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In recent years, swiftlet farming is developing rapidly with the ability
to get high profits and provide many jobs for farmers. However, some
popular predators such as snakes, hawks and owls, are a big problem
that cannot be ignored. This paper proposes a model of repelling and
alarming when the predatory animals enter the swiftlets’ house. A
deep learning model-based software is developed to identify some
popular predators from images captured by camera. An loT-based
hardware is applied to send alarm messages to maobile phone when the
software detects snake attacked or turn on a light to repel hawks and
owls. First stage testing results show that the deep learning model can
classify some popular predators with over 90% accuracy while the
hardware system can text to right phone numbers when detecting
snakes, and turn on the light when recognizing hawks or owls.
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Nhirng nam gan dy, nghé nudi chim yén phat trién nhanh chéng véi
kha nang tao ra loi nhuan cao va giai quyét nhiéu viéc lam cho nguoi
dan. Tuy nhién, mot s6 dong vat an thit phd bién nhu rin, diéu hau va
cl, 1a mot van dé I6n khong thé bo qua. Bai bao nay dé xuit mot mo
hinh xua dudi va bao dong khi dong vat sain moi xam nhap vao nha
yén. Mot phan mém dua trén mé hinh hoc sau dugc phat trién dé xac
dinh mot s6 loai san moi phd bién tir hinh anh dwoc camera chup lai.
MGt phan cing dya trén nén tang IoT dugc ap dung dé gui tin nhin
canh bao dén dién thoai di dong khi phan mém phat hién rén tan cong
hoidc bat dén dé xua dudi diéu hau va cd. Két qua thir nghiém giai
doan dau cho thdy, mé hinh hoc sau c6 thé phan loai mot s6 loai san
moi phd bién voi do chinh xac trén 90%, trong khi hé thong phan
ctng c6 thé nhin tin dén ding sé dién thoai khi phét hién rin va bat
dén khi nhan ra diéu hau hoac cu.
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1. Giéi thiéu

Nhimg nam gan day, nghe nuodi chim yén ¢ Viét Nam phat trién manh do mang lai nhiéu loi
ich vé kinh té va giai quyet viéc 1am vé mat xa hoi cho nhleu ngudi dan. Nha nudi yén 1a noi dé
dan du chim yén vé séng va 1am t6. Ciing nhu cac hang yén ngoai tu nhién, nha yén bi kha nhiéu
loai gay hai xam nhap. Cac loai gay hai xAm nhap vao nha yén chua yéu béng duong cta hang dé
bit chim yén an thit, gy giam sat vé s6 lwong chim, 1am cho dan yén hoang so va bo di noi khac
gay thiét hai nang cho chu dau tu. Giai phap phong ngira tha san chim yén hién nay thuong 1a dat
bay hozic vay bit. Cac giai phap nay gay tan diét cho cac loai sin moi, lam mat can bang ty nhién
va vi pham luat bao vé tai nguyén thién nhién cta nudc ta.

Trong nhitng nam gan ddy, phuong phap phan loai bing may hoc (machine learning) da dat
nhitng thanh tuyu méi véi su ra doi cua cac ki thuat hoc sau (deep learning). Cac ky thuat vé
mang hoc sau van dang dugc phét trién. Hang nam, cac cudc thi vé giai thuat nhan dang va phan
loai cho mang hoc sau dugc to chirc nham t6i vu hoa va tim ra cac thuat todn cao cap véi kha
nang giai quyét van dé nhanh, trén ciu hinh may tinh vira phai. Trong cudc thi ImageNet Large-
Scale Visual Recognition Challenge 2014 (ILSVRC14), tap doan Google da gidi thi¢u maot giai
thuat va dat giai nhat cudc thi mang tén GooLeNet véi sitc manh vuot troi, dang duoc cac nha
nghién ctu trén thé gisi tng dung [1]-[5].

Tai Viét Nam bang cach van dung ky thuat xi ly anh va hoc sau (Deep Learning) nhiéu cong
trinh nghién cttu vé& nhan dang da dat duoc mot sé két qua kha quan nhu: nhan dang khudn mit
dua trén mang no-ron tich chap [6], nhan dang chir viét tay [7], nhan dang bién sé xe [8]. Tuy
nhién, viéc nghién ctu va tng dung mang hoc sdu GoogLeNet hién rat han ché. Vi vay, nghién
ctru nay d& xuit mot giai phap tng dung mang hoc siu GoogLeNet dé xay dung mé hinh thiét bj
hd trg xua duf)i va bao dong khi c6 thu sdn méi xam nhap vao nha yén. Giai phap dé xuat 1a mot
hé thong bao gém ca phan cang va phan mém. Phan mém s& tich hop mang hoc sau GoogLeNet,
duogc huan luyén dé phan loai va nhan dang ra 3 loai thi san moi chinh, d6 1a: chim ci méo, diéu
hau va ran. Phan cimg duoc xay dung chu yéu dua trén kit vi diéu khién Arduino ESP8266, dam
nhan chirc ning bat dén dé xua dudi ci meéo va diéu hau; dong thoi gui tin nhin SMS dé bao
dong dén s6 dién thoai cua nguoi nudi yén khi phét hién c6 ran xam nhap.

