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Tém tit: Nghién cvru nay trinh bay mot cach tiéb cdn trong viéc 16i wu héa hiéu sudt
thu hoach nang luong mdat troi thong qua thudt toan do tim vi tri mat troi vong ho, hoan
toan khéng phu thudc vao cac cam bién quang hoc truyén thong. Thach thirc I6n nhat doi
voi cac hé théng bam hwong mat troi (Solar Trackers) tai khu vuc nhiét doi nhu Viét Nam la
sw thay doi thdt thieong ciia thoi tiét, mdy che phii va bui ban tich liiy trén bé mdt cam bién,
dan dén sai sé diéu khién va suy giam hiéu sudt dang ké. Pé khdc phuc, bai bdo dé xudt iing
dung thudt todn ciia Michalsky (1988) (Michalsky, 1988)két hop véi cdc hiéu chinh thién
van chuyén sdu tie cong trinh cua Jean Meeus dé xac dinh toa dé mdt troi véi dé chinh xdc
xdp xi 0,01°. Hé thong dwoc trién khai trén nén tang vi diéu khién NodeMCU ESP8266, cho
phép tinh toan goc cao (Elevation) va goc phwong vi (Azimuth) dwa trén kinh do, vi do va
thoi gian thyc tai dia diém lcfp dat. Dit liéu thuc nghiém duoc doi chiéu truc tié'p vOi cong
cu SunEarthTools cho thdy sw tiwong quan chdt ché véi sai s6 khéng dang ké. Két qua nghién
civu khong chi cung cdp mét gidi phdp cong nghé bén bi, it bao tri ma con dat nén mong cho
viéc tich hop cdc hé thong nang lwong tdi tao thong minh vao mang ludi 10T trong twong lai.

Tir khéa: cac thudt toan thién vén, thudt todn Michalsky, vi diéu khién NodeMCU, bam huéng
mat troi

I. Pit van dé ning lugng mit troi 1a rat 1on voi téng sb
gid nang trung binh nam dao dong tir 1400
dén 3000 gio. Tuy nhién, mot trong nhiing
rao can ky thudt chinh lam han ché hiéu

Su chuyén dich ning luong tir cac
ngudn hoa thach sang niang luong tai tao

dang dién ra manh mé trén quy mo toan cau
nham d6i phé véi tinh trang bién doi khi
hau va an ninh nang lugng. Tai Viét Nam,
v6i dac thi cia mot qudc gia nam trong

vung ndi chi tuyén bac ban cau, ti€ém nang

!'Truong Pai hoc Mé Ha Noi, Ha Noi, Viét Nam

suit khai thac dién mit troi 1a tinh chit c¢b
dinh ctia cic gian pin truyén thong. Hiéu
sudt cua tam pin quang dién dat gi4 tri t6i
wu khi va chi khi bé mit tim pin don nhan
tia buc xa mat tro1 theo phuong vudng goc,



tuan theo dinh luat cosin cua Lambert.
Thuec té cho thay, viéc 1ap dit c¢6 dinh khién
tdm pin chi dat cong suit dinh trong mot
khoang thoi gian rat ngan quanh thoi diém
cuc dinh, trong khi phan 16n ning lugng
vao budi sang sém va chidu muon bi ling
phi do goc té1 qua 16n.

Dé giai quyét van dé nay, cac hé
thong bam hudéng mit troi da duoc phat
trién nham diéu chinh linh hoat vi tri tm
pin theo quy dao chuyén dong cta mat
troi. V& mit phan loai, cac hé théng duoc
chia thanh hai truong phai diéu khién
chinh: hé thong vong kin va hé thong vong
ho. Hé thong vong kin sir dung cac cam
bién quang hoc, phd bién nhat 1a quang
trd, dé so sanh cuong do anh sang tir cac
hudng khac nhau va phan hoi vé bo didu
khién dé xoay dong co. Mic du phuong
phap nay c6 wu diém 1a phan tng truc tiép
v6i ngudn sang manh nhat trong diéu kién
ly tudng, nhung ndé boc 1§ nhirng nhugc
diém c6 hiru khi van hanh ngoai thuc dia.
Tai cac khu vuc d6 thi nhu Ha Noi, su tich
tu ctia byi min, 6 nhiém khong khi va may
che phu thuong xuyén lam sai I¢ch tin
hiéu cta cam bién. Hon nita, hién tuong

do theo ngudn sang khi may troi qua hodc
phan xa tir cac toa nha 1an can khién dong
co phai hoat dong lién tuc, gay tiéu tdn
nang luong tu dung va giam tudi tho co
khi ciia hé thong (Kinsler, 2020).

