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THIET KE, CHE TAO PEN VA HE THONG DIEU KHIEN, GIAM SAT
CHIEU SANG DEN GIENG - KHU DI TICH LICH SU PEN HUNG
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Tran Quéc Tién2, Tran Ha', Lé Quéc Tuant, Nguyén Vin Pua!
YTrung tam Cong nghé Vi dién tir va Tin hoc - Vién Ung dung Cong nghé,
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TOM TAT

Véi sy phat trién vuot bac cua cac thiét bi va cong nghé chiéu sang, viéc tmg dung hé thong chiéu
sang dé dam bao chat luong, hiu qua chiéu sang va tinh tham my, linh thiéng cua cic cong trinh
vin hoa tim linh 1a mot van dé dang duoc quan tim. Trong bai béo nay, chung toi nghién ciru,
thiét k& mot hé thong chiéu sang cho khong gian tho cing tim linh — Dén Giéng, Khu di tich lich
sir Dén Hing bao gom: ché tao dén chiéu sang ddc trung cho khu di tich, thiét ké phan bd chiéu
sang trong khong gian dén, thiét ké hé théng didu khién va giam sat tip trung. 02 dén Banh chung
va 01 dén Banh day da duoc thiét ké véi cac thong sé chiéu sang nhu: Quang thong tir 4000-5000
lumen, chi sé hoan mau CRI > 80, tich hop bo diéu chinh cuong do sang tir xa. Bén canh do, hé
thdng chiéu sang cho toan b6 khu vyc Dén bao gdm chiéu sang ndi thit va ngoai thit da lam nbi
bat 1én kién tric thiét ké cd kinh cua khu di tich. Hé théng chiéu sang dugc tich hop phan didu
khién va giam sat tir xa cho phép bat/tat, xdy dung kich ban chiéu sang va giam sat su cb chay,
hong cua cac thiét bj.

Tir khoa: Piéu khién chiéu sing; dén Bdnh chung; dén Banh day; gidm sdt chiéu sang; Khu di
tich lich sir Pén Hing
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DESIGNING, MANUFACTURING LIGHTS AND LIGHTING SYSTEM
IN GIENG TEMPLE - HUNG KINGS TEMPLE HISTORIC SITE
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ABSTRACT
With the rapid development of lighting equipment and technology, the application of lighting
systems to ensure the quality, lighting efficiency and aesthetics, and holiness of cultural and
spiritual works is a problem that deserves attention. In this article, we research and design a
lighting system for the spiritual worship space - Gieng Temple, Hung Kings Temple historical site
including: manufacturing-specific lights for the relic, lighting distribution design in temple space,
design of centralized control and monitoring system. 02 Banh-chung lights and 01 Banh-day light
have been designed with lighting parameters such as: Luminous flux from 4000-5000 lumens,
color rendering index CRI > 80, built-in remote intensity controller. Besides, the lighting system
for the entire temple area including interior and exterior lighting has highlighted the ancient
architecture design of the monument. The lighting system is integrated with remote control and
monitoring to enable on/ off, building lighting scenarios, and monitoring fire and failure of
equipment.
Keywords: Lighting control; Banh-chung light; Banh-day light; Lighting monitoring; Hung Kings
Temple historical site
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1. Gidi thiéu