CAu trlc bai béo nay goém: Phan 1 gi6i thiu tong quét Ve van dé nghién ctu, so luoc vé giai
phap dugc dé xut; Phan 2 caa bai bao cha yéu gioi thieu Vé mang GoogLeNet, trinh bay so lugc
vé co so dir lidu thu thap dé huan luyén va gici thiéu vé phan ciing thiét bi IoT dugc tng dung;
Trong phan 3, két qua huan luyén mang hoc sau va thir nghiém bude dau s& dugc trinh bay va
thao luan; Phan 4, 1a két luan va d& nghi. Ngoai ra, phan phu luc c6 thé hién ma QR-Code chira
duong dan caa clip minh hoa thir nghiém budc dau cua hé théng nay.

2. Phuong phéap xay dung hé théng
2.1. Téng quan vé h¢ théng

Kién triic tong quan cuia hé théng nhan dang, xua dudi va canh bao mét sb loai thu sin moi
thudng xuyén xam nhap vao nha yén duoc md ta nhw hinh 1. Hé thong dé xuét bao gom mot may
tinh dung dé huan luyén bang phuong phép hoc sdu, véi tap dir ligu la anh 03 loai dong vat sin
moi thuong gap, goém: chim c méo, diéu hau va ran. Sau khi huan luyén va kiém tra dat két qua
t6t nhat, mang hoc sau s& dugc dung dé kiém nghiém trén cac video va hinh anh khac, dugc suu
tap tir nhiéu nguon trén Internet dé danh gia kha ning dap tng cua mang. Thiét bi ToT duoc dit
ngudng kich hoat chirc ning bao dong khi két qua nhan dang ddi twong cho do chinh xac dat tir
70% tro 1én.
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Dur li¢u dau vao Ia Huén luyén dix li€u Bao dong khi nhan
céc thi sin mdi chinh bing mang GoogLeNet dang ra thu sin moi

Hinh 1. Hé thong nhdn dang, xua dudi va canh bao mét sé loai thii san moi xam nhdp nha yén
2.2. Hudn luyén magng hec sau GoogleNet
2.2.1. Pdc diém mang hoc siu GoogLeNet

GoogLeNet la mot mang no-ron nhan tao véi 22 16p hoc sau va 5 16p chap (pooling layer)
duogc tap doan Google két hop vai rat nhiéu vién, truong dai hoc nghién ctru va dé xuét vao nam
2014 [9]. Stc manh chinh cia mang hoc sau nay 1a céc dir liéu dau vao khong can thiét ké mot bo
tién xir ly anh nhu: loc anh va trich xuat dir liéu dac trung [10]. Kich thudc cua cac anh huan
luyén va nhan dang déu duoc dat ¢ chuan 224x224x3 diém anh (pixels). Theo [11], ddc diém
chinh cia mang hoc sdu GoogLeNet gom céc 1op tich chap (convolution layer), cac lop t6ng hop
t6i da (max pooling layer) va trong tam la cac 16p khai dau (inception layer). Trong kién trdc cua
I6p khai dau, kich thude caa lop tich chap 1a ¢b dinh.

Theo d6, 16p tich chap 1x1, 3x3, 5x5 va lép téng hop tdi da (max pooling) 3x3 dugc thyuc
hién theo cach song song ¢ dau vao va du ra cia ching, duoc xép chong 1én nhau dé tao ra dau
ra cudi cung (hinh 2). Véi phuong phép nay, cac bg loc tich chap c6 cac kich thusc khac nhau s&

xtr Iy cac ddi twong & nhiéu ty 18, tot hon cac phuong phap trude do.
S Filter
/_,/ \;‘ — _ / T '\;,‘\_ I
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Hinh 2. M6 hinh I6p khéi dau ciia mang (a) phién ban dau tién, (b) khéi giam kich thuéc
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2.2.2. Kién triic mang GooglLeNet

Kién tric mang hoc sdu GoogLeNet gdm 2 cau trac co ban: thir nhat 1a mét mang hoc sau
nhiéu 16p (multilayer network) va thtr hai 1a mét cau triic mang — trong - mang (network — in -
network). Mot mang hoc sau nhiéu 16p duoc trinh bay tai [11]. Theo do, gid str ta c6 mot mang
hoc su D(lp_L{G i }) véi x4c suat cao giong nhau (cac do thi ngau nhién gitra cac 16p) cho 2
nGt bat ky u,v trong mot 16p h(1):
> p—z; néu u, v cé lién quan
Pr(nd’ = nV =1]§ 2 !