Hinh 1. Cam bién huéng sdng sir dung
quang tré- dé dinh vi nguon sang
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Trong bdi canh d6, phuong phap diéu
khién vong hé dua trén thudt toan thién van
hoc ndi 1én nhu mot giai phap thay thé wu viét
va bén bi. Thay vi x4c dinh vi tri mat tro1 qua
cam bién, hé thong nay str dung cac mé hinh
toan hoc dé tinh toan chinh xac vi tri hinh hoc
clia mt troi trén thién cau tai bat ky thoi diém
va toa do ndo trén Trai dat. Cac thuat toan nay
khong bi anh huong béi may mu, bui ban hay
céc vat can che khuét anh sang tam thoi, ddm
bao tAm pin luén hudng vé vi tri mt troi ngay
ca khi n6 bi che khuat. Trong s6 cac nghién
ctru vé thuat toan thién van, cong trinh cua
Joseph J. Michalsky (1988) (Michalsky,1988)
duoc danh gid cao nho sy don gian trong trién
khai trén cac hé thong nhing ma van duy tri
dugc do chinh xac trong ngudng 0,01° cho
dén nam 2050. Dé nang cao hon nira do tin
cdy, cac phuong trinh b sung tir Jean Meeus
trong cudn “Astronomical Algorithms” cung
cap nhiing hiéu chinh quan trong vé khic xa
khi quyén va nhidu loan quy dao, gitip mod
phong chuyén dong mat troi sat voi thuc té
nhat.

Nghién ctu nay dugc thuc hién
nham hd tro xay dung mot hé théng do
tim vi tri mat tro1 thong minh st dung
thuat toan Michalsky-Meeus trién khai
trén vi diéu khién NodeMCU ESP8266.
Hé thdng tich hop module thoi gian thyc
DS3231 hodc két ndi mang internet dé
dam bao tinh dong bo thoi gian tuyét doi,
von 1a yéu t6 tién quyét trong céc tinh toan
thién van. Bai bao s& trinh bay chi tiét tir
co s6 1y thuyét toan hoc dén quy trinh thyc
nghiém va ddi chiéu két qua véi dir liéu
tir SunEarthTools tai khu vuc Ha Noi vao
thang 03 nam 2025. Muc ti€u cua nghién
ctru 14 cung cp mot giai phap diéu khién
hiéu qua, bén bi va c6 kha ning tich hop
cao vao cac hé thong quan Iy ning lugng
thong minh, gop phan thic ddy sy phat
trién caa nang luong sach tai Viét Nam.
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II. Co s& 1y thuyét

2.1. Dong luc hoc hé Mdt troi va
cdc hé toa dp thién van

bé xay dung mot thudt toan do tim
vi tri mat troi chinh xéc, viée hiéu 1 céc
chuyén dong tuong dbi giira trai dat va mat
troi 1a vo cung can thiét. Trai dat thuc hién
hai chuyén dong chinh anh huéng truc
tiép dén vi tri quan sat mat troi: chuyén
dong tu quay quanh truc va chuyén dong
quay quanh mdt troi trén mét phing hoang
dao. Truc quay cua trai dat nghiéng mot
goc xap xi 23,44° so véi phap tuyén cia
mat phang hoang dao. D6 nghiéng nay,
cung vo&i hinh dang quy dao elip cua Trai
dét, tao ra su thay d6i do 1éch ctia Mt troi
(0) trong dai tir -23,44° vao ngay dong chi
dén +23,44° vao ngay ha chi.

Vi tri cua mat tro1 dugc xac dinh
thong qua ba hé toa do chinh, modi hé
dong mat vai tro trong quy trinh tinh toan
chuyén tiép:

H¢ toa do hoang dao: Sur dung kinh
do hoang dao (A) va vi d§ hoang dao (B)
dé xac dinh vi tri mat troi trong mat phang
quy dao. Déi véi mit troi, vi do hoang dao
thuong duogc coi 1a bang 0.

Hé toa d6 xich dao: Chuyén ddi tir toa
d6 hoang dao sang hé toa do gén vOi truc
quay cua Trai dat, bao gdm xich kinh () va
do I1&ch (8). bay 1a budc dém quan trong dé
lién két vi tri thién thé véi thoi gian Sidereal.

