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HUONG DAN TRINH BAY BAO CAO TONG KET
BAO CAO TONG KET DE TAI SINH VIEN NCKH

I. Bao cdo tong ket de tai nghién ciru khoa hoc cia sinh vién

1. Béo céo tong két dé tai 1a co s¢ dé hoi dong danh gia két qua thuc hién dé tai khoa
hoc cua sinh vién. Bao céo tong két phai phan anh day da ndi dung, két qua thyc hién de
tai va phai dugc dong thanh quyén.

2. Hinh thirc cua bao cdo tong két dé tai
- Kho gidy A4 (210 X 297 mm); dong bia mém.

- S6 trang t6i da 1a 80 trang (khdng tinh muc luc, tai liéu tham khéo va phu luc),
phong chir Times New Roman, ¢& chir 13; paragraph 1,3 - 1,5 line; 18 trai 3 cm; 18 trén, 18
dudi, 1€ phai 2 cm.

- S6 thir tyr cua trang & chinh giira trang, phia trén.

- Tai liéu tham khao va phu lyc (neu c6): Toi da 1a 40 trang; tén cac tac gia nudc
ngoai néu trong bao cao tong két phai viét theo dung ngdn ngit trong tai liéu nguyén ban
duoc trich dan.

- Khéng gach dudi céac tlr, cAu trong bao cdo tong két; khong viét 10i cam on va
khong duoc ky tén.

- Ngbn ngir sir dung trong béo cao tong két: Tiéng Viét, tiéng Anh hodc ngdn ngir
khéc thi yéu cau phai c6 ban dich ra Tiéng Viét.

II. Ciu triic bao cdo tong két

1. Bia bao cao;

a) Trang bia chinh (mau 1).

b) Trang bia phu (mau 2).

. Muc luc;

. Danh muc bang biéu;

. Danh muc nhiing tir viét tat (xép theo thir ty bang chir cai);
. M& dau;

. Tong quan tinh hinh nghién ctru thudc linh vyc dé tai;

. Ly do lya chon dé tai;

. Muc tiéu, ndi dung, phuong phap nghién ctru cta dé tai;
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. D6i tugng va pham vi nghién ciru.

10. Két qua nghién ctru va thdo luan: Trinh bay thanh cac chuong 1, 2, 3....; néu cac
két qua nghién ctru dat dugc va danh giad ve cac két qua nay.



11. Két luan va kién nghi:

a) Phan két luan: Két luén vé cac ndi dung nghién ctru da thuc hién. Panh gié nhiing
déng goép mdi cua de tai;

b) Phan kién nghi: Cac dé xuat dugc rat ra tr két qua nghién clru. D€ xuat vé cac
nghién ctru ti€p theo; cac bién phdp can thiét dé c6 thé ung dung két qua nghién ciru vao
thuc tién doi song va san xuat; cac kién nghi vé co che, chinh sach.

12. Tai liéu tham khao: Tai liéu tham khao la danh muc sach, bao, tai liéu cac loai
duoc str dung dé tham khao trong qué trinh nghién ciru, sip xép cac ngudn tai lidu va cac
sach xuét ban d3 tham khéao dé tién hanh dé tai, thong thuong dugc trinh bay theo thir tu:
ho va tén tac gia, nhan dé, cac yéu td vé xuit ban. Cac van ban duogc xép theo trinh tu: van
ban phap qui; sach, bao, tap chi; bai viét cua cac tac gia...; trong mdi loai duoc xép theo
thtr tu bang chir cai.

13. Phu luc (néu co) bao gém cac bang biéu, so dd, hinh vé, bang li¢t ké cac tu liéu...
dé minh hoa cho bdo cdo tong ket dé tai.
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I. MO DAU

Hién nay ning luong tai tao dang duoc xem 13 giai phap va xu hudng tat yéu cua
nganh ning luong hién nay trén thé giéi. Khi cac ngudn nhién liéu hoa thach c6 han nhu
than ¢4 dau mé ngay cang tré nén can kiét, gy 6 nhiém mai truong nghiém trong va bién
d6i khi hau, budc cac qudc gia trén thé gidi phai ddy manh chuyén dich co ciu nganh ning
luong theo hudng sach va bén viing. Phat trién ngudn ning luong tai tao dang dan chiém
vi tri quan trong trong sy phat trién kinh té bén viing & cac nudc trén thé gisi, do loi ich to
16n trong viéc tan dung tbi da nguén thién nhién v6 tan (nhu gio, mat troi...) dé tao ra
ngudn ning lugng thay thé cho nhiing ngudn niang lugng tir nhién liéu héa thach, ciing nhur
g6p phan giam tac dong cua hiéu Gmg nha kinh va bién doi khi hau gay ra cho trai dt. Theo
nghién ctru cta co quan niang luong quéc tén (IEA), dén nim 2025, ning luong tai tao s&
tré thanh ngudn san xudt dién chinh, cung cip mot phan ba luong dién trén thé gidi, ude
tinh, cong suat dién gi6 va quang dién s& vuot cong suat ciia khi dot vao nam 2023 va than
da vao nam 2024. Cac san pham céng nghé cao st dung ngudn ning luong tai tao nhu nha

thong minh, xe dién, ... dang dan tré nén phd bién trén toan thé gisi [1-3].

Theo nhén dinh cua gidi chuyén gia Viét Nam 1a qudc gia hoi tu nhimg dic diém
dia 1y, khi hau 1y tuéng cho viéc san xuét céc loai nang luong tai tao. V&i vi tri dia 1y co
duong bién dai, thoi tiét ctia khu vuce nhiét d6i nhan dugc lwong nhiét mit troi trong dbi
16n... ddy 1a mot trong nhitng tiém nang rat 16n dé Viét Nam xay dung va phat trién nganh
cong nghiép nang lugng tai tao nhu nha may ndng lugng mat troi, nha may nang luong giod
(Hinh 1). Viéc nay c6 ¥ nghia vo cung to 16n trong dinh hudng phat trién nén kinh té Viét
Nam trong twong lai, ciing nhu an ninh ning luong , 6 nhiém mdi truong va bién doi khi

hau.

Céc hang xe dién nhu Tesla, Mitsubishi, ... va robot di dong da cong bd nhirng san

pham sur dung nang lugng tai tao dé€ phuc vu con nguoi. BE phuc vu cho cong cudc chuyén



doi xanh, nhiéu quoc gia trén thé gidi da va dang trién khai cac cudc thi nang lugng xanh

danh cho sinh vién.

Hinh 1: Cum nha may dién mdt troi Dau Tiéng cé cong sudt ditng thir 2 trén ca mede

ASME (American Society of Mechanical Engineers) RoboGames 1a mot cudc thi
vé robot tir dong dugc t6 chirc hang nam boi Hoi K§ su Co khi Hoa Ky (ASME). Cudc thi
ASME RoboGames duoc t6 chirc 1an dau tién vao nam 1989 véi tén goi 1a "Olympiad
Robot Co khi" tai San Francisco, California. Ban dau, cudc thi chi danh cho céc hoc sinh
cap trung hoc. Tuy nhién, sau nay, cudc thi mé rong tham gia cho cac hoc sinh trung hoc

va sinh vién dai hoc trén toan cau.

Céc dé thi mau ciia cudc thi ASME thudng bao gém cac thir thach khac nhau ma
robot phai vuot qua, nhu déy dd vat, di chuyén trén dia hinh da dang, thu thap va van
chuyén dd vat. Cac thir thach nay dugc thiét ké dé kiém tra kha ning cta robot trong viéc

hoat dong trong méi truong khac nhau va giai quyét cac van dé kho khan.

Cudc thi ASME duoc t6 chirc tai nhidu dia diém trén thé gidi, véi cac doi tuyén dén

tlr nhiéu quéc gia khac nhau. Tuy nhién, mot trong nhiing dia diém t6 chire chinh 1a My,
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va cac trudng dai hoc hang dau cia My nhu University of Illinois, University of Michigan

va University of California da ting dang cai to chitc cudc thi ASME.

e [ FESTO

TRUONG BAI HOC PHENIKAA
KHOA CO KHi - COPIEN TU

- STUDENT
DESIGN COMPETITION
- E-FEST 2023 .

C)4-5/03/2023 9 Tdng 2- Nha thi ddu c1

Hinh 2: Cuoc thi ASME Truong Dgi hoc Phenikaa

Truong PH Phenikaa to chic cudc thi sinh vién thiét ké (SDC) nam 2023 véi cha
dé va luat thi ddu lay tir cude thi ASME SDC E-Fest 2023 (Hinh 2). Mdi d6i tham gia ché
tao mot chiéc xe duoc diéu khién tir xa di chuyén voi tai dat trén xe dén khu vuc do tai trén
san thi ddu c6 thé hép thu va luu trtr hai loai nang lugng tai tao la gié va mat troi dé sir
dung cho qua trinh di chuyén va tha tai ciia xe trong qua trinh thi dau. Théi gian thi dau

cuia moi tran dau la 15 phtt doi1 nao ¢6 s6 di€ém quy doi cao hon s¢€ 1a do1 chién thang.
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II. TONG QUAN TiNH HiNH NGHIEN CUU

1.  Yéu ciu dé bai cudc thi SDC 2023

Pé bai cudc thi ASME SDC 2023 yéu cau thiét bi c¢6 kha ning thu nhan ning lugng gié
va ning luong mit troi va hoan thanh nhiém vu di chuyén vat tai tir vi tri xuat phat, ha hodc
tha vat tai tai vi tri ha tai. Bay la mdt dé bai duoc chinh sira tir cude thi SDC 2021 cb yéu
cau gan gidng voi SDC 2023 vé mit thu nhan ning lwong nén nhom tac gia da phan tich,
tinh chinh va tinh toan dé phan nang luong co thé hoat dong toi wu nhat doi voi yéu cau dé
SDC 2023.

