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UNG DUNG MANG NO RON TiCH CHAP LAI GHEP PE XU LY
ANH TRONG HE THONG BAO PONG TRUC CA HANG HAI

APPLYING HYBRID CONVOLUTIONAL NEURAL NETWORKS FOR IMAGE
PROCESSING TO BRIDGE NAVIGATIONAL WATCH AND ALARM SYSTEM

Dang Xuan Kién, Nguyén Viét Chinh, Phan Thanh Minh
Truong Dai hoc Giao thong van tai Tp. Ho Chi Minh

Tém tit: Hién nay, mang no ron tich chdp dwoc coi nhw mot cong cu hivu hiéu nhat trong ky thudt
chudn dodn va xit Iy hinh anh. T rong bai bdo nay, cdc tac gia da nghién ciru va dp dung giai thudt lai
ghép SSDLite_MobileNetV?2 cdi tién vio hé thong bdo dong truc ca hang hai GTS.V1. Phan cimg thiét ké
dua trén Raspberry Pi-3, mgt board may tinh nhing voi CPU cap dién thoai thong minh, RAM gioi han
va khong co GPU CUDA. Két qua thuc nghiém cho thay hoc?n toan co thé dwa mot mo hinh hoc sau ap
dung lén cdc may tinh nhung véi do chinh xac cao nhu cdac két qua trong nghién curu nay.

Tir khéa: Mang no ron tich chdp, phdt hién doi twong, BNWAS.

Chi s6 phén logi: 2.2

Abstract: Currently, Convolutional Neural Networks are considered as the most effective tool in
image diagnosis and processing techniques. In this paper, the authors have studied and applied the
modified SSDLite_MobileNetV2 hybrid algorithm to Bridge Navigational Watch & Alarm System -
GTS.V1(BNWAS). The hardware was designed based on Raspberry Pi-3, a embedded single board
computer with CPU smartphone level, limited RAM without CUDA GPU. Experimental results showed

that we can deploy a deep learning model on an embedded single board computer with high effective.
Keywords: Convolutional neural networks, object detection, BNWAS.

Classification number: 2.2

1.Gioi thiéu

Phat hién d6i tugng co thé duoc coi 1a mot
thach thic 16n d6i véi thi giac may tinh, vi no
lién quan dén su két hop gitta phan loai doi
tugng va dinh vi ddi tugng trong khung hinh.
Su ra doi cua nhiing tién bo hién dai trong hoc
sau [1], [2] d4 dan dén nhimg tién bo dang ké
trong phat hién d6i tuong, v6i phan 16n nghién
clru tap trung vao viéce thiét ké cic mang phat
hién d6i twong ngay cang phtc tap hon dé cai
thién do chinh xac nhu SSD [2, 3], Faster R-
CNN [4], YOLO [5]. Hiéu suat phat hién dbi
tuong trén ImageNet va PASCAL VOC da
duogc cai thién dang ké voi su phat trién ctia cac
giai thuat xir Iy anh dya trén mang no ron tich
chap (CNNs). Tuy vay céc giai thuat déu hinh
doi hoi luong tai nguyén hé thong 16n va dé dua
chiing 1én cac thiét bi co phan ctmg han ché nhur
Hé thong Truc ca hang hai budng lai
(BNWAS) can tinh gon va bién dich 1én phan
cung han ché ctia hé thong.

Dé dap tmg duoc yéu cau vé han ché phan
ctmg, nhom nghién ctu st dung cu trac
SSDLite MobileNetV2 céi tién bsi né c6 toc
dd nhanh va chinh xac. Khong nhiing dap ung
duoc cac yéu cau vé xir 1y hinh anh, phat hién
va phan loai ddi twong, hé thong con dap tng

duoc cac quy dinh cua IMO [6], [7], [9] va IEC
[8] dé co thé dwa vao thir nghiém va van hanh
tryc tiép trén tau.

2. Xi ly hinh anh va video dwa trén
SSDL.ite-MobileNet

Cac mo6 hinh CNN tuy c6 do chinh xac
cao, nhung chung déu c6 mot diém han ché
chung doé 1a khong phu hgp véi cac ung dung
trén mobile hay cac hé thong nhung cé kha
nang tinh toan thap.