Hé toa d0 chan troi: La hé toa do
thuc té tai diém quan sat, bao gdm goc
cao (e) va goc phuong vi (A). Goc cao
la goc gitra hudng nhin mat troi va mat
phang chan troi dia phwong, trong khi goc
phuong vi xac dinh hudng ctia mat troi so
véi cac cuc bic hodc nam.

2.2. Khai niém thoi gian trong
thién van hoc va ngay Julian

Trong tinh todn thién van, viéc su
dung céc don vi thoi gian thong thuong
(nam, thang, ngay) la khong du vi do dai
cac thang khong dong nhat va sy ton tai
cua nam nhuan. Thay vao do, thuat toan st
dung ngay Julian, mot hé dém ngay lién tuc
bat ddu tir trua ngay 1 thang 1 nam 4713
trude cong nguyén. Viéc chuyén doi tir lich
Gregorian sang ngay Julian (Rodriguez-
Sotelo va cong su, 2022) 1a bude dau tién
trong moi thudt toan dinh vi thién thé.

Cong thuc tinh ngay Julian cho mot
thoi diém bét ky trong lich Gregorian (tir
nam 1900 dén 2100) duoc Jean Meeus
trinh bay nhu sau:

Julian Day = |365,25(Y + 4716)] + [30,6001(M + 1)| + D + % — 15245 (1)

Trong d6 Y, M, D la nam, thang,
ngay. NeuM <2, taginY=Y-1vaM=
M + 12. Déi v6i cac thuat toan hién dai, thoi
diém tham chiéu J2000,0 (JD 2451545,0)
thuong duoc chon lam méc géc.

2.3. Phan tich chi tiét thudt todn
Joseph J. Michalsky (1988)

Thuat toan Michalsky (1988) dugc
thiét ké dé cung cip mot phuong phap
xap xi nhanh nhung van dat d6 chinh xac
0,01°. Quy trinh dugc thyc hién qua cac
budc toan hoc logic sau:

2.3.1. Tinh toan toa do hoang dao
trung binh

PAu tién, ta xac dinh thoi gian (sé
ngay ké tir ky nguyén J2000.0):
n=JD-2451545,0 2)
Kinh d¢ trung binh ctia Mat troi (L)
va can diém trung binh (g) dugc tinh bﬁng
cac ham béc nhat theo n (don vi d0):
L =280.460 + 0.9856474n 3)
g=2357.528 + 0.9856003n (4)



Can chuan hoa cac goc nay vé dai
[0°, 360°] bang toan tir modulo.
2.3.2. Kinh do hoang dao thyc va do
nghiéng hoang dao
Do quy dao Trai dit 1a elip, van toc
goc cua nd khong hang s6. Phuong trinh
tam dugc sur dung dé tim kinh do hoang
dao thuc (A):
A=L+1,915sin(g)+0,020sin(2g)  (5)
Do nghiéng cua tryc Trai dat so voi
mat phang hoang dao (&) ciing thay ddi rat
cham theo thoi gian do hién tugng chuong
dong (nutation) va tién dong (precession):
e=23,439 - 0,0000004n (6)
2.3.3. Xac dinh toa do xich dao
St dung cac cong thirc luong giac
cau dé chuyén ddi A va e sang xich kinh
(o) va do 1éch (9):
tan(a)=cos(€)tan(l) (7)
2.3.4. Thoi gian Sidereal va goc gio
Dé lién két vi tri mat troi trén thién
cau voi vi tri clia ngudi quan sat trén
trai dat, ta can tinh thoi gian trung binh
sidereal tai Greenwich (GMST):
sin(o)=sin(¢)sin(1) (8)
Thoi gian Sidereal dia phuong
(LMST) phu thudc vao kinh d6 (¢) cua
ngudi quan sat (dwong néu ¢ phia dong):
GMST=6,697375 + ©)
0,0657098242n+hour UT
Goc gio (Hour Angle - H), dai dién
cho khoang cach goc cua mat troi so voi
kinh tuyén dia phuong:

— L
LMST = GMST + e (10)
Giéa tri H thuong duogc chuén hoa vé
dai [-12h, 12h] hoac [-m, n] radian.

2.4. Hiéu chinh theo Jean Meeus
va khiic xa khi quyén

Jean Meeus trong cubn
“Astronomical Algorithms” da cung cap
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cac phuong phép tinh chinh d¢ chinh xac
vuot xa md hinh Michalsky co ban. Mot
trong nhitng déng gbp quan trong nhét d6i
voi k¥ thuat nang luong mat troi la mo
hinh khiic xa khi quyén.