2. Giai phap trén thé gioi

Theo yéu cau dé bai cudc thi SDC 2023 twong tuy nhu dé thi nam 2021, thiét bi phai
c6 kha nang thu thap va luu tritr ndng luong gid, mat troi. Nhin chung, cac doi tham gia
niam 2021 déu c6 giai phap chung dung pin ning lwong mit troi dé thu thip ning luong tir
dén halogen va dong co phat dién kém canh quat thu ning luong tir thiét bi quat ctia ban to
chire. C6 hai loai cong nghé pin nang lwong mit troi phd thong 14 loai pin st dung té bao
quang dién da tinh thé va té bao quang dién don tinh thé. Té bao loai don tinh thé c6 tudi
tho cao, kha ning hoat dong v4i ngudn sang yéu va hiéu suat chuyén doi nang luong cao
hon da tinh thé.

Phén luu trir nang luong c6 thé chia thanh 2 loai phd thong cua cac ddi 1a pin va
siéu tu. Pin gdm 2 loai chinh 13 pin sat 18650 va pin li-po (Hinh 3). Siéu tu c6 kha ning
nap x4, dong x4 cao va nhanh gip nhiéu 1an so véi pin nhung khéng c6 kha ning tich trix

ning lwong nhiéu bang pin cung kich thude.
o/ i
Panasonic

NCR 186508

3400mAh

amon
3 38440 110196 (VA ULIVE NIY

m OLZZIHR WOFTY

E 205981MON @
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4

¥ (9 -
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Hinh 3: (a) tu, (b) pin

V& phan co khi, thiét bi s& dugc chia thanh 2 co cdu chinh. Di voi d6i thi
dén tir Innovation Cell IT Bombay d3 dung co cau 2 cung 2 banh tu lua, doi thi dén tir dai
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hoc Wisconsin-Madison di dung co ciu xe kéo (hinh 4). Co cdu 2 banh kém banh ty lya
cho phép thiét bi ¢ thé quay véi ban kinh quay nho va khong can ding dén b truyén dong
vi sai. Co céu xe kéo mang lai cho thiét bi loi thé hon, tiét kiém nang lugng hon khi kéo-
day phan tai va c6 thé mang theo luong tai 16n hon nhung can c6 tinh toan thiét ké trong
tam cua thiét bi chinh xac dé khong dan t&i viéc cong sinh ra bi hao hut do trugt banh dau
kéo, dbi v6i co cdu nay thiét bi ca c6 bo truyén dong vi sai hodc truyén dong 2 banh dan
khong dong tdc dé co thé vao cua dugc muot ma.

Hinh 4: Giai phép Robot di dong thu thap nang lugng mat troi cta (a) doi Innovation Cell
IT Bombay va (b) Wisconsin-Madison

III. LY DO CHON PE TAI

Cudc thi ASME SDC E-Fest 1a cudc thi dugc td chire hang nam béi Hi€p hoi k¥ su co
khi Hoa Ky - 1 mot trong nhimg Hiép hoi uy tin trén thé gi6i trong linh vuc co khi — co
dién tir. Cudc thi c6 dé thi mang yéu cau ki thuét cao va phu hop voi kién thie cta sinh
vién. Cudc thi nay nham giup cho sinh vién khéi ky thuat, dic biét 1a chuyén nganh KT Co
khi, KT Co di¢n tir c6 co hdi hoc tap cac kién thirc méi, ap dung kién thirc da duoc hoc va
phat trién kha nang sang tao, ty hoc. Ngoai ra, nhom dé tai gdm céac ban sinh vién nam thir
2 c¢on duogc trai nghiém quy trinh thiét ké va sang tao nhiém vu khoa hoc, ki nang lam vi¢c
nhém. Do d6, dé tai s& gop phan thuc ddy tinh than ham hoc, dam mé nghién ctru va sang
tao cho sinh vién tham gia.

San pham dugc ché tao khong chi nham muyc dich tham gia cho cudc thi ASME SDC

2023 ma c6 thé st dung dé lam hoc cu cho cac mén hoc nhu: Vi diéu khién va vi xu 1y,
Cam bién, ...
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IV. MUC TIEU, NOI DUNG, PHUONG PHAP NGHIEN CUU
Muc tiéu

- Hoan thanh thiét ké robot voi giai phap t6i wu vé ning luong, khong gian dé phu hop
vo1 cudc thi SDC E-Fest 2023

- Hiéu duoc nguyén 1y cua cac dang tich trir ning luong tai tao

- Lap trinh diéu khién, giao tiép v&i robot thong qua mach ESP32
- Thyc hanh duogc ki nang lam viéc nhom

- Thyc hanh ki ning gia cong cac chi tiét co khi

Nhom nghién ctru dy kién thyce hién két qua nhu bang:

Bang 1: Chi tiéu thiét ké san pham

Chi tiéu Don vi Gia tri
Kich thudce Mm <300 x 300 x 300
Can nang Kg <2
Tai trong mot | Kg >3
lan di chuyén
Nang luong Tu/pin
tich trix
Gia thanh VND < 2,000,000
Noi dung
Céach thic trién khai:

- Nhoém thyc hién theo quy trinh nghién ctru va phat trién san pham bang cach thuc
nghiém.
- Phan mém st dung: SolidWorks, Visual Studio, ...
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Tém tit két qua

Trong thoi gian 04 thang, nhom nghién ctru da thuc hién dugc nhitng cong viéc nhu sau:

- V& mit ly thuyét:
e Phan tich va lya chon duoc két cdu hop 1y, kha thi dé thiét ké va gia cong.
e Xay dung dugc mo hinh dong hoc, dong luc hoc don gian ctia Robot.
- V& mit thuc nghiém:
e Ché tao thanh cong Robot phu hop véi muc dich nghién ciru.
e Thir nghiém co ciu ha tai tr dong va co cdu md tAm pin mit troi thanh cong.
e Lap trinh dugc kha nang diéu khién tir xa 6n dinh cho Robot.
e Robot c6 kha ning vuot dia hinh déc trong san thi dau tbt.
e Dat giai Nhat cudc thi ASME — Student Design Competitions E-Fest 2023 do
Khoa Co khi — Co di¢n tor Truong Pai hoc Phenikaa td chirc.

Mot s6 hinh anh san pham (hinh 4-5) :

Hinh 4: Qua trinh ha tai tuy dong



Hinh 5: Qua trinh leo doc

V. POI TUQNG VA PHAM VI NGHIEN CUU

Cudc thi Thiét ké danh cho Sinh vién nim 2023 yéu cau cac doi thiét ké va ché tao mot
chiéc xe duoc diéu khién tir xa vo1 cac muc tiéu sau:

. Thiét bi phai cang nho cang tot, v4i kich thude bén trong t6i da 1a 50 cm x 50 cm x
50 cm (dugc tang thuong diém qua He s6 hdp kich thudce)

3 (50cm)3
rong x dai x cao

Hé s6 hop kich thudc =

. Cac doi1 phai ché tao mot thiét bi duoc déy b@ing nang lugng thu duogc tir cac nguén
ning luong mit troi hodc gio. Cac doi phai quyét dinh cach ning luong thu thap duoc s&
duoc luu trir trong thiét bi (pin, tu di¢n, b luu trr co hoc, v.v.). Ngoai ra, mt pin AAA
c6 thé sac dugc phép sir dung dé day thiét bi. Mdi d6i sé duoc ASME cung cdp pin tai
cudc thi (Pin sac AmazonBasics AAA c6 dung luong 800 mA-gi¢ - hodc tuong duong) va
cac doi s& duge cho khoang thoi gian phu hop dé sac pin. Khi bit diu mdi vong, cac doi
phai chi ra rang cac thiét bi khong chira ning lwong du trir dé ddy xe ngoai pin AAA. Mot
hé s6 diém thuong dugc trao cho cac thiét bi sir dung ca ning lwong mat troi va nang lugng
gio.

. Thiét bi diéu huéng mot hanh trinh dé van chuyén cang nhiéu trong luong cang t6t
tr khu vuc chat hang Ién khu tha tai trong mot khoang thoi gian nhét dinh. Cac d6i tu xé4c
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dinh khéi lvong duoc mang theo trong mdi chuyén di va s chuyén di duoc thuc hién trong
thoi gian nhat dinh.

. Céc vat nang sé dugc dat thu cong vao thiét bi va c6 thé duoc d& béng tay hoac tu
dong tai vung do tai (viéc do tai tu dong s€ co diém thuong hé ) 1.2).
. Sén trinh dién s& 13 mot khong gian 5m x 5m duoc danh déu trén san bang bing

keo (hinh 6). Céc thiét bi phai ¢ trong ranh gidi mép ngoai ciia biang keo trong qua trinh
trinh dién. San s& c6 hai Khu vuc Khdi dong / Sac pin véi kich thuée 1m x 1m ma cac
ddi cu thé s& duoc chi dinh, duge danh dau béng bang keo trén san. Nén khu vuc d&
hang co kich thuéc 1m x 1m s& dugc dat ¢ trung tam cia san d4u, duoc nang cao khoang
10 cm va duoc ché tao tir gd. Khu vuc d& hang sé 1a chung cho ca hai doi trong cac vong
loai. Ca hai duong dbc 1én dén Khu vuc d& hang s& dong nhét va chiéu dai ngang cua
doan duong nbi sé 1a khoang 0,5 m. Ving A, Ving B: khu vuc dit vat nang 1én thiét b
va nap nang lugng tuong ung cuia do1 A va doi B.

100

Bén Halogen

vung B
1000
SE !
O | vin ol 3
ﬁ dotai @ ©
‘ __|] 1000 —200
Quat gid =
. :
o
=
~..Pén Halogen
5000
Hinh 6: San thi dau
. Trong cudc thi, mot thanh vién trong ddi c6 thé kich hoat mdt trong hai hodc cé hai

ngudn nang luong khi thiét bi cia nhém dang & trong Ving sac, sau do tat tat ca cac nguon
nang luong khi thiét bi roi khoi ving sac.
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. B0 diéu khién tir xa do mdt thanh vién trong nhém van hanh sé diéu khién chuyén
dong cua thiét bi. Bo diéu khién tir xa c6 thé co pin riéng va khong can phai 1a pin sac.
Mot pin bd sung c6 thé dugc sir dung trén thiét bi cho muc dich diéu khién (khéng dung
dé day xe).

