XAY DUNG HE THONG XAC PINH BO CAO BEN TRONG NHA
VA CONG TRINH SU DUNG PA CAM BIEN AP SUAT

Hoang Thé Hop', Pham Vin Thanh'2, Trin Thi Thay Quynh!, Nguyén Hitu An?, Nguyén Tudn Khai', Trin Dtc Tan'
Pai hoc Cong Nghé - Pai hoc Qubc Gia Ha Noi
2Truong Pai hoc Phong chdy chita chay

Email: hop97.hh@gmail.com, phamvanthanhl209@gmail.com, quynhk9d1@gmail.com,

trangkhuyetnguyen@gmail.com, ntkhai666@gmail.com, tantd@vnu.edu.vn

Tém tit— Pinh vi dd cao dong vai trd quan trong trong
bai toan dinh vi bén trong nha va cong trinh. Cac phuwong
phap dinh vi trong nha trwéc diy hiu hét tip trung vio
xéac dinh vi tri trén mit phing nim ngang ma chua chi ra
vi tri theo phwong thing dirng. Trong bai bao nay, nhom
tac gia dé xuét thuat toan xac dinh vi tri theo dd cao hd tro
cho cac hé théng dinh vi trong nha va cong trinh. Bén canh
d6, nhitng tac dong ciia mdi trwong nhw dd 4m, nhiét do
dén ap suit ciing dwoc xem xét va loai bé. Bai bao dé xuét
hé thong sir dung da cim bién ap suit két hop thuit toan
ciin chinh “Standard Deviation” dé han ché nhiéu do méi
truomg tic dong 1én dd chinh xic cia két qua do. Phwong
phap dé xuit di dwoc thir nghiém nhiéu lin & cic khu vye
khic nhau va dat két qua rat tot.

Tir khoa— D;:nh vi 51;3 cao, cdm bién dp sudt, dinh vi
trong nha, tinh huong khan cap.

L.

II. GIOITHIEU

Dinh vi trong nha dang 1a xu hudng nghién ctru dugc nhiéu
nha khoa hoc trong nudc va trén thé gioi quan tim. Hé thong
dinh vi trong nha (IPS) dang dugc tmg dung rat nhiéu trong
thyc t hién nay nhu: tim dia diém cua nguoi trong nha va cong
trinh, hd trg dinh vi trong cac tinh huéng khan cép,... Tuy
nhién, dé dap g duoc cic yéu ciu trén doi héi cac nha nghién
ctru xdy dung hé théng IPS c6 do chinh xac cao vé6i chi phi
thip va khong phai thiét lap truée cac diéu kién moéi tru‘ong

GPS 1a cong ngh¢ dinh vi dugc ing dung rong rai hién nay
dé dinh vi vi tri, tim dwong,...Mic du vay, ddi v6i méi truong
trong nha va cong trinh, GPS khéng thé img dung duogc boi vi
su suy hao 16n do tuong, cac vat can cua toa nha. Dé khic phuc
nhuoc diém cta cong nghé nay, nhidu cong trinh nghién ctru di
d8& xudt cac giai phap khac nhau, dién hinh nhw céng trinh cong
bd [1] dé xudt két hop cam bién 4p suit va céng nghé GPS.
Tuy nhién, di véi phuong phap nay, nhing thay dbi vé didu
kién méi truong s& dan dén su sai 1éch 16n trong két qua do
duoc, do tin cdy cua hé thdng thip. Mot hudng nghién ctru
khéac dé xuét xay dung hé théng IPS dya vao cuong d6 tin hiéu
thu dugc (RSSI) tir cac thiét bj da lap dit truée dé xac dinh vi
tri theo d6 cao [2] hodc xac dinh thoi gian song dén (ToA) va
goc song dén (AoA) [3] dé xéc dinh vi tri ciia ngudi theo chidu
doc. Cac phuong phap thiét 1ap trude cac diéu kién nay c6 wu
diém 1a d6 chinh xac cao. Tuy nhién, hé théng yéu ciu phai lip
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dat trude cac diém phat song (access points) trong nha va cong
trinh. Céc phuong phdp nay céan chi phi lip dit 16n ddng thoi
khi c6 nhimg thay d6i vi tri thiét bi phat song trong toa nha thi
hé théng s& x4c dinh sai thong tin v& vi tri ciia ngudi bén trong
nha va cong trinh. Didu nay khéng phit hop khi trién khai trén
dién rong hodc nhitng truong hop Kkhén cép vi du nhu hoa hoan,
ctru nan, ctru hd.