2.4.1. Khiic xa khi quyén

Tang khi quyén trai dat lam bé cong
tia sang mat troi, khién nguodi quan sat
théy mit troi cao hon vi tri thuc té cua nd
(Theraja & Theraja, 2005). Hi¢u ung nay
dat cyc dai tai duong chan troi (khoang
34’ hodc 0,57°) va giam dan vé 0 tai thién
dinh. Theo Meeus, néu goc cao tinh toan
dugc la e (d9), gia tri hi€u chinh khuc
xa (phut géc) dugc tinh nhu sau:

H=LMST - a (11)
Goc cao biéu kién cudi cing sé 1a:

10,3
R =1,02/tan <ecalc + PETYTY ) (12)

Hi¢u chinh nay déc bi¢t quan trong
cho viéc xdc dinh chinh x4c thdi diém
binh minh va hoang hon (thuong duogc
dinh nghia khi tam Mat troi ¢ géc -0,833°
dé bu ddp cho khuc xa va ban kinh dia
mat troi).

2.4.2. Phuong trinh thoi gian

Su sai 1€ch gitra thoi gian mat troi
thuc va thoi gian dong hd duoc goi 1a
phuong trinh thoi gian (A)). SunEarthTools
su dung biéu thuc xép xi sau dé hd tro tinh
toan thoi diém Solar Noon:

R
e = ecalc+6_0 (13)

Trong d6 n 1a ngay thir may trong nam.

2.5. So sanh cac phwong phdp do
tim vi tri Mat troi

Dé 1am rd su can thiét cua thuat toan
khong cam bién, Bang 2 so sanh cac dac
tinh gifra hai phuong phép chinh:
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Bdng 2. So sanh hiéu ning giita hé thong bam hwdng vong kin va vong ho

DPic diém

Heé thong duya trén cam bién
(vong kin)

H¢ thong dwa trén thuét toan
(vong hé)

Do tin cay

Nhay cam vadi bui, may va vat can

Khong bi anh hudng bdi moi truong

Chi phi bao tri Cao (can vé sinh cam blen dlnh ky) Thap (chi kiém tra co khi)
D¢ chinh xac Cao trong diéu kién ning git Cao va on dinh moi lic (£0,01°)
Do phirc tap Thip (st dung mach so sanh don gian) | Cao (d0i hoi xur Iy toan hoc)

Tiéu thy ning lwong | Dong co chay lién tuc néu c6 nhifu sang | Pong co chay theo bude tinh toan

III. Phwong phap, vat li¢u
nghién ciru

3.1. Thiét ké phén cirng hé thong

Hé théng duoc thiét ké tap trung vao
tinh nho gon, tiéu thy ning lwong thap va
d6 bén cao trong mdi trudng ngoai troi.
Cac thanh phén vat liéu chinh bao gém :

3.1.1. Khoi xit Iy trung tam

Loi cua hé théng 1a module
NodeMCU dua trén chip ESP8266. Luya
chon nay duoc dua ra dua trén céc phan
tich sau:

Hiéu suét: CPU 32-bit toc d6 SOMHz
(c6 thé tang 1én 160MHz) hd trg tét cac
thu vién toan hoc déu phay dong can thiét
cho thuat todn Michalsky-Meeus.

Két ndi: Tich hop wi-fi cho phép
déng bo thoi gian tr may cha NTP
(Network Time Protocol) va gui dir liéu
giam sat 1én mang ludi IOT (Thingspeak
hoidc Blynk). Pong thoi xac dinh vi tri
thong qua mang ludi wifi.

Chi phi: Gia thanh thdp, phu hop
cho viéc trién khai dai tra tai cac ho gia
dinh hodc trang trai nong nghiép.

3.1.2. Co cdu chdp hanh va tam pin
thir nghiém

Hé thong diéu khién hai truc str dung
hai dong co servo c6 mé-men xodn 16n
(Aliprantis & Wasynczuk, 2022). Bdong
co truc ngang cho phép xoay tir hudng
dong sang tay (0° dén 180° hoic 270°),
trong khi déng co truc doc diéu chinh goc

nghiéng tir 0° dén 90°) (IEEE, 2017). Déi
tugng bam hudng 13 mot tim pin mat troi
don tinh thé cong suét tdi thiéu 1W dung
cho muc dich thyc nghiém do luong.

Ngoai ra str dung 1 hé théng khac
khong co dong co va chi co goc ¢b dinh &
12° dc nghiéng theo mai.