. Thoi gian thi dau ctia mdi tran 1 15 phut (ca sac) tuy nhién néu néu ¥ kién cta hai
d6i thi mudn sac day thiét bi trude khi bude vao 15 phut thi dau thi ca 2 d6i sé ¢ tdi da
30 phat dé sac thiét bi. Trong 30 phit sac khi mét trong 2 doi dd bao sac xong va yéu cau
thi du thi tran ddu bat dau va thoi gian thi ddu 1a 15 phit.

. Thuc hién thiét ké va quan 1y thoi gian thich hop dé ché tao va thir nghiém duoc
coi trong. Mot hé sb diém thudng duogc trao cho video (tuy chon) thiét ké va hoat dong
ban dau dugc giri trude cude thi.

VI. KET QUA NGHIEN CUU

CHUONG I. GIAI PHAP NANG LUQNG

1. Nang lwgng mat troi

a. Nguyén ly hoat dong cua pin nang luong mat troi

Hinh 7: Nguyén 1y hoat dong ctia tAim pin ning lugng mat troi
Khi mot photon cham vao manh silic, mot trong hai diéu sau s& xay ra [4]:

- Photon truyén truc xuyén qua manh silic (hinh 7). Diéu nay thudng xay ra khi ning
luong ctia photon thap hon niang lugng du dé dua cac hat electron 1én murc ning
luong cao hon.

- Nang luong cta photon dugc hap thu bai silic. Piéu nay thuong xay ra khi ning
luong cta photon 16n hon ning luong dé dua electron 1én murc nang lwong cao hon.
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Khi photon dugc hip thu, ning luong ciia né duge truyén dén cac hat electron trong
mang tinh thé. Thong thuong cac electron niy 16p ngoai cling, va thudng duoc két dinh véi
cac nguyén tir 1an can vi thé khong thé di chuyén xa. Khi electron dugc kich thich, tré thanh
dan dién, cac electron ndy c6 thé tw do di chuyén trong ban dan. Khi d6 nguyén tir s& thiéu
1 electron va d6 goi 1a “15 trong”. LS trong nay tao diéu kién cho céc electron ctia nguyén
tir bén canh di chuyén dén dién vao “I5 tréng”, va diéu nay tao ra 15 trong cho nguyén tir
1an can c6 “16 trong”. Cr tiép tuc nhu vay “16 tréng” di chuyén xuyén sudt mach ban dan.

Mot photon chi can c6 nang luong 16n hon niang lugng du dé kich thich electron 16p
ngoai cing dan dién. Tuy nhién, tan s cua mit troi thuong twong dwong 6000°K, vi thé
nén phan 16n ning lwong mat troi déu dugc hap thy bai silic. Tuy nhién hau hét nang lugng
mat trdi chuyén d6i thanh niang lugng nhiét nhiéu hon 1a nang luong dién sir dung duoc.

M6 hinh tinh toan cong suit clia tAm pin mit troi

Cong suét tim pin dugc do bang Wp (watt-peak). Wp 1 cong suat dugce sinh ra tir mot
hodc nhiéu tam pin mat trdi trong di€u kién to61 wu nhat. D6 1a diéu kién vé cuong do buc
xa mit troi, hudng anh sang, nhiét do khong khi, toc d6 gid, ap suat khi quyén. ..

Trong diéu kién tiéu chuan (cuong do buc xa mat troi 1000 W/m2, tbe do gi6 la 1 m/s,
nhiét d6 khong khi 1a 25 do C, tbc d6 gid 1a 1 m/s, ap suat khi quyén 13 1,5 Atm,...), IWp
pin nang lugng mat troi s€ tao ra 1Wh di€n mat troi.

Bén canh cong suét 1 tim pin mat troi, san luong di¢n thuc té con phu thudc vao hi¢u
suat tam pin. Hi¢u suat tam pin 1a ty 1€ % gitra ndng lugng dién tir (cong suat Im2 dién tich
bé mdt tdm pin) va nang lugng mat troi (cuong do buc xa ti€u chuan).

Cong thire tinh hiéu suat tim pin nhu sau:
Hiéu sudt tim pin = Cong suit tim pin / (Dién tich tim pin x 1000)
Trong do:

- Hiéu suit tim pin (%)
- Cong suat tAm pin (Wp)
- Dién tich tAm pin (m2)

Hién nay, cong suét 1 tim pin mat troi rat da dang. Vi du nhu: 200Wp, 265Wp, 380Wp,
400Wp, 440Wp... Trong d6, tAm pin ning lugng mat troi cong suit 400 — 440 Wp cho san
luong dién 16n nhét. Vi hiéu suat ctia nhitng tm pin nay 1én toi 18 — 20%.

Trén thuc té, mot tAm pin mat troi co thé tao ra 50 — 60% lugng dién so vdi cong suét
ghi trén tam pin. Nghia [a mot tAm pin mat tro1 cd cong suat 440Wp co6 thé san xuat ra 220
—264W dién.
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b. Cac loai pin nang luwong mat troi

Pin Mono va Poly (Hinh 8) [5]:

e Ca hai loai pin mit trdi mono va poly déu cé céc solar cell (t& bao quang dién)
lam tir cac tAm silic. Dé tao ra mot tAm pin mono va poly, cac tim wafer (miéng
silic mong chung 0.76 mm) duogc lép thanh cac hang va cot dé tao thanh mot
hinh chit nhat, sau d6 duoc phu bang mot tim kinh va déng khung lai v6i nhau.

e Trong khi cd hai loai pin mat troi ndy déu c6 cac cell duogc lam tur silic, cac tim
mono va poly khac nhau trong thanh phan cua chinh silic. Pin mit trdi mono
duoc cat tir mot tinh thé silic don, tinh khiét. Con pin mat troi Poly bao gém cac
manh tinh thé silic duoc nung chay trong khuon trudc khi dugc cat thanh tim
wafer.

Hinh 8: Pin Mono va Poly

Pin Thin-film (Hinh 9):

e Khong giéng nhu cac tim pin mat trdi mono va poly, cac tam pin Thin-film dugc
lam tir nhiéu loai vat lidu. Loai pin mat troi Thin-film phd bién nhat duoc lam tir
cadmium Telluride (CdTe). Pé tao ra loai pin thin film ndy, cdc nha san xuat dat
mét 16p CdTe giita cac 16p mang dan trong sudt gitp thu 4nh sang mit troi. Loai
cong nghé Thin-film nay ciing c6 mot 16p kinh trén cing dé bao vé.

e Céc tAm pin mit troi Thin-film ciing c¢6 thé dugc ché tao tir silic vo dinh hinh (a-Si),
twong ty nhu thanh phan cua cac tim mono va poly. Mic du loai pin Thin-film nay
¢6 silic trong thanh phan nhung ching khong dugc tao thanh tir cac tim silic cing,
Thay vao d6, chung bao gém silic khong két tinh duoc dit trén thuy tinh, nhya hoac
kim loai.
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e Cudi cing 1a Copper Indium Gallium Selenide (CIGS), mot loai cong nghé Thin-
film pho bién khac. Cac tim pin CIGS c6 tat ca bon thanh phan dugc dit giira hai
16p dan dién (vi du nhu thuy tinh, nhya, nhém hodc thép) va cac dién cuc dugc dat
& mit trude va mit sau dé thu dong dién.

THIN-FILM

Hinh 9.: Pin Thin-Film

2. Nang lugng gio
Cénh quat tuabin gi6 (Hinh 10) [6]

Hinhl0: Canh quat tuabin gio
* Cong thirc tinh nang lugng gio 1a:

Ew=0/2) " nw-r?-p-v3-t
Véi dién tich ludng quét ctia canh quat tuabin gié: A =7 - 12
Trong do: + E_ [J] — nang lugng gid

+ A [m*] — dién tich dong khi
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+ p [ kg/m*] — mat d6 khong khi, bang 1,225 kg/m*& ap suat 1013,25 hPa va nhiét do
15°C
+ v [m/s] — toc d6 gié (khong khi)
+ t [s] — thoi gian
* Cong thtrc tinh nang lugng tuabin gio la:
Ew=Mw/100)-Ew
Trong do: + E .. [J] — ndng lugng tuabin gid
+1 v [%] — hiéu suét tuabin gi6
+ E . [J] — ndng luong gid
3. Giai phap tich trir nang lwgng
a. Cdc phwong phap tich trir nang luong
// Céc loai pin, tu: liét ké va phan tich khoang 2-3 loai pin, tu pho bién nhat (LiPo, pin sat,
pin gém, tu ...)

Cac phuong phap tich trit ning lugng cha yéu duoc ding cho thiét bi 1a cac loai
pin c¢6 kha nang sac lai dugc nhu Li-Ion, Li-Po hoac si€u tu. Ngoai ra con ¢6 cac co cau
co khi ¢6 kha nang tich trit nang luong nhu 10 xo, day cot.

b. So sanh chon ra giai phdp

Vé luu trir ning luong bang cac co cdu co khi yéu cau kich thudc 16n, tinh toan phirc
tap, chi ti€t, chinh xac va gid thanh gia cong cao nén nhom tac gia da bo qua phuong phap
nay.

