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TOM TAT: Bai bao nay trinh bay phan tich, thiét ké mot hé thong gom phan cimg va cic phan mém nhiing hién thi hinh anh bang
cac giot nudc roi. Hé thzfng nay dung dé biéu dién hinh anh qua man nuoc, duoc thiét ké dua trén co sé déng bé mét chudi 320 van
niede déng mé dé tha miede roi, qua do thé hién dwoc cdc hinh anh don gidn mong muén. Piém ddc biét ciia hé thong dirge ching t6i
thiét ké duwdi dang méi module 1m dé c6 thé dé dang ghép néi thanh man hinh réng véi kich thuée tup ¥ dao dong trong khodng tir 1
dén 8m va cao trong khodng 3-5m. Hé thong cé thé hé tro' nhiing giao tiép diéu khién hién dai nhir UART, USB va Wifi. Hé thong
hién tai c6 thé dwoc diéu khién trén mdy tinh hodc cac thiét bi di dong sir dung Android ciing nhu chay déc ldp trén hé thong nhing
riéng. Ngoal ra hé thong con dugc tich hop cac den LED mau chiéu sang do ching t6i tir nghlen citu ché tao. Két qua thir nghiém
cho thay cac hinh anh don glan duwoc hién thi ré nét trong diéu kién phit hop, két hop dén LED mau chiéu séng tao ra mét san pham
trinh dién nghé thudt dwoc cdc chuyén gia danh gid rat dep va déc déo.

Tir khéa: Hé thong nhang, man nude roi, IoT, diéu khién tu déng, phan tich thiét ké hé thong, man nuéc nghé thugt.

I. GIOI THIEU

Trong céc loai hinh giai tri, dai phun nudc tir lau da duge xem nhu mdt cong trinh kién trtc c6 gia tri nghé thuat
va tham my cao. Trén thé gidi, nhit 1a khu vuc chdu Au nhu Y, Cong hoa Phap, Vuong qudc Bi... dai phun nudc nghé
thuat dé lai ddu 4n sdu ddm va dic sic trong kién tric tong thé do thi. Tir nhitng dai phun nudc ¢6 kinh cho dén nhiing
dai phun nuéc méi xay dung hién nay & My, Nhat Ban, Han Qudc, déu thu hut hang triéu du khach ghé tham va la
diém nhén quan trong cda cac thanh phé 16n. Man hinh nudc roi 1a mét loai hinh nghé thuat thudc cung linh vuc nay.
Man hinh nuéc thuong ¢ hai loai 6 1a man nuée khong didu khién va man nudc diéu khién. Man nuée khong diéu
khién 1a cac dang man nudc roi trén bé mat kinh, man nudc roi tao mang (thuong dé dung may chiéu, chiéu 1én tao
hinh anh d6ng) va man nudc roi tao thanh day, tia. Dac diém ctia man nude khong diéu khién 13 no roi lién tuc khi van
hanh. C4c loai man nudc nay co thiét ké don gian, gia ré, d& trién khai va thuong dwoc ding trang tri tao canh quan
cling nhu 1am mat méi trudng xung quanh & cac quan ca phé, nha hang. Mot sé hinh anh loai nay nhu trong hinh 1.

Hinh 1. Man nudc khong didu khién

Man nudce diéu khién 1a man hinh nudc roi theo y mudn, cb su diéu khién nudc roi béng mot hé théng dién tur diéu
khién. Man nuéc diéu khién xuit hién 1in dau tién tai thé van hoi Olympic Atlanta nam 1996 do gido su Stephen
Pevnick tai truong Pai hoc Wisconsin - Milwaukee thiét ké. Céac loai man nuéc diéu khién c6 thiét ké phic tap bao
gdm nhiéu thanh phan trong hé théng nhu: co khi, dién, dién tir, may tinh... va n6 c6 thé hién thi dwoc nhiéu hinh anh
sinh dong, da dang. Chung thuong duogc ldp dit tai cac khach san sang trong, quang trudng, cac san khau 16n nhu trén
hinh 2.