Néu mudn phat trién cac mé hinh trén cho
cac ing dung trong thoi gian thuc ta can phai
¢6 cau hinh cye ki manh m& (GPU / CPU), con
d6i v6i cac hé théng nhing (Raspberry Pi,
Nano pc) hay cac ung dung chay trén
smartphone, ta can c6 mot mé hinh "nhe" nhu
SSDLite-MobileNet lai ghép.

Yéu t chinh gitip SSDLite-MobileNet c6
dugc do chinh xac cao trong khi thoi gian tinh
toan thap nam & ciu tric duoc lai ghép tir SSD
va ciu trac MobileNet.

- SSD (Single Shot MultiBox Detector) la
mot bd do dbi twong (hinh 1) thuc hién hai
cong doan chinh: Trich xuét ban db dic trung
ctia cac ddi tugng (feature maps) va ap dung
cac bd loc tich chap (convolution filters) dé
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Hinh 1. Cdu triic SSD (Single Shot MultiBox Detector) [2].

- Trong khi ciu trac cia MobileNetV2
chira 16p tich chap hoan toan ban dau véi 32
bo loc, sau do 1a 19 16p bottleneck. Céu tric
chi tiét MobileNetV2 dugc M. Sandler mo ta
cu thé trong tai lidu [11].

Dé lai ghép SSD va MobileNetV2, cac tac
gia da thay thé tat ca cac 16p tich chap thong
thuong (regular convolutions) bang cac 16p
tich chdp phan tach (separable convolutions)
trong cac 16p du doan ctia mang SSD [2] nhim
gitip mo hinh giam sé lugng tham s so voi
cac mang tich chap thong thuong, ngoai ra
gittp m6 hinh giam dugc mot sd bude tinh
toan. CAu trac mang lai ghép SSD-MobileNet
V2 c6 thé biéu dién nhu trén hinh 2 [2].
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Hinh 2. Cau triic SSDLite-MobileNetv2 lai ghép.
Cac thtr nghiém cua tac gia M. Sandler

MobileNet base network

[11] chtng minh két qua SSDLite-
MobileNetV2 hiéu qua hon 20 lan va dung
lugng nho hon 10 lin so v&i phuong
phapYOLOV2 [10] trén tap dir liéu COCO.
Trong d6, két qua dau ra duoc gan nhan ddi
tugng va mac d6 tin ciy theo phan tram.
Trong cac thuc nghiém cua bai bao nay,
phuong phap SSD-MobileNet V2 cai tién con
cho thay hiéu qua cao hon phuong phép cta
[11] dic biét khi ap dung cho hé thdng béo
dong tryc ca hang hai budng lai (BNWAS).

3. Ung dung CNN trong hé théng béo
dong truc ca hang hai

3.1. C4c yéu cau IMO theo SOLAS vé
BNWAS

Bridge Navigational Watch & Alarm
System (BNWAS) 1a hé thong giam sét va bao
dong, thong bao cho cac nhan vién diéu hudng
hodc thuyén trudng khac néu sy quan truc ca
khong tra 10i hay khong thé thuc hién cac
nhi¢m vu theo doéi hi¢u qua, co thé dan dén tai
nan hang hai. Cac yéu cau IMO MSC. 128(75)
va SOLAS Chapter V, Reg.19 MSC. 282(86)
[9] stra dbi ngdy 5 thang 6 nam 2009 [6] c6
hiéu luc ddi véi tau phan loai theo kich thudc:

* Tu thang 7 nam 2011: Tau mdi vuot
qua 150 tan;

= Ti thang 7 nam 2011: T4t ca cac tau
khach;

= Ti thang 7 nam 2012: T4t ca cac tau
vuot qua 3.000 tén;

= Ti thang 7 nam 2013: T4t ca cac tau
tir 500 dén 3.000 tan;

= Ti thang 7 nam 2014: Tat ca cac tau
tir 150 dén 500 tan.

Ung dung phat hién doi twgng (cu thé la
Sy quan tryc ca) vao h¢ thong BNWAS giup
cho hé thong ty nhan dang sy quan tryc ca co
mét va hoat dong binh thudng trong buong lai,
nham dam bao an toan hang hai va phong
ngua rui ro.