Giai phap ban dau duoc nhom tac gia dua ra 1a sir dung pin Li-Po 1S dé luu trit ning
luong tir tAm pin mat troi va may phat dién gié. Nhung sau khi tinh toan, so sanh dua ra
duoc két qua pin Li-Po ¢6 nhiéu diém han ché nhu khong thé x4 can duoc dién ap cia pin,
thoi gian sac qua lau, dong xa kém,.... Si€u tu c6 thé khac phuc dugc nhitng han ché nay
vi tinh chat nap nhanh, xa dong 16n nhung can dugc tinh toan hop li dé co thé dua ra phuong
an ché tao bd pin cho thiét bi c6 thé dap g duogc thoi gian sac s€ bu dép lai du phﬁn nang
lwong t6n hao khi thiét bi hoan thanh 1 chu ki tha tai (Gom 3 luot tha tai va 60s sac duy
tri). Dudi ddy 1a bang so sanh vu nhuoc diém cta pin va siéu ty.
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Battery Pros and Cons
Pros Cons
Energy Density Limited Service Life
Lower Self-Discharge Surge Current Limitation
Constant Voltage Output Long Charge and Discharge Times

Temperature Sensitive

Flexible Supercapacitor Pros and Cons

Pros Cons
Long Service Life Low Energy Density
High Instantaneous Current Linear Discharge Voltage
Short Charging Time High Self-Discharge

Excellent Temperature Performance
Mechanically Flexible

Qua tinh todn, thir nghiém trén mé hinh thiét bj nhém tac gia da dua ra dugc phuong
an toi vu. Siéu tu cua thiét bi dugc ghép tir 12 tu theo cach mac song song 3 pack, mdi pack
gom 4 tu noi tiep dé dugc pack tu c6 dién dung tong 18.75F, dién 4p 12V.

Qua tinh toan so bd thong sé cua bo tich trir ning luong bang siéu tu nhu sau:

o Dién tich can dé sac day tu : Q = CU = 225C

o Thoi gian sac cua tu: T = C*V/I

0 Cuodng d6 dong dién (Dong ngan mach cta pin mat troi) : ~ 0.45A4 (dir ligu
do dac thue té)

0 Thoi gian sac du kién 225/0.45 = 500s = 8p20s (dir li¢u tinh todn)
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CHUONG IL. THIET KE CO KHi VA GIAI PHAP HA TAI TU PONG

Sau nhitng 1an thir nghiém ché tao nhom nghién ctru da dua ra thiét ké cudi cing cua xe
v&i ti€u chi téi vu ve kich thudce ba chiéu (Hinh 11).

Hinh 11: Thiét ké 3D ciia xe do nhém nghién civu ché tao

STT Tén chi tiét
1 Khung xe
2 Tam pin
3 Béanh xe chu dong
4 Banh xe bi dong
5 Cum ga servo
6 Servo
7 Mat do tai

1. Thiét ké khung co khi

Viéc xac dinh vi tri nép dat cac linh kién 1a rat quan trong vi diéu nay anh hudng truc
tiép ti khong gian ciia xe. Kich thude ctia xe bi gidi han trong khoang 50 x 50 x 50 cm. Viéc
lga chon bién dang, kich thudce ctuia khung xe sao cho phu hgp véi bai toan tdi wu da duoc
thuc hién sau nhiéu lan thir nghiém. Sau nhiéu lan thir nghi¢m, nhom nghién ctru da dua ra
dugc cac thong sb cudi cing ciia khung xe (Hinh 12). Trong qué trinh nghién ctru, nhém
sinh vién nhan théy phﬁn khung la phﬁn chiu lyc chinh cua xe, do vay can lua chon vat liéu
pht hop voi do day tam phu hop dé c6 thé chiu dugc luc do tai gay ra. Khung xe dugc 1am
toan bd bang mica voi do day S5mm, va duoc gia cong bang phwong phép cét lazer voi do
chinh x4c cao.
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Hinh 12: Khung xe

Nham muc dich thu duogc nhiéu ning lwong nhit trong mot khoang thoi gian, nhom
sinh vién d3 str dung 4 tAm pin niang lwong mit troi (12V-5W) ghép thanh tim 16n 6 kich
thuée twong duong véi kich thude cia khung xe (Hinh 13). Tam pin duoc lién két véi
khung xe boi mot ban 1¢ 1o xo.

Vi phuong an diéu khién xe di chuyén bang 2 banh xe chu dong két hop vai 2 banh
xe tu lya & phia dau cua xe giup xe co thé giit thing bang va c6 thé chia déu luc do tai trong
gay ra. Banh xe chu dong duoc dat ngay phia dudi khu vuce chura tai trong, do vay phai chiu
suc nang kha 16m, nhan dinh duoc van dé trén nhom nghién ctru da lya chon giai phéap st
dung mét cip banh xe cho mdi bén (Hinh ...), didu nay gitip ting kha nang tiép xtic khién
xe chiu lirc tot hon. Nhung ddng thoi s& bi hao ton ning lwong do ma sat 16n hon so voi st
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dung 1 banh xe. Banh xe dugc gén ¢ dinh véi truc cua dong co, cum dong co va banh xe
duoc két ndi voi phan khung xe bang ga voi bién dang hinh chit T (Hinh 14, 15).

Hinh 14: Thiét ké banh xe chii dong

Hinh 15: Ga dong co

V61 phuong an st dung co cAu ha tai tu dong, tai trong s€ khong dat truc tiép trén
khung xe ma dugc dat trén mat phéng khéc c6 kha nang 1at c6 chu dich. Méat do tai dugc
dat trén truc duoc lam bﬁng vat liéu hop kim Tungsten voi kha nang chiu luc rt 16n va c6
thé quay quanh truc nay. Chét khéa duoc gin véi dong co Servo duogc diéu giup dong mo
khi giir tai va ha tai (Hinh 16).

Hinh 16: Cum do tai trong
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2. Giai phap ha tai tw dong

Dua trén luat cia cudc thi, doi st dung phuong phap ha tai tu dong s€ dugc nhan hé
s61,2. Nhém sinh vién thiét ké co cau ha tai dva trén nguyén ly bap bénh (Hinh 17) Vit
nang duoc dit trén mit tai co thé 1at dya trén truc quay dugc gin Vao khung xe. O trang
thai can bang mit tai dugc dit song song voi khung xe va duogce gitr ¢d dinh boi chdt (chdt
dugc diéu khién boi dong co servo) .Khi xe dén noi ha tai. Pong co servo dugc diéu khién
dé mo chét, khi nay hé bi mét can béng, trong luong cua tai gay ra lyc 1éch truc dan dén
mat tai bi nghiéng vé phia chtra tai. Lac nay, tai tu truot xuéng noi1 ha tai.

Trang thai can bang Trang thai mat can bang

Hinh 17.: So d6 nguyén Iy co ciu ha tdi tw dong
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CHUONG III. THIET KE MACH PIEN TU VA PIEU KHIEN

1. Mach ESP32

ESP32 1a mot series cac vi diéu khién trén mot vi mach gia ré, nang lugng thap c6
tich hop WiFi va dual-mode Bluetooth (tam dich: Bluetooth ché d6 kép). Dong ESP32 sir
dung bd vi xtr Iy Tensilica Xtensa LX6 c6 hai bién thé 1561 kép va 1561 don, va bao gom cic
cong tic antenna tich hop, RF balun, bo khuéch dai cong suét, bo khuéch dai thu nhiu
thap, bo loc va module quan 1y ning luong.

ESP32 duoc ché tao va phat trién boi Espressif Systems, mot cong ty Trung Qudc
co tru sé tai Thuong Hai, va dugc san xuat bd1 TSMC bang cach stir dung cong nghé
40 nm. ESP32 14 san pham ké thira tir vi diéu khién ESP8266 (Hinh 18).

Pinout

* (B

ESP-WROOM-32

EN
Input only || RTC_GPIOO || Sensor VP || ADC1 CHO || GPIO36
Input only | | RTC_GPIO3 || Sensor VN || ADC1 CH3 || GPIO39
Input only | [ RTC_GPIO4 ][ ADC1CH6 || GPIO34
Input only | [ RTC_GPIOS || ADC1CH7 || GPIO35
RTC_GPIO9 || TOUCHS || ADC1CH4 || GPIO32
RTC_GPIOB || TOUCH8 || ADC1CHS |[ GPIO33
RTC_GPIO6 DAC1 ADC2 CH8 || GPIO25
RTC_GPIO7 DAC2 ADC2 CH9 || GPIO26
RIC GPO17 | [ TOUCH? || ADC2 CH7 || GPIO27
AIC GMO16 || HSPICLK || TOUCHE | ADC2cHE || GPIO14
RIC GMO15 || HSPI MISO | [ TOUCHS || ADC2 CH5 || GPIO12
RIC_ GMO14 || HSPIMOS! | [ TOUCHA | [ ADC2 CH4 || GPIO13
* [[SHD/SBZ  GPI09
* [[SWP/SB3) | Gpio10
* [[ESC/EMB) | GPlO11

GPIO23 | | VSPI MOSI

GPIO22 12C SCL

GPIO1 UART O TX

GPIO3 || UARTORX

GPI021 12C SDA

GPIO19 || VSPI MISO

GPIO18 VSPI CLK

GPIOS VSPI CS0

GPIO17 || UART 2TX

GPIO16 || UART 2 RX

GPIO4 || ADC2CHO || TOUCHO RTC_GPO10
GPIO2 || ADC2CH2 || TOUCHZ || RICGROL2
GPIO15 || ADC2 CH3 || TOUCH3 HSPI €S0 ATC_GPO13
GPIOO || ADC2CH1 || TOUCH1 ATC_GPIO11
Gpios | (ESDI/SDIT *

GPIO7 | ([SBO/SEa)) *

GPIO6 | (ISCRICIKN *

dientuviet.com

* 8 & & & 8 8 0 " 8 " e e

®
(o |
BOOT
ie
—

Hinh 18: So dé nguyén Iy va cdc chin ciia mach ESP32
CPU

- CPU: Xtensa Dual-Core LX6 microprocessor.