Mot huéng nghién ciru khac dang thu hut duge nhiéu sy
quan tdm cuia cac nha khoa hoc trén thé gi6i d6 1 sir dung cam
bién 4p sudt [4-14] dé xac dinh vi tri ctia nguoi bén trong nha
va cong trinh dya trén gia tri ap sudt do dugc tir cam bién.
Huéng nghién ctru nay khong doi hoi phai thiét lap trude cac
diém thu phéat song giup giam gi4 thanh ciia hé thong, c6 do
linh hoat cao va phii hop dé dinh vi d6 cao trong nhitng moi
truong khong biét trude. Dién hinh nhu cong trinh nghién ciru
[5] s dung mdt cam bién ap sult dé xac dinh vi tri theo chiéu
cao, phuong phap dé xut nay d& bi tac dong boi thoi tiét, khi
nhiét do, 4o am thay d6i s& lam sai léch thong tin vé vi tri thu
dugc. Dé khic phuc vin dé nay, nhém tac gia d& xuit sir dung
da cam bién 4p sudt trong qua trinh xac dinh vi tri cia ngudi
theo d6 cao, viéc két hop thong tin tir nhidu cam bién ap suét
gitip han ché cac tac dong tir didu kién thoi tiét va do do ting
dd chinh xac coa hé théng. Béng cach sir dung tin hi¢u thu
duogc tir nhidu cam bién 4p sudt dé tr dong cin chinh cam bién
giup hé théng én dinh ngay ca khi c6 sy thay dbi v& cac tham
s6 ciia méi trudng nhu nhiét do, do 4m hodc thuc hién do dac,
thu thap dir li€u tai cac vi tri khac nhau.

B4 cuc ctia bai bao duoc té chirc nhw sau: phan I néu tdng
quan cac phuong phap dinh vi vi tri theo chiéu cao; phﬁn 11,
miéu t& md hinh dé xuét. Trong phan III, trinh bay thuit toan
dé xuét sir dung trong bai bao. Phin IV trinh bay cac két qua
mo phong va thao luan. Cudi cung, két luan bai bao duge néu
trong trong phin V.

1. MO HINH HE THONG

1. Co s6 1y thuyét

Dé dang nhan thiy ring ap sudt khong khi giam di khi
ching ta 1én cao véi cung diéu kién nhiét d6. Hién twong nay
dugc mé ta boi cong thirc duge dé cap trong cong trinh cong
bd [10]. Bang cach st dung cam bién ap suit dé xac dinh do
16n 4p suit khong khi, ta hoan toan xac dinh dugce do chénh
léch chidu cao twong ung. Cong trinh cong bd sb [10] giup
chiing ta dé dang tinh duoc chiéu cao twong d6i cua mot dbi
tuong so voi mot diém mébc tham chiéu:



(0 mgz |
p(2) = p(Oexp(-—=) (M

_ trong do, p(z) la ap spét tai chidu cao z, p(0) 1a 4p suét tai
diém tham chiéu, m la khoi luong phan tir cua khong khi kho, g
1a d6 16n gia toc trong truong, k 1a hang s6 Boltzmann va T 1a
nhiét do. Cong thirc trén "gié dinh rang nhiét d6 ¢ chiéu cao p(0)
va p(z) 1a bang nhau. B¢ phu hop véi viée tinh toan chiéu cao
dua trén ap suat chung ta sir dung cong thirc dd dugc néu ra
trong [11][12]:

1
D¢ cao =44330%(1 - (:;O)m) ©)

2. Thiét ké hé thong

Hé théng gdm c6 ba thanh phin chinh: Kit Adruino Uno,
cam bién BMP180, bo thu phat khéng day NRF24L01. Mot td
hop cua Kit Adruino Uno, cam bién BMP180 va NRF24L01
tao thanh mot ndt dé truyén nhan va xt ly dit liéu. PAu tién,
hai cam bién s& duoc cin chinh tai thoi diém ban dau. Dit liéu
ap suét s& dugc thu tir cam bién BMP180 va duoc luu trit, xtr
1y béi Adruino Uno. Sau d6, dir lidu ap sudt cia ndt tham
chiéu duoc truyén dén nét cua nguoi dung. Dir lidu ap sut
nay cing véi ap suat do duge tir nét ngudi ding s& dugc so
sanh dé x4c dinh d6 chénh léch giita nét nguoi ding va nét
tham chiéu tai thoi diém ban dau. Gia tri chénh 1éch nay dwoc
sit dung dé can chinh hai cam bién trong qué trinh wéc lugng
chiéu cao tuong ddi. Sau khi cin chinh, di liéu tir cam bién
ctia nét tham chiéu, nt nguoi dung va dir liéu cédn chinh dugc
két hop dé x4c dinh chiéu cao cta ngudi dung dang dung so
v6i vi tri tham chiéu. Cudi cing, thong tin vi tri nguoi dung
dugce tinh toan dya trén chiéu cao tuong ddi, thong tin d§ cao
chc ting, d6 cao ctia nhd/cong trinh @& xac dinh vi tri tng hién
tai cua nguoi dung.

N6t ngui ding
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Hinh 1. So d khéi ciia hé théng

Céc thanh phan phan ctng cua hé thong:
i Adruino Uno: mdt board mach xur ly gitp xay dung
ung dung tuong tac v4i nhau hoac v4i moi truong.
il. Cam bién BMP180: Cam bién do 4p suét tich hop
nhiét do.
iii. NRF24LO01: Mé-dun truyén phét song vong tuyén.
IV. THUAT TOAN

1. Ciin chinh cam bién
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a. Tan so lay mau va cira so thoi gian

Tan sb lay mAiu va ctra s6 thoi gian quyet dinh mét phan
khong nhé dén d6 chinh xac cua gia tri 4p sut do duoc cling
nhu gia tri d6 cao xac dinh. Tir mdt loat cac thi nghiém vé gia
tri cta ctra s6 thoi gian dugc thyc hién trong [14], ching toi
thu duge két luan ring cira sb thoi gian voi gia tri cang 16n thi
cang gitip loai bo duge cac thanh phén tin hi¢u bét thuong. O
mdt khia canh khic, ting gia tri cia cira sO thoi gian ciing
ddng nghia véi khéi lwong tinh toan 16n, hé théng s& dép ung
véi su thay ddi gia tri 6 cao cham hon dan t&i khong dam bao
tinh thoi gian thuc. Vi vay, viéc lya chon cira 6 c6 d6 1on phu
hop dong vai tro rit quan trong. Qua cdc thyc nghiém va tinh
toan, cira sb ¢ khung th(n glan 1.5s va tin sb lay mau 10Hz 1a
gi4 tri ctra s& va tin sé 14y mau phu hop, diéu nay di chi ra
trong cong trinh céng b [14] ciia nhom téc gia.

b. Xit Iy sw sai léch gdy ra béi diéu kién méi truong

Mbt trong nhitng nhuge diém cua cam bién 4p suét 1a loai
cam bién nay rit nhay v6i su thay dbi cuia méi truong. Céc
ludng khong khi chuyén déng ngiu nhién (cic con gio, sy tic
dong cua con nguoi, ...) trong mdi truong gay ra nhirng sai
léch khong mong mudn 1én gia tri 4p suat. Su sai léch nay
dugc minh hoa trong Hinh 2 dudi day:
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Hinh 2. Sy sai léch do sy tac dong cua cac dong khong khi
chuyén dong ngau nhién

D6 chinh xac cua hé théng bi tac dong rat 1on boi nhirng
su sai léch gy ra béi diéu kién méi truong. Nhu trén Hinh 2,
trong khoang thoi gian 22 gidy dau, nguoi dung dung yén
nhung gid tri cam bién c6 sy dao dong 16n, db6i lic sai s0 theo
chidu cao 1én dén 2.5m (xem Hinh 2). Dé giai quyét van dé
nay, chung t6i st dung phuong phéap loc gitp loai bo nhiing
tac dong khong mong mudn 1én tin higu nay. Phuong phap nay
da dugc néu ra trong cong trinh [14] cta chung toi.