Viét Nam 1a dat nude c6 tin ngudng thd cling
Hung Vuong & Phu Tho lau doi, 1a di san van
hoa phi vat thé ciia nhan loai dugc UNESCO
cong nhan nam 2012. Khu di tich lich sir Bén
Hung c6 cac dén dugc xdy dung véi kién tric
truyén thong, cac vét dung thd cing tiéu biéu
cho vin hoa tin ngudng, thd ty mang ban sic
ctia phong tuc thy cling t6 tién. Tuy nhién,
viéc chiéu sang cho khong gian tho tu trong
dén chua Viét Nam noi chung déu dya vao
anh sang tu nhién, c6 bo sung thém anh sang
ctia dén dau. Mot s6 dén truyén thong khong
dam bao duoc d6 sang, do roi on dinh, dic
biét chua lam ndi bat tinh tham my va kién
trdc cua cac Dén. Nhidu vi tri chiéu sang tu
phét con giy ra 6 nhiém anh sang, thira anh
sang qua muc hay gay choi 16a tao cam giac
khong thoai mai cho du khach di thim quan.
Ngay nay, anh sang nhan tao dang dugc st
dung nhiéu trong cudc séng hién tai. Cac
phuong phap chiéu sang khéng con bi gisi
han chi don gian bat tit ma c6 thé diéu khién
dé tao ra cac khung canh, khdng gian phu
hop. Tiéu biéu 1a cac hé thong quan 1y chiéu
sang cho tu vién San Lorenzo ad Septimum
tai Y [1], nha thd Temple de Lutry tai Thuy Si
[2] va nha nguyén Sistine & Rome [3]. Rét
nhidu céng nghé di dugc ung dung dé diéu
khién chiéu sang nhu: phwong phap sir dung
mang no-ron nhan tao [4], phuong phap
khong cam bién [5], phuong phéap chiéu sang
tap trung [6],... Cac hé théng phan 16n sir
dung cong nghé khong day dé diéu khién timg
bo dén, diéu chinh nhiét d6 mau dé tiry chinh
khung canh anh sang khac nhau thong qua ung
dung dién thoai. Ngoai ra, hé théng con co kich
ban chiéu sang tu dong cho céc tour du lich, lam
ton 1én vé dep cua khu di tich, gitp thu hut
nhiéu khach tham quan, chiém ngudng.

Tt nhitng phén tich trén, trong nghién cru nay,
ching t6i tap trung thiét ké, lip dit hé thong
chiéu sang cho khu di tich Dén Giéng c6 tich
hop cac dén chiéu sang duoc thiét ké dic trung
va hé théng diéu khién giam sat tap trung.

2. N§i dung nghién ciru

2.1. Thiét ké dén chiéu sing dic trung cho
Dén Giéng

Trong cac khong gian truyén thong nhu 14 nha
gS, dén, dinh, chua, cac dd vat, tran, tuong,
san thuong c6 mau tdi; do do, vai tro phan xa
anh sang cta chung la khong dang ké. Anh
sdng cho quan sat trong nhirng khong gian
nhu vy phan 16n dén tryc tiép tir dén thuong
c6 do chdi cao. Do vay, viéc st dung cac loai
deén co truong phat sang rong 14 rit quan trong
trong viéc giam d¢ choi, gidm bong khi quan
sat dd vat. Ngoai ra, dé dam bao cho viée
chiéu sdng néu trén, cac loai dén con dugc
yéu cau c6 thiét ké va hinh thirc dep, doc déo,
cin d6i v6i khong gian va kién trac cin
phong, cung voi do6 1a kha nang dap tmg anh
sang dong déu, giam thiéu do choi 16a, giam
bong tao cam giac thoai mai, Am cung khi sir
dung. Trong thiét ké nay, ching t6i tién hanh
thiét k& mot bo dén 16ng c6 hinh luc giac
(twgng trung cho banh day) duong kinh 1200
mm va dén 16ng hinh vuéng (tuong trung cho
banh chung) co6 kich thudc 1200 mm x 1200
mm x 350 mm st dung LED chiéu tir canh.
Két chu thiét bi dén bao g6m ba by phén
chinh 1a by phan khung deén, dén LED va céc
tam tan xa c6 do truyén qua 50%. Vé co ban,
bd phan khung dén duoc thiét ké dudi dang
gidng dén 10ng hinh luc giac (sau canh) (Hinh
la), hinh hop chit nhat (Hinh 1b), cac mat
gém cac khe dé bat cb dinh cac tAm tan xa
truyén qua. Anh sang dugc phat ra tir cac
chudi LED gin ¢ dinh vao cac canh duéi cua
khung dén. Thiét ké nay cho phép 4nh sang
hat tir dudi 1én cac mat cua khung dén nho
céc tm tan xa truyén qua cho phép anh sang
truyén qua 50% va tan xa ra cac hudng khac
nhau gitip ting dién tich chiéu sang lén (Hinh
1c). Hon nira, anh sang chiéu ra cta bo dén
khong duéi dang tryc tiép, vi vay han ché
dugc cac hién tugng choi 16a va bong dugc
giam di déang ké, khac biét han so véi cac loai
dén chum thong thuong.
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Hinh 1. Ban vé thiét ké dén Banh day (a), dén
Banh chung (b) va phdn bo chieu sang
qua cdc tam tdan xa (c)