Hinh 2. Man nudc roi didu khién


mailto:lungvd@uit.edu.vn
mailto:tieulongdn@yahoo.com
http://en.wikipedia.org/wiki/University_of_Wisconsin%E2%80%93Milwaukee

Vii Btrc Lung, Nguyén Tiéu Long, Phan Dinh Duy, Trin Ngoc Dirc, Trin Vin Quang 249

V&i man nude nay ching ta c6 thé hién thi bat cir thong tin va hinh anh 1én né tao sy méi mé cho khong gian
song va lam viéc. Khong ngirng & do, cac birc man nude nay duge danh gia cao va phu hop dé st dung nhu mét cach
trang tri phong thuy trong nha & hay cac doanh nghiép. Chung vira sang tao vira dung hoa cho khong gian song.

Céc cong trinh khoa hoc dudi dang bai bao vé man nudc roi diéu khién, trong va ngoai nudc hién nay hau nhu
khong thdy cong bd. Mot s6 cong trinh lién quan nhung khong c6 dang gidng bai bio nay nhu cong trinh man hinh
swong mu (Fog screen displays) [1], [2] hay céc loai man hinh v&i giot nudc roi nhung hién thi bang may chiéu [3], [4],
[5]. Cac cong trinh nay chi sir dung man nudce roi nhu 14 tAim man va ding may chiéu 1én 6 dé hién thi cac thong tin.

Céc cong trinh gidng nhu trong bai bao nay chu yéu 1a cac san pham thuong mai clia cac cong ty nhur Space
Printer tai Osaka Station City by KOEI [9], hay c6ng trinh Water Fountain Show at Lotte Department Store in Busan,
South Korea (dudi dang vong tron) hay cac 1a san phim cua cic cong ty trong nudc nhu Cong ty Tam nhin Thong
minh, Cong ty Union Technology (thanh 1p ndm 2016). Cong trinh gan nhét véi bai bao nay la cong trinh [6] do
chinh nhém ching t6i phat trién trinh bay tai hoi thao toan qudc vé Cong nghé thong tin ndm 2013 tai Cén Tho la két
quéa déau tién ctia nhoém nghién ciru. Trong d6, cic nghién ctru thiét ké con so sai voi 6 phan giai han ché gom 192
diém anh cung nhiéu tinh ning chwa c6 s& dugc hoan thién trong cong trinh nay.

II. TONG QUAN VE MAN NUOC ROI

Hién nay man nudc roi nghé thuat dwoc chia lam 3 dang co ban: Puong thing, dudng tron va dudng cung. MJi
hinh dang déu duoc thiét ké co khi khac nhau. Nhung ddc diém chung la cic bo phan ctia man nudc van khong thay doi
— chi thay d6i hinh dang ciia man nuéc. Hinh anh dic trung phan co khi cho hai loai man nudc roi dang thang va tron
nhu trén hinh 3 [8].
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Hinh 3. Ciu tric mot man hinh nude ngh¢ thuat
M3di man nude roi ¢ ciu tao gém cac bd phan chinh sau:
- Bdn chira nude va may bom chim (Tank with submersible pump)
- Tru nang d& hai bén (Liftting towers) va cac thiét bi hd tro nang d& (Winch)
- Ong dan xa nudce (Hydraulic conduits)
- Gian d& chiu lyc dé hd trg viée treo bo phan phan phdi nude (Supporting truss for the Distribution Module)

- B9 phan phan phdi nudc dén cic van dong md cho phép nudc nho timg giot, goi tat & WDM (Water
distribution module).

Trong d6 cac bo phan can didu khién dong by quan trong nhit 14 cac van dong mé cho nude nho giot roi tao ra
man hinh gidng nhu cac diém anh. Bén canh d6 dé hinh anh hién thi dwoc sinh dong va hap dan ciing can diéu khién
cac dén chiéu sang cho pht hop véi cac loai hinh khac nhau. Céc thiét bi gdm cac van va dén led mau chiéu sang can
diéu khién thong thuong dugc dat trong WDM. Dé didu khién dugc hé thdng nay ngudi ta thuong ding mot hé théng
nhiing dé xuét ra cac tin hiéu diéu khién pht hop. Trén hé théng nhing thudng tich hop sén mot thé nhé SD hodc USB
dé luu trit cc hinh anh can hién thi.