c. Bu dap sai Iénh gitva cdc cim bién tai thoi diéem ban
diu

Sy khac nhau trong qua trinh ché tao khién cac cam bién
do duoc cac gia trj khac nhau du dugc dat trong cing mot didu
kién [13]. Hinh s6 3(a) cho thay su chénh 1éch cta gia tri ap
sudt do dwgc cua hai cam bién BMP180 & cing mot do cao
trong trang thai tinh. Qua cac qua trinh do dac thyc nghiém,
nhém tic gia thu dugc két luan ring gia tri chénh léch nay co
xu huéng khong dbi néu cac cam bién dwoc dit trong cing
mdt didu kién mic du & cac chidu cao khac nhau. Do dé gia tri
nay can duoc bl trir tai thoi diém ban diu coa hé théng dé
tranh nhitng sai léch v& sau. Hinh 3(b) biéu didn két qua thu
dugc sau khi bu trir hai cdam bién, cam bién BMP180A2
(BMP2) duogc 14y 1am méc tham chleu
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Hinh 3. (a) Gid tri 4p suit do dugc tir hai cam bién BMP180A1
(BMP1) va BMP180A2 (BMP2); (b) Cam bién BMP2 dugc ding
lam chuan va can chinh cam bién BMP1.

2. Thuét toan dé xuét

Hinh 4 1a luu d6 thuit toan dwgc dé xuét trong bai bao,
cin i trén luu d6 thuat toan thay ring, ban ddu cac cam bién
BMP180 sé thu thap cac gia tri ap suit va nhiét do. Tai pha
du tién cua qua trinh do dac, dit liéu nhiét d6 dwoc sit dung
dé can chinh cho tirng cam bién BMP180. Tin hiéu ap suét cia
nét ngudi ding va tin hidu ap suat tham chiéu sau do s& két
hop voi thudt toan “Standard Deviation” da dugc cong bd
trong cong trinh sb [14] cua nhém tic gia. Thuat toan
“Standard Deviation” dugc sir dung dé loai bo céc thanh phan
tin hiéu bét thuong thu dugc tir cam bién. Dit liéu tir ndt tham
chiéu (BMP1) va dir liéu cua ndt ngudi dung (BMP2)sau khi
dugc cin chinh voi gia tri nhiét 6 va xt 1y loc bing thuat toan
“Standard Deviation”, s& dugc truyén v& khéi xir 1y trung tdm
tai nét ngudi ding. Khdi xur 1y trung tdm s& so sanh dir lidu thu
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duogc tir 2 cam bién dé tinh ra gia tri Off set (gia trj Off set 1a
gi4 tri 4p suét khac nhau giita 2 cam bién BMP180 tai cung 1
vi tri va thoi diém). Gid tri Off set dugce ding dé két hop voi
tin higu thu duoc tir ndt cam bién ctia nguoi ding dé can chinh
vi tri gbc toa d6 ban ddu cua ngudi dung bai cong thire dudi
day:

Off_set = BMleindow_size' BMPZwindow_size (3)

trong d6, Off set 1a gia tri khac biét trung binh giira tin
hiéu 4p sudt thu dwgc tir ndt tham chiéu BMP1 va nbt ngudi
dung BMP2 trong khung ctra s6 window_size. Trong bai bao
nay, kich thuéc cira s6 window_size dung trong qua trinh cin
chinh cam bién & thoi diém ban diu duoc chon béng 10 mau
tin hiéu.

Value = BMP2 + Off set )

Value 14 gid tri 4p sudt thu dugc tir ndt nguoi dung sau khi
cin chinh v6i ndt tham chiéu. Tai pha thir hai ctia qué trinh do
dac, sau khi loai b cac thanh phan tin hidu khong mong muon
va can chinh gia tri off set, 6 chénh léch ap suit cua cac nét
duoc tinh dé xac dinh chiéu cao (théng qua cong thirc s6 2) so
v6i vi trf tham chiéu. Thong tin d6 cao dugc két hgp véi thong
tin ban dd ciia nha/cong trinh dé tim ra vi tri hién tai ciia nguoi
sir dung & bén trong nha/cong trinh. Luu dd thuat toan chi tiét
nhu Hinh 4.