3.2. Xay dung chuwong trinh diéu
khién va trién khai thugt todn

Chuong trinh dwoc viét trén moi
truong Arduino IDE bang ngén ngit C++.
Quy trinh xtr 1y ctia firmware dugc thiét ké
theo cac module chiic nang sau :

Khi hé théng khoi dong, NodeMCU
kiém tra va két ndi wi-fi dé x4c dinh thoi
gian va vi tri theo kinh d¢ va vi do

Tinhtoan thién vin. Pay lanoi trién
khai toan by cac phuong trinh Michalsky-
Meeus d3 néu ¢ muc II. Dé dam bao do
chinh xac trén MCU NodeMCU, cac bién
s6 dugc khai bao kiéu double (64-bit) thay
vi float (32-bit). Cac hang sb thién vin
duogc nap day du chir s6 thap phan dé giam
thiéu sai s liy tién trong cac phép nhan
ma tran va ham lugng giac.

Module diéu khién chuyén dong.
Thay vi cap nhat goc lién tuc (gay rung
lic va mon co khi), nghién ctru dé xuat va
dua ra chién luoc di chuyén can bang gitra
giam hao mon dong co va do chinh xac.
Thuat toan tinh toan vi tri Mt troi sau moi
10 gidy, nhung chi ra 1énh cho dong co
xoay khi su thay d6i goc 16n hon ngudng



cho phép (vi du 1°). Sir dung cam bién do

goc nham xéac dinh goéc ldy niang luong
chuén xac st dung MPU 6500.

S
B —

Hinh 2. Cam bién géc nghiéng MPU6500
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3.3. Thiét lap thuwe nghiém va thu
thap dir liéu

Thyc nghiém duoc tién hanh tai
quan Hoang Mai, Ha Noi (vi d6: 21,0285°
N, kinh d¢: 105.8542°E) trong thoi gian
tir ngay 01/03/2025 dén ngay 31/03/2025.

Dir liéu thu thap bao gom:

1. Thoi gian thuc tir internet.

2. Goc cao (e) va goc phuong vi (A)
tinh toan boi thuat toan trén NodeMCU
(Zirka va cong su, 2025)

3. Goéc cao va géc phuong vi tham
chiéu trich xuét tir SunEarthTools.com
cho cung thoi diém va toa do.

4.Pién ap va dong dién dau ra cia
tam pin (do qua module INA3221) dé
danh gid hi€u qua.

Bdng 3. Théng sé ky thudt cdc thanh phan trong hé thong thuwc nghiém

Thanh phan Pic tinh ky thuit Ghi chi
MCU ESP8266 (NodeMCU) Tan s6 160 MHz
RTC DS3231 hodc NTP (internet) Giao tiep 12C

binh vi/ xdc dinh goc | Wifi / Internet di cing MPU6500

St dung dinh vi wifi hodc module GPS,
cam bién goc giao tiep 12C

Cam bién dong/ap  |INA3221 3 kénh do

Gidm sat cong suat

Chuyén dong / tinh

Servo hodc ga goc co dinh

Hinh 3. B diéu khién huéng theo mdt troi
s dung servo

Hinh 4. B thu thap dir liéu dé so sanh
ngodi troi
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IV. Két qua va thao luin

Két qua tinh toan tir thuat toan
Michalsky-Meeus trén NodeMCU dugc
ddi chiéu véi dir liéu tir SunEarthTools.

Bang 4. Doi chiéu két qua tinh todn va dir liéu tham chiéu SunEarthTools (SET) tai Ha Néi

com. Bang 4 trinh bay s liéu chi tiét cho
ngay 15 thang 03 nam 2025 tai Ha Noi,
thoi diém gan ngay xuan phan khi quy dao
mit troi thay doi manh.

Gio Goc cao Goéccao | Saisd | Goécphwongvi | Gécphwongvi | Saisd
(GMT+7) | (Thuat toan) | (SET) (e) (Thuat toan) (SET) (A)

07:00 10,14° 10,12° | +0,02° 98,43° 98,40° +0,03°
09:00 35,63° 35,60° | +0,03° 112,18° 112,15° +0,03°
11:00 58,34° 58,35° | -0,01° 142,74° 142,70° +0,04°
12:00 64,55° 64,56° | -0,01° 177,05° 177,00° +0,05°
13:00 64,13° 64,15° | -0,02° 205,34° 205,38° -0,04°
15:00 44,26° 44,23° | +0,03° 245,18° 245,20° -0,02°
17:00 18,45° 18,47° | -0,02° 262,88° 262,90° -0,02°

Phén tich bang 4 cho thiy sai s6
trung binh cua thuat toan duy tri 6n dinh
o muc dudi 0,05°. Sai 1éch nay hoan toan
nam trong ngudng cho phép ddi voi cac hé
thdng pin mat troi PV thong thuong, von
co gbc chép nhan kha rdng. Tham chi, do
chinh xac nay con ti€ém can yéu cau cua
céc hé thong tap trung ning luong vén doi
hoi sai s6 dudi 0,1°.