)

< i—z; cac truong hop con lai
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Khi u, v ¢ lién quan, cac phép tich chap 1 x 1 dugc tinh toan nham tao cac bd loc cho bo hoc
sau. Trong truong hop nay, mé hinh tich chap 1 x 1 dugc trinh bay tai [12] voi dic diém cau tric
I6p — theo - 16p. Md hinh nay bao gém mét don vi hiéu chinh tuyén tinh:

o fure=max(wx;0) . @)

Véi (i, ) la chi so diem anh trong ban do doi tuong (pixel index), x;; la vict tat cia dac dicm
dau vao trap trung tai vi tri (i, j) va k 1a gia tri dé lap vi tri cac kénh cua ban do dbi tuong.

Tiép theo do, mot I6p mang hoc sdu dugc goi 1a mlpconv duoc tinh toén dya theo phwong trinh:

fik, = max (a),lclTxl-’j + by, 0
‘ 3
filik, max(a) j_l + by, 0)

véi n 1a sb luong 16p cua perceptron nhiéu 16p va bo don vi hiéu chinh tuyén tinh nhu (2),
dugc str dung nhu mot ham kich hoat cuia cac perceptron nhiéu 16p.

Nhu vay, md hinh GoogLeNet hoat dong theo quy tic 1a khi tao mét 16p tiép theo trong mod
hinh hoc sau, ta chii y dén két qua cua I6p trude. Pic diém nay duoc thiét ké dé tinh toan hiéu
qua hon cho cic may tinh ¢6 cau hinh khéng qua manh. Mang hoc sau GoogLeNet gom nhiing
yéu t6 co ban sau day:

e L6p gop trung binh co kich thude b loc 5 x 5 va do dai 3, két qua 1a mot 1op 4 x 4 x 512
hoac 4 x 4 x 528.

e Mot tich chap 1 x 1 véi 128 bo loc dé giam kich thudc va két hop véi mot bo hiéu chinh
tuyén tinh (rectified linear unit).

o Mot 16p dugc két ndi day da 1024 16p va mot bo noi suy tuyén tinh.

o Mot 16p loai bo, vai ti 1€ loai bo 70% ¢ ngo ra.

e Lop tuyén tinh sir dung ham ton thit softmax dé phan loai (du doan 1000 16p giéng nhu bd
phan loai chinh, nhung bi loai bo tai thoi diém suy luan).

2.3. Xay dung tdp diz liéu

Trong nghién ctru nay, tap dir liu duoc thu thap tur 3 d6i tuong san mdi chinh trong nha yén
gom ran diéu hau va ci méo. Camera quan sat duoc thiét ké ngay clra vao cua nha yén va tai cac
vi trf ¢d dinh bén trong, hudng ra ngoai cira. Tai cira ra vao, chim yén bay véi téc d cao va khong
dau lai nén camera thong thuong khong thé ghi hinh kip. Tuy nhién, dbi véi dong vat san mdi, ching
¢6 dic diém 1a dap (bo) xudng bé cira, dirng yén quan sat va chon lya con méi thich hop. Do vay, viéc
ding camera dé ghi hinh va chup anh 12 kha thi. Tt nhitng co s6 trén, tap dit liéu ding dé huan luyén
mang hoc sau GoogLeNet dugc xay dung trén bang 1. Ngoai ra, nghién ctu nay con chon loc va bd
sung mét s6 anh thu thap dugc tir nhiéu nguén khéac nhau trén mang Internet.