V. KET QUA VA THAO LUAN

BAt dau Thuc nghiém duoc tién hanh tai toa nha E3 cua Dai hoc
Cong Nghé, toa nha 4 tang va nha 7 tang — truong DPai hoc
Phong chay chita chay. Not tham chiCu duge dit tai tang 1 cua
v cac toa nha. Trong qua trinh thyc nghiém, nbt nguoi ding dugc
Thu thap det liéu tir cac cAm trén tay dé di chuyén 1én cac ting bing thang may va
cam bién BMP180 thang bo.
1.59
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Hinh 5. Do chénh léch ap suét giita hai cam bién tai vi tri ban
Poc dir liéu tr ndt tham dau.
chiéu va nét nguoi dung

Tai ting 1 ciia toa nha, cac cin chinh cam bién dugc thuc
hién va thu duoc két qua nhu Hinh 5 Két qua nay cho thy su
dao dong cua gia tri chénh 1éch chiéu cao vao khoang 0.4m, gia
T T, trj cao nhét 1a Im. véi mot ngdi nha cao ting c6 do cao tir san
- dén tran vao khoang 3.2m dén 3.5m, d¢ sai 1éch nay hoan toan
¢6 thé chép nhan duoc.
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2 cam bién BMP180 ién 4p suét (a) va hé thong tich hop 2 cam bién 4p suat (b).
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Khi so sanh vi hé théng chi gém mot cam bién ap suit, hé
théng sir dung 2 cam bién 4p suit cho két qua t&t hon hin.
Hinh 6(a) biéu dién d6 chénh léch chiéu cao giita 4p suit do
duoc tai vi tri ciia ngudi ding st dung 1 cam bién ap suit;
Hinh 6(b) 14 két qua hé théng xac dinh d6 cao sir dung 2 cam
bién 4p suét.

Hinh 7 dudi day la Kkét qua thuc nghiém do duogc tai nha 7
tAng, mdi tAng cua tda nha cao 3,2m — truong Dai hoc Phong
chay chita chay bao gdm kich ban di cau thang bd va di thang
may tir tang 1 1én ting 7. Céc thuc nghiém nay déu cho két qua
chinh xéc trong viéc xac dinh do cao. Trong qua trinh ldy mau,
doi Iuc co sy thay dbi dot nglt cla ap suat do toc do di cua
nguoi léy mau chua thue sy déu dan. Tuy nhién, d6 sai 1éch
nay 1 rat nho, khong anh hwong dén d6 chinh xic cta hé
théng.Trong thuc nghiém xac dinh vi tri d¢ cao khi s dung
thang may, do hé théng quat gi6 trong thang may, luc trudce khi
budc vao thang, 4p suit ctua cam bién & ndt nguoi dung dot
nhién ting manh sau do6 13 qua trinh thang may di chuyén. Do
dao dong cia cac gia tri do khong nhidu, vi tri cia ngudi st
dung theo chidu cao bén trong nha va céng trinh dwoc xac dinh
mot cach chinh xac nhu Hinh 7 duéi day:
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Thévi glan{s)
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Hinh 7. Két qué do thuc nghiém x4c dinh tang cia hé thong (a) di
b9, (b) di thang may.

VL. KET LUAN

Trong bai bdo ndy, chung t6i d& xuit mé hinh, thut toan
loai bo su sai 1éch do tic dong ciia cac dong khong khi bat
chot, sy thay ddi cua cac diéu kién moi truong. Két qua cho
théy d0 chinh xac cua hé théng x4c d6 cao la rat t6t va hoan
toan c6 thé tng dung duoc trong tuwong lai phuc vu cho cac hé
théng dinh vi trong nha va cong trinh. Trong nghién ctru tiép
theo chiing t6i s& tich hop hé théng x4c dinh d6 cao nay vao hé
théng dinh vi trong nha ma chiing t6i dang nghién ctru dé ning
cao hiéu qua dinh vi ctia hé théng trong nha (IPS).

