién lugc phat trién dat nudc, Nha
nuéc ta da ra sirc dao tao nghién ctru khoa hoc ki thuat, khuyén khich dau tu

nham phat trién nhanh nén khoa hoc k¥ thuat nudc nha.

La sinh vién cta chuyén nganh dién cong nghi€p va dan dung, sau thoi gian hoc
tap va rén luyén tai Truong Dai hoc Quan 1y va Cong nghé Hai Phong, duoc su
giang day tan tinh cua céc thay co cung véi Sy ¢o gang nd luc cua ban than, em
da duogc giao dé tai tot nghiép “Thiét ké ché tao may do than nhiét tir xa st dung
cam bién khong tiép xuc”. Khi duoc giao do an tot nghiép, xac dinh day la cong
viéc quan trong nham danh gia lai toan bd kién thirc ma minh di tiép thu duogc
trong qua trinh hoc tap tai truong, em d3 c6 nhiéu cb ging. Dé tai nay 1a mot dé
tai thiét rat can thiét ¢ Viét Nam va trén toan thé gigi. Vi hién tai tinh hinh dich
bénh COVID — 19 dang 1ay lan khip noi trén toan thé gidi ma cac thiét bi do
than nhiét lai rat tho so va phai dung dén stc nguoi dé str dung, cho nén trong
d6 4n ndy em chi tap trung di siu vao cong viéc chinh 13 , nghién cttu ché tao
may do than nhiét tir xa s dung cam bién khong tiép xuc, str dung cam bién

khong tiép xtic TN901. P6 an gom 3 phan

Chuong 1 Tim hiéu nhitng phuong phap do nhiét

Chuong 2. Tim hiéu vé cau tric cac vi diéu khién

Chuong 3. Thiét ké, ché tao may do than nhiét tir xa sir dung cam bién khong
tiép xuc

Sau 3 thang tim hiéu va tham khao, véi ¥ thirc va su nd luc cua ban than cung

Véi su giup d& tan tinh cua cac thdy, co dac biét 1a thly Ngoé Quang Vi da gitip



em tan tinh trong qua trinh 1am d6 4n nay. Qua ban d6 an nay cho em xin duoc
bay t6 16i cam on chan thanh toi Thay Ngé Quang Vi va cac thiy cb trong bo
mon dién cong nghiép va dan dung truong Dai hoc Quan 1y va Cong nghé¢ Hai
Phong. Trong qué trinh hoan thanh db 4n, véi trinh d6 kién thic chuyén mén
chua nhiéu, kinh nghiém thyc té con it va thoi gian c¢6 han nén d6 an cua em
khong thé tranh dugc nhitng thiéu sot. Do d6, em kinh mong duoc su chi bao
thém cua cac thdy, c6 va dong gop cia cac ban dé em dugc hoan thién hon.

Em xin chan thanh cam on!



Chuong 1 Tim hiéu nhirng phwong phap do nhiét

1.1. Khai niém vé nhiét do
1.1.1. Khai niém

Nhiét d6 1a dai lugng vat 1y dic trung cho cudng do chuyén dong cua cac
nguyén tir, phan tir cia mot hé vat chat. Tuy theo ting trang thai ctia vat chat (
ran, long, khi) ma chuyén dong nay c6 khac nhau & trang thai lang, cac phan tir
dao dong quanh vi tri cdn bang nhung vi tri cn bang cua nd ludn dich chuyén
lam cho chat long khong c6 hinh dang nhat dinh. Con & trang thai rin, cac phan
tir, nguyén tir chi dao dong xung quanh vi tri can bang. Cac dang van dong nay
Clia cac phan tir, nguyén tir duoc goi chung 1a chuyén dong nhiét. Khi tuong tac
V6i bén ngoai ¢ trao ddi ning lwong nhung khong sinh cong, thi qua trinh trao
d6i ning lugng nodi trén goi 1a su truyén nhiét. Qua trinh truyén nhiét trén tuan
theo 2 nguyén 1y:

Bao toan ning luong: nhiét chi co thé ty truyén tir noi c6 nhiét 4o cao dén
noi c6 nhiét do that. O trang thai ran, su truyén nhiét xay ra chi yéu bang dan
nhiét va buc xa nhiét.

Pbi voi cac chat long va khi: thi ngoai dan nhiét va bac xa nhiét con co
truyén nhiét bang d6i luu. D6 1a hién twong van chuyén niang luong nhiét bang
cach van chuyén cac phan cua khoi vat chat gitta cac ving khac nhau cta hé do
chénh 1éch vé ti trong.

1.1.2. Thang do nhiét d¢

Tur xa xua con nguoi da nhan thirc duoc hién twong nhiét va danh gia
cuong do cia nd bang cach do va danh gia nhiét 6 theo mot don vi do cua mdi
thoi ky. Co nhiéu don vi do nhiét do, chung dugc dinh nghia theo timg ving,
ting thoi ky phat trién caa khoa hoc k¥ thuat va xa hoi. Hién nay ching ta c6 3
thang do nhiét d¢ chinh la:

Thang nhiét do tuyét ddi ( K ).

Thang Celsius (C): T(°C)=T(°K)-273,15.

Thang Farhrenheit: T(°F) = T(°K ) — 459,67.

Pay 1a 3 thang do nhiét d6 duoc dung phd bién nhat hién nay. Trong do
thang do nhiét do tuyét d6i (K) dugc quy dinh 1a mot trong 7 don vi do co ban



cua hé don vi quéc té (SI). Du trén 3 thang do nay chiing ta c6 thé danh gia duoc
nhiét do.
1.1.3. So lwogc vé phwong phap do nhiét do

Nhiét d6 1a dai luong chi c6 thé do gian tiép trén co so tinh chit cua vat
phu thudc nhiét 6. Hién nay ching ta c6 nhiéu nguyén li cam bién khac nhau dé
ché tao cam bién nhiét do nhu: nhiét dién tro, cap nhiét ngau, phuong phap
quang, dua trén phan bé phd bic xa nhiét, phuong phap dua trén sy dan no cua
vat ran, long, khi hoac dya trén tbc do am... Co 2 phuong phap do chinh:

O dai nhiét do thap va trung binh phuwong phap do 1a phuong phap tiép
xuc, nghia 13 cac chuyén d6i duogc dit truc tiép ngay trong moi trudng do. Thiét
bi do nhu: nhiét dién tro, cap nhiét, ban dan.

O dai nhiét do cao phuong phap do 1a phuong phap khong tiép xuc ( dung
cu dit ngoai moi truong do). Cac thiét bi do nhiét cam bién quang, hoa quang ké
( hoa quang ké phat xa, hoa quang ké cudong do sang, hoa quang ké mau sac). ..
1.2. Po nhiét d6 bang phwong phap tiép xic
1.2.1. Po nhiét d6 bang nhiét ké dién tré

+ Nguyén ly hoat dong:

bién tro cia mot sd kim loai thay doi theo nhiét d6 va dua vao su thay doi
dién tro d6 nguoi ta do dugc nhiét 6 can do.

Nhiét dién tro dung trong dung cu do nhiét do lam viéc véi dong phu tai
nho dé nhiét ning sinh ra do dong nhiét dién trd nho hon so véi nhiét nang nhan
duoc tir moi1 truong thi nghiém.

Yéu cau co ban ddi véi vat liéu ding lam chuyén ddi cta nhiét dién tro 1a
c6 hé sb nhiét do I6n va 6n dinh, di¢n tré suat kha 16m...

Trong cong nghiép nhiét dién tré duogc chia thanh nhiét dién tro kim loali
va nhiét dién tro ban dan.

1.2.2. Nhiét dién tré kim loai

Quan hé gitra nhiét dién tro' cia nd va nhiét do 1a tuyén tinh, tinh 1ap lai
ctia quan hé 1a rat cao nén thiét bj duoc cau tao don gian. Nhiét dién tro kim loai
thuong c6 dang day kim loai hodc mang mong kim loai c6 dién tré suat thay doi
theo nhiét 6. Trong dién tré kim loai dugc chia thanh 2 loai:



+ Kim loai quy (Pt)
+ Kim loai thuong (Cu, Ni...)

Platin duoc ché tao voi do tinh khiét cao, cho phép ting do chinh xac cua
cac dic tinh dién tro cia nd, hon nita Platin con tro vé mit hoa hoc va én dinh
tinh thé, cho phép hoat dong tét trong dai nhiét do rong. Ngoai ra no lai con c6
tinh 13p rat cao, sai s6 ngau nhién thap ( dudi 0,01%), c6 d6 sai khac 0.01 °C.

Niken c¢6 d6 nhay cao hon so véi Platin nhung Niken cé tinh hoa hoc cao,
dé bi oxy hoa khi nhiét d6 ting do vay dai nhiét do lam viéc caa né bi han ché (
dudi 250°C ). Tuy vay né lai c6 gia thanh ré van dap Gng vé mit ki thuat cho
nén ciing hay duoc su dung.