III. PHAN TiCH THIET KE HE THONG

A. Thiét ké tong quan

Theo phan téng quan vé man nudc roi ¢ trén cing voi muc tidu thiét ké mot hé thong didu khién man nude roi ¢ thé
diéu chinh cac thong so linh hoat hon thong qua may tinh hoédc di¢n thoai thong minh, h¢ thong can duogc thiét ké bao gom
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5 thanh phan chinh: phan cting co khi, phéan dién didu khién, phan mém nhing, mg dyng trén dién thoai thong minh va
phin mém trén may tinh. M6 hinh tdng quan ctia man hinh nuéc nghé thuat dugc thiét ké nhu hinh 4.
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Hinh 4. M6 hinh tdng quan ciia hé théng

Board diéu khién trung tim chinh 12 mét hé théng nhiing c¢6 kha niang hoat dong doc 1ap hodc giao tiép véi may
tinh, v6i smartphone thong qua hai giao tiép thong dung 1a COM va WIFL Nhiém vu chinh ctia hé thdng nhung 13 nhan
cac hinh anh can hién thi tir cac thiét bi khac luu vao bd nhd USB va tinh toan dua ra céc tin hiéu diéu khién cac van
dong mé ciing nhu mau dén LED chiéu sang. Dé didu khién cac van ¢ cong sudt cao can c6 cic mach cong sut riéng
va dé cung luc diéu khién 320 van d(“)ng bo, chung t6i can st dung 10 mach loai nay véi mdi mach c6 32 tin hiéu diéu
khién.

Theo tim hiéu tdng quan cac man nudc thwong mai hod trén thi truong va ké thira tir cong trinh trude, trong
cong trinh nay ching t6i thiét ké khung co khi cua hé théng nhu trén hinh 5.
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Hinh 5. Hinh tdng thé khung co khi cia hé théng

Nhin téng thé (hinh 5) hé thong gdm dudi cing 1a 1 hd hinh hop chir nhat trong mat trén aé chira nude roi, bén
trong ¢6 may bom nuéc va 6ng nudce hinh try tron. Phia trén hd nugc 1a 2 try 46, moi try do g0m 4 try sit vudng va cac
thanh sat ngang dé két ndi cac tru sit vudng, bén trong tru d& 1a dng cap va ong thoat nude. Va khung phia trén c6 cdu
tao glong nhu tru d& nhung c6 chiéu rong 16n hon, bén trong chira hé thong diéu khién, hé théng van Solenoid, cac dén
chiéu sang va céc voi tao giot nude sip xép theo mot khoang cach nhét dinh.

Phan diéu khién: 1a hé théng cac mach dung dé diéu khién cac van nuéc va dén. Phan nay bao gom 1 mach diéu
khién trung tim va 10 mach diéu khién cong suat cho cac van dugc dong goi trong cé&c hop nhya vudng. Trong khudn
kho cuia bai bao nay s& tap trung vao trinh bay viéc phan tich thiét ké cac phan mém cua hé thong do d6 cac phan co
khi va dién tir chi duoc trinh bay tong quan so qua nhu trén. Cac phan sau sé& tap trung vao ndi dung chinh cua bai bao.
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B. Thiét ké cdc phin mém ciia hé thong

~ Dé dat dwoc muc tiéu hé théng co thé cai dit, thay doi cac thong s cling nhu ndi dung hién thi d& dang, tién loi,
hé thong phan mém dugce thiet k€ gdom: Phan meém di€u khi€n trén may tinh, phan mém di€u khién trén smartphone st
dung hé dieu hanh Android va phan mém nhung truc tiep trén board nhing di€u khién toan b h¢ thong.

So db tong quan cac bude thue hién cac phén mém nhu hinh 6. Cac phan mém tng dung trén may tinh va
smartphone hoat dong trén phan I, trong khi phan mém nhtng trén KIT ARM STM32F4 Discovery thuc hién cac phan II.