197

TAI LIEU THAM KHAO

[11 Zaliva, V., and Franchetti, F. “Barometric and GPS
altitude sensor fusion”, In Proceedings of IEEE International
Conference on Acoustics, Speech and Signal Processing,
Florence, Italy, 2014, 7575-7579.

[2] Firas Alsehly, Tughrul Arslan and Zankar Sevak,
“Indoor psitioning with floor determination in multi-story
buildings”, In 2011 International Conference on Indoor
Positioning and Indoor Navigation, Portugal, 21-23 Sept.
2011

[31 J. A. del Peral-Rosado, M. Bavaro, J. A. Lopez-
Salcedo, G. SecoGranados, P. Chawdhry, J. Fortuny-Guasch,
P. Crosta, F. Zanier, and M. Crisci, “Floor Detection with
Indoor Vertical Positioning in LTE Femtocell Networks”
in IEEE Globecom Workshops, Dec 2015.

[4] Bollmeyer, C.; Esemann, T.; Gehring, H.; Hellbruck,
H. “Precise indoor altitude estimation based on differential
barometric sensing for wireless medical applications”. /n
Proceedings of the 2013 IEEE International Conference on
Body Sensor Networks (BSN), Cambridge, MA, USA, 6-9
May 2013.

[5] Bolanakis, D .E., Kotsis, K. T., and Laopuolos, T.”A
prototype wireless sensor network system for a
comparative evaluation of diferential and absolute
barometric altimetry”. [EEE Aerospace and Electronic
Systems Magazine, Vol. 30(2015), 20 — 28.

[6) Liu, K., Wang, Y., and Wang, J. “Diferential
barometric altimetry asists floor identification in WLAN
location fingerprinting study”. In  Principle and
Applicatioon Progress in Location — Based Services. New
York: Springer International Publishing, 2014, pp 21 — 29.

[71 Bollmeyer, C., Pelka, M., Gehring, H., and
Hellbruck, H. “Evaluation of radio based, optical and
barometric localization for indoor altitude estimation in
medical applications”. In Proceedings of International
Conference on Indoor Positioning andg Indoor Navigation,
Bexco, Busan, Korea, 2014.

(8] Hamid Mohammed Ali, Alaa Hamza Omran. “Floor
identification using smartphone barometer sensor for
indoor positioning”. In Iternational journal of engineering
sciences and research indoor positioning, Ali, 2015.

[91 L. Binghao, B. Harvey, and T. Gallagher, “Usin
barometers to determine the height for indoor positioning
In Proceedings of the International Conference on Indoor
Positioning and Indoor Navigation, 2013, pp. 1-7.

[10] Berberan-Santos, M.N.; Bodunov, E.N.; Pogliani, L.
On the barometric formula. Am. J. Phys. 1997, 65, 404 —
412.

[11] Dimosthenis E. Bolanakis. “MEMS Barometers
Toward Vertical Position Detection Background Theory,
System Prototyping, and Measurement Analysis”, 2017.

[12] H. Xia, X. Wang, Y. Qiao, J. Jian, and Y. Chang,
“Using Multiple Barometers to Detect the Floor Location
of Smart Phones with Built-in Barometric Sensors for
Indoor Positioning,” Sensors, Vol. 14, No. 4, 21015, pp.
7857-7877.

[131 D. E. Bolanakis, “Evaluating performance of
MEMS barometric pressure sensors in differential
altimetry systems” [EEE Aerosp. Electron. Syst. Mag., vol.
32, no. 9, pp. 34-39, 2017.

[14] Nguyen Van Duong, Pham Van Thanh, Tran Van
An, Nguyen Tuan Khai, Duong Thi Thuy Hang, Hoang The
Hop, Tran Duc Tan, “Elevator Motion States Recognition
Using BarometerSupport Indoor Positioning System”,
International Conference in Vietnam on the Development of
Biomedical Engineering, Ho Chi Minh City, Vietnam, June
2018.