Pong ciing dugc sir dung nhiéu vi su thay doi nhiét do cua dong co do
tuyén tinh cao, giéng nhu Niken thi hoat tinh hoa hoc ctia dong 16n nén dai nhiét
d6 1am viéc cua dong bi han ché (duai 180 °C).

Dé dat duoc do nhay cao nhiét dién tro phai 16n mudn vay phai giam tiét
dién va ting chiéu dai day. Pé c6 d6 bén co hoc tét cac nhiét dién tro kim loai
c6 tri s6 dién tré R vao khoang 100Q & 0°C. Cac nhiét dién trg co tri s6 16n
thuong dung do dai & nhiét do thap vi & d6 cho phép thu duoc do nhay cao. Dé
str dung cho muc dich coéng nghiép cac nhiét dién tro co vo boc tét, chong duoc
va cham va rung manh.

Pbi v4i bach kim thi giita dién tro va nhiét do trong gigi han tir 0 dén 660
°C duoc biéu dién bang biéu thic:

Rt = Ro(1+At+Bt*)

Trong d6 Ro la nhiét d ¢ 0°C

DAi véi bach kim tinh khiét thi: A = 3,940.10°/ °C

B=-56.10"/°C

Trong khoangtir -190 dén 0°C thi quan hé giira dién tr cua bach kim voi
nhiét 6 c6 dang: Rt = { 1+At+Bt*+C(t-100)°

Trong d6 C =-4,10.10"%/ °C

Déi véi dong ta ¢ cong thie: Rt = Ro(1+0t).

Trong do: Ro - dién tro ¢ nhiét do 0°C

[o- hé sb nhiét do ddi véi khoang nhiét do bat dau tir 0°V bang 4,3.10°%



Trong khoang nhiét do tir -50°C+150°C. Loai nay c6 thé dung duoc trong
cac moi truong c6 d6 Em va khi an mon.

Trong thuc té c6 loai nhiét dién tré TCM-0879-01T3 bing dong cong thirc
md ta: Rt = 50(1+4,3.10°T) (1).

1.2.3. Nhiét dién tré ban dan

Nhiét dién tré ban din duoc ché tao tir hdn hop nhiéu oxit kim loai khéc
nhau (vi d6 nh-: CuO, MnO...). Mt sé nhiét dién tro ban dan dic trung boi
quan hé: Rt = A.e®T

Trong d6 A: Hang so chat phu thudc vao tinh chat vat 1y cua chat ban dan,
kich thudc va hinh dang cua vat.

B: Hang sb chat phy thudc vao tinh chat vat 1y ctia chat ban dan.
T: Nhiét d6 Kenvin cua nhiét dién tro.

Nhuoc diém cua nhiét dién tro ban dan 1a c¢6 hé s6 phi tuyén giita dién tro
véi nhiét do. Piéu nay gay kho khin cho viée co thang do tuyén tinh va viéc 1am
Ian gitta cac nhiét dién tro khi san xuat hang loat.

Nhiét dién tro c6 thé dung mach do bat ky dé do dién tré nhung thong
thuong dung mach cau khong can bang, chi thi 1a Logomet tir dién hoac can tu
dong can bang, trong d6 mot nhanh 1a nhiét dién tré khi san xuat hang loat.

NOu dung cau 2 diy dung cu s& c6 sai s¢ do su thay ddi nhiét dién tro cua
duong day khi nhiét @6 méi truong thay doi.

1.2.4. Po nhiét d6 bang cip nhiét ngiu
+ Nguyén ly lam vigc

Bo cam bién cap nhiét ngau 1a 1 mach tir c6 2 hay nhiéu thanh din dién
gom 2 day dan A va B. Sebeck di chirng minh rang néu méi han c6 nhiét do t va
t, khac nhau thi trong mach khép kin c¢6 mot dong dién chay qua. Chiéu cua
dong dién nay phu thudc vao nhiét d¢ twong rng cua mdi han nghia la t > t; thi
dong dién chay theo hudng nguoc lai. Néu dé h mot dau thi s& xuét hién mot
stre dién dong nhiét. Khi méi han co cung nhiét d6 ( vi du bang t, ) thi stic dién
dong tong bang:

Eas = €as(to) + €as(t) =0

Tir d6 rot ra: eap = eap(to)

Khi t, va t khac nhau thi stre dién dong tong bang:



Eas = €as(t) — e+ag(to)
Phuong trinh trén 1a phuong trinh co ban cua cap nhiét ngau ( stc dién
d6ng phu thudc vao hé sé nhiét dé cia mach vong t va to)
Nh- vy bang cach do stc dién dong ta c6 thé tim duoc nhiét do cua doi
tuong.
Phuong phap ndy duoc st dung nhiéu trong cong nghiép khi can do
nhitng noi c6 nhiét do cao.
1.2.5. IC cam bién nhiét do
Co6 rat nhiéu hiang ché tao linh kién dién tir da san xuat ra cac loai IC ban
dan dung dé do dai nhiét d6 tir -550150 °C. Trong cac mach t hop IC, cam
bién nhiét thudng 1a dién ap cua lip chuyén tiép p-n trong mét loai tranzitor loai
bipola.
+ Loai LM 335
IC loai LM 335 c6 dién ap ngd ra ti 1& truc tiép véi nhiét do thang do
°C, dién 4p ra 1a 10mV/ °C va sai sb khong tuyén tinh 1a +1,8 mV cho toan thang
do. Pién 4p ngudn nudi co thé thay ddi tir 4VI30V. LM 335 duoc ché tao cho 3
thang do:
-5501150 °C loai LM 335 va LM 35D
-4011110 °C loai LM35C va LM35CA
001100 °C loai LM35DA
+ Loai AD22100
AD22100 c6 hé s6 nhiét do 22,5 mV/ °C. Bién 4p ngd ra c6 cong thirc:
Vout = (V*/5V).(1,375V+22,5mV/ °C.T)
Trong do:
V*: Tri s6 dién ap cap
T : Nhiét d¢ can do
Céc IC trong ho AD22100:
AD100KT/KR cho dai nhiét d6 tir 001100°C
AD100AT/AR cho dai nhiét do tir -401185°C
AD100ST/SR cho dai nhiét do do tir -5011150°C
Hinh dang bén ngoai cua AD22100:



V+ | 1 8 | NC
Vo [2]| AD22100 [[7] Ne

NC TOP VIEW || 6 [NC
GND (Not to Scale) EI NC

Al N

Hinh 1. 1. Hinh dang bén ngoai cia AD22100
V*: Pién 4p nguén nudi 4+30 VDC
Vo : Paura
GND : ndi vao OV
NC : ba trong
1.3. Po nhiét d6 bang phwong phap khong tiép xic

+ Nguyén ly hoat dong
Dua trén dinh luat bic xa cia vat den tuyét ddi, tic 1a vat hap thu ning
lugng theo moi hudng véi kha ning 16n nhat. Buc xa nhiét cia moi vat dic
trung boi mat d6 pho E. nghia 1a s6 nang lugng buc xa trong mot don vi do dai
cua song.
Quan hé giira mat do btc xa cua vat den tuyét ddi véi nhiét d6 va do dai song
dugc biéu dién boi cong thuc:
E% =C1.07°% 1)
Trong dé: Cy: Hang s6 va C;= 37,03.107 (Jm?/s)
C,: Hang s6 va Cp= 1,432.107 (m.dd)
[1: D¢ dai song
T: Nhiét do tuyét doi
1.3.1. Hoa quang ké phat xa
Déi véi vat den tuyét dbi nang luong birc xa toan phan trén mot don vi bé
mat E°=[1.T% (véi [1=4,96.10" Jm*sgrad*)
T, : Nhiét d6 ctia vat theo 1y thuyét d6i véi vat thuc



E% = 00T

Trong do6 : [1r1a h¢ sb buc xa té)ng, xé4c dinh tinh chat cta vat va nhiét do
ctia na ( thuong nho hon 1)

T : Nhiét do thuc cua vat

Hoa quang ké phat xa duoc khic d6 theo buc xa cua vat den tuyét doi.
Nhung khi do & d6i twong thuc thi T, dugc tinh theo cong thic:

0.T% = 07.0.T%
0 Tr=T,'0Y0¢
( Tibao gié cling nho hon T, )

Hoa quang ké dung dé do dai nhiét do tir 20 [ 100°C. khi can do nhiét do
I6m (trén 100 [J 2500°C ) ma tan s bude song di 16n ngudi ta dung 1 thay kinh
bang thach anh hay thuy tinh dic biét dé tap chung cac tia phat xa va phan tir
nhay cam véi nhiét do duoc thay bang cap nhiét ngau. Trong nhiét ké phat xa
thau kinh khong thé do duoc nhiét do thip vi cac tia hong ngoai khong thé
xuyén qua duoc thay kinh ( ké ca thach anh).