Anh géc
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Hinh 6. So db khéi cac budc thue hién ciia cac phin mém

C. Phin mém trén mdy tinh va smartphone

Ngoai cac chirc ning co ban ciia mot phin mém tmg dung nhu cho phép cai dit cac thong sé hé thong, lwa chon
anh hién thi, cach hién thi, ...thi hai phﬁn mém nay déu 1am nhiém vu chinh trong phén I ctia hinh 6. Cac hinh anh ban
déu c6 kich thudc bit ky s& duge chuyén dbi vé kich thude theo ty 1& voi chiéu ngang 13 320 diém anh, bang v&i sb van
trong h¢ thong nay. Theo 1y thuyét xir Iy anh [7], sau khi chuyén anh vé kich thudc ctia hé théng, cac anh s& dugc
chuyén ddi sang anh xdm theo cong thirc (1):

Y =0.3x R +0.59xG + 0.11x B (1)

Trong d6 R, G va B 1a cac gia tri cua thanh phan mau do, xanh 14 cdy va xanh duong cua mdi diém anh tuong
Gng; Y 1a gia tri ddc trung cho cuong do sang tai mot diém anh va c6 gia tri trong khoang tir 0 dén 255. Buéc tiép theo,
anh xam s& dugc chuyén sang anh nhi phin bang cach sir dung mét gia tri ngudng (threshold) thich hop, pixel x4m nao
c6 gia tri bang hodc dudi ngudng do ta cho bang 0, trén ngudng do ta cho bang 255. Do hé théng khong gidi han loai
anh nao nén st dung mot ngudng trung binh la 125. Cudi cung dé diéu khién van Solenoid dong mé ta phai dya vao tin
hiéu 1 hodc 0 tuong ng trang thai mo néu 1a 0 va trang thai dong la 1. Do d6 anh xam s& dugc chuyén sang luu trit
dudi dang mot mang 2 chiéu cac gia tri 1 va 0 tuong ing véi diém anh mau tring va den.

Dé tién dung trong diéu chinh va cai dit cac thong s6 hién thi, sau khi phén tich cac ndi dung can co, phﬁn mém
trén may tinh dugc ching toi thiét ké c6 giao dién nhu hinh 7 véi cac chitc nang dugc mo ta trong bang 1 twong tng.
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Hinh 7. Giao dién chwong trinh diéu khién trén may tinh
Bing 1. Céc chirc ning ciia chwong trinh diéu khién trén may tinh
STT Tén Chirc niang
1 Vans Chon s0 Van Solenoid c6 trén hé thong.
2 SerialPort Chon tén cong COM cuia mdy.
3 Connect Két ndi cong COM véi mach diéu khién.
4 Disconnect Déng két noi.
5 Delay Chon thoi gian delay.
6 Times Chon s6 lan rot anh.
7 Repeat Lap di lap lai chuong trinh roi dnh.
8 Slideshow Roi danh sach anh do ngudi ding chon tir trude
9 Effect Roi 1 s0 hiéu tmg/ anh d tich hop trong chuong trinh
10 Add Photo Thém anh vao danh sach anh hién thi
11 Load Photo Chon 1 anh vao chuong trinh
12 Send Gtri mang sau xu ly xuong mach di¢u khién
13 Folder Chon thu muyc chira cac anh can hién thj

Trong thoi dai ma hau nhu mdi nguoi déu s hitu 1 smartphone thi tién dung nhat 1a st dung ngay chiéc dién
thoai lam thiét bi dicu khién va trong cong trinh nay, bén canh phan mém trén may tinh, chiing t6i tao thém mot phién
ban trén dién thoai thong minh chay hé dieu hanh Android véi cac chirc ndng twong tu nhu trén may tinh.

D. Phdn mém nhiing trén KIT ARM STM32F4 Discovery

Diefine Mesra: GFO: UAKE. Thisr: Clock St

Priczaneg rzzmnl comzmmal b | AR

Hinh 8. C4c module trong phin mém nhing didu khién van

Phan mém nhing cho STM32F407VG trén board diéu khién viéc dinh thoi va xir 1y dir liéu dé dong bo gitra cac
dir liéu nhan dugc tir cac phﬁn mém may tinh, phﬁn mém trén dién thoai thong minh hoac USB dé chuyén sang tin hi¢u
diéu khién cac van. Trong hé thong cta nhom cd 320 van dién tir, dé diéu khién thi can phai c6 320 dau ra tir board
diéu khién, nhung board F4 ma nhom sir dung chi c6 60 chan diéu khién va céc vi diéu khién khac ciing khong du chan
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diéu khién. Bé dap tng dugc tde do theo tinh toan thi chi ¢6 cach st dung thanh ghi dich, 1a mot loai bd nhé tc d6 cao
nhét. Tir 4 nhoém nghién ctru phuong thirc dich bit dé tao ra nhiéu dau ra theo giao thirc SPI. Dit ligu theo giao thirc
SPI tir board trung tam dugc giri dén 40 IC dich 74HC595 (mdi IC dich 74HC595 ¢6 8 dau ra song song) dé dich di
ligu ndy lan luot qua 320 bit trude khi chdt lai dé diéu khién cac van nuée. Vi céch sir dung chip 1C 74HC595 thi do
tri hodn tra mdi IC véi dién &p 5V la 19ms, nén do tri hoan ti da dén bit thir 320 la 760ns van ¢ muc do dap g viéc
diéu khién giot nudc cua hé thong 1a d6 tré ti da theo khao sat Sms. So d6 mo hinh phan mém nhung diéu khién van
dugce trinh bay trong hinh 8 nhu da mé ta.