Mot diém dang luu v 13 sai sd c6
xu huéng ting nhe vao thoi diém chinh
trua (12h00) (Kallaste va cong su,2026).
Diéu nay c6 thé giai thich do sy thay dbi
cuc nhanh cua goc phuong vi khi mat troi
di qua thién dinh, noi ma cic phép xap
xi lwong gic cau tré nén nhay cam hon
v6i cac 16i 1am tron sb. Tuy nhién, viéc
st dung hi¢u chinh khic xa khi quyén tur
Jean Meeus da giup duy tri d0 chinh xac
cao vao sang som va chiéu mudn, thoi
diém ma céac thuat toan vong hé don gian
thudng gap sai s 16n.

V. Két luin

Nghién ctu da thyc hi¢n thanh
cong viée thiét ké, xay dung va danh gia
thudt toan do tim vi tri mat troi khong st
dung cam bién trén nén tang vi diéu khién

NodeMCU. Théng qua vi¢c tich hop tri
thirc tir thudt toan Joseph J. Michalsky
(1988) (Michalsky,1988) va cac hiéu
chinh thién van cua Jean Meeus, hé théng
da chiing minh dugc kha nang xac dinh
toa d0 mat troi véi do chinh xéac cao
(£0,05°), hoan toan mién nhiém véi cac
tac dong ti€u cuc ciia modi trudong nhu bui
ban, swong mu va may che phu.

Viéc loai bo cac cam bién quang hoc
truyén thong khong chi lam giam do phuc
tap ctia phan cirng ma con nang cao dang
ké tinh bén bi va do tin cay cua hé théng
trong diéu kién khi hau nhiét déi khac
nghiét tai Viét Nam. Hé théng st dung
RTC DS3231 dam bao dir li€u thoi gian
6n dinh va chinh xAc, trong khi NodeMCU
ESP8266 cung cip kha nang xir Iy manh
mé cung két ndi 10T linh hoat cho viéc
giam sat tu xa.

Két qua thuc nghiém tai Ha N1 vao
thang 3 nam 2025 khing dinh tinh dung
dén ctia md hinh toan hoc va hiéu qua cua
chién lugc diéu khién vong hg. Nghién
ctru nay dong gop mat giai phap k¥ thuat
cu thé, kha thi va kinh té cho c4c tram dién
mat troi thong minh (Zirka va cong su,




2025) ddng thoi mé ra hudng phat trién
cho vi¢c tich hop tri tué¢ nhan tao dé du
bdo may va t6i wu hoéa ning luong trén
quy mo ludi dién siéu nho. Viéc ap dung
rong rai cac thuat toan thién van trong
bam hudng mit troi s& 1a budce tién quan
trong trong viéc nang cao hiéu suat khai
thac ning luong tai tao, gop phan vao muc
tiéu phat trién bén virng cta qudc gia.
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OPTICAL-SENSORLESS SUN POSITION TRACKING
ALGORITHM

Tu Viet Hoang', Hoang Anh Dung', Trinh Thi Hau', Dinh Khac Long', Phan Van Hai'

Abstract: This study presents a comprehensive approach to optimizing solar energy
harvesting efficiency through an open-loop sun tracking algorithm, entirely independent
of traditional optical sensors. The primary challenge for solar tracking systems in tropical
regions like Vietnam is the erratic weather, cloud cover, and dust accumulation on sensor
surfaces, which can lead to control errors and significant performance degradation. To
overcome these issues, the paper proposes the application of Joseph J. Michalsky's (1988)
(Michalsky, 1988) algorithm, combined with in-depth astronomical corrections from Jean
Meeus’s work, to determine solar coordinates with an accuracy of approximately 0.01°. The
system is implemented on the NodeMCU ESP8266 microcontroller, allowing the calculation
of Elevation and Azimuth angles based on longitude, latitude, and real-time data at the
installation site. Experimental data, when directly compared with the SunEarthTools utility,
show a strong correlation with negligible error. The research results not only provide a
durable, low-maintenance technological solution but also lay the foundation for integrating

smart renewable energy systems into the future loT network.
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