3.2. Thiét ké phan cing hé théng
BNWAS

Yéu cau t6i thieu dbi véi mot BNWAS
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theo tiéu chuan T chirc Hang hai Qudc té 13
c6 mot giai doan khong hoat dong va ba giai
doan bao dong, ngoai trir trén mdt tau khong
phai tau chd hanh khach, giai doan tha hai co
thé dugc bo qua [6]. Cu thé cac giai doan nhu
Sau:

Alarm without

Td Td+ Td o+ Td +
025 05 20

(Td = Selected Dormant Periad)

Hinh 3. Thei gian cdc cdp bdo dong ciia BNWAS.

Giai dogn 1: Khi may lai tuy dong tham gia,
sy quan truc ca phai bao hiéu sy hién dién cua
anh ta v6i hé thing BNWAS ctr sau 3 dén 12
phat (hinh 3) dé phan (mg véi 4nh sang nhap
nhay, bang cach di chuyén trude mot cam bién
chuyén dong, nhdn mot nut xac nhan hoic truc
tiép 4p dung ngay trén trung tim BNWAS.

Giai dogn 2: Khi khong co6 tin hi¢u xac
nhéan trong vong 15 gidy trong giai doan 1,
chuéng bao dong s& kéu trén budng lai va néu
van khong c6 tin hiéu xac nhan sau khi thém
15 giay, chudng s& kéu trong cabin thuyén
trudng va cabin cia cac si quan chi huy. Mot
trong sb ho sau dé phai di dén budng lai va
hay bo bao dong.

Giai dogn 3: Néu khong c6 thuyén truong
hay céac si quan chi huy huy bao dong trong
mot khoang thoi gian nhat dinh (tir 90 gidy
dén 3 phut tuy thudc vao kich c¢& cua tau), mot
bao dong s€ phat ra & nhitng vi tri ma cac nhan
vién khéc thudong c6 mat.

Goi khin cdp: chiic ning nay cho phép
thuyén vién c6 thé kich hoat bao dong Giai
doan 2 hoic giai doan 3 dé yéu cdu trg giup.

SO PO HE THONG BNWAS
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Hinh 4. So d6 nguyén Iy h¢ thong BNWAS thiét ké.
So d6 nguyén 1y thiét ké nhu trén hinh 4
va dugc 4p dung dé thiét ké hé thong thuc trén
hinh 5. May tinh duoc két ndi lam viéc song
song voi Raspberry Pi-3 (dong vai tro cia vi
mach xir 1y trung tdm trén hinh 4) dé thu thap
dir lidu vao ra ciia qua trinh thir nghiém. Phan
cting dugc thiét ké thuc hién cac chtre nang
bao dong thoa man cac quy dinh vé hang hai.

GATON LIGHT
INDL SATOR

Hinh 5. Hé théng BNWAS — GTS. V1 thir nghiém
tai Pai hoc GTVT TP.HCM
3.3. Thir nghiém BNWAS trén tau
Saigon Millennium
Hinh anh duwoc ghi lai tir tau Saigon
Millennium tai Nha may dong tau Son Hai,
Pha Xuén, Nha Be.

Hinh 6. Hinh danh truc tiép tir buong ldi dwoc ghi lai
béi Hé thong Triee ca hang hdi buong ldi.

Hinh anh duoc ghi lai thong qua camera
Logitech C270, sau d6 dugc xir Iy bang cac
giai thuat xac dinh ddi twong dwa trén mang
lai ghép SSD-MobileNet V2 cai tién. Pau ra
13 hinh anh d3 duoc xir 1y, trich xuét ra khung
bao quanh ddi tuong dugc phat hién va do tin
cdy tinh theo phan tram. Véi ki thuat sir dung
trong bai bao nay, hé thong co the xac dinh
nhiéu sy quan trong budng lai va sb lugng t6i
da c6 thé truy xudt khung phat hién 1a 20
nguoi trong cing mot thoi diém. Khi nhan
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dién duoc sy quan trong budng lai, hé thong
cho phép tuy chinh cac chitc nang thong qua
man hinh cam tng hodc nut nhan trén ta diéu
khién.