IV. THU NGHIEM VA BAN LUAN KET QUA

Hé théng duogc xay dung va dat tho nghiém trong khudn vién cua truong Dai hoc Cong nghé Thong tin, PHQG
TP. HCM. Viéc thir nghiém dé kiém chimg hoat dong cac chirc nang mong mudn cia toan hé thong bao gém: Hoat
dong cua phan mém diéu khién trén may tinh, hoat dong ciia phin mém nhung trén smartphone Android, hoat dong doc
1ap ctia hé thong.

Phan mén trén may tinh cho phép nguoi st dung nap mot hinh anh bat ky, kich thudc khac nhau vao chuong
trinh, chwong trinh s& chuyén ddi hinh d6 vé hinh den trang va chuyén doi sang dang sb. Két qua cho thiy chuong trinh
chuyén d6i hinh anh hoat dong dung nhu thiét ké thé hién qua viéc hién thi két qua anh sd trén phan mén ding véi hinh
anh ban dau, cac bit 0 va 1 hién thi rd rang. DAy 1a két qua quan trong ban dau trudc khi truyén dir liéu xudng hé thdng
diéu khién cac van tir. Cac thir nghiém trén may tinh cing cho théy céc chirc niang két ndi may tinh v6i mach nhing
thong qua cong COM hodc WIFI déu hoat dong tot. Két qua hién thi hinh ngdi sao cing cac thong sd gia dinh c6 64
van va két ndi qua cong COM2 nhu trén hinh 9.

Hinh 9. Két qua xir Iy 1 anh ctia phan mém trén may tinh

Tuy nhién, trong thir nghiém truyén dit liéu qua WIFI, khi thir nghiém ban d4u bai bao ding phuong phap mdi
lan truyén dir liéu, truyén 1 hang cua anh va chuyén thang dén diéu khién cac van ngay thi phat hién truong hop trong
qué trinh truyén dit liéu c6 thé bj rét goi tin va céc goi tin ¢o thé dwoc truyén lai, din dén khoang thoi gian nhan dir liéu
gitra 2 hang t61 mach dich bit c6 thé cach nhau tir vai chuc ms téi vai trim ms, tily thugc vao kha nang két ndi cua
mang. Diéu nay gy ra tinh trang hinh anh hién thi khong duoc lién tuc. Viéc ndy la do can phai dam bao dugc thoi
gian gui dir liéu gilta cac dong ra mach dich bit phai la tir 2.5ms-5ms theo thyc té thi hinh anh méi dugc hién thi ro nét
lién tuc. Dé khic phuc viéc - nay, bai bao da diéu chinh cach truyén dit liéu va diéu khién. Theo do, d4u tién truyén tat ca
céc dir ligu cuia cac anh xubng dudi bo trung tdm va luu vao trong USB. Sau khi nhén dir liéu xong thi méi doc dir liéu
timg hang, ting anh tir b nhé USB va guri ra mach dich bit dé dong ngit cac van. Lic nay dam bao dugc toc do truyén
dir li€u gitra 2 dong 1a tir 2.5ms-5ms va anh duoc hién thi ding mong doi. Mot s6 hinh anh hién thi cua hé théng thuc
té nhu trong hinh 10.