- Chay h¢ 32 bit

- Tbc do xtr Iy tir 160 MHz dén 240 MHz

- ROM: 448 Kb

- Tbc do xung nhip tir 40 Mhz + 80 Mhz (c6 thé tuy chinh khi lap trinh)

- RAM: 520 Kb SRAM lién chip. Trong d6 8 Kb RAM RTC tdc d cao — 8 Kb
RAM RTC tbc do thap (dung & ché d6 DeepSleep).
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HJ trg 2 giao tiép khong day

- Wi-Fi: 802.11 b/g/n/e/i
- Bluetooth: v4.2 BR/EDR va BLE

HG tro tat ca cac loai giao tiép

- 2 bd chuyén ddi s6 sang twong tr (DAC) 8 bit

- 18 kénh bd chuyén doi twong tu sang s6 (ADC) 12 bit.
- 2 cong giao tiép I12C

- 3 cong giao tiép UART

- 3 cong giao tiép SPI (1 cong cho chip FLASH )

- 2 cong giao tiép I2S

- 10 kénh ngd ra diéu ché d6 rong xung (PWM)

- SD card/SDIO/MMC host

- Ethernet MAC hd trg chuin: DMA va IEEE 1588
- CANbus2.0

- IR (TX/RX)

Cam bién tich hop trén chip ESP32

- 1 cam bién Hall (cam bién tir truong)
-1 c4m bién do nhiét do
- Cam bién cham (dién dung) véi 10 dau vao khac nhau.

Bdo mat

- HO tro tit ca cac tinh ning bao mat chuan IEEE 802.11, bao gdbm WFA,
WPA/WPA2 va WAPI

- Khoi dong an toan (Secure boot)

- Ma hoa flash (Flash encryption)

- 1024-bit OTP, 1én dén 768-bit cho khach hang

- Tang tbc phan cing mat ma: AES, SHA-2, RSA, mat mi duong cong elliptic
(ECC - elliptic curve cryptography), bo tao sé ngau nhién (RNG — random
number generator)
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Ngudn dién hoat dong

- bién ap hoat dong: 2,2V + 3,6V

- Dién 4p cap qua cong USB: 5V

- Nhiét do hoat dong: -400C + + 850C
- S6 cong GPIO: 36

Bo chuyén doi twong tu sang s6 ADC (Analog to Digital Converter)

ESP32 c6 18 kénh dau vao ADC 12 bit (trong khi ESP8266 chi c6 1 kénh ADC 10
bit). Pay 1a cac GPIO c6 thé duoc sir dung lam ADC va cac kénh tuong Gmg:

- ADC1_CHO (GPIO36)
- ADC1_CHI (GPIO37)
- ADCI_CH2 (GPIO38)
- ADC1_CH3 (GPIO39)
- ADC1_CH4 (GPIO32)
- ADC1_CHS (GPIO33)
- ADCI_CH6 (GPIO34)
- ADC1_CH7 (GPIO35)
- ADC2_CHO (GPIO4)

- ADC2_CHI (GPIOO)

- ADC2_CH2 (GPIO2)

- ADC2_CH3 (GPIO15)
- ADC2_CH4 (GPIO13)
- ADC2_CHS (GPIO12)
- ADC2_CH6 (GPIO14)
- ADC2_CH7 (GPIO27)
- ADC2_CHS (GPIO25)
- ADC2_CH9 (GPIO26)

Céc kénh dau vao ADC c6 d6 phéan giai 12 bit. Diéu nay c6 nghia la ban c6 thé nhan
duogc cac gia tri twong tu tir 0 dén 4095, trong d6 0 twong tng v6i 0V va 4095 dén 3,3V.
Ban ciing Bo chuyén di s6 sang twong tw DAC (Digital to Analog Converter)

C6 2 kénh DAC 8 bit trén ESP32 dé chuyén dbi tin hiéu s6 sang twong tu. Cac kénh
nay chi c6 d phan giai 8 bit, nghia 1a c6 gia tri tor 0 + 255 tuong tng v61 0 + 3.3V

Day la cac kénh DAC:

- DACI (GPIO25)
- DAC2 (GPIO26)
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Chan I2C

ESP32 ¢6 hai kénh I2C va bat ky chan nao ciing ¢ thé dugc dit lam SDA hoic SCL.
Khi str dung ESP32 v6i Arduino IDE, céc chan [2C méc dinh 1a:

- GPIO21 (SDA)
- GPIO22 (SCL)

Chan PWM

ESP32 LED PWM c6 16 kénh doc 1ap co thé dugc cau hinh dé tao tin hiéu PWM voi
cac thudc tinh khac nhau. T4t ca cac chan co thé hoat dong nhu dau ra déu c6 thé duoc str
dung 1am chan PWM (GPIO tir 34 dén 39 khong thé tao PWM).

Moi truwong 1ap trinh ESP32

ESP32 c6 thé dugc lap trinh trong cac méi trudng 1ap trinh khac nhau. Ban c6 thé
dung:

- Arduno IDE
- Espressif IDF
- Micropython

- JavaScript
- LUA

Thuw vién lap trinh (SDK)

Nhu da néi no1 ¢ trén ¢6 2 goi thu vién chinh d6 1a Arduino va ESP-IDF. Vay uu nhugc
diém cua cac goi nay ra sao.

Arduino IDE: Pugc viét dua trén ESP-IDF, ciing c6 thé néi Arduino 1a thu vién con cta
ESP-IDF.

Uu diém:

- Quen thudc voi nguoi st dung Arduino
- Code nhanh de, c6 nhiéu ngudn ho trg

Nhuoc diém:

- Khong t61 uu code
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- Thi€u moét s6 chirc nang

ESP-IDF: 1a géi thu vién do hiang phat hanh, c6 nguyén 1 ban huéng dan sir dung API,
phu hop vé1 cac ban doc dugc tiéng anh.

Piém manh:
- Tbiuu
- Duogc cac nha phat trién sir dung trong cac san pham thuong mai
- Tai liéu day du, chinh xac
Piém yéu:
- [t duoc cong ddng hd tro hon

c6 thé thiét 1ap d6 phan giai cho céc kénh thong qua chuong trinh (code).

Giao thirc truyén thong ESP-NOW

ESP-NOW la mot giao thirc dugc phat trién bi Espressif cho phép nhiéu thiét bi
c6 thé két ndi v6i nhau ma khong can diung Wifi. Céc thiét bi sau khi két nbi duogc véi
nhau s€ la peer-to-peer, va khong yéu cau bat tay.

ESP-NOW c6 thé dugc xem 1a mét cong nghé dugc str dung cho ESP dé truyén
cac goi dir liéu véi toc do cao, nd dugc ung dung trong cac thict bi chiéu sang thong
minh, di€u khién tir xa cac cam bién,...

Trong ESP-NOW duing chuan IEEE802.11 cung cac ham IE va ma héa CCMP
dam bao duoc do tin cay.

ESP-NOW c¢6 hd tro cac dic diém sau:
- Ma héa va giai ma goi tin unicast
- Ma hda tron va giai ma véi peer devices
- Playload c6 thé 1én t&1 250 byte
- Co6 ham callback dé x4c dinh dugc viéc truyén dir liéu thanh cong hay that bai

Tuy nhién cling c6 mot sO han ché:

« Khong hd tro broadcast

e (G161 han cac peer dugc ma hoa. Khoang 10 peer dugc ma hoa trong mode Station,
6 peer trong SoftAP hoic SoftAP + mode Station. Peer khong ma hoa co thé c6 sb
luong nhiéu hon nhung phai nhé hon 20.

» Playload bi gidi han 250 byte.
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KET LUAN ve giai phap vi diéu khién

Sau khi tham khao thong sd, nhom quyét dinh chon ESP32 dé 1am mach diéu khién va
truyén thong trén ca Robot va tay diéu khién vi nhitng vu diém:

- Str dung ngudn dién hoat dong vao 1a 2,2V + 3,6V: dién ap thap

- Kich thuéc nhé gon, duoc tich hop san Wifi va Bluetooth nén giam bot duoc
mach giao tiép ngoai, tir 46 giam dién tich chiém giir

- Co giao tiép peer-to-peer qua ESP-NOW duoc xay dung san, luong playload 16n
1én dén 250 byte, phit hop véi yéu cau giao tiép hai chiéu giita Robot véi tay cam
diéu khién

- Co day du s luong cac chan PWM, DAC va ADC cho diéu khién dong co (trén
Robot), doc joystick (trén tay diéu khién), doc gia tri dién ap trén Robot

- €06 thé sir dung framework Arduino v6i Arduino IDE d& dang cho viéc lap trinh

2. Mach ha ap DC LM2596

Hinh 19: mach ha ap DC LM2596

LM2596 (hinh 19) 1d mot mach giam ap c6 kha ning diéu khién tai 1én dén 3A,
mach c6 dai dién ap dau vao rong tir 3.2 dén 40VDC, dién 4p dau ra tir 1.25 dén 40VDC
c6 thé diéu chinh dé& dang thong qua bién tré tinh chinh dwoc tich hop trén mach. Mach
ha ap LM2596 dugc sir dung gin trén tay cam diéu khién va ca trén Robot dé cip ngudn
cho ESP32, cam bién.

Théng s6 Ky thuit:

- Dién ap vao: 3.2V ~ 40V

- Diénapra: 1.25V ~32V

- Dongra: 3A (Max)

- Hiéu suat chuyén d6i: 92% (Max)
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- Output ripple: <30mV

- Tan s6 xung: 65kHz

- Nhiét do: -45°C ~ +85°C

- Kich thude: 43mm * 21mm * 14mm
Ly do chon linh kién:

- Dién 4p dau vao phu hop voi da s cac loai pin thong dung
- bién ap dau ra va cuong do dong dién dau ra phu hop cho ESP32

3.  Joystick

Hinh 20: Joystick

Joystick (hinh 20) 1a mot thiét bi ddu vao bao gom mot gy quay va bd doc goc
hodc hudng di¢u khién (bang bién trg) truyén tdi thiét bi ma n6 dang kiém soat. Can dicu
khién dugc st dung gan trén tay cam di€u khién Robot.