Hinh 7. Thir nghiém xdc dinh thoi gian
bdo déng so cdp.

Sau khi xtr 1y hinh anh, néu hé thong
xdc dinh khong c6 sy quan truc ca trong
buéng lai, mot timer s€ dugc bat 1én va thoi
gian dém ngugc cho sy xuat hién cua Y
quan. Trong khoang thoi gian timer hoat
dong, cac chirc ning chuyén ché do, ting
giam timer déu bi v6 hiéu héa. Néu trong
khoang thoi gian dém nguoc nay co su xuat
hién cta sy quan truc ca trong budng lai
(khong can su tac dong vat 1y 1én hé thong)
thi timer dugc reset va hé théng trd lai trang
thai binh thudng, cac sy quan co thé thao
tac va str dung cac phim chuc nang ctuia hé
thong.

Truong hop khong c6 s§ quan quay lai
va timer di dém vé khong (hét thoi gian
chd), mot tin hiéu canh bao bang dén chdp
s€ duoc kich hoat trong buéng 141, giai doan
nay goi 1a giai doan bao dong so cap. Tin
hi¢u nay co thé dugc nhin théy tai bat cu
dau trong budng 1ai va phu hop vai cac tiéu
chuan ctia IMO. Trén man hinh diéu khién
s& hién thi cap bao dong, dong thoi moi
thong s6 hé thong s& dugc luu vao file lich
str, sau d6 mot timer tiép theo dugc khoi
dong dé chuyén tiép qua giai doan bao dong
tiép theo.

Hinh 8. Anh chyp man hinh sau khi h¢ thong trai
qua thi nghiém cac Cap bao dong.

Cac thir nghiém vé cap bao dong tlep
theo dugc thir nghiém va cho két qua cudi
cung phu hop véi yéu cau cia IMO. Khong
nhiing nhan dién sy c6 mat cia sy quan
trong budng 1ai, hé thong con phan tich
hanh dong cua sy quan va dua ra canh bao
khi nhan thdy sy quan dung yén qua lau
hodc nam ngu trong qua trinh lam viéc.

20190115_14_29_44

20190115_14_29 45
Hinh‘9. Thir nghiém phat hién sy quan truc ca
ngoi im qua lau hodc co dau hiéu ngu gat.

Thu nghiém duoc ghi lai khi chung t61
yéu cAu mot sy quan ngOi im trén ghé 14i (t6i
thiéu 20 gidy), diéu nay twong trung cho
vi¢c s¥ quan dirng im qua lau hodc dang co
hién tugng ngu gat. Lic nay mdt bo dém
ngam chay s& phan tich vi tri tuong ddi cua
sy quan va dua ra sai s6 tuong doi. Dya vao
két qua phan tich tirng khung hinh, néu sau
20 giay lién tiép sai sd vi tri tuong doi
khong qua 10%, bao dong so cip duoc dat
1én va timer cho bao dong tiép theo s& bat
dau dém nguoc.

3.4. Panh gi va so sanh cac két qua thir
nghiém

Pé so sanh hiéu qua cua giai phap dua ra
v0i cac tac gia khac, dya trén phan ctng va
diéu kién thyc té tai budng lai cua tau
Salgon Millennium, nhém nghién ctru da
trién khai dong bod bon giai phap dé 1y két
qua. Lya chon hai yéu t6 1a téc do xur Iy va
d6 tin cay dau ra khi ap dung cac bo do ddi
twong trén hé thong da thiét ké.

V&i cdu hinh cao, cac mo hinh chay
trén GPU TITAN X cho ra két qua téc d6 xur
Iy tir 17 dén 37 khung hinh trén gidy. Tuy
vay khi thtr nghiém trén bo dir licu COCO
va tinh todan mAP trén tat ca cac 1op ddi
tuong, két qua chi dat 21 - 28%. Két qua
thir nghiém vé tdc do xir 1y trén BNWAS —
GTS.V1, thir nghiém truc tiép trén budng 1ai
v6i didu kién 1am viéc binh thuong khi chi
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can xac dinh mot 16p doi tugng 1a con nguoi

cho ra d9 tin cdy cao tur 76 - 97% (bang 1).
Bdng 1: Két qua thir nghiém.