Hinh 10. Mét s6 hinh anh hién thi ctia hé théng

Thao luin két qua:

Man hinh giot nudc roi c6 thé dugc so sanh & hai khia canh: Vi¢c diéu khién chinh xac tdc do roi clia giot nude
d¢ hién thi hinh anh tot nhat va vi¢c hién thi vé mat ngh¢ thuat cé két hgp véi anh sang dugc danh gia the nao?
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Nhu dd dé cap ¢ trén, bai bao nay trinh bay viéc xdy dung mot man nude roi duoc ké thira tir cong trinh [6]
trude diy ctia nhom. Sy khéc biét co ban gilta cong trinh [6] va cong trinh nay nhu trong bang 2.

Bang 2. S0 sanh cac théng s6 v6i cong trinh [6]

Théng sb so sanh Cong trinh [6] Cong trinh nay
S0 van (diém anh theo hang ngang) 192 320
Kich thudc (dai x cao) 3x3.5 4x4m
Vi xit 1y chinh Atmel Atmegal6 (16bits) | ARM STM32F4 (32 bits)
Diéu khién tir may tinh Khéng Co
Diéu khién tir smartphone Khéng Co
Kha nang hoat dong doc 1ap Co Co
Hiéu tng dung dén led mau chiéu sang | Khdng Cé

_Trong khi hinh dnh hién thi hinh chir “B”, hinh con buém va logo Mitsubishi cua cong trinh [6] nhu trong hinh
11. Két qua cua cong trinh nay trong hinh 10 rd rang sac nét hon rat nhiéu so véi cua cong trinh trude do trong hinh 11.

Hinh 11. Két qua hién thi mot sb hinh anh ctia céng trinh [6]

Tir két qua so sanh cho thiy cong trinh nay da cai tién nhiéu chirc ning tién loi hon rit nhiéu so v6i cong trinh
trude d6 va cac hinh anh hién thi cling rd6 hon, min hon va chinh xac hon. So sanh véi cac cong trinh thuong mai nhu
Space Printer tai Osaka Station City ciing cho thiy cong trinh nay c¢6 chat lugng hién thi khéng thua kém. Ngoai ra
cong trinh nay ciing dugc mot s6 chuyén gia nghé thuat danh gia cao vé mat cong nghé biéu dién nghé thuat.

V. KET LUAN

Bai bao da trinh bay vé mot loai hinh ngh¢ thuat da phuong tién dua trén nudc va anh sang. Dé trién khai thur
nghiém, bai bao da co cac phan tich va thiét ké mot he théng cho phép hién thi céc thong tin bang céc giot nude roi. Hé
thong phre tap bao gdém phan cing 1a cic bo mach diéu khién va phan mém nhung trén bo mach nay cing cic phan
mém diéu khién trén mady tinh va trén dién thoai thong minh chay h¢ didu hanh Android. Cac két qua thu nghiém cho
thdy hé thong hoat dong 6n dinh va hién thi ding cac théng tin mong doi. Tuy nhién tinh thAm my ciia hé thong nhu
man background, bd tri va trang tri cac tru cot,... con chua cao va can dugc didu chinh dé c6 thé trd thanh san phdm
thwong mai trong twong lai. Mic du tinh khoa hoc cua bai bao khong nhiéu nhung d6 phtrc tap kha cao do doi héi tich
hop nhiéu ki thuat ciing nhu thiét ké ca phan ctng 1an phan mém.
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Nghién ctru duge tai trg boi Pai hoc Qubc gia Thanh phd Ho Chi Minh (PHQG-HCM) trong khuén kho Dé tai
ma sb B2015-26-02.
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WATER DROPS DISPLAY
Vu Duc Lung, Nguyen Tieu Long, Phan Dinh Duy, Tran Ngoc Duc, Tran Van Quang

ABSTRACT: In this paper, we describe the design and implementation of a hardware and software system that can show any
picture by falling water drops. This system is based on synchronizing a series of 320 valves to drop water for showing simple
desired pictures. It is ussually used to present a performance art with water drop screen. The special point of our system is that we
design in module concept, where each one long 1m and we can connect these modules to create a water drops display with the size
between 1 to 8m and high in 3-5m. The most popular control interfaces such as UART, USB and Wireless are supported in this
system. One more advance of our system is that it can be controlled by using computer, mobile Android devices as well as its own
embedded system separately. In addition, the system also integrates the light color LEDs which are designed and manufactured by
ourself. The experimental results show that simple images are clearly displayed. In dark conditions, the system can perform more
beautiful with color light LEDs and in overall, the system is highly appreciated by experts.
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