Khoang cach dé do giita d6i tuong va hoa quang ké dugc xac dinh do kich
thugc. Chum tia sang tir doi twong do dén dung cu phai chum hét tim nhin 6ng
ngam cua nhiét ké.

Nhuoc diém cua tat ca cac hoa quang ké 1a dbi twong khong phai 1a vat
den tuyét ddi do do trong vat néng co su phat xa ndi tai va dong phat xa nhiét di

qua bé mat.

1.3.2. Hoa quang ké cuong dd sang
Trong thuc té khi do nhiét d6 T dudi 3000°C véi buéde song trong khoang
0,401m < [1 < 0,70 1m thi mat do pho buc xa cua vat den tuyét dbi co thé biéu
dién bang cong thirc:
0 = C1D_5.e_C2/ T
Déi voi vat that;
E =0.C°e T
Xéc dinh [ 1a diéu rat kho, thuong (1. = 0,03 10,7 & cac vat liéu khac
nhau va vd1 do séng [ =0,6 [1 0,700m.
Nguyén ly lam viéc .



So sanh cudng do sang cua ddi twong do nhiét do véi cuong do sang cua
mot ngudn sang chuan trong dai phd hep. Ngudn sang chudn 1a mot bong dén
soi dbt Vonlfram sau khi di duoc gia hod trong khoang 100 gié véi nhiét do
khoang 2000°C. Cuong d6 sang c6 thé diOu chinh bing cach thay déi dong dét
hay dung bd loc anh sang.

NOu cuodng do sang cua ddi twong do 16n hon d6 sang cua day dét ta sé
thay day tham trén nén sang.

Néu cuong do cua ddi tuong do yéu hon do sang cua day ddt thi két qua
s& cho thay day sang trén nén tham.

Néu d6 sang bang nhau thi ddy s& mat va doc vi tri ctia bo chin sang.

So sanh bang mit tuy tho so nhung van dam bao d6 chinh xac nhét dinh vi
cudng d6 sang thay doi nhiéu hon gap 10 1an so vai su thay doi nhiét da.

Anh sang tir doi twong do 1 dén mau 10 qua khe ho va b loc anh sang 8
cing dit vao té bao quang dién 4. Su sanh dugc thuc hién bang cach lan luot
cho anh sang tir d6i twong do va dén chiéu té bao quang dién nhd tdm chan 3 va
su di chuyén tdim chian cam ung dién tir 9 caa chuyén d6i nguoc Vi tan sé 50
Hz.

Dong 4nh séng [J; va [J, duoc té bao quang dién bién thanh dong dién,
dong dién nay duoc dua vao khuéch dai xoay chiéu va duoc chinh luu bang bo
chinh luu nhay pha 6 dé bién thanh dong 1 chiéu va dua vao miliampemet 7 va
dén dbt 10 thay d6i cho dén khi cuong do sang ciia d6i tuong do.

Miliampemet duoc khac truc tiép gia tri nhiét 6 cho ta biét gia tri do
dugc. Hoa quang ké loai nay c6 do chinh xéac cao ( sai sé +1% ) trong dai nhiét
do 900 [J 2200°C.

1.3.3. Hoa quang ké mau sic

Nguyén ly lam vigc

Dua trén phuong phéap do ti 6 cudong d6 bic xa cia 2 anh sang c6 budc

song khac nhau A, va A,. Néu nang luong thu duoc:
E]_ — 81.C1}\.-51e-C2/}L1T

E2 — 82. Cl}\,-Sze-CZ/le



= T =Cy( - 1/0).In (ELe2A2)/(E2¢101)

Vi vay trong dung cu hoa ké mau sic co thiét bi tu giai phuong trinh. Cac
gia tri A3,Az,€1,&; duge dua vao truoc. Néu cac thong sb trén khong duogc dua vao
trudC S€ gdy nén sai s¢.

Khi do dén dai nhiét ¢ 2000+ 2500°C thi gia tri €&, co thé xac dinh

duoc bang thuc nghiém.

Cuodng d6 buc xa tir d6i tuong do A qua hé thau kinh 1 tip chung anh

sang trén dia 2. Pia nay quay quanh truc nho dong co 3.

Sau khi anh sang qua dia 2 di vao té bao quang dién 4 trén dia khoan 1 s6
16, trong d6 Mot nira dit bo loc anh sang do (LP) con nira kia loc anh sang xanh
(LX). Khi dia qua té bao quang lan luot nhan duoc anh sang d6 va xanh véi tan
s6 nhat dinh tuy theo tdc do quay cta dong co. Dong quang dién dugc khuéch
dai 5 tir 46 dua vao bo chinh luu pha 7.

Nho b chuyén mach 8 tin hiéu dia chia thanh 2 phan tuy theo 4nh sang
cua té bao quang dién 1a xanh hay do.

Tuy theo cudng do bic xa cua ddi tuong do, do nhay cua khuéch dai dugc
diéu chinh ty dong nho thiét bi 6.

Bé chia logomet tir dién: goc quay cua no ti 1& voi nhiét dd can do va bod
chuyén mach 1a cac role phan cuc, lam viéc déng bo vai cac dia quay, nghia la:
su chuyén mach cua logomet xay ra ddng thoi véi su thay ddi bo loc anh sang

ma dong burc xa dit 1én té bao quang dién.

- Uu diém: Trong qua trinh do khong phu thudc vao khoang cach tir vi tri

do dén ddi tuong do va khong phu thudc vao sy hap thu bic xa cia méi truong.

- Nhurge diém: Cau tao twong doi phuc tap.



Bang 1. 1. Bang nhan xét chung vé cac loai cam bién

Céc loai Uu diém Nhuogc diém
cam bién
Nhiét dién | - on dinh nht - Pat tién
tro - Chinh x4c nhat - Can phai cung cip ngudn dong
- Tuyén tinh hon so vd&i |- Luong thay ddi (IR nha
cap nhiét ngau - bién tro tuyét doi thap
- Tu gia tang nhiét
Cap nhiét |- La thanh phan tich cuc, | - Phi tuyén
ngau tu cung cap cong suat - Pién ap cung cap thap
- Pon gian, ré tién - Poi hoi dién ap tham chiéu
- Tam thay ddi rong - Kém 6n dinh nhét
- Tam do nhiét d6 rong - Kém nhay nhat
IC cam |- Tuyén tinh nhat - Nhiét do do thap
bién |- Ngo ra co gid tri cao nhat | - Can cung cip nguén dong cho
- Ré tién Cam bién
Do bang | - Tam do nhiét d6 rong - Cau tao phtc tap
phuong
phap
khong tiép

xuc




Chuong 2 Tim hiéu Vé cau tric vi xir Iy Arduino Nano

2.1. Téng quan vé chip ardunino nano

2.1.1. Ardunino nano la gi

Vi xtr Iy Arduino duoc ra doi vao nam 2005, bo mach nay giap cho nhiing

nguoi khong can hiéu qua sau vé cau truc phan cung, cling c6 thé lam dugc cac

tng dung c6 kha ning twong tic v6i moi truong théng qua cac cam bién va co

cau chap hanh. Bo mach vi xir Iy Arduino vaéi tén goi khac nhau nhur:

+

+

+

+

Arduino UNO

Arduino Mega 2560 Mega
Arduino Due

Arduino Nano

Arduino Diecimila in Stoicheia
LilyPad Arduino

Arduino Duemilanove (rev 2009b)

Arduino Leonardo

Cong ddng Arduino Viét Nam co sir dung nhiéu cac dang bo mach sau. Arduino
UNO, Arduino Mega 2560 Mega, Arduino Due. Trong d6 Arduino Nano dugc

sir dung trong d an nay.