2.2. Thiét ké bé tri chiéu sing

Pic diém cia cic cong trinh kién trac la
khong gian bén trong dén phu thudc rat nhidu
vao anh sang ty nhién. Pay 1a ngudn sang bat
dinh, do d6 cac dén phai co chuc ning diéu
khién cuong d6 dé giam bot anh huong cua
yéu t6 nay. Tién hanh thiét ké hé thong chiéu
sang voi gia thiét khong ¢ anh sang tu nhién
va cic dir liéu dau vao nhu trong Bang 1.
Phan mém DiaLux Evo 8.0 dugc st dung dé
tinh toan thiét ké phan bd chiéu sang. Hinh 2
thé hién két qua mo phong chiéu sang cua hau
cung vao ban dém khi st dung dén Béanh
chung, dén Béanh day véi thong sb quang
théng la 4400 lumen.

Bang 1. Kich thuéc timg gian ciia Pén Giéng

Chiéu Chiéu

. Chidu Chiéu cao dén cao Tong
Vi A~ Ss RN dién
: rong dai thwgng  dén xa L
tri A tich
(m) (m) lwong 16ng m?)
i (m) (m)
Gian .5 4 3.69 29 296
ngoai
Gian .5 32 3.85 2.9 24
gilra
Gian
trong 7.5 35 3.69 2.9 26.25

Hinh 2. Anh mo phong chiéu sang hdu cung
Deén Gieng ban dém

Nhom tién hanh st dung phin mém md
phong két hop véi khao sat thuc dia va da dua
ra duoc so dd lép dat chiéu sang noi that nhu
Hinh 3. Trong thiét k& nay, dén Banh chung,
dén Banh day dugc dit dé chiéu sang trong
hau cung. Cac dén LED thanh voi goc chiéu
rong duoc sir dung dé chiéu sang chung, dat o
cac vi tri thip hit 1én phia trén 1am giam sy
chéi 16a. Bé 1am ndi bat cac két cAdu mai bao
gém thuong luong, xa nach, ké ngdi, ngdi;
hoanh phi cu déi thi LED chiéu bang duoc
sir dung dé tang hiéu qua chiéu sang. 01 LED
dai sen (co tich hgp dimming) dat ¢ gian tho
chinh gitra.
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Hinh 3. So do lap dat chiéu sang néi thit
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2.3. Thiét ké hé thong diéu khién

Tir ban vé thiét ké hé thong, nhom nghién ciru
dua ra m6 hinh hoat dong cua hé théng diéu
khién chiéu sang nhu Hinh 4. Hé thong hoat
dong dap g cac yéu cau co ban nhu sau:

- Cho phép diéu khién thii cong bang cong tic
ngay tai dén (danh cho ngudi trong coi dén)
hodc thong qua phan mém (danh cho ngudi
quan ly).

- Thuén tién cho bao tri, bao dudng.

- Theo doi, gidm sat trang thai dén va cac
thong sb dién ning.

- C6 kha nang vén hanh doc 1ap theo kich ban
duogc lvu ma khong c6 phan mém.

M5 hinh hé thong chiéu sang bao gdm thiét bi
diéu khién trung tam diéu khién céc thiét bi
chap hanh. Co hai loai thiét bi chap hanh la
diéu khién dong cat thong thuong (thiét bi
On/Off) ding cho cac cum dén cong suit cao
va thiét bi diéu khién cuong do sang (thiét bi
Dimming) danh riéng cho dén Banh chung va
dén Banh day dugc nhom thiét ké. Trong hé
thong, thiét bi diéu khién trung tim giao tiép
v6i thiét bi chdp hanh qua giao thirc RS485.
Chuan giao tiép TCP/IP duoc sir dung dé
truyén dit liéu tir thiét bi trung tdm vé phong
diéu hanh thong qua duong cap quang.