Bang 1. Sé lwong dnh va nhén dwoc chudn bi dé huan luyén

Nhan S6 anh huan luyén S6 anh kiém chirng
Ran 2000 521

Diéu hau 600 320

Cl méo 1800 500

2.4. Xay dung phan cing

Phan cting thlet bi dwoc xay dung dua theo yéu cau cua chii nha yén. Cu thé 1a khi phét hién
dong vat sin moi, hé thong s& xua dudi va canh bao cho gia chii. C4u triic chung cua cac nha yén
1a bén trong rat toi nén cac loai chim sin nhu diéu hau va cl meéo rat sg anh sang duoc phat Ién
bat ngo tir dén; trong khi d6, cach duy nhat dé ddi phd vai ran I truc tiép bat dé chuyén di noi
khéc. Vi vay, mét bo didu khién tu dong tir may tinh dwoc xay dung dé bat dén xua dudi chim cu
meéo va diéu hau, dong thoi gui tin nhin SMS t6i dién thoai di dong cua chu nha khi phét hién c6
ran xam nhap. Tir nhitng yéu cau trén, mot hé phan cing dugc thiét ké theo hinh 3.

http://jst.tnu.edu.vn 246 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 226(11): 243 - 250

Vi l Bat tit
boéng den

SFESSEESESRR
-

Gri tin nhan SMS
Hinh 3. M hinh phan cing canh bao thii sin moi

Ngay khi mang hoc sdu GoogLeNet nhan dang dugc thi sin moi voi do chinh xac Ion hon
70%, may tinh s& diéu khién phan cung bat sang dén dé xua dudi hodc giri SMS canh béo. Trong
tam trong hé phan cimg nay 1a vi diéu khién Arduino ESP8266, giao tiép voi may tinh thong qua
mang Internet boi giao thirc MTTQ (Message Queuing Telemetry Transport).

Giao thirc MTTQ lan dau duoc gidi thiéu vao ndm 1999 nhu mot hé théng cung cap (publish)
va thué bao (subcribe) dugc su dung cho cac thiét bi 10T, véi bang thong thap Trung gian thué
bao/cung cap 1a mot MTTQ Borker, vé co ban, d6 1a mot server trung gian dé luu giir tin hiéu
truyén Ién tir thiét bi gui va gui dén thiét bi nhan. Hé théng nay co thé bao vé dir liéu théng qua
mot token, dwoc tao ngau nhién mat ma, gop phan bao vé hé thong. Trong mé hinh nay, may tinh
dong vai tro nhu mét don vi cung cip va vi diéu khién Arduino ESP8266 dong vai trd nhu mot
thué bao.

3. Két qua va thao luan
3.1. Két qud hudn luyén GoogLeNet

Ngbn ngir lap trinh cap cao MATLAB duoc sir dung dé huan luyén va nhan dang cho mang
hoc sau GoogLeNet. MATLAB dugc chay trén may tinh HP Prodesk core i5-9600 RAM 16GB,
windows 10 64 bit, d& huan luyén mang. Mot tap hop cac tiy chon dé huin luyén can duoc tao
ra. Vi vay, hé thdng phan tich, hoc sau véi phuong phap giam gradient ngau nhién dong lugng,
gom 144 16p. Theo do, hé théng c6 9 16p khoi dau (inception). Ngd ra cua hé théng 1a mot tap dir
liéu dugc dua t1ep vao mang huan luyén mang - trong - mang (network - in - network), dé huan
luyén tiép tuc. S6 chu ky hoc tdi da bang 6.

Hinh 4 miéu ta qua trinh huan luyén caa mang GooglLeNet. Tap dit liéu dugc st dung dé huan
luyén mang, tir bang 1, twong tng vai cot <S6 anh huan luyén’. Tuy nhién, chi 80% s6 anh nay
dugc dua vao huan luyén mang va 20% con lai dung dé kiém tra ngay trong qua trinh huan luyén
(validation). Thoi gian huan luyén cua mang khoang 48 phut véi 6 chu ky hoc cho ca 2 qué trinh
tang cudng chinh xé&c va suy giam. Toan bo qué trinh bao gom 1,914 lan lap lai véi 319 lan lap
cho m&i chu ky hoc. Trén biéu dd hinh 4, d6 chinh xac khi mang wéc luong trén dix liéu kiém tra
(validation data) ting tir gan 70% lén 100% & chu ky dau va giit nguyén nhu vay téi hét 6 1an lap
lai. 6 chinh xac khi mang danh gia trén dir liéu huan luyén (training data) va lam muot dao
dong dat hon 90%. Tai biéu d6 hinh 4, ty 18 sai s6 ddi vai dir liéu kiém tra giam tir 1,5% vé gan
0% trong chu ky hoc dau va on dinh tgi hét qua trinh huan luyén.

Két thic qua trinh huan luyén, mang GoogLeNet s& dugc kiém ching lai dé danh gia do chinh
xéc dya theo bo dit liéu twong tng & cot S6 anh kiém ching’ trong bang 1.