Théong s6 Module Joystick don

« Ngudn cap: Tuy chon, thudng cap 3.3 hodc 5VDC.

« Gia tri bién tré mdi truc: 10 (kQ)

« Kiéu dang tin hiu ngo ra 1 Digital va 2 Analog ( 1 nut nhén va hai truc X, Y),
murc tin hiéu theo ngudn cap vao.

e Kich thudc: 4.0cm x 2.6cm x 3.2cm

e Trong luong: 12¢g

Ly do chon linh kién:

- B6 doc hudng gdm 2 truc phu hop diéu khién Robot
- C6 nat nhan tich hop tién loi khi 1ap trinh ntt kich hoat ha tai tw dong
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4. Man hinh LCD 16x2 kém module 12C

Hinh 21: LCD

Man hinh text LCD 16x2 (hinh 21) kém module I2C st dung driver HD44780, c6
kha ning hién thi 2 dong véi mdi dong 16 ky tw, man hinh c¢6 d6 bén cao, rit phd bién,
nhiéu code mau va dé str dung thich hop cho nhitng ngudi méi hoc va lam dy an. Man
hinh s¢ duoc str dung gén trén tay diéu khién dé hién thi gia tri dién &p pin trén Robot,
gitip kiém soat tot hon luong pin ctia Robot

Théng s6 ky thuit cia LCD 1602 kém module 12C

- bién ap hoat dong la 5 V.

- Dia chi I2C: 0x27 (c6 thé thay d6i theo don hang ciia nha san xuét)
- Mau: Xanh la

- Kich thudc 18 bat bc: 74mm x 30mm

- Kich thudc cua mach: 80mm x 36mm x 19m

- Trong luong 38¢g

Ly do chon linh ki¢n: Man hinh dugc han sdn module giao tiép 12C giup viéc giao tiép
duoc dé dang va nhanh chong hon rat nhiéu, tranh dugc viéc ton nhiéu chan GPIO cia
ESP32.
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5. Cam bién dién ap 25VDC

' \oltage Sensor

X

Hinh 22: Cam bién dién 4 25 VDC

Cam bién dién ap 25VDC (hinh 22) dya trén nguyén tic thiét ké bo chia dién trd, né co
thé 1am cho dién 4p dau vao cta dau ndi dau dé nho hon 5 1an (hinh 23). C6 thé sir dung
gan trén Robot dé do dién ap pin.

—_— VCC
R
]
Vout
R
———  Mass

Hinh 23: So dd két nbi

C6 thé tinh Vout theo cach:

[— Vce
R1+R2
Vout=I><R2=Vcc><R—2
R1+R2

Théng s6 k§y thuit:

- Dién 4p dau vao: OV ~ 25V

- Dién ap daura: OV ~ 5V

- Dai phat hi¢n dién ap: 0.02445 ~ 25 VDC
- Do phan giai dién ap: 0,00489 V
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Ly do chon linh kién

- Dién 4p dau ra phu hop v6i ESP32
- B0 phan giai dién &p nho, tang do chinh xac

6. Pong co DC 3V c6 hop giam toc

Hinh 24: BDOng co su dung

Théng s6 k§ thuat (hinh 24):

- Bénh rang: Kim loai
- Dién ap hoat dong: >3VDC
- Tisb truyén: 1:90
Ly do chon linh kién:
- Chét liéu banh ring bang kim loai phu hop tai ning
- Tisd truyén 16n tao luc déy 16n hon khi muc tiéu can tai vat nang lén dbc

- Dién 4p hoat dong c6 thé xubng thap téi 3V, tan dung duoc toi da ngudn ning
luong cua pin.
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7. Mach 4 Relay Opto chon mirc kich High/Low SVDC

Hinh 25: Relay SVDC

Mach 4 Relay Opto (hinh 25) chon mire kich High/Low 5VDC duoc sir dung dé
bat, tat thiét bi AC/DC qua Relay, mach c6 thé tiy chon kich bang mirc cao hodc thip
(High/Low) qua Jumper, ngoai ra mach con bd sung thém Opto cach ly cho d6 an toan va
chbng nhiéu vuot trdi (mot s mach trén thi truong khong coé Opto), thich hop voi cac
mg dung bat tat, diéu khién thiét bi qua Relay.

Théng s Ky thuit:

- Dién ap hoat dong: SVDC
- Dién 4p kich hoat: 5V/0V tuy theo cach cau hinh bang jumper
- Tai chiu dung cua relay: 10A/250VAC, 10A/30VDC

Ly do chon linh kién:

B6 4 ro le duoc chon dé sir dung nhu 2 cau H riéng biét dé diéu khién 2 dong co ctiia Robot.
Trong do, sir dung 2 ro le thanh mot bg, cadc chan N.O va N.C cia SW1 va SW2 lan luot
dugc déu ndi voi duong ngudn va 4m ngudn, dé bién thanh mot cau H theo nguyén 1y nhur
sau:
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3

0C Motor
NO. NO.

“0  (OM +coru1 0~

NC. S - NC

r

Khi COM ctia SW1 va SW2 déu chap vao N.C, hiéu dién thé bang 0V nén dong
co s€ ding yén

Khi COM ctia SW1 va SW2 déu chap vao N.0, hiéu dién thé bang 0V nén dong co
s€ ding yén

Khi COM cua SW1 chép vao N.O, COM cua SW2 chap vao N.C thi dong co co
hiéu dién thé am sé& quay theo chiéu thuan

Khi COM cua SW1 chép vao N.C, COM cua SW2 chép vao N.O thi dong co co
hiéu dién thé duong s& quay theo chiéu nghich

Tir nguyén 1y trén, c6 thé dua vao diéu khién déng mé cac ro le bing cac chan GPIO cua
ESP32.

Khi str dung ro le diéu khién dong co s€ tan dung duogc cac vu diém nhu:

Tranh duoc that thoat nang lwong qua nhiét niang nhu khi ding Driver diéu khién
dong co DC str dung MOSFET thong thuong

Str dung duoc binh thudng ngay ca khi dién ap cua ngudn cip cho dong co xudng
thap

Tuy nhién van c6 mot s6 nhuge diém nhu:

Thoi gian déng cit kha 1au va khong thé diéu khién téc d6 dong co khién viéc 1ai

kho khan hon

S6 1an dong ngat cua ro le co gidi han, dan t6i s& hong khi dung nhiéu. Do d6 can
¢6 bo 4 relay duy phong va phai thiét ké ndi mach co thé thay thé nhanh chéng khi
thi dau
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8. Tam pin mit troi Polysilicon

Hinh 26: Tam pin nang luong mit troi

Thong s6 k§ thuit (hinh 26):

- Chat liéu: Epoxy Polysilicon

- Cong suat: SW

- bién ap lam viéc: 12V

- Dién ap mach hé: 13,5V

- Dong ngan mach: 180mA

- Hiéu suit chuyén dbi: 19.5%

- Nhiét d6 hoat dong: 0 dén +60°C

- Kich thudce: khoang 110x136mm / 4,33x5,35 inch
- Trong luong: 70 grams

Ly do chon linh kién:

- Kich thudc nho gon

- Hiéu suat chuyén doi tuong doi tot

- Chiu dugc nhiét do kha cao, giam rui ro chay, hong khi dat trude dén cia ban to
churc

9. Pack siéu tu dién Oxit Mangan
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Hinh 27: Siéu tu

Siéu tu dién (hinh 27) thuc chét chinh 13 tu dién phan cuc c6 dién dung 16,
lwu trir dwoc nhidu nang luong, dong thoi c6 kha ning sac nhanh x4 nhanh voi dong rat
16n. Vi vay, nhém quyét dinh st dung pack siéu tu dién nay dé lam bo luu trir dién nang
thu dugc tir tAm pin mat trdi, thay thé cac loai pin thong thuong.

Théng s6 Ky thuit:
- Dién ap tdi da: 12V
- Dién dung bo tu: 25F
- Kich thudc: 28mm x 85mm

Ly do chgn linh kién:

- Luu trit dugc nhiéu ning luong

- C6 uu thé sac nhanh hon rat nhiéu so véi pin, vi thé ti vu duoc lugng nang luong
thu duoc

- Phu hop véi tAm pin mit troi 12V

- C6 sb chu ki nap xa rét 16n, st dung duoc 1au dai hon pin théng thuong
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10. Tuabin gio

Hinh 28: Cudn cam cho canh quat thu nang luong gio6

Théng s6 k§ thuit (hinh 28):

Tbc do quay tdi da: 6000 vong/phut

Pién ap dau ra: 0.1 ~ 22VDC

Dong dién dau ra: 1 ~ 400mA

Chét liéu: Nam cham vinh ctru

Duong kinh cu phat dién: 24.5 mm

Chiéu dai dong co: 34.2 mm (bao gom ca truc phia truéc va thanh tiép dién phia
sau)

Puong kinh truc: 2 mm

Chiéu dai truc: 13.5 mm

Ly do chon linh kién:

- Kich thudc nho gon, phtt hop dé tdi wu kich thuée Robot
- Dién 4p dau ra phu hop vé6i pack siéu tu dién\
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11. Servo MG996R

Hinh 29: Bong co servo MG996R

DPong co servo MG996R (hinh 29) (nang cdp MG995) c6 momen xoén 16n, day 1a
ban nang cép tir dong co servo MG995 vé toe do, luc kéo va do chinh xéac. Luc kéo & 6V:
11kg. Phu hop dé chon lam chét trong co cAu ha tai tu dong trén Robot.