[~
LAN

1

| B0 DU KMIEN TRUNG TAM

x Thiét bi didu khién
RS 485 RS 485

Y X

I KHOI RELAY DONG CAT I I KHO! DIEU KHIEN DINMING I

ON/OFF DIMMING
'

I
<& BRI
Hinh 4. M6 hinh hé théng diéu khién chiéu sing
2.3.1. Thiét ké phan cirng
a) Thiét bi diéu khién trung tim
Thiét bi trung tam 1a thiét bi quan trong nhat
trong hé thong, vira dong vai tro trung gian

chuyén tiép 1énh tir phan mém dén céc thiét bi
chap hanh, vira dong vai tro chinh dé diéu
khién chiéu sang theo kich ban khi hoat dong
doc 1ap. Thiét bi s dung chip vi diéu khién
Atmega2560 dya trén Microchip 8-bit AVR
RISC hiéu suét cao, hd trg nhiéu giao tiép
ngoai vi phtt hop véi du an. Déi véi giao tiép,
W5100 la giai phap cho giao tiép TCP/IP gilp
céc vi diéu khién c6 thé truyén nhan véi toc
d6 t6i da ma khong can thém IC 16p PHY.
Ddi voi RS-485, sir dung chip SN6SHVDS2
do c6 kha ning khang nhiéu manh, 6n dinh,
dugc st dung phd bién trong coéng nghiép.
Hinh 5 thé hién so do khdi chic ning cua
thiét bi: Luu do thuét toan cua thiét bi trong
ca hai truong hop dugc dua ra nhu trong Hinh
6. Hinh 6a mo ta qua trinh diéu khién khi c6
mot 1énh diéu khién tir phan mém. Qua duong
truyén Ethernet, thiét bj trung tim s& nhén,
phén tich sau d6 giri 1énh dén cac thiét bi chap
hanh bang duong truyén RS-485. Thong tin
tra vé tir thiét bi chip hanh duoc thiét b trung
tam xa ly trude khi truyén dén phan mém.
Hinh 6b mé ta qué trinh hé thdng hoat dong
doc lap, diéu khién chiéu sang theo kich ban
duoc luu trude d6. Thay vi chd 1énh tir phan
mém, bd dém thoi gian thyc st dung chip
DS1307 trén thiét bi dugc ddi chiéu véi kich
ban dé diéu khién céc thiét bi chip hanh bén
dudi.

» RIC
12C
UART £
5V » A .z Giao tiep
P Vi dieu khien = RS.485
tSPI

Nguon nudi 5V
0C F Ethernet

Hinh 5. So d6 khoi chire ndng
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Bat dau

Cau hinh thiét bi va
ket noi v&i phan mem

Cr’](‘:f |é|’1l"l
dieu khign

Co
Phan tich cdu
truc 1énh
GiFi 1&nh den

5 thiét bi chép
o hanh

Khdng

Khdng

Té ban tin
. phan hoi
a
X0 by ban tin
phan hai
Giri ban tin phan
hai

(al

(; hinnh thlet 4]} va
ket

o

noi v phan mém

So sanh thi
gian kich ban

Khing
Bang thér gian

GU¥j I€nh den
thiét bi chap
hanh

Co

Ch& phan hoi

o
Xy bémktin
phan hoi

(k)

Hinh 6. (@) Luu do thudt todn khi ¢é lénh diéu khién, (b) Luu do thudt todn khi hoat dong doc ldp

b) Thiét bi diéu khién chap hanh

AC ~

Thigt bi dieu khign
Bio dién ap,

cﬁng Sudt

(_I— Bodang
Dén Congtictaidén | -

P n

B |4

—

Céu hinh thiét bi

Cap nhat trang GrFi {Jén tin dén
thai dén thiét bi trung
BPo céng suat tam

X Iy 18nh

Hinh 7. (@) So d6 két ndi va khoi chike ning ciia thiét bj chdp hanh,
(b) Luu do nhdn va xit Iy Iénh cia thiét bi chap hanh

Bén canh cac chitic nang chung nhu do dong
dién, do dién ap va cong suit, diéu khién ro-
le, diém khac biét giita hai loai thiét bi chép
hanh 13 thiét bi On/Off c6 kha ning dong cat
nhidu cum dén voi cong suit 16n, trong khi do
thiét bi Dimming c6 thém chuc ning tao tin
hi¢u diéu khién PWM cho bd Driver Led
EUG-150S210DV dé thay dbi cuong do sang
v6i hidu ning cao (cong suidt chuyén ddi
98%). Hinh 7a mé ta so d6 két ndi va khoi
chtre ning chung cua thiét bi chip hanh.