I\\DWQ’?N
e

DIGITAL (PWM~)

WWW.ARDUINO.CC

Hinh 2. 1. Bo mach Arduino UNO



Hinh 2. 3. Bo mach Arduino Due

Ardunino Nano cam nhan d6 1a sy tién dung, don gian, c6 thé lap trinh
truc tiép bang may tinh (nhu Ardunino Uno R3) va dic biét hon ca dé 1a kich
thude ciia nd. Kich thuéc caa Ardunino Nano cuc ki nho chi twong duong dong
2 nghin gép lai 2 lan thoi (1.85cm x 4.3cm), rat thich hop cho cac ban méi bt
dau hoc Ardunino, vi gia ré hon Ardunino Uno R3 nhung dung duoc tat ca cac

thu vién cua mach nay.
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Hinh 2. 4. Hinh anh thyc té caa Arduino Nano

+ Arduino Nano Pinout

e

vsn
Analog —~ AD

Analog - Al
Analog - A2
BESENETTN Analog - A3
Analog - A4

hY EVY 2V TY OV
hG 54, 94, ¢4 94 LA, OTQ 114 214

Analog - A5

Analog - A6

Analog — A7
5V

) ONINayY

¥nd Ground

<
o
>
-

0°EA
ONVN

Ground UART - In

_UART -. Out

ONINQYY <«

® T

TX1 OX¥ LS¥ OND 24 EQ

OHOONOOOOOOOOO®

NIA GN9 LS¥ AS LY 9y SY

Lol

5V

v

dS)I

Hinh 2. 5. Cac chan dau vao/ra cua Arduino nano

Bang 2. 1. Chtic ndng cua cac chan

Thtr tw chan Tén Pin Kiéu Chtre nang
1 D1/TX /o  [\gdvaomasd -
Chan TX-truyén dir li¢u
Ngd vao/ra sb
2 D0/ RX 1/0
Chan Rx-nhan dir li¢u
3 RESET Biu vio Cl:ﬁn reset, hoat dong & muc
thap
GND Ngudn Chén ndi mass
D2 1/0 Ngd vao/ra digital
D3 1/0 Ngd vao/ra digital




D4 1/0 Ngd vao/ra digital
D5 1/0 Ngd vao/ra digital
D6 1/0 Ngd vao/ra digital
10 D7 1/0 Ngd vao/ra digital
11 D8 1/0 Ngd vao/ra digital
12 D9 1/0 Ngd vao/ra digital
13 D10 1/0 Ngo vao/ra digital
14 D11 1/0 Ngd vao/ra digital
15 D12 1/0 Ngo vao/ra digital
16 D13 1/0 Ngo vao/ra digital
17 3V3 Paura  [Paura3.3V (t FTDI)
18 AREF Diuvao  [Tham chiéu ADC
19 A0 Pauvao  |Kénh du vao tuong ty kénh 0
20 Al Pauvao  |Kénh du vao tuong tu kénh 1
21 A2 Pauvao  [Kénh dau vao tuong ty kénh 2
22 A3 Pauvao  |[Kénh dau vao tuong ty kénh 3
23 Ad Pauvao  |Kénh dau vao tuong ty kénh 4
24 A5 Pauvao  |Kénh du vao tuong tu kénh 5
25 A6 Pauvao  [Kénh dau vao twong ty kénh 6
26 A7 Pauvao  [Kénh ddu vao tuong ty kénh 7
+ Pau ra 5V (tir bd didu chinh
57 +EV Dﬁli ra 1‘102_“10 On-boarkd) hodc o
dauvao [+ 5V (dau vao tr ngudn di¢n bén
ngoai)
)8 RESET Biu vio Ctién dat lai, hoat dong & muc
thap
29 GND Ngudn Chan ndi mass
30 VIN Nguén  [Chan ni v6i ngudn vao
Bang 2. 2. Bang chan ICSP
Tén pin Arduino L
Nano ICSP Kiéu Chire ning
MISO Pau vao hodc dau ra Master In Slave Out
\Vcc Dau ra Cép ngudn
SCK Pau ra Tao xung cho
MOSI Dau ra hodc dau vao Master Out Slave In
RST Piu vio zztcli‘;’;:(’at dong &
GND Ngudn Chan ndi dat




+ Cécchan: 1,2,5,6,7,8,9,10, 11,12, 13,14, 15va 16

Nhu di dé cap trude d6, Arduino Nano c¢6 14 ngd vao/ra digital. Cac chan
lam viéc v6i dién ap toi da 1a 5V. Mdi chan c6 thé cung cdp hodc nhan dong
dién 40mA va c6 dién tro kéo 1én khoang 20-50kQ. Céac chan co6 thé duoc sir
dung 1am dau vao hodc dau ra, sir dung cac ham pinMode (), digitalWrite () va
digitalRead ().

Ngoai cac chirc ning dau vao va dau ra s, cac chan nay ciing c6 mot sb chirc
nang bd sung.

+ Chén 1, 2: Chéan ndi tiép

Hai chan nhan RX va truyén TX ndy duoc sir dung dé truyén dir lidu nbi tiép
TTL. Céc chan RX va TX dugc két nbi vai cac chan twong tmg cta chip ndi tiép
USB téi TTL.

+ Chan6, 8,9, 12, 13 va 14: Chan PWM

M3di chan sb nay cung cép tin hiéu diéu ché do rong xung 8 bit. Tin hi¢u
PWM c6 thé duogc tao ra bang cach sir dung ham analogWrite ().
+ Chén 5, 6: Ngit

Khi chiing ta can cung cip mot ngat ngoai cho bd xir Iy hoic bo diéu
khién khac, chiing ta c6 thé st dung cac chin nay. Cac chan nay c6 thé duoc
sit dung dé cho phép ngat INTO va INT1 twong tng bang cach sir dung ham
attachInterrupt (). Cac chan c6 thé duoc st dung dé kich hoat ba loai ngat
nhu ngat trén gié tri thap, ting hodc giam muc ngat va thay doi gia tri ngat.
+ Chan 13, 14, 15 va 16: Giao tiép SPI

Khi ta khong mudn dir lidu dugc truyén di khong dong bo, ta co thé sir
dung cac chin ngoai vi ndi tiép nay. Cac chan nay hd tro giao tiép dong bod
v6i SCK. Mic du phan cimg c6 tinh nang nay nhung phan mém Arduino lai
khong co. Vi viy, ta phai st dung thu vién SPI dé sir dung tinh nang nay.
+ Chan 16: Led

Khi ban str dung chan 16, den led trén bo mach s€ sang.



+ Chan 18, 19, 20, 21, 22, 23, 24, 25 va 26 : Ngd vao/ra tuong tu

Nhu d3 dé cap trude d6 UNO co 6 chan dau vao twong ty nhung Arduino
Nano ¢6 8 dau vao twong tu (19 dén 26), duoc danh ddu A0 dén A7. Piéu
nay c6 nghia la ta c6 thé két ndi 8 kénh dau vao tuwong tu dé xu Iy. Mdi chan
tuong ty nay c6 mot ADC cd do phan gidi 1024 bit (do dd nd sé& cho gia tri
1024). Theo mac dinh, cac chan dugc do tir mat dat dén 5V. Néu ta mudn
dién 4p tham chiéu 1a OV dén 3.3V, c6 thé ndi voi ngudn 3.3V cho chan
AREF (pin thtr 18) bang cach sir dung chirc ning analogReference (). Tuong
tu nhu cac chan digital trong Nano, cic chan analog cling c6 mdt sd chirc

nang khac.
+ Chén 23, 24 nhu A4 va AS5: chuén giao tiép 12C

Khi giao tiép SPI ciing c6 nhitng nhuoc diém cia ndé nhu can 4 chan va
gidi han trong mot thiét bi. Dbi voi truyén thong duong dai, can str dung giao
thtrc 12C. 12C hd tro chi véi hai day. Mot cho xung (SCL) va mot cho dir liéu
(SDA). Pé str dung tinh ning 12C nay, ching ta can phai nhap mot thu vién

co tén l1a Thu vién Wire.

+ Chan 18: AREF

Dién 4p tham chiéu cho dau vao dung cho viéc chuyén d6i ADC.
+ Chan 28 : RESET

Pay 1a chan reset mach khi ching ta nhin nut rén bo. Thuong duogc st

dung dé duoc két ndi vai thiét bi chuyén mach dé st dung lam nut reset.
ICSP

ICSP 1a viét tit cua In Circuit Serial Programming , dai dién cho mot
trong nhitng phwong phéap c6 sin dé 1ap trinh bang Arduino. Thong thudng,
mot chuong trinh b nap khoi dong Arduino dugc sur dung dé 1ap trinh mot

bang Arduino, nhung néu bd nap khoi dong bi thiéu hodc bi hong, ICSP ¢



thé duoc st dung thay thé. ICSP ¢6 thé duge st dung dé khéi phuc bd nap
khoi dong bi thiéu hodc bi hong.

Hinh 2. 6. In Circuit Serial Programming
Mbi chan ICSP thuong dugc két ndi voi mot chan Arduino khac co cung
tén hodc chirc ning. Vi du: MISO cua Nano ndi véi MISO / D12 (Pin 15).
Luu y, cac chan MISO, MOSI va SCK duogc ghép lai voi nhau tao nén hau
hét giao dién SPI.