Théng s6 k§y thuit

Servo MG996R (nang cidp MG995) c6 momen xoan 16n

Luc kéo 6 6V: 11kg

Day 1a ban nang cip tir servo MG995 vé tdc do, luc kéo va do chinh xac
So vo1i MG946R, MG996R nhanh hon, nhung hoi nho hon.
Tén san pham: MG996R

Trong lugng san pham: 55g

Kich thudc san pham: 40.7 * 19.7 * 42.9mm

Luc kéo: 9.4kg / cm (4.8V), 11kg / cm (6V)

Téc d6 xoay: 0.17 gidy / 60 d6 (4.8 v) 0.14 gidy / 60 do (6 v)
Dién &p lam vigc: 4.8-7.2V

Nhiét do hoat dong: 0 °C -55 °C

Dong dién khong tai: ~0.15A

Vit li€u banh rang: Kim loai

Ly do chon linh kién:

- Co6 khé nang di€u khién chinh xac dé dang
- C6 luc kéo va md men 16n, banh rang kim loai nén c6 thé dong md chodt ha tai
muot ma, on dinh va bén.
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12. So do diu néi

a. So do ddu néi tay diéu khién (Hinh 30)

9vDC

Hinh 30: So d6 dau nbi tay diéu khién
b. So do dau néi trén Robot (Hinh 31)

Hinh 31: So dd d4u ndi trén Robot
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CHUONG IV. GIAI PHAP TRUYEN THONG GIAO TIEP

1.  Gi6i thiéu ESP-NOW:

Espressif, nha san xuat cia ESP8266 va ESP32, dd phat trién mot giao thirc cho
phép tat ca cac thiét bi nay tao mot mang khong day, riéng tu bang cach sir dung bo thu
phat 2,5 GHz. Pay 12 mot mang riéng biét voi mang WiFi va chi ¢ thé dugc sit dung bai
cac bd vi dicu khién loai ESP.'Giao thirc dugc goi 1a ESP-NOW.

ESP-NOW cho phép lién lac goi don gian giita cac thiét bi ESP, sir dung bing tan
2,4 GHz. Cac dudng truyén nay hoat dong rat giéng véi cac dudng truyén duoc sir dung
b1 chudt va ban phim khong day va dugc gidi han & cac goi co kich thude 250 byte tro
xubng. Pu dé gri cac 1énh hodc goi dit libu tir xa.
2. Cac ché dd hoat dong:
«  Giao tiép mot chiéu ESP-NOW:

Mot ESP32 giri dir liéu dén mot ESP32 khac: Ché do nay bao gdm mot ESP32
1am Master (guri dit liéu) va mot ESP32 khac 1am Slave (nhan dit liéu) (Hinh 32)

ESP-NOW

One-way
communication

v

Hinh 32: nguyén 1y giao tiép ctia ESP-NOW

Mot ESP32 giri dir liéu dén nhiéu ESP32 khac: Ché d6 nay bao gdom mot ESP32
1am Master (guri dit liéu) va nhiéu ESP32 khac 1am Slave (nhan dit liéu)
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%

_ ESP-NOW

« ks ESP.- o ;:u
e D W
One "Master"” .

Multiple “Slaves”

ESP-NOW

Hinh 33: Nguyén 1y két ndi One master — Multiple slaves

Nhiéu ESP32 giri dir liéu dén mot ESP32 khac: Ché do nay bao gom nhiéu
ESP32 lam Master (gui dit liéu) va mot ESP32 khac 1am Slave (nhan dit liéu) (Hinh 33)

e Giao tiép hai chiéu ESP32:

Trong ché do nay, mdi ESP32 c6 thé ddng thoi 1a Master va Slave. Tir d6, hai hoic
nhiéu ESP32 c6 thé giao tiép ngang hang véi nhau. (Hinh 34)

shelefeleledels]
b1

ESP-NOW

Two-way
communication

4
N

Hinh 34: Nguyén 1y giao tiép 2 chiéu
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CHUONG IV. PO LUONG VA KET QUA PO

1. Bai do toc d9 sac pin

Bai do c¢6 muc tiéu d6 1a xac dinh thoi gian dé sac bo tu bang cac tAm pin mit troi
tr 2V dén 12V, tir do6 co thé tinh ra toéc do sac bo tu.

Thiét bi sir dung va cach thirc do

Quy trinh thue hién do duoc trinh bay theo so d6 dudi day: (hinh 35)
B& siéu tu

Cam bién dién 4p ESP32 (trén Robot)

May tinh ESP32 (trén tay diéu khién)

Hinh 35: So d6 két nbi bai do tdc do sac pin

- Budc 1: ESP32 (gin trén Robot) doc gia tri dién 4p tir cam bién dién ap.

- Budc 2: ESP32 (gin trén Robot) g gia tri dién 4p doc dugc cho ESP32 (gén trén
tay diéu khién) qua ESP-NOW.

- Budc 3: ESP32 (gin trén tay diéu khién) giri gia tri nhan duoc qua Serial cho may
tinh. M4y tinh thu thap va luu lai gia tri dién 4p cung v&i gia tri thoi gian lic nhén
dugc gobi tin vao file Excel.

Két qua bai do

Dua vao dir liéu thu dugc, nhom sinh vién vé dugc do thi:
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Hinh 36: Két qua do sac pin tir 2V 1én 12.1V

Dua vao db thi va dit liéu (hinh 36), nhém thu duge két qua nhu sau:

Thoti gian sac tir 2V 1én 12.1V 1a khoang 558 giay, tuong duong véi 9.3 phut

Suy ra dugc phuong trinh ndi suy gitra thoi gian sac (x) va dién ap bo tu (y) la:
y=0.0189x + 2.2266

2. Bai do kha nang mang tai trong thoi gian 15 phut
Chién thuit di chuyén
Nhom chon chién thuat di chuyén nhu sau: Mang tai 3 1an thanh cong, sau
d6 vé khu vuc sac sac pin trong 1 phat dé duy tri. Qua trinh nay duogc lap lai cho
dén khi hét thoi gian.
Diéu kién thuc hién phép do
Robot s& duoc sac 1én 11V (Ban to chirc cho phép 30 phut dé sac trude khi

bét ddu 15 phut thi ddu) va sau d6 bat dau di chuyén mang tai trong 15 phut thi
dau. Khdi tai nhom lya chon c6 khéi lugng 13 4.1 kg.

Két qua do

Do két qua bi anh hudéng rat 16n tir: cach dat va vi tri dat Robot khi sac anh
huong dén thoi gian sac; cach lai xe va quang duong phai di chuyén thyc té anh
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hudéng dén mirce tiéu thu dién cho qua trinh mang tai vé dich nén bai do nay c6 sy
chénh 1éch kha 16n.

Str dung phuong phap do nhu da trinh by ¢ phan do téc do sac, nhom vé
duoc d6 thi sau (hinh 37):

14

Voltage (V)

100 200 300 400 500 600 700 800 900 1000

Time (s)

Hinh 37: Két qua do dién ap trong thoi gian 15 phut thi ddu

Trén d6 thi, nhitng doan db thi di 1én 1a khi Robot dugc sac, nhitng doan d6 thi di
xudng 1a khi Robot dang mang tai vé dich va tiéu thu dién.

Duya vao d thi, c6 tat ca 7 1an do thi di xubng, twong Gmg vé6i 7 chu trinh mang 3
lan tai thanh cong va sac lai. Tu d6 c6 thé tinh dugc tong khoi lugng tai mang dugc trong
15 thi dau du tinh la:

m="7x3x4.1=86.1(kg)
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CHUONG V. KET QUA THI PAU

Két qua thi ddu vong bang (hinh 38):

Tréin sb Bing Doi mau Dé Diém Diém DPoi mau Xanh
1 A 203.50 357.80 (A2) AML-1
2 B 0.00 84.40 (B2) HD-Robotics 2
3 A 122.80 0.00 (A3) SOP-G
B 135.40 125.30 (B3) CDT 2 (K16)
5 A 0.00 264.50 (A1) Black-Hole
6 B 94.00 41.50 (B1) IoT
7 C 0.00 26.40 (C2) HD-Robotics 1
8 D 0.00 1.20 (D2) J4F
9 C 18.80 107.80 (C3) HMC
10 D 212.00 162.80 (D4) Champion Team
11 [¢ Khong thi dau (C1) AML-3
12 D 0.00 494.70 (D3) AML-2
13 D 199.80 0.00 (D1) Team-One
14 D Khong thi dau (D1) Team-One
15 D Khong thi ddu (D4) Champion Team

Hinh 38 : két qua thi ddu vong bang
DPo6i AML-2: nhat bang D v&i thanh tich can ning ki luc 103.3kg.
DPo6i AML-2 sau d6 trg thanh d6i vo dich (hinh 39).

thiénvigt
provina

TRUONG DAI HQC PHENIKAA
KHOA CO KHi - CO BIEN TU

STUDENT DESIGN COMPETITION
- EFEST OIS ..

o (Das/nafaa03 AP | ot

Hinh 39: 2 thanh vién ctia d6i AML-2 (Lé Trong An — ddi truéng, Nguyén Huy Viét
Anh) nhan phan thuéng cho doi vo dich
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VII. KET LUAN VA KIEN NGHI

- Yéu cau ha tai tw d6ng: nhém di ché tao va ap dung nguyén 1y ha tai ty dong dua trén
co cau bap bénh

- Yéu cau thu nang luong mit troi + gio: thu thap thanh cong va tich trix vao 4 siéu tu
- Yéu cau vé giai phap truyén thong:

- Yéu cau vé tdi wu kich thude: nhém c6 kich thude thu gon nhoé véi hé s6 kich thudce
2.85 (16n thu 2 toan giai dau)

- Khéi luong tai mang duoc trong thoi gian 15 phuat: t6i da 103.3 kg

- Hoan thanh nhiing chi tiéu san pham da néu ¢ Bang 1

Thao luan — kién nghi:
Trong qua trinh thyc hién, nhom da gap mot s6 van dé nhu sau:
- Mach ESP32 bi hong khong 1y do (2 1an)

- tin hiéu truyén thong doi khi khong 6n dinh nén cin cai thién giai phap

Kién nghi:
- Tiép tuc hoan thién nhimg van dé con chwa hoan thanh

- Néng cip san pham & kich ¢& 16n hon va tai trong 16n hon dé co thé ap dung trong thuc
te nhu Robot giao hang, robot van chuyén.