Qua trinh nhén va xu ly 1énh diéu khién coa
cac tl}iét bi chap hanh dugc trinh bay trong
luu d6 Hinh 7b.

2.3.2. Thiét ké phan mém diéu khién chiéu
sang tdp trung

Phan mém duoc thiét ké 1a mot phan trong hé
théng giam sat tong thé cua di tich Dén Hung,
nhim nang cao hiéu qua chiéu sang va thuin
tién cho viéc quan ly. Phdn mém c6 cac tinh
nang chinh bao gom: Thyc hién giam sat cic
cum dén chiéu sang trong va ngoai dén Giéng
(trang thai, cOng suét tiéu thu); diéu khién
bat/tit, cudng do dén; cai dat kich ban chiéu
sang. Giao dién diéu khién cua phan mém bao
g6ém hai man hinh nhu trong Hinh 8.
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| Man hinh giam sat
tong thé

Trang thai
trng gian

Tinh nang
Cira s6 Windown
Trang thai dén
Battatca
Tattétca
B4t kich ban
Tét kich ban

(a) (b)
Hinh 8. (a) Giao dién diéu khién, (b) Giao dién gidm sdt
3. Két qua va ban luin Bang 2. Két qua thu duwoc tai mot 56 Vi tri
Sau qué trinh nghién ctru, thiét ké, hé théng trong thyc te
chiéu sang da duoc trién khai lap dit va chay Vi tri Etb, Lux
truc tiép tai Pén Giéng — Khu di tich lich sir Gian ngoai, 1A 112
DPén Hung. Hinh 9 thé hién hinh anh thyc té Gian ngoai, 1B 125
lap dat dén Béanh chung, dén Bénh day tai Gian ngoai, 1C 113
Dén Giéng. Dén sau khi ché tao c6 cac thong Gian ngoai, 1D 128
s0 co ban nhu: nhiét d6 mau 3000K, chi s6 Gian ngoai, 1E 128
hoan mau (CRI) ~ 80, quang théng la 4800 Gian gitra, 2A 160
Im... Hau cung, 3A 80
‘ Hau cung, 3B 110
Hau cung, 3C 85
O dat tuong, 4A 50

Hinh 9. Hinh dnh dén Banh chung, dén Banh day . —
Mot sb két qua do, thir nghiém hé théng da trong hau cung
dugc nhém nghién ciru tién hanh bao gom:
- Po danh gi4 phan b chiéu sang; beé tién hz:mh dz’m‘h gia chat 'lu:(jng chiéu S@,g
cua hé thong méi, chiing t61 da st dung thiét
bi Digital Light Meter dé tién hanh do d¢ roi
tai mot sO vi tri trong Pén da dugc thé hién ¢
Hinh 3. K&t qua dugc tién hanh do tai nhi€u

* Danh gid phdn bé chiéu sing

- Thir nghiém déanh gia do chinh xac phép do
cOng suat;
- Thir nghiém d4nh gia d6 6n dinh cta hé thong.
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diém trong cing mot khong gian dé danh gia
do dong déu (Bang 2). Tir két qua trén cho
thdy két qua anh sang phan bd kha dong déu.
O vi tri 2A (gian giita lip dén Dai sen), cudng
dd sang cao hon so véi cac khu vuc khac do
anh huong boi 2 6 thoang ldy sang tu nhién
(giéng troi). Két qua do chiéu sang trong hau
cung (3A, 3B, 3C) cho thiy cuong d6 chiéu
sang dat 80 — 85 lux gan tuong dong vai két
qua mo phong phan b chiéu sang tir 65 — 75
lux nhu Hinh 10. Cudng d6 chiéu sang do
thuc t& 16n hon so véi mod phéng 1a do chiu
anh hudng boi anh sang bén ngoai.