Chung ta c6 thé st dung Arduino dé 1ap trinh Arduino khac bang ICSP

nay.
Arduino 1a ISP ATMega328
\Vce/5V \cc

GND GND
MOSI/D11 D11
MISO/D12 D12
SCK/D13 D13

D10 Reset

2.1.2. Thong s6 ki thuat Arduino Nano
Bang 2. 3. Bang thong s6 k¥ thuat ciia Arduino Nano

Vi diéu khién ATmega328

bién 4p hoat dong 5VDC




Tan sb hoat dong 16 MHz

Dong ti€u thu 30 mA

bi¢n ap khuyén dung 7-12VDC

Dién ap gidi han 6-20VDC

S6 chan Digital /0O 14(6 chan PWM)

S6 chan Analog 8 (d0 phan giai 10 bit)
Dong t6i da trén mdi chan /O | 40 mA

Dong ra tbi da 5V 500 mA

Dong ra toi da 3.3V 50 mA

Bo nhd Flash

32 KB (ATmega328) vaoi 2KB
dung bdi bootloader

Hinh 2. 7. So d6 mo rong chan cho Arduino Nano

SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)
’ ’
Kich thuéc 1.85cm x 4.3cm
2.1.3. Arduino Nano Schematic
u2 VIN CN3
ARDUINO NANO Q 12V 1
— 1 voo |F22—ovIN R1 =l R2
2 [ o D 1K four 1K
3 { st rsT |22 il ! i
D2 2 D3 o 2
<]—4 GND sv L E| | = 2 | | 2
RL1 5 . & \s 12V RELAY 5= 2 4 12V RELAY
D2 A7 ULN2003A/SO Ay g N
B2 8 papwm as 2 B— s iclhe
7 24 ——m|
D4 AS-SCL —3 38 3
8 23 —5%48 o
D5-PWM A4-SDA —z 5B 5C 7T —
9 2 7% u S0
D6-PWM A3 —_— 7B & 7c pP—
10 D7 A2 21 VINo—2] couf';
i a1 22 ﬂ7
12 { pepwm a0 |2
3] b1o-Pwm AREF [2
L. D11-PWM 3.3V U
15 1p12 D13-SCK [2

SIP3



2.2. Thiét ké ngudn nudi cho vi xir Iy
2.2.1. Chuyén nguén AC~220V sang DC-12V

Hinh 2. 8. Mach chuyén nguon tir AC~220V sang DC-12V
Théng so ky thuat
+ Dién ap vao: 100V - 240V AC
+ Dién dp ra: 12V - 2A
+ Tén sd: 50 - 60 Hz
2.2.2. Chuyén nguén tir DC-12V sang DC-5V

Hinh 2. 9. Bo mach suir dung IC LM2569

Théng s6 co ban cia IC LM2569:
IC LM2596 1a mot IC 6n ap dang xung DC-DC. Pién 4p dau vao trong
dai tir 4,5V-40V. Dién ap dau ra diéu chinh duogc trong khoang tir 1,5V-37V,



dong dién ap dau ra dat 3A hiéu suit cao nhd co ché bam xong ¢ tan s6 1én t6i
150KHz. Trong qua trinh hoat dong LM2596 Iuén dugc dat trong cac ché o
bao vé qua nhiét vao qua dong.
Théng sb co ban:
IC LM 2596 ¢6 5 chan
+ Chan 1: Vintu 4,5 ~ 40V
+ Chan 2: Vout
+ Chan 3: GND
+ Chan 4: Feedback ( chan phan hoi dién ap)
+ Chan 5: ON/OFF chan tat bat mac logic
Pién 4p dau vao: 4.5-40V DC ( dién ap khuyén khich sir dung <30V).
Pién ap dau ra: 1,5~37V.

Dong ra max( 3A).
LM2596

40V Max r——————"=— =1 Feedback
Unregulated | I'? |
DC Input +Vin | | u | 12 |

1 LM2596-Ad) | Output 33uH | 20 uH | '?ull‘l;t’;
| L? o [TTE . | o, | "5
e b Y iy & - | | 1203BV@30A
100 uF : S" ’ FF 50k : :
(1] +| Cout I c1._1* |
L 1Ns822 T 220 uF I 100w T |
= A1 I l
121k | |
= = ' = |
L____
Optional Output
Ripple Fiter

Hinh 2. 10. So d6 mach nguyén 1y LM2596

2.3. Thiét ké mach dao dong

Mach dao dong tao ra cac xung Clock gitp cho vi diéu khién hoat dong.
thuc thi 1énh... Board mach Arduino Nano sir dung thach anh 16Mhz 1am ngudn
lao dong.
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Hinh 2. 11. So @5 mach nguyén 1y Arduino Nano st dung dao dong thach anh

2.4. Mach Reset
Dé vi diéu khién thuc hién khai dong lai thi chan RESET phai ¢ muc logic
LOW (~0V) trong 1 khoang thoi gian du yéu cau.
Mach reset cua board Ardunino Nano phai dam bao duoc 2 viéc:
e Reset bang tay: Khi nhan nat, chdn RESET ndi v6i GND, 1am cho MCU
RESET. Khi khong nhan nut chan Reset dugc kéo 5V.
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5 ATHEGR328P-AU
SH1 N
N
0 O—fRESE] Z0) pat/mEsEn  PESISCR)
RESET PB4(MISH
16MHz PB3(MOSI/OC2Y
PR2S
= = PB7(XTAL2/TOSC2)PBICO
| PBS(XTAL/TOSC1) PREXICP
ARE = 1 28 AREF
o ;fj AUCE
ot +Il “{ AGND ok
ik PL2ADC2)
-— . PC1CADCL)
188nF T 2 oo PLBADCR)
- ] G0
= — ucC PDP(AINL
= uee PDA(AING)
PD5(TL)
PDACKCK/TEY
- PDA(INTL)
H f0C? PO2(INTE
e 22 1 ance POLCTXD
PDACRXDY

17 [13/
|16 012/MIS0

1 RP2A

IC3

RP1A 1K

Hinh 2. 12. So dd mach Reset



e Reset ty dong: Reset tu dong duoc thuc hién ngay khi cip nguén cho vi
diéu khién nho sy phdi hop gitta dién tré néi 1én ngudn va tu dién ndi dat.
Thoi gian tu dién cho chan RESET & muc LOW trong 1 khoang thoi gian
du d¢ vi diéu khien thuc hién reset.
e Khéi dong vi diéu khién truée khi nap chuong trinh méi.
2.5. Thiét ké mach nap va giao tiép may tinh

Vi diéu khién Atmega328P trén Board Ardunino Nano di duoc nap sin 1
bootloader, cho phép nhan chuong trinh mdi thong qua chuan giao tiép UART
(Chan 0 va 1) & giira nhitng gidy dau sau khi vi diéu khién Reset.

o May tinh giao tiép v&i Board mach Ardunino Nano qua chuan giao tiép
USB (D+/D-), thong qua mét IC Driver. IC nay c6 nhiém vu chuyén doi
giao tiép USB thanh chuan giao tiép UART dé nap chuong trinh hoic
giao tiép truyén nhan dit liéu voi may tinh (Serial).

o Phan thiét ké mach nap co tich hop thém 2 dén LED, nén khi nap chuong
trinh cac ban s& thay 2LED nay nhap nhay.Con khi giao tiép, néu c6 giir
liéu tir may tinh gii xudng vi diéu khién thi dén LED Rx s& nhdy. Con

néu c6 dit liéu tir vi diéu khién guri 1én may tinh thi dén Tx s& nhay.

n
Q
(PCINTS)PB6 _I

RESET(PC1/DW) (PCINT5)PBS <
(T1/PCINT4)PB4 RES

(POMISO/PCINT3)PB3

XTAL2(PCO) (PDVMOSIPCINT2)PB2
(SCLK/PCINT1)PB1
(SS/PCINTO)PBO

(PCINT7/0COAOC1C)PBT

(INTAACPUCLKOWPCT
(OC1APCINTE)PCS
(PCINTRIOC1B)JPCS

(PCINT10)PC4
(AIN2PCINT11)PC2

USB boot En
E 151:”}2%
33333

(CTSHWBAINGTOINT7PD7
(RTS/AINS/INTE)PDE
(XCK/AINAPCINT12)PDS 1

(INTS/AIN3PDS LAINO)PD6
(TXD1/INT3)PD3 T1)PD5
(RXD1/AINT/INT2)PD2 TO)PD4
(AINDANT1)PD1 INT1)PD:
PAD (OCOB/NTO}PDO

ATMEGAL6U2-MUR)

Hinh 2. 13. Mach két néi may tinh

2.6. Lap trinh cho Arduino Nano
Ciing tuong tu nhu bén Arduino UNO R3, Arduino Nano st dung chuong

trinh Arduino IDE d¢é lap trinh, va ngon ngit lap trinh cho Arduino ciing tén 13



Ardunino (dugc xay dung trén ngdn ngit C). Tuy nhién, néu mudn Iap trinh cho
Arduino Nano, ban can phai thuc hién mot s thao tac trén may tinh.
1. PAu tién, ban can cai Driver ctia Arduino Nano va tai vé ban Arduino IDE
MG&i nhat cho may tinh, cac budc cai dit hoan toan twong ty nhu Arduino
Uno R3. Sau khi cai dat, ban s& thay mot thong bao dang cong COM, sau
d6 chung ta chon COM dé két ndi v4i may tinh.
2. Sau d6, ban can lai loai board va céng Serial méi nhu hinh sau 13 dugc.