- Nang cép robot thanh robot ty dong trong mot s6 diéu kién hoat dong nhét dinh
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IX. PHULUC

CHUONG TRINH NHAN - RECEIVER

#include <esp now.h>

#include <WiFi.h>

#include <Wire.h>

#include <ESP32Servo.h>
Servo servo;

ESP32PWM pwm,

#define pwmA 25
#define pwmB 26

//Cac chan ro le
#define inl 33
#define in2 25
#define in3 26
#define in4 27

#define servoPin 2 //Chdn diéu khién servo

#define voltageSensor 34 //Chén doc gid tri cam bién dién dp
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bool check = true;

int pos;

uint8_t broadcastAddress[] = {0xBS, 0xD6, Ox1A, 0x57, Ox8C, 0x74},; //Pia chi ESP32
trén tay diéu khién

// Define variables to store incoming readings
int incomingX;
int incomingY = 1850;

int incomingAngle;

// Variable to store if sending data was successful

String success;

// Structure example to send data

// Must match the receiver structure

typedef struct struct_message

{
int x;
inty;
int angle;

} struct_message;

// Create a struct_message called BME280Readings to hold sensor readings

struct_message incomingsReadings;
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// Create a struct_message to hold incoming sensor readings

int voltageReadings;

esp_now_peer_info t peerlnfo,

//Ham diéu khién dong co tir gid tri ciia joystick
void Control(int x, int y)

{

if (v > 2300)
{
if (x > 1000 && x < 3000) //Pi tién thing
{
digitalWrite(inl, 0);
digitalWrite(in2, 1);

digitalWrite(in3, 0);
digitalWrite(in4, 1);
/
if (x < 1000) //Pi tién va ré trdi
{
digitalWrite(inl, 1),
digitalWrite(in2, 1),

digitalWrite(in3, 0);
digitalWrite(in4, 1);
/




if (x > 3000) //Di tién va ré phdi
{
digitalWrite(inl, 0);
digitalWrite(in2, 1);

digitalWrite(in3, 1);
digitalWrite(in4, 1);
/
/
else if (y < 1500)
{
if (x > 1000 && x < 3000) //Di luii thing
{
digitalWrite(inl, 1);
digitalWrite(in2, 0);

digitalWrite(in3, 1);
digitalWrite(in4, 0);
/
if (x < 1000) //Di lui va ré trdi
{
digitalWrite(inl, 1),
digitalWrite(in2, 1);

digitalWrite(in3, 1);
digitalWrite(in4, 0);
/
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if (x > 3000) //Pi lui va ré phai
{

digitalWrite(inl, 1),
digitalWrite(in2, 0);

digitalWrite(in3, 1);
digitalWrite(in4, 1);
/
/
elseif (y > 1500 && y < 2300) //Pung yén
{
digitalWrite(inl, 1);
digitalWrite(in2, 1),

digitalWrite(in3, 1),
digitalWrite(in4, 1);
/
/

// Callback when data is sent

void OnDataSent(const uint8_t *mac_addr, esp now send_status t status)
{
Serial print("\r\nLast Packet Send Status:\t");

Serial printin(status == ESP_NOW SEND SUCCESS ? "Delivery Success" : "Delivery
Fail"); //"Delivery Success" : "Delivery Fail"

if (status == ()
{
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success = "Delivery Success :)";

/

else
{
success = "Delivery Fail :(";
Control(0, 0); //Mat két néi dirng yén
/
/

// Callback when data is received
void OnDataRecv(const uint8_t *mac, const uint8_t *incomingData, int len)
{

memcpy(&incomingsReadings, incomingData, sizeof(incomingsReadings));

incomingX = incomingsReadings.x;
incomingY = incomingsReadings.y,

incomingAngle = incomingsReadings.angle;

if (incomingAngle |= pos) //Pdo géc servo dé dong mé chot
{

servo.write(incomingAngle),

pos = incomingAngle;
/

Control(incomingX, incomingY); //Piéu khién dong co dua theo dir licu nhdn duoc tur
joystick

/
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void setup()
{
// Init Serial Monitor

Serial begin(9600),

pinMode(inl, OUTPUT),
pinMode(in2, OUTPUT),
pinMode(in3, OUTPUT);,
pinMode(in4, OUTPUT),

//Cho xe ditng yén

digitalWrite(inl, 0);
digitalWrite(in2, 0);
digitalWrite(in3, 0);
digitalWrite(in4, 0),;

pinMode(voltageSensor, INPUT),

servo.attach(servoPin, 500, 2400);

// Set device as a Wi-Fi Station
WiFi.mode(WIFI STA),;

// Init ESP-NOW
if (esp_now _init() |= ESP_OK)
{
Serial.println("Error initializing ESP-NOW");
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return,

// Once ESPNow is successfully Init, we will register for Send CB to
// get the status of Trasnmitted packet

esp_now_register send cb(OnDataSent);

// Register peer

memcpy(peerInfo.peer addr, broadcastAddress, 6);
peerInfo.channel = 0;

peernfo.encrypt = false;

// Add peer
if (esp_now_add_peer(&peerlnfo) |= ESP_OK)
{
Serial.println("Failed to add peer");
return;
/
// Register for a callback function that will be called when data is received

esp_now_register recv_cb(OnDataRecv);

/

//Poc gia tri cam bién dién ap
void getReadings()
{

voltageReadings = analogRead(voltageSensor),;

/
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void loop()

{
getReadings();

// Send message via ESP-NOW

esp_err_t result = esp_now_send(broadcastAddress, (uint8_t *)&voltageReadings,
sizeof(voltageReadings)),

if (result == ESP_OK)
{

Serial println("Sent with success");

/

else

{

Serial println("Error sending the data");

/

delay(300), //gui dir liéu dién ap di theo chu ki 300ms
/
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CHUONG TRINH TRUYEN — TRANSMITTER

#include <esp _now.h>

#include <WiFi.h>

#include <Wire.h>

#include <LiquidCrystal 12C.h>
LiquidCrystal 12C led(0x27, 16, 2);

#define xPin 35
#define yPin 32
#define buttonPin 33

uint8_t broadcastAddress[] = {0xBS, 0xD6, Ox14, 0x45, 0x49, 0x90},; // Pia chi MAC
cua ESP32 trén Robot

// Céc bién dé deboucing nut nhan ha tdi tw dong
boolean check = true;
int lastButtonState = 0;

int connectStatus = 1;
float xReadings; //Bién doc gid tri joystick theo truc x
float yReadings; //Bién doc gid tri joystick theo truc x

float angle; //Bién géc Servo

unsigned long timeP;
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int enA, enB = 0;

int buttonReadings,

String success;

// Béng géi dir liéu vao struct dé givi di

typedef struct struct_message

{
int x;
inty;
int angle;

} struct_message;

struct_message Readings,

int incomingReadings;

float incomingsVoltage,

esp_now_peer_info t peerlnfo;

// Ham dwoc goi khi dir lieu dwoc gui

void OnDataSent(const uint8_t *mac_addr, esp_ now send_status t status)

{




status == ESP_NOW SEND SUCCESS:

//Kiém tra giri c6 thanh céng hay khéng
if (status == 0)
{

success = "Delivery Success :)";

/

else

{

success = "Delivery Fail :(";
led.setCursor(l, 1),
led.print("Deli : Fail :(");

/

if (connectStatus != status)

{

if (status == 0)

{
lcd.setCursor(l, 1),
lcd.print("Deli : Success");

/

else

{

led.setCursor(l, 1),
led.print("Deli : Fail :(");
/
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connectStatus = status,

// Ham dwoc goi khi nhan dvwoc dir liéu

void OnDataRecv(const uint8 t *mac, const uint8_t *incomingData, int len)

{
memcpy(&incomingReadings, incomingData, sizeof(incomingReadings));

incomingsVoltage = (float)(incomingReadings *
0.0040293040293040293040293040293) + 0.6, //Tinh gia tri dién ap pin tir gia tri doc
duoc

lcd.setCursor(l, 0);

led . print(incomingsVoltage),

if (incomingsVoltage < 10)

{
lcd.setCursor(4, 0);
led.print(™ Vol "),

/

/

void setup()

{
Serial .begin(9600),

led.init();
led.backlight(),
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pinMode(xPin, INPUT);
pinMode(yPin, INPUT);
pinMode(buttonPin, INPUT PULLUP);

pinMode(13, OUTPUT),
digitalWrite(13, HIGH),
lcd.clear(),

//Cai dat thiét bi & ché do Wi-Fi Station
WiFi.mode(WIFI STA);

//Khoi tao ESP-NOW
if (esp_now _init() |= ESP_OK)
{
Serial printin("Error initializing ESP-NOW");

return,

/

esp_now _register send cb(OnDataSent);

memcpy(peerinfo.peer addr, broadcastAddress, 6);
peerInfo.channel = 0;
peerInfo.encrypt = false;

if (esp_now_add_peer(&peerlnfo) |= ESP_OK)
{
Serial.println("Failed to add peer");
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return,

esp_now_register recv_cb(OnDataRecv);

//Ham doc gia tri joystick

void getReadings()

{

XReadings = analogRead(xPin),
YReadings = analogRead(yPin);

buttonReadings = digitalRead(buttonPin);
if (buttonReadings != lastButtonState)
{

if (buttonReadings == ()

{

check = Icheck;

/
/
lastButtonState = buttonReadings;
angle = (check) ? 0 : 45;
/

void loop()
{
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getReadings();

// Set values to send
Readings.x = xReadings;
Readings.y = yReadings;
Readings.angle = angle;

// Send message via ESP-NOW

esp_err_tresult = esp_now send(broadcastAddress, (uint8_t *)&Readings,
sizeof(Readings));

if (result == ESP_OK)
{

Serial.println("Sent with success");

/

else

{

Serial.println("Error sending the data");

/

// delay(10);
/