Thir nghiém trén GPU Thir nghiém trén
TITAN X Raspberry Pi 3B+
Tén mé hinh o Thit nghi¢m Tée Thir nghl}@m
Toc do N . trong buong
(ms) trong tap do lai
ms
COCO (mAP) (FPS) (MAP)
ssd_mobilenet_v1 coco 30 21 1.05 0.76
ssd_mobilenet_v2_coco 31 22 0.83 0.94
ssdlite_mobilenet_v2_coco 27 22 1.08 0.86
faster_rcnn_inception_v2_coco 58 28 0.08 0.97

Thi¥ nghiém trém Raspberry Pi3 B+
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ssd_mobilenet_v1_coco FPS
@ ssd_mobilenet_v2_coco FPS
@ ssdlite_mobilenet_v2_coco FPS
Hinh 10. So sanh toc d¢ xii Iy clia cdc b do doi
tuwong trén phan cung cua BNWAS.

Két qua an tuong nay cé dugce khi lap
dat camera trong bué)ng lai & vi tri thuan loi
trong khi voi phan ctng 1a thiét bi di dong
chi c6 CPU ARM va khong c6 GPU tich
hop, tbc do xir Iy cao nhét chi dat xap xi 1
FPS. Téc d6 FPS ciia cac phuong phéap thi
nghiém trén hinh 10, day 1a tbc do dap ung
tot d6i voi mot hé thong giam sat.

bd tin cay diu ra cao nhat khi thu
nghiém véi bo do Faster RCNN, tuy vay voi
0.08FPS (khoang 12.5 gidy dé xu 1y mot
khung hinh) 12 khong thé dap ung duoc trén
mot hé théng gidm sat. Cac bg do doi tugng
dya trén cau tric SSD MobileNet (mau
néu) cho ra két qua tin c@y cao va dap ung
duoc yéu cau vé toc do xu 1.

Thit nghiém trén Raspberry Pi3 B+
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faster_renn_inception_v2_coco score
ssd_mobilenet_vi1_coco score
® ssd_mobilenet_v2_coco score
@ ssdlite_ mobilenet v2 coco score
Hinh 11. So sanh do tin cdy dau ra ciia cdc bé do
doi twong trén phan cung cua BNWAS.

Trong khi d6, thyc té cho thdy (hinh
11), két qua cua bo SSD MobileNetV1
(vang) va SSD_MobileNetV?2 (xanh 14) gan
nhu twong duong, nhung thoi gian nap mo
hinh cham do dung luong 16n, két qua dau
ra thyc té van c6 sy sai léch nhéat dinh. Nhu
vy, giai phap SSDLite_MobileNetV2 cai
t1en chora két qua tot va can bang giira cac
yéu td: chét luong, téc d6 xur 1y, thoi gian
nap md hinh nhanh (chay 6n dinh trén
Raspberry P1-3), diéu nay khing dinh bang
két qua thir nghiém theo thuc té c6 do chinh
xac cao hon cac giai phap con lai.

4. Két luan

Bai bao dd nghién ctru va cai tién giai
thuat lai ghép SSDLite_MobileNetV2 va
tmg dung thiét ké cho hé théng bao dong
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truc ca hang hai BNWAS — GTS. V1, két qua

thuc nghi¢m tdt khi so sanh voi cac giai thuat

khac trén cing mot phan cing. Hé thong

BNWAS — GTS.V1 duoc kiém nghiém trong

moi truong phong thi nghiém trude khi lap dat

thir trén tau Saigon Millennium dé thyc
nghiém va thu thap dir liéu dé danh gia, phan
tich. Hé thong khong chi ap dung cho viéc
xac dinh sy hién dién cua sy quan truc ca trén
budng li, hé théng con cé thém cac tinh ning
nhan dang ting sy quan khac nhau, nhan dang
hanh vi va canh bao céc sy ¢ khac, dong thoi
c6 thé truy xuét dir liéu hinh anh vao bd nhé
hop denld
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