loix)
Fle Edit Sketch |Tools Help
20 4 Auto Format Ctrl+T
Archive Sketch
sketch_jul22a Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M -
Ty il 1 coct
Serial Port » ATtiny45 (internal 8 MHz dock)
ATtiny45 (external 20 MHz dock)
s > ATtny8s (ntemal 1MHz dock)
Burn Bootloader
ATtiny85 (internal 8 MHz dock)
ATtiny85 (external 20 MHz dock)
ATtiny44 (internal 1 MHz dock)
ATtiny44 (internal 8 MHz dock)
ATtiny44 (external 20 MHz dock)
ATtiny84 (internal 1 MHz dock)
ATtiny84 (internal 8 MHz dock)
ATtiny84 (external 20 MHz dock)
ATtiny 13 (internal 9.6 MHz dock)
& Arduino Uno
Arduino Uno w/ ATmega8A

Arduino Nano w/ ATmega328
Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328

Hinh 2. 14. Lya chon dong Arduino

©@ sketch_jul22a | Arduino 1.0.5-r2
Fie Edit Sketch |Tools Help
Y.l 04 AutoFormat Ctrl+T
Archive Sketch
sketch_jul22a Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M

Board »

Serial Port >

Programmer »
Burn Bootloader

Hinh 2. 15. Chen céng giao tiép cho Arduino



Chuwong 3 Thiét ké, ché tao may do than nhiét tir xa sir

dung cam bién khéng tiép xuic

3.1. Cam bién TN901
3.1.1. Ly thuyét vé hoat dong
+ Nguyén tic hoat dong
1 Mo ta chung
Tai liéu nay mo ta hudng dan sir dung cia TNm Series (TNO; TNO).
Phién ban thang 7 nam 2006
Ban quyén:
Tat ca cac quyén. Nghiém cam sao chép toan bo hodc mot phan theo bt ky cach
nao ma khong su cho phép bang vin ban ctiia ZyTem.com. Thong tin nay co
trong tai lidu ndy c6 thé thay d6i ma khong can thong bao.
Béo hanh c6 gi6i1 han:
Bang dit liéu nay chtra thong tin cu thé vé cac san pham duoc san xuat tai thoi
diém xuat ban,
Noi dung ¢ day khéng cau thanh bao hanh.
Lo1 cam on nhan hiéu:
Tat ca thuong hiéu 13 tai san cta chu s& hitu twong Gng cua ho.

Ly thuyét vé hoat dong



2 Ly thuyét vé hoat dong
2.1 Nguyén tic hoat dong

|
|
N
I
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Hinh 1. Pho buc xa hong ngoai
Hong ngoai, gidng nhu bat ky tia sing nao, 1a Bic xa dién tlr, v4i tan s thap
hon (hoac dai hon
budc song) so voi anh sang thi giac. Moi tht trén d6 khong tuyét doi (-273,15
do C hoac 0 do
Kelvin), btrc xa trong tia hong ngoai. Ngay ca khdi da, tuyét, ti lanh cua ban
cling phét ra tia hong ngoai.
Dinh lut Stefan-Boltzmann, trong d6 tong ning lugng buc xa ty 1& voi liy thira
thtr tu cua
nhiét do tuyét ddi va Pinh luat dich chuyén Wien, tich ctia budc song cuc dai va
nhiét do duogc coi l1a mot héng s6, duoc thuc hién trong mo-dun nhiét ké h6ng
ngoai TNm.
Birc xa hong ngoai ctia muc tiéu do duoc thu thiap bang guong hong ngoai thong

qua bo loc IR 5 hodc



8um cit tan s6 ddi v4i dau bao nhiét hé)ng ngoai. Tin hiéu do s€ dugc khuéch dai
va

s6 hoa bang bd chuyén d6i OP va AD d6 nhiéu thap va tuyén tinh cao. Nhiét do
moi truong xung quanh

cam bién (thuong dugce bao gdm trong ciing mot gbi véi may do nhiét) dugc dat
trong khong gian gan

hé thong quang hoc dé phat hién su thay doi nhanh chéng ctia nhiét do moi
truong. Phan xtr 1y tin hiéu

nhén cac tin hiéu tir cc cam bién nhiét do nay dé tinh toan nhiét d6 bé mit muc
tiéu bang

thuat toan toan hoc.

2.2 Dic diém cla thiét ké

e Mo-dun nhiét ké héng ngoai TNm duoc thiét ké dac biét dé co do nhay
cao, do chinh xac cao,

e tiéng On thap va tiéu thu dién nang thip. Mot sd tinh ning thiét ké gop
phan vao hiéu suét:

e May do nhi¢t déo MEMS va k¥ thuat bu nhi¢t d0 moéi truong chinh xac
cao can than duoc sir dung cho mo-dun nhiét ké hong ngoai TNm.

e ZyTemp di phat trién mot thiét bi Hong ngoai-Hé théng-Trén-Chip doc
quyén tich hop tat ca cac muc phan ctng vao mot IC. Str dung cong nghé
SoC cai tién nay, hong ngoai TNm mé-dun nhiét ké da tré thanh mot san
pham nho gon va gia ca phai ching.

e San phém cua ZyTemp c6 thé chiu duoc sdc nhiét 10degC / 18degF mdt
cach trung thuc. San pham cua chiing t6i thanh thao trong viéc duy tri 6

chinh xac trong cac diéu ki€n moi truong thay doi rong rai. Poi véi vi du,



cac 16i do thay ddi moi trudng cua cac IRT cii hon ¢ thé dat dén
1,6degC, yéu cau 1én dén 30 phut dé 6n dinh, trong khi chénh 1éch 13i
TNm ctia ZyTemp chi 14 0,7degC, can chi 7 phit dé khoi phuc lai.

e Cic san pham TNm hoat dong tir ngudn dién 3 Volt, trong khi nhiéu IRT
cii khac van yéu cau Ngudn cung cap 9 Volt.

e ZyTemp di duy tri nhiét do c6 thé theo ddi ctia NIST hodc Phong thi
nghiém do luong qubc gia tiéu chuan so cap. Tat ca cac san pham TNm
déu duoc hiéu chuén theo tiéu chuan h6ng ngoai co thé theo ddi cac
nguon. Dit liéu hiéu chuan va s6 sé-ri dugc luu trong EEPROM trén mo-
dun

2.3 Truong nhin
D:S=1:11lagi
Thiét binay co6 D: S=1: 1

Khoang cach: Spot=1: 1

9692

L

[= 2 = I = T« T =

Hinh 2. Truong nhin
Khi Khoang cach 1a 10 inch, thi kich thuéc diém do ciing 1a 10 inch.
Khi Khoang cach 14 20 inch, thi kich thudc diém do ciing 14 20 inch.



Noi cach khac, FOV (Truong nhin) 1a 26,6 x 2 = 53,2 do

Can than vadi hoa tiét

Thiét ké t6t, khong co hoa tiét

] = /

a a O

[ = B = T A+

o

R N \

Hinh 3. Truong nhin thiét ké t6t

Hoa tiét thiét ké xau
Cam bién "nhin thay" canh ctia vo
Vi vay, phép do trén thuc té 1a gia tri trung binh cua muc ti€u thyc va canh ctua

nha 6.
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Hinh 4. Truong xem thiét ké xau

2.4 Tinh sai sot

Hiéu duoc do phat xa caa mot ddi twong, hodc "do phat xa" dic trung ctia nd 1a
mot thanh phan quan trong trong Xt 1y thich hop cac phép do hong ngoai. Cu
thé, d6 phat xa 1a ty 1& birc xa phat ra boi mot bé mat hoac vat den va buc xa 1y
thuyét ctiia n6 duoc dy doan tir dinh luat Planck. Vat liéu cia do phat xa bé mit
dugc do bang luong niang luong phat ra khi bé mit truc tiép Pugc Quan sat. Co
nhiéu bién anh huong dén d6 phat xa cia mot dbi twong cu thé, chang han nhu
budc séng quan tam, trudng nhin, hinh dang hinh hoc cua vat den va nhiét do.
Tuy nhién, d6i voi muc dich va tng dung caa nguoi st dung nhiét ké hdng
ngoai, mot bang toan dién hién thi do phat xa & nhiét d6 twong ng cla cac bé
mat va vat thé khac nhau dugc hién thi. Vui 1ong truy cap trang web caa
ZyTemp: http://www.zytemp.com/tutorial/emissivity.asp dé kiém tra d6 phat xa
cua cac vat liéu quan tam.

3 Pic diém ky thuat
3.1 Xép hang tdi da tuyét dbi

Pic diém Ky hiéu Xép hang

Dién 4p cung cap DC A <7.0V




| Daidiénap dduvao | Vin | -05toV,+05V

Luu y: Cac Gmg sudt vuot qua nhiing gi duoc dua ra trong bang Xép hang Tdi da
Tuyét d6i c6 thé gay ra 16i van hanh hodc hu hong thiét bi. i voi cac diéu kién
hoat dong binh thuong, xem dac tinh di¢n AC / DC.