* Pdanh gid do cong sudt

Thiét bi diéu khién c6 tich hop mé-dun do
cong suidt PZEMT-004T c6 dai do 1én dén
2200 W, d6 chinh xac 0.5% gia tri doc. Nhom
nghién ctru tién hanh danh gia do chinh xéac
ctia mO-dun nay bang phuong phap so sanh
tryc tiép v6i thiét bi phat cong suit chuin
Emsyst (EE-120A-3S va EE-500-3. So d6 déu
ndi thiét bj duge mé ta & Hinh 11. Céc diém
do tuong ung vai 10%, 50% va 90% thang do
ctia mo-dun. Két qua duoc thé hién & Bang 3.

TCP/IP J"j
|

Thiét bi phat
- £ z
cong suat chuan

v& i
EE-120V-3S | T:;e;pm
EE-500V-3 |_:|> el

Hinh 11. M6 hinh hé do

Bang 3. Két qua do cong sudt

Gid tri phat  Gid tri doc Sai 0 cho
chuan (W) (W) phép (%)
220 219.6 1.1
1100 1105 5.5
2000 2004 10

Tir két qua thu duge, nhom nghién ciru danh
gid kha ning do cong suat cua thiét bi didu
khién phu hop véi cong suat thiét ké cia co
cu chdp hanh va nam trong khoang sai s6
cho phép.

* Danh gia d on dinh ciia hé thong
Thir nghiém duoc tién hanh nhim danh gia
kha ning két ndi voi phan mém ciing nhu cac
chtrc nang diéu khién, giam sat cia hé thong.
Theo ddi hoat dong ctia hé théng lién tuc
trong 10 ngay. Cac chirc ning trong hé thong
dugc kiém tra va ghi lai timg ngay. Thir
nghiém dbi véi chirc nang:
- Chirc nang cép nhat trang thai: thuc hién thay
d6i trang thai dén bang cong tic 3 cuc sau do
theo ddi trang thai bong trén phan mém.
- Chuc nang do dong dién, dién ap va cong
sudt: ghi lai cac thong s6 vé dién ning dbi véi
mdi khu vuc diéu khién.
- Chtc nang ty dong diéu khién theo kich
ban: cac kich ban dugc thay dbi hang ngay
véi cac khung thoi gian khac nhau. Sau d6 s€
theo ddi hé thong co didu khién dang theo
kich ban khong.
Céc két qua thr nghiém duoc ghi va cap nhat
trong Bang 4.
Qua két qua thir nghiém c6 thé thiy cac chuc
ning do cac théng sé dién ning, didu khién
theo kich ban, giam sat cua hé théng hoat
dong t6t trong 10 ngay hoat dong lién tuc.
Chire nang diéu khién c6 sy sai khac giita cac
gian cu thé khu vyc phuong dinh c6 ti 18 16i
1,3%; tiép dén hau cung co ti 18 1%.

Bang 4. Két qua khao sat kha nang hoat déng

trong 10 ngay

Chirc nang
Khu vgc Piéu Giam  Po  Theo
khién sat dién  kich
ning  ban
Tiénbai  999/1000  500/500 . .
Phuong  987/1000 500/500 . .
dinh
Hau cung  990/1000 500/500 . .
Méinha 1000/1000 500/500 . .
San dén  1000/1000 500/500 . .

4. Két luan

Sau qua trinh nghién ctru, thir nghiém, nhom
thyc hién dé tai da thiét ké thanh cong dén
Banh chung va dén Banh day mang dac trung
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cta khu di tich tim linh Dén Hung. Hé théng
chiéu sang noi va ngoai that Pén Giéng dugc
thiét ké va lap dat dam bao vé do dong déu
trong chiéu sdng, lam ndi bat 1én nét dep, )
kinh cua khu di tich. Bén canh d6, viéc tich
hop hé thong diéu khién giam sat tap trung
chiéu sang da gitp cho viéc van hanh hé
thong duoc dé dang va linh hoat hon. C6 thé
diéu chinh duoc cudng do sang dé phu hop
v6i cac kich ban chiéu sang trong ngay, theo
mua hay trong cac dip 18 tét.

L1 cam on

Nghién ctru nay dugc tai tro boi dé tai cp
nha nudc "Nghién ctru, tng dung cong nghé
cao nham nang cao hiéu qua quan Iy va phat
trién bén vimg Khu di tich lich sir Qudc gia
dic biét Pén Hung" ma s DPTPL.CN-35/17.
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