3.2. Nhén dang déi tweng gay hai bang mang hec sdu GooglLeNet

Hinh 5 minh hoa két qua nhan dang ciia mang hoc sdu GooglLeNet, trén tap dir liéu kiém
chung, véi hinh anh thu thap dwoc tir nhiéu ngudn khéc nhau. Céc két qua trén hinh 5 cho thay,
mang hoc sau c6 thé nhan dang tét 2 loai chim ct va diéu hau véi d6 chinh xac gan nhu 100%.
Déi vai rin, do cach di chuyén dac biét, trong mot sé trudng hop do chinh xéc chi dat 73%, tuy
nhién trong truong hop nay, tin hiéu bao dong cling da dugc kich hoat.
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Training Progress (21-Jun-2021 00:26:58)

Results
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Hinh 4. Qué trinh hudn luyén cia mang hoc sdu GooglLeNet

DIEUHAU, 100% DIEUHAU, 100%

CUMEDO, 99.7%

CUMEO, 100% RAN, 73%

Hinh 5. Két qua phan IOaI bang GoogLeNet

Két qua thir nghiém mang hoc sdu GoogLeNet trén toan bo tap dit liéu kiém chimg duoc thé
hién & bang 2. Theo do, ti 1& nhan dang dung cao nhit & ci méo, dat 99,6% va thap nhat & ran,
dat duoc 90,8%. Ngoal ra, nghién ctru nay cling da thu thap tr mang Internet 3 clips dugc quay
trong nha yén, c6 xuat hién tha san mdi, gdbm: 2 clips c6 chim ct va 1 clip ¢6 rin xam nhép. bé
kiém tra kha ning dap tng cua giai thuat, hinh anh tir cac clips ndy duoc trich xuét va kiém tra
thém kha ning nhan dang cua mang. Két qua minh hoa trén hinh 6. Theo d6, viéc nhan dang cd
meo va ran cho két qua rat tdt, véi do chinh xac gan nhu tuyét di (~100%).

Bang 2. Thir nghiém kha ndng phén logi véi nhiéu nguon danh khac nhau

Nhan S6 anh thir nghiém S6 anh nhan dién ding Ty 18 (%)
Rén 521 473 90,8
Diéu hau 320 316 98,7
CU méo 500 498 99,6
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N, 100 CUMEO, 99.4% CUMEO, 100%

Hinh 7. Két qua hoat déng ciia mo hinh ‘
(a) Bdt den khi nhdn ra cu mé'o; (b) Bdt den khi’nhén ra diéeu hau
(c) Hé thong phat hién ra ran; (d) Gui tin nhan SMS canh bao

Tir cac thir nghiém trén, viéc két hop phan mém va phan cing da dugc trién khai. Két qua thir
nghiém duoc trinh bay trén hinh 7. Clip thir nghiém c6 link tham khao theo mad QR-Code trong
phan phu luc. Nhin chung hé théng dap tng tét yéu cau dé ra, dén dwoc bat sang ngay khi két qua
nhan dang c6 do chinh xac I6n hon ngudng canh bao (>70%).

4. Két luan va dé nghi

Nghién ctru nay da dé xuat va thir nghiém mot mo hinh phat hién, xua dudi va canh bao khi c6
dong vat san moi xam nhap nha nudi chim yén. Mang hoc sau GoogLeNet duoc sir dung dé huan
luyén va phan loai dong vat san mdi. Két qua nhan dang cho thdy, ci méo va diéu hau co thé
nhan dang vai ti 1¢ chinh x4c cao, trén 90%:; trong khi do, ran c6 ti 1& nhan dang thip hon, do
céch thirc di chuyén d& twong dong véi méi trudng. Phan cimg duoc diéu khién khdng day thong
qua vi diéu khién Arduino ESP8266, c6 thé bat tat dén va giri SMS canh bao dung thoi diém.

Thoi gian téi, nhém nghién ciru sé& tiép tuc bd sung thém dix liéu cho 3 loai hién hiru, dong
thoi xay dung thém co sd dir ligu cho mot s6 loai dong vat san mdi khac nhu: tic ké va doi mat
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quy, nhdm dép tng yéu cau vira bao vé chim yén, vira khong can tiéu diét cac loai dong vat khéc.
Viéc lap dat hé thong vao nha yén thuc té da thoa thuan duoc véi cac doi tac tinh nguyén va sé

sém 6 két qua & mot bao cao khac.
_r
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Clip hoat dgng cua toan bé mé hinh hé thong kém chu thich
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