3.2 bBac tinh DC

Dic diém Ky | Nho | Typ |Lon| Ponvi Kiém tra diéu kién
hiéu
Dién ap hoat dong | VDD | 2.5 - |36 Vv
Hoat dong hién tai lop - 4 6 mA VDD= 3.0V,
Fepu=600KHz
Du phong hién tai IstRY - 2 3 LA VDD=3.0V
Dau vao cap cao Vi 2.0 - 0 Vv VDD=3.0V
Pau vao muc thap | V. - - 108 Vv VDD=3.0V
Pau ra cap | lon - |20 | - mA | VDD=3.0V Vg,=2.4V
Huéng dong dién lov - 25 | - mA | VDD=3,0V,Vo,=0.8V
dau ra
(VDD = 4.5V, TA =25°C)
Pic diém Ky hiéu | Nho | Typ | Lén | Ponvi Kiém tra diéu kién
Pién 4p hoat dong | VDD | 3.6 - |50 Vv
Hoat dong hién tai lop - 6 9 mA VDD=4.5V,
Fepu=600KHz
Dy phong hién tai | lsray - 3 | 45| pA VDD=4.5V
Dau vao cap cao Vin 3.0 - LA VDD=4.5V
Pau vao muc thap | V. - - 08| pA VDD=4.5V
Pau ra cap | lon - | 20| - mA | VDD=4.5V, Vo,=3.5V
Huéng dong dién lov - 25 | - mA | VDD=4.5V, V. =0.8V
dau ra

3.3 Pic diém k§ thuat do luong

Pham vi do Iuong -33~220°C / -27~428°F

Pham vi hoat dong -10~50°C / 14~122°F

. +/-0.6°C
Do chinh x4c Tobj=15~35°C,

Tamb=25°C—




_ +/-2%, 2°C
Do chinh xac toan dai #AC ‘
. 1/16°C=0.0625 (Pham vi day du)
D0 phan giai
o .. 1 sec
Thoi gian phan hoi (90%)
Tilé 1:1
Phat Xa 0.01~1 step.01
Tan so cap nhat 1.4Hz
12x13.7x35mm
Kgch thudc
Chicu dai song 5um-14um
Can nang 9g
Nguon cap 3V or 5V Option

3.4 Gan chan cua TNO; TNO9

Canh bao: Kich thudc trong ban v& nay chi mang tinh chat tham khao.

Péi véi kich thude thuc té, vui long tai xudng tir
http://www.ZyTemp.com/products/download/ExtDrawing.asp

V: Vvdd G: GND

D: Dit liéu (Dit liéu ndi tiép) C: Pong ho (Pong ho ndi tiép)A: Chan hanh dong
(kéo xuéng thap dé do, thd néi trong khi ghi dir liéu vao IRT)

Ghi chu: TNO; TN9 c6 cung mot phan cong pin.
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Hinh 5. Hinh v& bén ngoai mo-dun

4 dau ra noi tie

P

4.1 So @6 dién hinh

VoL 43V TTL
e D Interface
C (MCU)
@
A
Clock +Data+GND

PC

RS-232 or other

Hinh 6. So d6 dién hinh

Giao dién TN9 dén TTL (MCU)




V:Vcc

D: Dir liéu

C: Pong hd (2KHz)

G: GND

A: ActionKey

(Khi Kéo Thép, thiét bi s& do Tbb lién tuc.)

Luu y: Pin dir liéu Cao khi khong ¢6 dir li€u, Thoi gian cho> 2ms

4.2 Thoti gian cua SPI

CLOCK

DATA

Message format

—{ S500us +—

+ Byte O
¥

[tem MSB | LSB | Sum | CR

T

L 4
Y

DATA

-

DATA

20ms

[3

= 0.1 sec

Hinh 7. Thot gian cua SPI

Byte 1



4.2.1 Pbinh dang thong bao

Muc | MSB | LSB | Téng Muc | CR

Muc “L” (4Ch): Tobj (Nhiét do ctia vat thé)
“F” (66h): Tamb (Nhiét do moi1 truong)

MSB 8 bit dit liéu Msb

LSB 8 bit dit liéu Lsb

Tong muc + MSB + LSB = SUM

CR 0Dh, Két thuc tin nhan

422 Vidu

1. Nhiét d6 d6i tugng (Tbb)

AC(hex) | 14 | 2A | BA(hex) | OD(hex)

Muc 4Ch— “L” mi muc cua Nhiét do d6i tuong
Dt liéu MSB 14h (“1” va “4” 1a ky tu ASCII)
LSB 2Ah (“2” va “A” 1a ky tu ASCII)
Gia tri nhi¢t do thuc [Hex2Dec (142Ah)] / 16-273,15 = 49,475
°C
Téng kiém tra  Téng 4Ch + 14h + 2Ah = 8AH (Chi Byte thép)
CR 0Dh —’Carriage Return 'nghia la Két thic Tin nhan

2. Nhiét dd moi truong (Tamb)

66(hex) | 12 | C3 | 3B(hex) | 0D(hex)

Muc 66h— “f” ma mat hang cua Nhi¢t d0 mdi truong xung quanh

Dt lidu MSB 12h (“1” va “2” 1a ky tu ASCII)



LSB C3h (“C” va “3” la ky tw ASCII)

Gia tri nhiét d¢ thuc [Hex2Dec (12C3h)] / 16-273.15=27.03 °C
Tong kiém tra Tong 66h + 12h + C3h = 3Bh (Chi Byte Thip)
CR 0Dh —’Carriage Return “nghia la Két thuc Tin nhin

4.2.3 Lam thé nao dé stra d6i Emissivity? (Cach ghi Emissivity vio EEPROM)
Canh bao: str dung sai c6 thé dan dén hong EEPROM, diéu nay c6 thé pha hiy
dir liéu hiéu chuan. Thiét bi c6 thé trd nén vo dung!

1) M6-dun Nhiét ké Hong ngoai nay duoc hiéu chuan véi Emissivity = 0,95 theo
mac dinh. Hau hét Vat liéu phi kim loai c6 do phat xa gﬁn bﬁng 0,95. Nhung btrc
xa hong ngoai ctia kim loai binh thudng 1 thip hon nhiéu va c6 thé phai sira doi
cai dit cia mo-dun cho mot s6 ing dung nhat dinh.

2) Pinh dang giao tiép gidng nhu doc dit liéu tir mé-dun: ItemCode ~ HighByte
~ LowByte ~ CheckSum (ItemCode + HighByte + LowByte) ~ CR, tong sb 40
dong ho (& dit lidu).

Luu ¥: dau “~” khong phai 1a dir liéu thuc ma chi ¢6 nghia 13 “theo sau boi”

3) Pé ghi Emissivity vao TN9, Iénh 1a: “S” (53h) ~ HighByte (Gi4 tri phat xa) ~
04h ~ CheckSum (ItemCode + HighByte + 04h) ~ CR (0Dh)

Gia tr1 phat xa = HighByte (hex) / 100 (dec),

Vi du: HighByte = 5F (hex) =95 (dec) -> do phat xa =95 (dec) / 100 (dec) =
0,95 (dec).

Ludn gitt dir li¢u LowByte = 04 (hex).

Gi4 tr1 CheckSum cho vi du nay: 53 (hex) + 5F (hex) +04 (hex) = B7 (hex)

4) Thu thuat ghi dir li¢u vao TN9 nhu sau

a. Chan hanh dong can phai dugc tha ndi trong khi ghi dir liéu vao TNO.



b. Nhu ban dé biét, TN9 s& xtr 1y dit liéu théng thudng theo 40 ddng hd va dir
lidu voi giao tiép dinh dang. Sau xung nhip thtr 40, TN9 s& kéo chan CLK &
DATA 1én muc cao yéu dé cho néu c6 CPU bén ngoai mudn ghi dit liéu vao
TNO. Vui long dé CPU bén ngoai bat dau giri dong hd thir nhat trong khoang
thoi gian T1 sau dong ho tht 40. : 5ms <T1 <10ms
c. Tan s6 cia CLK phai 1a 2KHz.
d. TNO s& chét dit liéu ¢ canh am ctua CLK, vi vy dit liéu phai sin sang trudc
khi canh 4m ctia déng ho viét thir nhat.
5) Vi du, Emissivity = 0.95 ==> “S” ~ 5F (hex) ~ 04 (hex) ~ B7 (hex) ~ CR
Emissivity = 0,80 ==> “S” ~ 50 (hex) ~ 04 (hex) ~ A7 (hex) ~ CR
6) Cudi cung, lam thé nao dé chiing ta biét kha ning viét thanh cong.
Khoang 5 ms sau khi ban giri CLK & DATA dén TN9 hoan toan.
TNO9 nén ¢6 3 loai phan ng.
a. TNO9 sé guri cung mot dir licu ma CPU bén ngoai da ghi vao TN9. (Ching
t6i goi day 1a ECHO). Piéu d6 c6 nghia 1a viét thanh cong emmissivity.
b. TN9 sé gtri “S” ~ FF (hex) ~ FF (hex) ~ CheckSum (“S” + FF + FF) ~
CR.
Piéu d6 c6 nghia 1a TN tim thay 18i kiém tra dit liéu = mot di liéu nhan sai.
TNO sé& quén dit liéu, va ban can ghi lai.
c. TN9 khong c6 phan hoi nhu trén
Piéu d6 c6 nghia 1a TN9 khong nhan dugc day di 40 dong ho.
Vui 10ong kiém tra dong hd va dit liéu duoc diéu khién boi CPU bén ngoai.

Dac biét, hay ddm bao thoi gian T1 dung.

5 Bang demo giao dién: Hub-D

Mo ta chung:



Hub-D la mot hop Giao dién voi man hinh LCD, danh cho dong TN.

Hop nay co thé hoat dong nhu mdt giao dién gitta IRTm (M6-dun IRT) va PC.
xem Hinh A

“Hub_D” ¢6 Man hinh LCD loai ky tu 2 c6t, n6 cling co thé hoat dong ma

khong can PC.
Trung tam s€ hién thi Tobj & Tamb (dir liéu tir IRTm) lién tuc.
IRT module R5-232 )
(TND; TNG) Interface Demo Board (Hub) " . PC running a
program
e e [ e
Data - Power +5V
Clock |4—* l—
GND |#4——— Power HubReset IRTm Reset Action
Action |4——— D D D [I

Hinh 8. Ung dung dién hinh ctia Hub
Mau s6: Hub-D
Chuong trinh: TNmDBO001.exe

Hinh 9. Hub-D



6 Chuong trinh giao dién cho PC
Chuong trinh: TNmDBO001.exe c6 thé tai xuéng phién ban mién phi dé giai ma
tai: http://www.zytemp.com/download/default.asp

e 7z Chay trong cira s6 DOS (trong méi trudng MS Windows)

e 7 Phai dugc stir dung cung vé61 HUB-D

e 7z Chuong trinh ndy s& hién thi:

e Tbb (Tobj); Tamb & dOC; dOF lién tuc

e Trang thai cua IRT

e 7 Stra doi su sai sot

e thay d6i don vi z degC / degF

3.2. So 0 mach ciia Arduino véi TN901

" LeM1602 TIC

Hinh 3. 1. Mach nguyén ly



Hinh 3. 2. Mach thyc té






3.3. Code
byte n = 0;

volatile byte pos = 0;

Count

volatile byte values[5] = {
0,0,0,0,0};

byte cbit = 0;

boolean irFlag = false;
reading has been made
boolean ambFlag = false;
temp reading has been made

byte irValues[5] = {
0,0,0,0,0};

readings

byte ambValues[5] = {
0,0,0,0,0};

readings

const int len = 5;

const int clkPin = 3;
const int dataPin = 2;
const int actionPin = 4;

void setup(){
Serial.begin(9600);

pinMode(clkPin, INPUT);
pinMode(dataPin, INPUT);

pinMode(actionPin, OUTPUT);,

digitalWrite(clkPin, HIGH);
digitalWrite(dataPin, HIGH);
digitalWrite(actionPin, HIGH);

Serial.printin("Type to Start...");

while(!Serial.available());
Serial.printIn("Starting...");

/I Interrupt Bit Count
I/ ' Values Position
Il ' Values to be stored by sensor
/l Current bit read in
/l Flag to indicate IR

// Flag to indicate ambient

/I Variable to store IR

/I VVariable to store Ambient

/I Length of values array
// Pins

/I Initialize pins

/[ Wait for input to start

Serial.printIn("IR (F), Ambient (F), Time Since Start (ms)");

attachinterrupt(1,tn9Data,FALLING);

digitalWrite(actionPin,LOW);

I Interrupt
I/l Make sensor start sending



data

by
void loop(){

if(pos == len && values[0] == 0x4C){

packet...

for(inti=0; 1 <len; i++){

irValues[i] = values]i];

¥

irFlag = true;

pos = 0;

digitalWrite(actionPin,LOW);
sending data

}

if(pos == len && values[0] == 0x66){
ambient packet...
for(inti=0;i<len;i++){

ambValues
ambValues[i] = values]i];
}
ambFlag = true;
pos = 0;

digitalWrite(actionPin,LOW);
sending data

}

if(pos == len && values[0] == 0x53){
packet
pos = 0;
digitalWrite(actionPin,LOW);,
sending data

}

if(irFlag && ambFlag){
reading...
digitalWrite(actionPin,HIGH);

/I 1f sensor has sent IR

/] Store values to irVValues
/l Indicate IR reading

/I Make sensor start

/I If sensor has sent

/] Store values to

/I Indicate Ambient reading

/I Make sensor start

/1 1f sensor has sent junk

/I Make sensor start

/I 1f successful IR and Ambient

I/ Make sensor stop sending

data. Because Timing is weird, | want to ensure the interrupts do not happen

during this section.

word tempword = 0; // Next 4 lines isolate temperature

component of values



tempword = tempword | irValues[1];
tempword = tempword << 8;
tempword = tempword | irValues[2];
if(tn9Check(irValues)){ Il 1f checksum is valid, print
IR temperature
Serial.print("IR =");
float irc = (int(tempword)/16.0 - 273.15);
float irf = (irc *9/5 + 32);
Serial.print(irf);
Serial.print(", ");
by
else{ /I 1f checksum isn't valid, print
impossible temp
Serial.print("IR =");
Serial.print("-273.15, ");
¥

tempword = 0; /I Isolate temperature component
again for ambient
tempword = tempword | ambValues[1];
tempword = tempword << 8;
tempword = tempword | ambValues[2];
if(tn9Check(ambValues)){ /I If checksum is valid, print
ambient temperature
Serial.print("Amb =");
float ambc = (int(tempword)/16.0 - 273.15);
float ambf = (ambc *9/5 + 32);
Serial.print(ambf);

}

else{ /I If checksum isn't valid, print
impossible temp
Serial.print("Amb =");
Serial.print("-273.15"),
by
irFlag = false; Il Reset flags
ambFlag = false;

Serial.print(", ');

Serial.printin(millis()); // Print time for logging purposes
delay(2000); // Simulate other sensors or code
digitalWrite(actionPin,LOW);, I/l Make sensor start sending data



void tn9Data(){
chit = digitalRead(dataPin);
if(pos >= len) pos = 0;
values[pos] = (values[pos] << 1) | cbit;
n++;
if(n ==8){
on bits read in
POS++,
n=0;
¥
if(pos == len){
sensor from sending
digitalWrite(actionPin,HIGH);
¥
¥

boolean tn9Check(byte tn9Values[]){
function

I Interrupt Function
// Read bit
/Il Keep index below 5
I/ Store to values
/I Increment bit count
/I Increment position count based

/I If complete "packet™ sent, stop

// again until main loop allows it.

/I Checksum calculating

int mcheck = (int)tn9Values[0] + (int)tn9Values[1] + (int)tn9Values[2];  //

Checksum calculation
int scheck = (int)tn9Values[3];
boolean crc = false;

value

if(mcheck > 510) mcheck = mcheck - 512;
if(mcheck > 255) mcheck = mcheck - 256;

if(mcheck == scheck) crc = true;
return(crc);

}

/I Checksum sent by sensor
/I Initialize return

// Handle sensor byte rollover
// Handle sensor byte rollover
/I Check checksum
// Return
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~ KETLUAN o
Sau mot khoang thoi gian ngan thuc hién d¢ tai tot nghiép, cung véi no luc ¢o

gang cua ban than va sy gitp d& tan tinh cia cac thy ¢ gido, ban bé cung 16p, dén
nay em da hoan thanh dé tai t6t nghiép ctia minh. Trong dé tai cia minh em da tim
hiéu va thyuc hién duoc cac yéu cau sau:
- Cung thay giao — Tién si Ngo Quang Vi hoan thanh dé tai nghién ctru khoa
hoc cép trudng.
- Puoc hoc hoi, hiéu biét hon vé diéu khién khong tiép xtc, cac mach don
gian ma c6 thé ap dung duoc rat nhiéu viéc trong cudc sdng binh thuong.
- Diéu tuyét voi nhat 1a thiy duoc gia tri nhan vin siu sic trong cong viéc
minh lam, nhitng gi minh nghién cttu s€ la dong gdp to 16n cho xa hai.
Mt 1an nira em Xin chan thanh cam on su chi bao ,huéng dan tan tinh cta
thay gido — TS. Ngo Quang Vi cing quy thay co trong khoa va ban be trong 16p
da gitp dd em trong qua trinh thuc hién dé tai.

Em xin chan thanh cam on!

Hai Phong, ngay thang  ndm 2020

Sinh vién thuc hién

Nguyén Bao Trung



